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Opening ceremony

Dear participants,
Your Excellency, Ambassador of the Slovak Republic in Republic of Macedonia,
Distinguished Members of the Scientific Committee,
Distinguished Professors, Research Advisors, PhD Students,
Dear Ladies and Gentleman,
We are delighted to have you here, to participate and share in the 2nd International
Scientific Conference Geobalcanica 2016. Thank you for coming. That many of you,
travel long distances, serves to remind us all,
just how important our work is.
These three days, the Republic of Macedonia will become a geographical heart of the
Southeast Europe and the City of Skopje a place where new connections will be made
from various fields of geography. This will be a special occasion to meet, listen, discuss
and share information, in order to plan the future.
We are pleased to say, that this year we are hosting almost 100 participants from 19
countries worldwide. I would like to thank each and every one of them: Albania, Austria,
Bulgaria, Croatia, Germany, Hungary, Israel, Italy, Macedonia, Monte Negro, Poland,
Romania, Russia, Serbia, Slovakia, Slovenia, Sweden, Turkey and United Kingdom.
Our goal has been achieved, since we have almost 100 accepted abstracts from 22
countries. Most of them submitted full papers, which cover scientific work from physical
and socio-economic geographical topics and also applicative geographical disciplines
such as Cartography, GIS and Spatial Planning.
Furthermore, I want to thank the Members of the Organizing committee and the Scientific
committee members which have been chosen from reputable scientific institutions from
8 (eight) European Countries.
I would also like to acknowledge our conference supporters: Faculty for Natural Sciences
and Mathematics from Skopje, EUROGEO-European Association of Geographers and
Macedonian Geographical Society.
For the past year, we have gained priceless experience, which has resulted in the initiation
of the International Scientific Journal Acta Geobalcanica.
Now, I would like to officially open the International Scientific Conference Geobalcanica
2016. We wish this conference to provide you, with a forum to exchange scientific ideas,
inspire new research and result in new contacts for closer co-operation in the field of
geography.
Prepare yourself to be challenged, excited and inspired!
And before I handover to my colleague, Ivan Radevski, I would like to say once more on
the behalf of the Geobalcanica organizing committee, Welcome. It’s a pleasure, to see,
so many of you, here.
Thank you,
President of the Organizing Committee
Svemir Gorin, Ph.D.
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Dear Mr Chairman, distinguished delegates, ladies and gentlemen,
I am honoured that I was given a privilege to speak at the opening of the 2nd International
Scientific Conference “Geobalcanica 2016”, attended by delegates from 24 countries,
including mine - Slovakia. Being a graduate from geography at the Comenius University
in Bratislava, my pleasure is all the greater that I am speaking to my colleagues.
Due to the short time available for my address, I would like to mention just a single
argument, and that is the need for better linkage between theoretical geography and its
application practice. Geography definitely deserves it as it offers unique and often
synthetic answers to many questions of current development in various spheres of nature
and society, including international politics and diplomacy. Not to mention actual
challenges in a global context. This also includes the need for a stronger involvement of
geographers in decision-making at local, national and even transnational level. In this
regard, I am pleased that several geographers found their place even in a relatively young
and small diplomatic service of Slovakia.
Ladies and gentlemen,
I wish you a successful conference, stimulating presentations and fruitful discussions.
I sincerely believe that “Geoblacanica 2016” as an unique geographical event organized
in Skopje, will contribute to a better affirmation and popularization of geography in the
Republic of Macedonia, the Balkans and even wider.
Thank you for your kind attention!

H. E. Martin Bezák,
Ambassador of the Slovak Republic
to the Republic of Macedonia

Opening ceremony

Dear colleagues,
Geobalcanica has built bridges between countries that are part of the peninsula,
well known for its natural beauties: mountains, seaside, lakes, rivers etc. All the countries
in the Balkan Peninsula (Macedonia, Romania, Greece, Bulgaria, Albania, Croatia,
Serbia, Slovenia, Bosnia and Herzegovina, Turkey) reach hands, to emphasize the
conquests in a border domain: Geography. Geobalcanica resorts to the most effective
method of underlining the scientific accomplishments: the Conference, as a socializing
and knowledge-building manifestation. Geography, as a mother discipline of natural
sciences, attracts on a yearly basis, specialists from various domains: chemistry, physics,
economy, astronomy, philology etc. Interdisciplinarity leads to the publication of high
level scientific researches, with real applicative qualities. This is the direction that
Geobalcanica must follow, as a Conference which borders the domains that accept the
idea of the whole and immediate applicability.
I thank the organizers and participants for the opportunity of a productive
gathering.

prof.dr. Romanescu Gheorghe
Alexandru Ioan Cuza University of Iasi, Romania
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It is my privilege, and at the same time it gives me great pleasure to say how grateful I
am to the members of the Organizing Committee, inviting me to salute the 2nd
International Scientific Conference Geobalcanica 2016, here in Skopje.
It is gratifying to note that the agenda of the Conference covers a wide range of important
and very interesting topics relating to Geography, Geo-environment, Geospatial
technologies and most importantly, their linkages to society in a broad sense.
I witness the change of our living planet, the Earth, through the lenses of Atmospheric
Science (that is: Meteorology, Climatology and Atmospheric Physics) and I acknowledge
that our times are the most challenging, with respect to setting new priorities, in frontier
and state-of-the-science research and new societal commitments, aiming to protect the
Earth System and most importantly the human existence.
The World Climate Research Program and the World Meteorological Organization set
major science challenges, such as: climate change and climate sensitivity, extreme
weather events, water availability and ice melting -with the sense of quantity and, for
sure, quality- and is prompt for the proper distillation of scientific information tailored to
the current and the future needs of our society.
In these uncertain and turbulent times with abrupt economic and demographic alterations
and modifications, unequivocally changing climate, rapidly advancing technologies and
pressing timeliness for prompt actions towards a sustainable future, this Conference, the
2nd International Scientific Conference Geobalcanica 2016, provides a unique opportunity
to initiate and renew contacts, among: university professors, senior researchers, young
scientists and graduate students, to present and discuss fascinating and stimulating topics
and thoughtful problems of mutual interest and concern with delegates throughout the
Balkan region, hoping to promote multi-disciplinary research and to identify new
pathways for collaboration.
To conclude, I wish you every success in your deliberations and I strongly believe that
this Conference will be very successful, and it will provide to the participants a fruitful
and rewarding experience! I wish a very pleasant stay in the hospitable city of Skopje.

Theodore S. Karacostas, Ph.D.
Professor of Meteorology and Climatology
Aristotle University of Thessaloniki, Greece
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Dear Colleagues, Ladies and Gentleman,
The tradition of geography development in Republic of Macedonia is almost 100 years.
But on the University level the high education besides the St Clement University in Ohrid
(the First Slavic University) is performed after 2nd Word War in the frame of Ss Cyril and
Methodius University in Skopje, exactly the Institute of Geography at Faculty at Natural
Sciences and Mathematics. Bachelors in geography from the first generations are
organized in the Macedonian Geographical Society. The Institute of geography is host of
the Master and Doctoral studies in geographical sciences almost 70 years. As is usual, the
Macedonian geographers are occupied with different research problems, scientific and
applicative projects. Every two or three years they organize some scientific meeting
(usually international) and publishing of papers in the Proceedings. In the frame of their
possibility they are also active in foreign conferences with own presentations in the field
in geography and similar scientific disciplines.
We are Publishers of 5 scientific journals: Geographical Reviews, Annual Proceedings
(both with tradition of more than 50 years), Bulletin of physical geography, Bulletin of
socioeconomic geography, and International Scientific journal Acta Geobalcanica,
published by Geobalcanica Society.
In the context of the geographical development is also organization of this Internaltional
Scientific Conference by my younger colleagues Dr. Svemir Gorin and Dr. Ivan Radevski
with several and their organizing team. That’s why I’m really satisfied of whole
organization and starting the 2nd International Scientific Conference Geobalcanica 2016,
which will contribute for forced development in the field of geography on national and
international scale.
I wish you a fruitful and successful work and for our Guests I wish a pleasant stay in our
country and interesting fieldtrip in Ohrid (called Balkan Jerusalem also).

Prof. Dr. Blagoja Markoski
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Dear Colleagues, Distinguished Guests,
On behalf of the Geographical Institute of the Research Center of the Slovenian
Academy of Sciences and Arts, I would like to express my sincere thanks for this
invitation. I convey warm greetings to you from the director general of our Research
Center, Oto Luthar, and the director of the Geographical Institute, Drago Perko.
It is a great pleasure for Drago Perko, Rok Ciglič, and me to witness this festive event. I
would like to congratulate you on all the effort you put into organizing this conference.
This is a special occasion not only for your department, but also for all geography
institutions in the region.
I am pleased to recall that geographers are this year taking part at least two important
initiatives:
– the International Map Year – with the main purpose to expose the importance of maps
and geographic information in human society; and
– the International Year of Global Understanding or as the IGU put it the International
Year of Geography – with the aim to promote better understanding of how the local
impacts the global in order to foster smart policies to tackle global challenges such as
climate change, food security and migration.
I glad to see form the program that your conference will also contribute to both initiatives.
I wish all the participants a memorable conference, and I hope we gather again next year.

Matija Zorn, Ph. D.
Assistant Director
Head of the Department of Physical Geography
Anton Melik Geographical Institute
Research Centre of the Slovenian Academy of Sciences and Arts
Republic of Slovenia
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Dear Delegates, Participants, Colleagues and Guests;
This is my honor to welcome you all on behalf of organization committee. We are
delighted to have you here to participate and share in the 2nd International Scientific
Conference of GEOBALCANICA 2016. I feel sorry for myself, since I missed the first
one. Now, I am very happy to be here with you as a participant.
Geography, as an old discipline, has started to investigate natural and human environment
by answering the questions of “what” and “where”. Today, it needs to be expanded and
provide more information about the world of socio-spatial relations by asking “why” and
“how”. We are also living in a world of “problems”. There are physical problems, like
global warming, pollution and ecologic disasters; political problems, like foreign policy,
taxation and spending; socio-spatial problems, like transportation, lack of open/green
spaces and crimes. Therefore, observations, interpretations, predictions (hypothesis) and
applications of socio-spatial researchers are more important today than ever before. As
the scientific knowledge is an exact accumulation from past to the future, to improve and
contribute this accumulation, conferences, like GEOBALCANICA, play very crucial
roles. They simply give us a chance to see what is happening in “other” parts of the world
and share our own.
Once again, I’d like to thank to organization committee for their effort and thank you for
being here. Almost 100 research papers will be presented in this conference by
researchers from more than 20 different countries. So, I would say prepare yourself for
the excitement!
I am hoping a productive, fruitful and enjoyable conference for all of us.
Thank you very much.

Arif Keceli, PhD
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Dear International Scientific Committee, Dear Organizers, Distinguished Delegates,
Colleagues and Guests!
It is my great pleasure to greet you in the 2nd International Scientific Conference
GEOBALCANICA 2016 hosted by Geobalcanica Society. I am delighted and honored to
be part of such a big event with a goal to gather and connect all geographers and
geoscientists from Balkan Peninsula and wider. It's a goal I know we all share. That goal,
is as pertinent today as it was last year and will be in the future. That many of you travel
long distances serves to remind us all just how important Geography, Earth Sciences and
our work are.
In my opinion the time is now right to reflect on a number of questions. Today, the World
is at the crossroads of its future. May be the most important question is how can we secure
lasting and sustainable growth by protecting the Earth at the same time. The answer is I
believe more science, research and education.
Thanks to Geobalcanica Society we can share our ideas in many Sessions of the
Conference, including Physical Geography; Socio-Economic Geography; Cartography,
GIS and Spatial Planning; Teaching and Education in Geography. We all recognize the
importance of this meeting as the foundation of sustainable development of Geography
in the region and establishing international scientific relationships.
I would like to address once more all participants and say welcome and successful
conference.
Prepare yourself to be challenged, excited and inspired!

Assoc. Prof. Nikola Botoucharov, PhD
Vice-dean of Faculty of Geology and Geography
Sofia University “St. Kliment Ohridski”
Bulgaria
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IMPLEMENTATION WAYS FOR WEB COVERAGE SERVICE STANDARD
DOI: http://dx.doi.org/10.18509/GBP.2016.01
UDC: 004.774.6

Evgeny Panidi
Anton Terekhov
Mark Mukhamedzyanov
Saint-Petersburg State University, Russia

ABSTRACT
This study is dedicated to design and implementation of two software prototypes, which
are facilitate fast and simple Web publication of the raster coverages without specialized
dedicated Web infrastructure. First prototype is implemented in Python programming
language as a server-side Common Gateway Interface (CGI) application. The second is
implemented as a module for Node.js platform, which is very popular for development of
the multipurpose Web applications. Both solutions can be deployed using virtual shared
hosting. This feature expands the opportunities of geospatial data publication on the Web
for small- and medium-scale projects.
Keywords: Raster Coverage, Web Coverage Service, Geospatial Data Web Publication,
Open Geospatial Standards, Free and Open Source Software for Geospatial

INTRODUCTION
Web publication of the geospatial data and software tools is a modern and effective way
for distribution of the geospatial data, as well as for multiuser collaboration in the area of
formation and use of these data. A couple of international open standards developed by
Open Geospatial Consortium (http://www.opengeospatial.org/) to unify Web publication
techniques and schemas in the case of geospatial resources. However, many issues remain
unresolved in this area. First, it is the issue of effective implementation of the server-side
software and platforms, which are used for publication of the geospatial data on the Web.
One of aspects of the effectiveness in this case is related to that the most of the currently
developed and available software are designed for use of the dedicated servers or cloud
infrastructures. This feature limits seriously the capabilities of geospatial data integration
into already developed geospatial Web resources that hosted on non-dedicated hosting.
Our previous studies related to increase of flexibility of the Web-based geospatial data
processing techniques. In these studies, we investigated the opportunities of client
resources use for processing data with the help of geospatial data processing Web services
[8], [10]. One of previously produced conclusions, was that the geospatial Web service
publication schemas (both processing and data services) should be simplified in the case
of small- and medium-scale projects [11]. The conclusion was caused by abovementioned
complexity of the existing geospatial Web publication platforms. Currently, we have
investigated some possibilities of lightweight Web publication of the raster coverages,
i.e. use of publication tools that compatible with common software platforms for Web
publication. Raster coverage is one of the highly demanded data type for geospatial
analysis in many thematic areas. Nevertheless, the OGC Web Coverage Service (WCS)
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standard [1] implemented currently only in the specialized complex server-side software
platforms (i.e., Web mapping servers), which assumes use of the dedicated servers.

TOOLS AND TECHNIQUES
OGC WCS standard: The WCS standard incorporates the Core specification [1] and
number of extensions [2], [3], which regulate the order of additional transformations
applied to raster coverages before they are uploaded to the client. Core specification
assumes only three types of requests: GetCapabilities, DescribeCoverage, and
GetCoverage. The first one should be responded with an XML structure containing the
metadata of the Web service. Simultaneously, the second responded with an XML
structure containing metadata of the selected raster coverage. Finally, the third allows to
request loading of the selected coverage.
Additionally, the Core specification, involves subsetting (using some bounding box
parameters parameters) before coverage uploading. In particular, the Trim operation
allows to retrieve a coverage sub-area using some bounding rectangle, and the Slice
operation allows to apply the dimensions reduction to the coverage (i.e., reducing of the
number of raster bands, in terms of raster data model).
Architecture: Regardless of the programming pattern, implementation of the WCS
server assumes the presence of three internal logical modules, in case of the Core
functionality implementation. The first is program interface module (HTTP Module),
which incorporates all of the program functions and methods applied for handling of the
incoming requests and generation of the server responses in accordance with the OGC
WCS specifications. In both cases, the Hyper Text Transfer Protocol
(https://www.w3.org/Protocols/rfc2616/rfc2616) is used. The second is Metadata
Management Module that incorporates functions and methods applied to read, write, and
transformation of the coverage metadata, regarding to the coverage store format. The third
is Coverage Management Module that allows to implement the Trim and Slice operations
support.
Our approach to implementation of the WCS standard specifies two basic constraints.
These are the enablement of coverage publication on the common hosting (i.e., virtual
shared web hosting that do not provide any capabilities to install additional server-side
applications into the server operating system), and the enablement of WCS server
portability (i.e., capability of deployment via simple copying).
Programming tools: Support of the WCS specifications implies the need to handle the
HTTP requests of the specialized types and to perform server-side operations related to
management and processing of the coverage data and metadata (including subsetting
operations and uploading data to the client). Currently, all of the widely known WCS
servers are incorporated into the different server-side geospatial platforms (GeoServer,
MapServer, etc.) that cannot be deployed on virtual shared hosting. Therefore, the
deployment constraints we established raise the need to develop a compact easy
deployable Web application.
It is possible to allocate two design approaches to the Web applications publication on
virtual shared Web hosting. The first one involves the capability to develop external
applications, and the subsequent connect of the applications to the Web server and Web
interface via a program interface (e.g., Common Gateway Iinterface (CGI) applications,
Java servlets, Application Programming Interfaces (APIs) of different software Web
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servers). An alternative approach assumes the development of the applications that deeply
integrated with the Web interface. In this case, different backend platforms and runtime
environments can be used, which also integrate some development tools (e.g., Hypertext
Preprocessor (PHP), Ruby on Rails, Node.js, etc.).
In our study, we used both approaches. To implement the CGI-based WCS server
prototype, the Python 2.7 programming language was used (https://www.python.org/),
which is widely demanded now in scientific research [9]. Its popularity also continues to
grow in geospatial studies. In this case, the choice of Web hosting has the only limitation,
which is support of the Python CGI scripts execution.
To implement the prototype of integrated WCS server, the Node.js (https://nodejs.org/)
platform was used, which is a framework for Web applications development and a
JavaScript runtime environment. Node.js is a rapidly developing technology with a fastgrowing community. Current versions of the Node.js are equal in performance to other
popular backend technologies (e.g., Java, Python, Ruby, PHP, etc.). More and more
companies offer virtual shared Web hosting for Node.js applications (or more exactly, for
Node.js extensions).
CGI-BASED WCS SERVER CASE
Through the CGI, the CGI application can be executed on the server upon client's request.
The application response is returned to the client also through this interface. The response
of the WCS server should be either a special way structured (in accordance with the WCS
standard) XML object or collection of geospatial datasets. Our Python CGI WCS server
handles incoming requests and generates corresponding responses using internal HTTP
Module (Fig. 1).

Figure 1. General structure and interactions of the Python CGI-based WCS server.

It should be taken into account, that quite a large number of formats is used today to store
raster coverages. Some formats involve storing metadata incorporated into one file with
the coverage data (e.g., GeoTIFF format [12]), and some split data and metadata into
separate files (e.g., Generic Binary Band Sequential format – BSQ/HDR [5]). We used
two mentioned formats to model both approaches. The BSQ/HDR format was used for
the implementation of CGI-based WCS server, and the GeoTIFF format for the
implementation of Node.js-based WCS server (see below). However, the implementation
of the support for any other raster coverage format can be brought to one of these two
models.
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Metadata management is performed by the Metadata Management Module (Fig. 1). The
BSQ/HDR format involves the raster data storage in the form of a pure binary array
without a header. In this case, the data of every raster band are written to a file sequentially
one band after another. The metadata is stored in the external header text file (HDR file
[5]). In some cases, metadata may be stored in the text file that formed using another
notation. In our case, this implies that it can be needed to generate HDR file additionally.
As an example of such notation, the metadata of the AVHRR Global Land Cover datasets
(http://glcf.umd.edu/data/landcover/data.shtml) can be mentioned (Fig. 2), which we can
convert quite simple to the HDR representation (Fig. 3).

Figure 2. A fragment of text representation of the AVHRR Global Land Cover metadata.

Figure 3. Content of the HDR file.

It should be noted, that the necessary and sufficient information needed to ensure the
functionality of the WCS Core are the coordinates of the initial raster cell (lines 7 and 8,
Fig. 3) and the raster spatial resolution along the axes (lines 9 and 10, Fig. 3).
The functionality of Coverage Management Module (Fig. 1) is applied to produce Trim
and Slice operations. It was necessary to ensure the possibility of the CGI WCS server
implementation as a standalone Web application that does not require any dependencies
and installations of additional libraries or applications (which are not possible on virtual
shared hosting). Regarding this, we had the key problem that consisted in the inability to
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manage raster formats using the GDAL library (http://www.gdal.org/). This library is the
de facto standard for management of geospatial raster data (i.e., read, write, convert,
extract metadata, etc.). GDAL was ported to several programming languages, including
Python. However, the library needs to be installed in the operating system.
Due to the unavailability of the common raster data management instruments, we have
implemented the obvious solution. We developed methods for native Python metadata
parsing and saving from/to HDR text file as well as native Python reading and writing of
the coverage binary data from/to BSQ file.
Thus, to publish raster coverage on some Web resource using developed CGI WCS server
prototype, the administrator of the Web resource needs to do three steps. He needs to
upload CGI application (WCS server) files into the CGI folder on the server; then, to
upload the coverage file and the metadata file into a dedicated folder on the server; and
finally, to specify the path to this folder in the configuration file of the CGI application.
When a client requests the list of available coverages from the WCS server (executes
GetCapabilities request), the WCS server search all of the files of a supported format, and
executes XML response. Further, when client requests metadata of a particular coverage
(DescribeCoverage request), the server reads the coverage metadata, and executes another
XML response. Finally, responding to the GetCoverage request, the WCS server reads
the data from the selected coverage file, and generates a derivative coverage file, using
Trim and Slice operations regarding to the request parameters. Then, produced coverage
is uploaded to the client.
Additionally, the WCS server supports the use of manually generated metadata files that
contain the WCS metadata and metadata of the separate coverages in XML format. In the
case of such files presence in the data folder, automatic generation of metadata for server
is not produced.
NODE.JS-BASED WCS SERVER CASE
Architecture of the Node.js platform provides flexible functionality extension through the
connection of additional modules, which are installed on the platform using the integrated
deployment mechanism [4]. The platform itself and any additional modules are
distributed as Free and Open Source Software (FOSS). To implement support of needed
HTTP requests and responses we used the Express.js framework (http://expressjs.com/),
which extends the Node.js functionality through the introduction of basic methods for
receiving of the HTTP requests and responding to them [7].
Using Express.js we implemented handling of the basic WCS requests (GetCapabilities,
DescribeCoverage, GetCoverage). Three eponymous methods were developed in
addition to the basic Express.js functionality. Thus, Express.js extended with new
methods performs the role of the HTTP Module (Fig. 4). As in the case of CGI-based
WCS server prototype, the requests are executed using the HTTP GET method. Next
URL schema is used for the request execution:
<host>:<port>/<path>/<method>?<parameters>
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Figure 4. General structure and interactions of the Node.js-based WCS server.

As it was mentioned above, our Node.js-based WCS server prototype supports GeoTIFF
format for coverages storing. To implement GeoTIFF support, we used the
GeotiffParser.js JavaScript library (https://github.com/xlhomme/GeotiffParser.js), which
is designed only for reading GeoTIFF files. To implement the Trim and Slice operations
and possibility of writing the coverage into new file, we have expanded the library with
additional methods. Thus, in this case, the extended GeotiffParser.js library plays the role
of a Metadata Management Module and Coverage Management Module, at the same
time.
Storing of the published coverages is carried out in server file system. However, control
and management of the Data Storage is implemented directly in Node.js. The
administrator needs only to upload the coverage files into the dedicated coverages folder
on the server. When the GetCoverage request is handled, the server loads the selected
coverage file into RAM; checks the validity of the Trim/Slice bounding box parameters
that were received with the request; and copies the trimmed/sliced part of the original
coverage into the new GeoTIFF file, which is temporarily cached and uploaded in
response to the client.
Because the Node.js platform and JavaScript in general are executed in asynchronous
mode, the WCS server unable to handle other incoming requests when running the
coverage subsetting. To solve this problem, we used processing with interruptions. At the
every fixed computation step (in looping operations), the application stops and verifies
the presence of the incoming requests. If any new incoming request is presented, it is
logged and placed into the processing stack. Then the interrupted processing loop
continues.
In the case when another request estimated to be handled faster (for example when the
bounding box is smaller), the previous request handling is suspended, and new handling
starts. Due to this technique, we obtain a self-balancing option in the WCS server
functionality.

CURRENT RESULTS AND FUTURE WORK
Both software prototypes developed in the context of described study are licensed as the
FOSS. Python CGI WCS executable instance and its source code are accessible at
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http://195.70.211.131/pywcs/. The Node.js WCS instance and source code are accessible
at http://195.70.211.131/nodejs/.
To provide preliminary performance estimation for the developed prototypes, we
conducted the tests of the subsetting time (Fig. 5 and Fig. 6). These tests were performed
with 3 Gb RAM and 2.2 GHz dual-core CPU. One-channel raster was used in both cases.

Figure 5. Processing time diagram for the implemented Python CGI-based WCS server.

Figure 6. Processing time diagram for the implemented Node.js-based WCS server.

Presented graphs show the time that were spent for extracting needed segments of the
raster coverage, when the coverage is previously loaded into RAM. Significant
differences in the processing time is caused by the differences in the program code design.
In the case of Python CGI, the coverage data is extracted as the row segments from the
coverage binary array, while in the case of Node.js, the data is extracted as separated
coverage cell values (due to design of theGeotiffParser.js library [6]). This technique was
used as a temporary solution, to facilitate development of the application prototype.
However, subsetting time measured in the case of Node.js for the sub-coverages up to
500x500 pixels demonstrates good potential of computations optimization.

9

2nd International Scientific Conference GEOBALCANICA 2016

Future work implies the study of implementation techniques for extensions of the WCS
standard, both for the CGI case and for the Node.js case. However, the actual issue is the
computational performance raising, through the source code optimization or through the
use of some additional techniques. For example, the possibility of processing clustering
can be explored for the case of multiple CPU cores availability. Another potentially
interesting approach can be a breaking the stored coverage into parts (tiles or separated
bands) to optimize the process of coverage subsetting.
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ABSTRACT
Remotely sensed images are a resource for researches in wide study area. Based on
thermal remote sensing technique, Land Surface Temperature (LST) changes analyses
were made after construction the Dam of Kozjak near the capital of Republic of
Macedonia. Two Landsat 5 remotely sensed images from 1984 and 2011, were used
before and after construction of the dam, respectively. The LST of the images was
automatically calculated by using LST retrieving tool in Erdas IMAGINE software. The
analyses were made using zonal statistics within the boundaries of the previous created
buffers of 100 meters, up to 1 km around the dam. The results showed that, the
surroundings Land Surface Temperature values has decreased maximum 8.5 °C and has
also lowered the boundaries of the minimum, maximum and mean values of the region
after the dam construction.
Keywords: Remote Sensing, Kozjak Dam, Land Surface Temperature LST, Landsat 5,
Environment.

INTRODUCTION
Earth is subject to numerous ecological and environmental problems which have singular
and combined effects that affect the physical and biological environment at all scales,
from local to global. From the beginning of using satellite data, satellites have
demonstrated that measurements of land cover advanced understanding of the spatial and
temporal variability of many ecosystems and environmental conditions. There is a
growing awareness among environmental scientists that remote sensing can and must
play a role in providing the data needed to assess ecosystems conditions and to monitor
change at all special scales [1].
The Landsat images, archived at Landsat receiving stations around the world, are a unique
resource for global change research and application in agriculture, cartography, geology,
forestry, regional planning, surveillance and education, and can be downloaded from the
USGS `EarthExplorer` website. The Land Surface Temperature can be easily retrieved
from the images.
Land Surface Temperature (LST) can be defined as a temperature of the land when
touched with hands. LST provides an accurate measure for indicating energy exchange
11
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balance between the Earth and the atmosphere [2]. Using the thermal (6th) band from
Landsat 5, LST can easily be retrieved and used in many areas, such as global climate
change, hydrological, geo/biophysical, urban land use/land cover etc.
Land cover and environmental changes are expected with a dam construction. The
presence of a water area can change the whole ecosystem for better or for worse. In this
study area an attempt for catching the LST changes that happened after the construction
of the Kozjak Dam. This study is supposed to answer the question, how does the dam
influence on its surrounding land surface temperature values and the answer should be
useful for environmental and ecological problems.

DATA AND METHODS
Study area
The Kozjak Dam or the multipurpose hydropower plant of Kozjak is located
approximately 25 km south west of the capital of Republic of Macedonia, Skopje (Figure
1). Kozjak was constructed on Treska River, right tributary of Vardar River. The
construction of the dam started in August 1994 and in May 2003 reservoir’s first filling
has started and finally in July 2004 the first, and in September 2004 the second generator
of the powerhouse was set in operation [3].

Figure 1. Kozjak Dam`s location (pictures are taken from Google Maps)

The Kozjak Dam/reservoir is a key-structure of the multipurpose hydraulic scheme with
the main task flood control, with retention storage of 100 × 106 𝑚3 , serves for electricity
production 152 × 106 𝑘𝑊ℎ per year, as well it will be used for water-supply in future.
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The total reservoir volume is 550 million m3, formed by the earth-rock Kozyak dam, the
highest in Republic of Macedonia with 114 m above the terrain and 130 m above the
foundation [4]. According to [4] the analyses for the environmental impact and the
assessment are rather positive due to the location of dams and applied technical solutions.
Landsat Data and Land Surface Temperature Calculation
Two cloud-free Landsat 5 images were downloaded from the USGS webpage. The images
were collected on July 1, 1984 and July 12, 2011. These dates were chosen since there is
not much difference between them, both of the images were cloud free and the dates are
appropriate for the planed analysis, first image is before and second image is after the
finishing of the construction of the Kozjak dam (2004) (Figure 2).
The Landsat 5 Thematic Mapper (TM) images have pixel size of 30 × 30 m for all bands
except the thermal band with a pixel size of 120 × 120 m but is resampled to 30-meter
pixel [5]. With the use of the thermal band, the LST was retrieved. The LST was retrieved
in Erdas IMAGINE following the model as suggested in [6] using the emissivity and
NDVI (Normalized Difference Vegetation Index) values. After the LST was retrieved,
the study area was selected and around the area ten 100 m ring buffers in ArcGIS were
created. Then, to all the areas zonal statistics were made and the results were compared.

Figure 2. Landsat 5 images, 1984 (left) and 2011 (right). The black line represents the study area.

Methods
The differences between previously retrieved LST maps is supposed to show the changes
that happened after the construction of the Kozjak dam. For fetching the changes, the
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boundary of the dam was drawn. Over the boundary buffers up to 1 kilometer, with 100
m distance were geo-processed in ArcGIS (Figure 3). The Zonal Statistics as Table
geoprocessing tool are calculating statistics from a raster (the LST maps) within zones
from a vector layer, in this case the buffer zones. Within the buffer zones, zonal statistics
were made, giving the maximum, minimum, mean etc. values of the areas. Comparison
from the zonal statistics for the both years were made and are represented in the results
section.

Figure 3. Landsat 5 LST images, 1984 (left) and 2011 (right). The black lines represents the study areas.

RESULTS AND DISCUTION
Zonal Statistics Results
Among 11 studied areas (the dam area and the 10 buffers of 100 meters), the biggest
changes were observed in the dam area as expected. The biggest difference has been
noticed in the maximum temperatures, up to 8.5 °C in the borders of the dam area. The
mean values has shown differences of 7.4 °C as a maximum value. In the dam area the
difference for the minimum value has been noticed to be 4.2 °C maximum value. The
differences in the buffer zones starts from 4.1 °C in the 100 m area and goes until 2.9 °C
in the 1000 m area. The biggest differences are noticed in the values of the maximum
temperatures (Table 1).
Table 1. Differences between the LST values from 1984 and 2011 from the Zonal Statistics result.

Area
Dam area
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Min
4.20

Max
8.53

Range
4.33

Mean
7.37

SD
-0.10
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100m buffer
200m buffer
300m buffer
400m buffer
500m buffer
600m buffer
700m buffer
800m buffer
900m buffer
1000m buffer

1.86
1.84
0.92
0.93
0.93
0.93
0.46
0.46
0.93
0.47

4.10
2.86
3.27
2.88
3.70
3.28
2.47
3.30
3.29
2.89

2.25
1.02
2.35
1.95
2.77
2.36
2.01
2.84
2.36
2.42

3.32
2.47
2.34
2.25
2.20
2.20
2.18
2.18
2.21
2.26

0.76
0.83
0.78
0.79
0.82
0.77
0.79
0.70
0.64
0.69

Comparing the results from the Zonal Statistics and observing them graphically, it is clear
that the boundaries from the minimum, maximum and mean values has been changed to
a lower level. The biggest difference can be seen in the maximum values (Figure 4).

Maximum values
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1984 36,02 32,43 32,43 32,43 31,62 32,03 32,03 31,21 31,21 31,62 31,21
2011 27,49 28,33 29,57 29,16 28,74 28,33 28,74 28,74 27,91 28,33 28,33

Figure 4. Differences between the maximum LST values
from the zonal statistics from July 1, 1984 and July 12, 2011.

DISCUSSION
Many studies have shown that the way of using and changing an area affects the surface
temperature [7], [8], [9]. Other studies [10] have shown that the water surface area is
colder in comparison with the other surface types. In this study, after retrieving the LST
of the study area, we aimed to determine the effects of the water on the valley by throwing
ten 100 meter buffer zones. Temperature maps show that water area have effect of
climatic elements of the land surface temperature around the water body. With the change
of the temperature, the flora and fauna are also under affection, positive or negative and
that bring significant influence in the environment. For the atmospheric system,
temperature, variations in moisture percentage of air caused by the big water body
differentiate microclimate related to region topography. Additionally, regional scaled
climatic changes can be observed [11].This type of studies should be taken in
consideration by local government in taking proper decisions when it comes to nature.
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ABSTRACT
Due to its position at the intersection of the Mediterranean, Alps, Dinaric Alps, and
Pannonian Basin, Slovenia is considered one of the most diverse countries in Europe.
Based on digital data on relief, rock, and vegetation–the most significant elements of the
internal structure of Slovenian landscapes and at the same time of their external
appearance–a geographic information system was used to determine the natural landscape
diversity and landscape hotspots of Slovenia and its municipalities. Landscape hotspots
are defined as areas with the highest landscape diversity, which offers some advantages
as well as some disadvantages and challenges to certain municipalities.
Keywords: geography, landscape diversity, landscape hotspot, municipality, Slovenia

INTRODUCTION
Because of Slovenia’s location at the intersection of the Mediterranean, Alps, Dinaric
Alps, and Pannonian Basin [1], landscape diversity can be regarded as one of the
country’s natural resources. Diversity can be viewed as a development opportunity on the
one hand, but on the other it may create specific challenges for spatial planning.
Municipalities with greater landscape diversity and many landscape hotspots can
accelerate their economic development because of their attractiveness for tourism or the
availability of various natural resources. However, high diversity can also limit the space
available for various economic activities, prevent large-scale agricultural production,
increase the risk of various natural disasters, and prevent the transfer of good practices
from one area to another.
This article analyzes the natural heterogeneity of Slovenia and presents some of the first
results of the research project Landscape Diversity and Hotspots of Slovenia. The main
goal of this project is to define areas with a similar level of heterogeneity, which is
reflected in landscape diversity, and to locate the landscape hotspots of Slovenia as the
areas with the highest landscape diversity using a relatively objective method.
Based on descriptions by various authors [2], [3], [4], [5], [6], it is possible to divide the
analysis of landscape diversity in the following manner. Diversity or heterogeneity of
landscape can be analyzed using categorical and/or numerical data. Complexity refers to
a qualitative or categorical description and variability refers to a quantitative or numerical
description of a landscape. Complexity (also termed structure) consists of composition
(also termed diversity, landscape diversity, or richness) and configuration (also termed
pattern or spatial configuration).
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Composition provides information about the number and percentage of certain categories
or types (in the case at hand, relief types, rock types, vegetation types, landscape types,
etc.). Configuration deals with the spatial arrangement of categories or types.
In addition to complexity or structure, there are two additional parts of diversity or
heterogeneity of landscape: function and dynamics (which consists of complexity and
function).
This article deals with landscape diversity (i.e., composition) based on three natural
elements (relief, rocks, and vegetation). This means that we analyzed the number of
different elements in certain area.

METHODOLOGY
Using a geographical information system, we first calculated the diversity of relief types,
rock types, and potential vegetation types, and then we determined their average diversity
(referred to as landscape diversity), and in the end we selected landscape hotspots (the
areas with the greatest landscape diversity) and landscape coldspots (the areas with the
least landscape diversity).
Our primary database included three typologies [7]: relief typology with seven types
(simplified from eight original categories), rock typology with fifteen types (simplified
from 186 original categories), and vegetation typology with fifteen types (simplified from
the original sixty-two categories).
All of the classifications were transformed from vector format to raster format because
the remainder of the study used geoinformation tools for processing raster data layers. A
25 m resolution was used for rasterization. The final raster provides 32,436,693 square
cells with a baseline of 25 m and an area of 6.25 ares [8].
After preparing the data layers, the number of types appearing in a 1 km radius was
calculated for each cell (Figure 1 shows the basic logic of the method with a simple
example). The radius was defined by trial and error. It is obvious that a smaller radius
would yield similar results, but landscape diversity would be limited to a smaller area,
and a larger radius would yield landscape diversity only for larger areas. In this way, a
diversity map was obtained for each of the three typologies.

Figure 1. Calculation of various unique values (types or categories) around the cell [1].

18

Physical Geography; Cartography; Geographic Information Systems & Spatial Planing

After creating the diversity layer for each typology analyzed, all of them were joined into
a landscape diversity layer. This was done in a way that diversity layers according to
relief, rocks, and vegetation were divided by the number of all possible types (seven relief
types, fifteen rock types, and fifteen vegetation types). This therefore shows the share of
all types presented in Slovenia in a radius of 1 km for each cell within a specific
classification. Then all of the weighted diversity layers were used to calculate an average,
which is also the final result: the landscape diversity layer (Figure 2) with a landscape
diversity coefficient (values between 0 and 1). On this basis we defined landscape
hotspots and landscape coldspots in Slovenia (Figure 3).

LANDSCAPE HOTSPOTS AND COLDSPOTS OF SLOVENIA
The map showing the landscape diversity of Slovenia (Figure 2) highlights areas (i.e.,
municipalities) that have higher variety of natural phenomena and processes. The most
diverse areas lie along the contacts of major relief forms (between plains, valleys, hills,
and mountains), which are often related to changes in lithology and vegetation. Such
contacts are usually also the major borders for geomorphological and other natural
processes.

Figure 2. Landscape diversity and municipal borders.

The minimum value of the landscape diversity coefficient in Slovenia is 0.0921. These
areas can be regarded as coldspots (Figure 3) and cover 8.9% of Slovenia. They are
frequent in Dinaric plateaus, Dinaric plains, and Pannonian plains. Dinaric landscapes are
unified; a typical landscape consists of carbonate rocks (limestone or dolomite), beech
and fir forests, and few surface watercourses, and are formed of plateaus. Pannonian
plains are flat plains with minimum relief roughness; the typical bedrock is non-carbonate
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sediments. Pannonian plains are much more settled than Dinaric plateaus, thus forest
cover is sparse, but potential vegetation is forest of beech, chestnut, and oak.
With 8.9% of Slovenia regarded as coldspots, the same percentage of the most diverse
areas in Slovenia can be defined as hotspots. According to frequency distribution, we
selected 8.3% of areas with the highest values (Figure 3).

Figure 3. Landscape hotspots (red) and coldspots (blue) in Slovenia.

LANDSCAPE DIVERSITY OF SLOVENIAN MUNICIPALITIES
Municipalities in Slovenia are local administrative units at the second level (LAU 2 level;
the first level is the state level) and are thus important spatial units for planning and
development. The landscape diversity layer of Slovenia also makes it possible to assess
diversity at the municipality level (Figure 2). Such information offers some additional
overview over their natural characteristics. Thus we also analyzed the value of diversity
for all Slovenian municipalities. The analysis was performed separately within each
natural landscape type (Table 1).
The natural landscape typology of Slovenia from 1998 [9] includes nine landscape types:
- Alpine mountains,
- Alpine hills,
- Alpine plains,
- Pannonian hills,
- Pannonian plains,
- Dinaric plateaus,
- Dinaric plains,
- Mediterranean hills,
- Mediterranean plateaus.
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The average landscape diversity coefficient of Slovenia is 0.1624. Above-average
diversity characterizes all three Alpine landscape types. The maximum landscape
diversity coefficient of 0.1836 is found in the Alpine mountains, and the minimum of
0.1292 in the Mediterranean plateaus.
Of the 211 municipalities, more than one-third lie entirely within only one landscape type,
less than half in two, slightly over one-tenth in three, and only five municipalities in four
landscape types.
Slovenia’s high landscape diversity occurs where different landscape types meet, and
therefore it is logical that municipalities located in several landscape types have a higher
landscape diversity coefficient (in terms of rock, vegetation, and relief) than
municipalities that lie in only one. Municipalities located entirely in one of the landscape
types have an average landscape diversity coefficient of 0.1563, municipalities in two
types 0.1653, and municipalities in three types 0.1711.
Among all the municipalities, the Alpine Municipality of Nazarje in northern Slovenia
has the maximum landscape diversity coefficient, at 0.2419, whereas the Pannonian
Municipality of Markovci in northeastern Slovenia has the smallest one, at 0.1045. The
difference is more than twofold.
The five most diverse municipalities with many landscape hotspots are Nazarje, Štore,
Mozirje, Vransko, and Velenje. They are located in the northeastern part of central
Slovenia, where Alpine mountains meet Alpine hills and Alpine plains. High differences
in elevation and differences in lithology also cause differences for growth conditions for
vegetation. Thus it is not surprising that these parts of Slovenia are regarded as hotspots.
The least diverse are the municipalities of Markovci, Izola, Kidričevo, Beltinci, Veržej,
and Žužemberk. Markovci, Kidričevo, Beltinci, and Veržej are located in the Pannonian
plains, which (as already mentioned) are less diverse. The Municipality of Izola is a small
municipality along the narrow coastal belt and thus does not have different types of
(terrestrial) landscapes. The Municipality of Žužemberk is much larger than the rest of
these municipalities, but because it is located in Dinaric plateaus, which are not diverse,
it does not have many different types of relief, vegetation, or rocks.
Table 1: Average landscape diversity coefficient for landscape types and landscape type combinations,
including municipalities with the highest average landscape diversity coefficient within each landscape
type and each landscape type combination.
ID

Landscape types and
landscape type combinations

Area
(km2)

Average
coefficient

Number of
municipalities

Municipality with the
highest average
coefficient

Municipality
average
coefficient

1
2
3
4
5
6
7
8
9

Alpine mountains
Alpine hills
Alpine plains
Pannonian hills
Pannonian plains
Dinaric plateaus
Dinaric plains
Mediterranean hills
Mediterranean plateaus

3061
4660
819
2993
1296
3809
1897
1061
673

0.1836
0.1823
0.1744
0.1544
0.1436
0.1442
0.1546
0.1493
0.129

11
22
4
25
9
5
0
4
0

Nazarje
Hrastnik
Trzin
Poljčane
Tišina
Kostel
–
Šempeter-Vrtojba
–

0.2419
0.2163
0.2116
0.1849
0.1263
0.1643
–
0.1727
–

1-2
1-3
2-3
2-4
2-5
2-6
2-7
4-5

Alpine mountains and hills
Alpine mountains and plains
Alpine hills and plains
Alpine hills, Pannonian hills
Alpine hills, Pannonian plains
Alpine hills, Dinaric plateaus
Alpine hills, Dinaric plains
Pannonian hills and plains

7721
3880
5479
7653
5956
8469
6557
4289

0.1828
0.1817
0.1812
0.1714
0.1739
0.1652
0.1743
0.1512

10
8
11
12
2
1
2
28

Mozirje
Žirovnica
Polzela
Štore
Hoče-Slivnica
Šentrupert
Log-Dragomer
Gornja Radgona

0.2230
0.2036
0.2133
0.2286
0.1521
0.1616
0.2117
0.1670
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5-6
6-7
6-8
8-9

Pannonian plains, Dinaric plateaus
Dinaric plateaus and plains
Dinaric plateaus, Mediterranean hills
Mediterranean hills and plateaus

1-2-3

Alpine mountains, hills and plains
Alpine mountains and hills, Dinaric
plateaus
Alpine hills and plains, Pannonian hills
Alpine hills and plains, Dinaric plains
Alpine hills, Pannonian hills and plains
Alpine hills, Pannonian hills, Dinaric
plateaus
Alpine hills, Dinaric plateaus and plains
Pannonian plains, Dinaric plateaus and
plains
Dinaric plateaus and plains,
Mediterranean hills
Dinaric plateaus, Mediterranean hills
and plateaus
Dinaric plains,Mediterranean hills and
plateaus

1-2-6
2-3-4
2-3-7
2-4-5
2-4-6
2-6-7
5-6-7
6-7-8
6-8-9
7-8-9

2-4-5-6
4-5-6-7
6-7-8-9

Alpine hills, Pannonian hills and plains,
Dinaric plateaus
Pannonian hills and plains, Dinaric
plateaus and plains
Dinaric plateaus and
plains,Mediterranean hills and plateaus
Slovenia

5105
5706
4870
1734

0.1441
0.1477
0.1453
0.1415

1
15
2
6

Kostanjevica na Krki
Borovnica
Vipava
Renče-Vogrsko

0.1717
0.1831
0.1546
0.1673

8540

0.1820

6

Vransko

0.2194

11530

0.1701

2

Tolmin

0.1952

8472
7376
8949

0.1717
0.1743
0.1674

1
1
2

Vojnik
Ljubljana
Maribor

0.2039
0.1546
0.1631

11462

0.1624

1

Mokronog-Trebelno

0.1704

10366

0.1633

9

Škofljica

0.1968

7002

0.1469

1

Šentjernej

0.1716

6766

0.1479

2

Postojna

0.1514

5543

0.1434

2

Ajdovščina

0.1596

3630

0.1484

1

Divača

0.1426

12758

0.1605

2

Brežice

0.1831

9995

0.1492

2

Šmarješke Toplice

0.1905

7440

0.1463

1

Ilirska Bistrica

0.1378

20273

0.1624

211

Nazarje

0.1704
0.2419

DISCUSSION AND CONCLUSION
The article analyzed landscape diversity in Slovenia based on relief, rocks, and
vegetation. It presented the most diverse municipalities in Slovenia and also the least.
Among all the municipalities, the Alpine Municipality of Nazarje has the maximum
landscape diversity coefficient, at 0.2419, whereas the Pannonian municipality of
Markovci in northeastern Slovenia has the smallest one, at 0.1045. Diversity may offer
certain benefits, such as higher tourist visits due to the presence of varied natural
phenomena, but on the other hand such municipalities may face various natural hazards.
Diversity also prevents the simple transfer of good practices from one part of the
municipality to another.
The results offer a basis for a more detailed analysis. An evaluation based on current data,
field research, and expert assessment can further define the role of natural landscape
diversity for the risk of natural hazards. This can also be analyzed in relation to settlement
patterns (i.e., spatial planning), development of agriculture and tourism, and the overall
economy. In such a way, it is possible to assess the actual influence of landscape diversity
on society. Namely, the proper application of landscape pattern analysis is not trivial [4].
Although biodiversity is usually considered at the species level, maintenance of
biodiversity requires management at higher levels of organization, particularly at the
landscape scale [3]. Thus we believe such analyses are important and useful for our
community.
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ABSTRACT
Dealing with the devastating effects from natural disasters requires implementation of
innovative approaches and integrated policies for disaster risk management. The
development on the territory of Southeast Europe, including Republic of Bulgaria, is an
object of various natural hazards, such as earthquakes, floods, strong winds, wildfires,
etc. A number of political instruments of the EU promote development and
implementation of integrated approaches for mitigation of the effects from natural
disasters on development. The implementation of the European integrated policies by all
member-states induces a number of challenges to governments, especially concerning
data availability, access and credibility. This publication presents the main problems and
challenges related to multi-risk assessment of natural hazards, regarding creation of a data
model. Database concepts for multi-risk assessment and mapping shall include sufficient
and quality information related to the separate stages of risk assessment - risk
identification, risk analysis, and risk evaluation. In general, the challenges related to
spatial data for multi-risk assessment and mapping come from the constraint to process,
combine and evaluate data with different sources, and formats, which is often different to
compare and relate. At the national level, data models face further difficulties of limited
access to information, high prices and lower requirements for data quality. The
publication presents an approach for multi-hazard risk assessment in Bulgaria, a geodatabase conceptual model and the challenges ahead its creation and processing. The data
and data sources are evaluated in terms of their quality, availability, input and reliability
to the achieved results of multi-risk assessment and mapping in Bulgaria.
Key words: geo database, multi-risk assessment, multi-risk mapping, integrated disaster
risk management, R. Bulgaria

INTRODUCTION. MULTI-HAZARD RISK ASSESSMENT
The increasing threat from natural disasters requires the implementation of multi-hazard
and multisectoral practices for disaster risk management (Sendai Framework for Disaster
Risk Reduction 2015 – 2030). The management of multi-hazard risk is based on multihazard and multi-risk assessment which require a complex and comprehensive analysis
of wide-range data and parameters. Visualisation of the multi-factor risk through mapping
is an advantageous risk management tool. Multi-risk maps are generalised representations
of the reality during a disastrous event. Risk maps are elaborated to guide the solution of
different problems and are widely used in decision-making. Maps shall be created as
simple and user-friendly as possible even when presenting complex matters and
interactions. Presenting too much information simultaneously in one image can mislead
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multi-risk map users. Therefore, multi-risk mapping shall produce simplified results from
complex multi-risk analysis. The risk analysis follows the risk assessment framework,
where risk is commonly expressed as in equation (1):
Risk = Hazard x Vulnerability

(1)

Vulnerability could be presented by the interaction of its components ‘exposure’ and
‘susceptibility’ and ‘resilience’:
Vulnerability = Exposure + Susceptibility – Resilience

(2)

In the case of multi-hazard risk assessments, hazard encompasses the probability of
occurrence of different hazardous phenomena which pose a threat to a certain territory.
The interactions between hazards need to be considered in the risk analysis, because the
occurrence of a single hazard often affects the magnitude and frequency of another, or is
likely to trigger related hazardous process. Furthermore, multiple hazards affect the
vulnerability ratio of a territory through the induced changes in exposure and
susceptibility to damage in the case of multiple disasters. Since multi-risk assessments
present the cumulative effect from multiple hazards on an integrated vulnerability, they
require weighting of the analysed parameters. Therefore, the multiple-hazard risk can be
evaluated by the following equation:
Multi-risk = Multiple hazard X Integrated Vulnerability

(3)

So far multi-risk management has not been addressed by the disaster risk management
framework in R. Bulgaria. The disaster risk management policy of the country addresses
the assessment and management of natural hazards separately, disregarding hazards’
triggering effects, interactions and effect on the vulnerability of the exposed elements.

REQUIREMENTS FOR MULTI-RISK ASSESSMENT GEO DATABASES
The purpose of the multi-hazard risk assessment geo database is to collect all the
necessary information and required data for the performance of a reliable multi-risk
analysis. The International community has not agreed on a common multi-risk assessment
framework yet. Therefore, multi-risk geospatial databases can differ significantly in terms
of typology, data sources (private or public data owners) and modelling approaches.
Nevertheless, multi-risk assessment databases should comply with certain international
standards for data collection (sources of information), validation, storage, structure,
quality, availability, update and sharing.
First of all, geospatial data should be collected from reliable and official data sources, i.e.
statistic agencies at different levels, public registers and data bases, historical records,
scientific researches, specialised maps, satellite images, etc. After its collection, it is very
important that the raw data is validated and calibrated, so that any primary mistakes and
defects are eliminated. Data validation is particularly important when using old databases
and maps which are often the only available and affordable source of risk information in
Bulgaria. When it comes to data generated by modelling softwares, it needs to be
calibrated in order to achieve realistic and reliable results. In countries like Bulgaria,
where information related to natural risk is not public or is still classified, it is often
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necessary to digitalise information from paper maps and other hard copy sources.
Digitalisation is often a time- and labour-consuming process which could be an obstacle
for risk evaluators with limited financial capacity, i.e. local authorities, researchers,
stakeholders, etc.
The multi-risk assessment database should be structured within a conceptual data model
which follows an accepted conceptual framework for multi-risk assessment. The
frameworks and models often depend on the specifics of the studied area and the available
data for multi-risk assessment. The structure of the multi-risk assessment database should
allow performance of quick analysis of the input data and detect changes in their
behaviour. The stored data shall remain accessible for updating and for the sake of being
used in new monitoring software [2]. These specifications of the multi-risk assessment
geo database structure make GIS software particularly suitable to perform multi-risk
modelling, assessment and visualisation.
Geospatial databases for multi-risk assessment need to be organised and stored in a way
that it is available and user-friendly. Multi-risk databases should comply with certain
requirements for quality and integrity. Multi-risk datasets include data about various
parameters, obtained by different sources and from different owners – private and public
bodies. It is hard to coordinate common requirements for data quality and structure
between the numerous data owners but certain international standards shall apply to that,
for instance, the requirements of the Directive 2007/2/EC of the European Parliament and
of the Council of 14 March 2007 establishing an Infrastructure for Spatial Information in
the European Community [1]. The Directive sets minimum quality requirements for
spatial databases, owned and maintained by member-states. Last but not least, multi-risk
assessments should not present static and final results. Most of the required date for multirisk assessment has a spatial components (demographic, economic, land use and other
variables) which changes over time. Therefore, multi-risk databases should be regularly
updated and made accessible for different users and stakeholders.

CONCEPTUAL DATA MODEL
The geospatial database for multi-risk assessment contains two main data input modules
– the multi-hazard module including the hazard inventory (frequency, range, intensity of
hazards’ occurrence), and the vulnerability module which includes the vulnerability
inventory (exposed objects and their attributes). Adopting the risk-analysis framework of
Van Westen, Damen and Feringa 2013, we determine that the multi-risk assessment geo
database shall generally include separate but interrelated data modules representing the
multi-hazard, multi-vulnerability and multi-risk [4]. The multi-risk assessment geo
database, therefore, collects and relates all necessary information from the multi-risk
analysis framework, aiming to visualise the multiple-hazard risk and contribute to the
development of tools and measures for integrated risk management (see figure 1).
The multi-risk assessment database model includes the modules ‘Multi-hazard’, ‘Multivulnerability’, ‘Risk analysis’ and ‘Risk estimation’. The multi-risk conceptual data
model includes spatial data presented by vectors and rasters, aiming to visualise the multihazard and risk for different end-users.
The Multi-hazard module represents the hazard-identification and assessment phase and
first step of the risk analysis framework. The hazards, likely to affect a certain area can
be presented as values of their characteristics which produce a threat for human
development – the given intensity (severity) of a hazard within a particular scenario for
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temporal probability of occurrence. Multi-risk assessments require greater efforts for
harmonization of single-hazard data. For instance, temporal and spatial scales for
earthquake-hazard assessments differ from those for landslide or flood hazard. Hence, the
type of data that is required for parameterisation and calibration of risk models [3] also
differs. When assessing the intensity and frequency of multiple hazards, it is important to
consider the interactions between hazards and the triggering factors such as intensive
rainfall, deforestation, magnitude of earthquakes, volcano eruption, etc. Sources of
information about multiple hazards in Bulgaria. The multi-hazard inventories can be
generated by historical evidence – data from direct measurements of natural phenomena
related to hazardous events. Such data records are obtained in Bulgaria by the state
network of ground-based and elevated gauging stations. This data is owned by the state
scientific institutes at the Bulgarian Academy of Science and is not publicly available but
rather provided at a considerably high price. Therefore, the data from direct
measurements, which is also the most reliable data for risk assessment, is not publicly
available for risk evaluators from scientific institutes, local authorities and other
stakeholders in Bulgaria. Records of measurements about certain natural phenomena is
available for 30- to 60-year periods before 1989. These data periods can serve as a basis
for modelling of the parameters’ distribution in the next decades. Modelling, however,
requires the use of complex software and skilled specialists which significantly increases
the price of multi-hazard risk assessments. Other source of information, if records from
direct measurements are not available, is the data obtained by satellite images. The
disadvantage of using such remote sensing tools is that they can provide information only
about some natural hazards, mostly hydro-meteorological ones, and some geological
hazards, i.e. rockfalls and landslides. Another shortcoming of the usage of satellite images
is their inapplicability for small-scale hazard assessments, and the high price of the highquality and high-resolution images.
The Multi-vulnerability module represents the exposure analysis in multi-risk assessment
(third step in multi-risk analysis) and includes spatial and non-spatial data about the
elements at risk, categorised in social, cultural-political, economic, environmental,
physical vulnerability classes (dimensions). The social vulnerability represent the socioeconomic aspects of vulnerability, for instance, demographic structure of the population
(age, education, occupation, awareness and access to information, family structure, etc.),
organisation of the population and communities, etc. The cultural-political vulnerability
is related to the cultural heritage exposed to risk (physical and metaphysical cultural
wealth), and the institutional strength of the political systems (trust in governmental
structures, governmental support to disaster risk management, transparency of policies
and systems, etc.). The economic vulnerability deals with the exposure of economic
activities at risk, e.g. spatial location of economic activities, production of goods and
services, etc. Environmental vulnerability reflects the fragility and exposure of natural
elements at risk: ecosystems, protected areas, sensitive environments such as forests,
wetlands, biodiversity, etc. The physical vulnerability represents the strength and design
features of key infrastructural elements at risk, i.e. critical infrastructure (emergency
reaction centres, shelters, medical facilities, social and cultural meeting points, etc.),
transport infrastructure (roads, railways, airports, harbours, etc.), and facilities and life
lines (supply and communication networks, etc.). Sources of information about integrated
vulnerability to multiple hazards in Bulgaria. The data in this module presents the
integrated vulnerability of the elements exposed to multiple hazards in the studied area.
Basic data about the location and type of exposed elements in R. Bulgaria can be obtained
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from various sources: cadastre maps; land use maps; urban plans; building passports;
statistical data about social and economic vulnerability indicators at different levels;
demographic, socio-political, economic and environmental surveys, etc. The obstacles in
obtaining data about vulnerability indicators are often related to restricting regulations
about protection of personal data and private property. Indicators related to statistical
social and economic parameters at a local level (districts, buildings, households) are not
public in R. Bulgaria. Certain indicators are provided with limited access and at a high
price. Information about the physical vulnerability can be obtained from small-scale
cadastre and topographic maps, some of which remain classified. An alternative tool for
data acquisition about social and economic damage is the database of the Centre for
Research on the Epidemiology and Disasters (CRED), which collects and stores data
about damage from major disaster events at a national level. The international disaster
database suffers the disadvantage of being inapplicable for small-scale disaster risk
assessments. The CRED database also collects data only about major disasters with low
probability of occurrence, according to set requirements for caused loss of life and
economic damage.
The Risk analysis module represents a vulnerability assessment of the elements, exposed
to multiple hazards (fourth step of multi-risk analysis). Vulnerability is analysed and
assessed based on a set of vulnerability indicators for the capacity of the exposed elements
to anticipate, cope with and recover from natural hazards. This information is added and
presented in GIS as attributes to the visualised objects. The indicators for vulnerability
assessment must represent objectively different features of all dimensions of vulnerability
– social, cultural-political, economic, physical, and environmental. The scarcity and
inconsistencies of vulnerability information often makes it the weakest link in a risk
assessment [3]. The integrated vulnerability of the exposed elements can be determined
and qualitatively assessed according to an adopted risk matrix. The multi-risk analysis is
the pre-last step of the multi-risk assessment and results in single-hazard risk maps, based
on qualitative risk assessment.
The Risk estimation module represents the final step in the multi-risk assessment
framework. It aims to provide a quantitative evaluation of the impact from multiple
natural disasters on the social-related, economic and environmental elements at risk.
Vulnerability is often difficult to quantify, especially when it comes to the social, cultural,
political or environmental dimensions. Social, cultural-political and environmental
vulnerabilities are difficult to present as monetary values due to the moral aspects of
applying values to tangible assets with high immaterial value, i.e. human health and life,
cultural monuments, ecosystem functions. On the other hand, the monetary evaluation of
the economic and physical vulnerability indicators is difficult due to the privacy of data
related to monetary value of private property. Quantitative vulnerability analysis and
estimation are often limited and available only for certain indicators of the physical or
economic vulnerability, i.e. building value, material and design; loss of economic
production, etc.
The information within the multi-risk assessment conceptual data model is structured in
layers which visualised in GIS show different features of the multi-hazard and risk and
allow spatial analysis of the multiple hazards, vulnerability and risk (figure 2). The
creation of multi-risk assessment database should follow the logic of the conceptual data
model and include data, organised according to the multi-risk assessment modules,
containing spatial components (areal, points, objects) and their multi-risk related
attributes (table 1.).
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Table 1. Contents of the geo database
Attribute

Flood

Mass movement (wet)

Extreme weather

Extreme temperature
Drought

Wildfire
Social vulnerability
Cultural-political
vulnerability
Physical vulnerability
Economic vulnerability
Environmental vulnerability

File description
Multi-hazard module
Hydrological hazards
Indicators for river floods
Indicators for tidal floods
Indicators for torrential floods
Indicators for urban floods
…
Indicators for rock mass falls
Indicators for landslides
Indicators for avalanches
…
Meteorological hazards
Indicators for tropical storms
Indicators for extratropical storms
Indicators for local storms
…
Climatological hazards
Indicators for heat waves
Indicators for cold waves
…
Indicators for drought hazard
…
Indicators for wildfires
Indicators for fieldfires
…
Multi-vulnerability module
Indicators for: potential damage
(exposure), copying capacity
(susceptibility), capacity to recover
(resilience)

File
format

Geometry

Vector
Vector
Vector
Vector
…
Vector
Vector
Vector
…

Polygon
Polygon
Polygon
Polygon
…
Polygon
Polygon
Polygon
…

Vector
Vector
Vector
…

Polygon
Polygon
Polygon
…

Vector
Vector
…
Vector
…
Vector
Vector
…

Polygon
Polygon
…
Polygon
…
Polygon
Polygon
…

Vector

Point/Polygon

Vector
Vector
Vector
Vector

Point/Polygon
Point/Polygon
Point/Polygon
Point/Polygon

Table/
Vector

Point/Polygon/No
geometry

Risk Analysis Module
Hydrological vulnerability
assessment

Integrated vulnerability to
hydrological hazards

Meteorological vulnerability
assessment
Climatological vulnerability
assessment

Integrated vulnerability to
Table/ Point/Polygon/No
meteorological hazards
Vector
geometry
Integrated vulnerability to
Table/ Point/Polygon/No
climatological hazards
Vector
geometry
Risk Estimation Module
Integrated social, economic and
Table/ Point/Polygon/No
environmental impact (estimated loss)
Vector
geometry
*The table is elaborated by the authors

Multi-risk assessment
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CHALLENGES AHEAD THE CREATION OF GEO DATABASES FOR
MULTI-RISK ASSESSMENT IN REPUBLIC OF BULGARIA
The major challenges for creation of multi-risk assessment databases in R. Bulgaria are
related to the private status and high price of the data both for the hazard and vulnerability
indicators. The unavailability of data about natural phenomena and hazards for recent
periods require modelling and calibration of the results which are specialised tasks, which
depend on the use of expensive software and skilled experts. Local authorities,
stakeholders and even scientific institutions in R. Bulgaria often cannot afford to perform
risk modelling. When it comes to the evaluation of vulnerability indicators, data is often
unavailable due to privacy restrictions, classification, or high price of statistical
parameters. The lack of publicly available and affordable data is among the reasons for
the limited existing scientific research in the field of multi-risk assessment in the country.
The current situation in R. Bulgaria is unfavourable not only for scientific researchers and
local authorities who aim at assessing risk, but also with regards to the implementation of
European political frameworks for data quality, availability and maintenance such as the
INSPIRE Directive. Currently, Bulgaria is not complying with a number of the
requirements set by the Directive, among which: the necessity for ‘spatial data collected
at one level of public authority to be shared between other public authorities’; spatial data
shall be ‘made available under conditions which do not unduly restrict their extensive
use’ (6); ‘Where a public authority supplies another public authority in the same Member
State with spatial data sets and services required for the fulfilment of reporting obligations
under Community legislation relating to the environment, the Member State concerned
should be free to decide that those spatial data sets and services shall not be subject to any
charging’ (23).

Figure 1. Conceptual framework for multi-hazard risk assessment,
bound up with the multi-risk management framework of Van Westen, Damen and Feringa 2013
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Figure 2. Conceptual data model for multi-risk assessment using GIS platform
*The figure is elaborated by the authors
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ABSTRACT
The high frequency of torrential rains and the high probability of floods occurrence are
due to the excessive continental climate which influences the most rivers from the eastern
part of Romania. The Uz river is one of the main tributaries of the Trotus river. Its length
is about 46 km. In the year 2005, the exceptional high floods have been recorded on this
river. These have occurred following the summer torrential rains which have recorded
values between 100 and 200 mm within 24 hours. The maximum flow has reached
exceptional values, resulting in historical high floods recorded at the hydrometric
Cremenea (229 m3/s) and Darmanesti (132 m3/s) stations. The occurring floods in the
Darmanesti locality have affected the neighborhood: Bratulesti, Mascas, Joseni, Salatruc.
The households and the land areas have been damaged. Because 14 households have been
completely damaged, the evacuation of the local population has been required. For this
high floods study, geostatistical methods and hydrological analyses have been utilized.
Graphic data processing has been made in Excel. Analyzing the features of exceptional
floods is made based on studying the elements of flood waves. The shape of flash floods
hydrographs has highlighted the necessity of river planning and engineering
(impoundage) and other prevention measures against floods.
Keywords: flash floods, floods, flash flood hydrograph, maximum flow, torrential rains

INTRODUCTION
The first decade of the XXIst century has been catastrophic for Romania from an extreme
hydrological phenomena standpoint. The zone of Moldova, in which the Uz hydrographic
basin is situated, has been hit the hardest by catastrophic floods. Numerous human victims
have been registered and major material damages. The extent of the floods phenomena
has manifested progressively for the years 2001, 2002, 2004, 2005, 2006, 2007, 2008,
2010 and 2011. During the years 2005 and 2006, 93 human victims have been registered
for the whole of Romania and material amount of damages totalled two billion euros.
Statistical data includes as well material damages registered in the Uz hydrographic basin
which constitutes a convincing argument for performing the research on historic flash
floods from July 2005.
Numerous researches exists referring to the changes occurred in the thermal,
pluviometric, hydrologic regimes and their impact on the future hydroclimatic evolution
[1, 2]. The floods are considered to be the representation of major natural risk factors [35]. The main control factors of the flow and flash flood formation are determined by the
geographical positioning of the Uz hydrographic basin (at the eastern fringe of the
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Oriental Carpathians mountains), by the geology and the morphology of the territory, by
the climate, by the biopedological geosphere, by the extent and complexity of the
anthropical impact. The flash floods in the Uz hydrographic basin are mainly determined
by the torrential rainfall, especially the ones with high intensity (several mm in a few
seconds).

STUDY AREA
The geographical positioning of the river Uz is situated in the eastern part of Romania.
It covers a surface of 475 km2 and falls between the meridians 26°00’16” and 26°30’56”
eastern longitude and the parallels 46°08’44” and 46°23’27” northern latitude (Fig. 1).
The river Uz and its most important tributaries have played a major role in the
fragmentation of the landscape. The Uz river is a right tributary of the river Trotus and
springs from the Ciucului mountains at an altitude of 1175.33 m. It crosses the
hydrographic basin on a length of 46 km and encounters the river Trotus at Darmanesti,
at an altitude of 320.43 m (Table 1).

Figure 1. The geographical location and mathematic coordinates of the Uz river basin
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Table 1. Characteristics of the water courses and river basins

River

Confluence
position

Length
(km)

Altitude (m)
(upstream/
downstream)

Eghersec
Oreg
Basca
Copuria
Barzauta
Izv.Alb
Groza
Camp
Izv.Negru

Left
Left
Right
Left
Right
Right
Right
Left
Right

6.9
5.1
9.1
5.9
25.8
6.1
8.4
8.0
16.1

1305.9/949.0
1183.3/881.2
1130.1/814.0
1301.3/584.9
1089.7/571.0
1184.0/503.9
1478.3/513.6
974.0/392.3
1506.2/381.2

Average
slope
(°)

Sinuosity
coefficient

Area
(km2)

Average
altitude
(m)

44
23
36
24
40
24
38
39
30

1.4
1.1
1.2
1.1
1.3
1.1
1.3
1.3
1.1

17.7
11.6
25.1
10.1
152.3
12.7
11.9
16.3
30.5

1155.1
1146.4
1117.3
1019.5
1091.8
868.4
809.0
654.7
782.9

Forest
cover
area
(km2)
2006
8.7
28.3
22.5
8.4
116.5
11.8
11.8
9.3
28.3

The hydrographic basin has a dense drainage network as a consequence of the general
elevated slope. The sub-basins of the main affluents have elongated forms and above par
sinuousity coefficients. At the majority of the tributaries, the river slopes are highly
elevated and the runoff coefficient is high. On the course of the river Uz, relative to Poiana
Uzului reservoir, Cremenea station is situated upstream and Darmanesti station
downstream.

MATERIALS AND METHODS
Performing the research was made possible using the database compiled from much older
and more up-to-date bibliographical sources [1, 4, 5]. The hydrological data were
obtained from the archive of the Water Basin Administration of Siret, Bacau; the data
consists of the of average daily, monthly and annual values, the maximum values of the
liquid drain for different measuring periods from the interval 2000-2009 etc. The
databases are represented in average values for the precipitations obtained from the same
archive. The topographical map 1:25000 (elaborated by the Romanian Military
Topographical Directorate) and the ortophotoplans 1:5000 have been used, in order to
generate the vectorial layers (stream system, reservoir, infrastructure, human setlements,
locality) and the Digital Terrain Model. The TNTMips v.6.9 and ArcGIS v.10.2.2 have
been used. Hydrometeorological databases have been processed using Ms. Excel.

RESULTS AND DISCUSSIONS
The flow are one of the main issues to manage in practical hydrology [6,7]. The
knowledge of the flows is necessary to design, execute and exploit the hydrotechnical
constructions, to estimate the resources, etc. [8,9]. The maximum flow is immensely
complex, being influenced by a multitude of factors: the shape and dimension of the
hydrographic basin, lithology, degree of vegetation covering, slope inclination and the
riverbed morphology, the presence of the lakes etc [10].
The maximum flows from the mountainous sector of the Uz hydrographic basin
(upstream of the dam) are registered predominantly (50%) during summer, after which
follows the spring (33%) and the autumn (16%). The high frequency of the maximum
flow from the depresion sector (downstream of the dam) was registered during summer
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(66%), spring (22%) and autumn (11%). The cold season (winter) is differentiated by the
lack of maximum flows due to low temperatures and to snow confinement. The month
with the highest occurrence frequency of the maximum flows at Cremenea station was
July and at Darmanesti station was August (Fig. 2).

Figure 2. The annual (a) and seasonal (b) occurrence frequency
of the maximum flow occurrence in the Uz basin

The analysis of the most important flash floods have began with the study of the annual
maximum flows. The highest values from the Cremenea station have been registered
during the years 2005, 2001 and 2007, and at the Darmanesti station in 2005 (Fig. 3).

Figure 3. The maximum annual flow hydrograph in the Uz basin

The maximum annual flow variations registered at Cremenea, for the periods 2000-2003
and 2006-2009, are similar. During the first period, the year 2001 bears witnesses to a
sudden arrival of a high flow, while during a second period a similar phenomenon is
registered in 2007. The period 2003-2006 bears witness to an exceptional rise in the
maximum annual flow in 2005. At Darmanesti hydrometric station, during the period
2001-2003, a decreasing tendency in the maximum flow is identified, same as for the
period 2007-2009. During the period 2004-2006 a situation similar to that of Cremenea
is observed, the trend being disrupted by an exceptional occurrence of the maximum
annual flow in 2005. Overall, during 2000-2009, at both hydrometric stations, the trends
of the maximum flows are linear, being disrupted in 2005 by the occurrence of historic
flows (Fig. 4).

Figure 4. The multiannual variation of the maximum flows
at the Cremenea (a) and Darmanesti (b) hydrometric stations
Table 2. The maximum monthly flows and the maximum multiannual flows registered on the river Uz
H.S. /Month
I
II
III
IV
V
VI
VII
VIII
IX
X
XI
XII
Qmax
9.95 9.95
21
20.2 28.3 26.5 132 25.1 9.95 24.8 11.7 17.3
D.
Year
2006 2006 2006 2000 2005 2001 2005 2004 2005 2007 2007 2001
Qmax
14.3 12.9 40.2 34.6 44.9 83.4 229 53.9 31.7 81.2
15
5.85
C.
Year
2009 2002 2000 2000 2005 2001 2005 2002 2003 2007 2002 2008
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July 2005 has been a month when exceptional flows have been registered at the Cremenea
hydrometric station (C.) and at Darmanesti hydrometric station (D.) (229 m3/s and 132
m3/s). The lowest values from the Darmanesti station were registered in 2006 (9.95 m3/s,
in January and February) and 2005 (9.95 m3/s, in September). Meanwhile, at Cremenea
station in 2008 a flow of 5.85 m3/s was registered in December (Table 2). The value of
the average annual flow at Cremenea station was 4.71 m3/s for 2005, i.e. 1.83 times
greater than the average multiannual flow (2.57 m3/s). The value of the average monthly
flow for the month of July 2005 (18.3 m3/s) was 2.67 times higher than the average
multiannual flow (6.86 m3/s). The value of the average flow at Darmanesti station for the
year 2005 (7.94 m3/s) exceeded 1.81 times the value of the average multiannual flow
(4.40 m3/s). The value of the average monthly flow for the month of July 2005 (18.30
m3/s) was 3.10 times higher than the average multiannual average flow (5.9 m3/s) (Table
3).
Table 3. The values of the flows depending on the exceptional floods registered in the Uz basin
Qmax
Qmed year
Qmed month
Qmed multiannual month
Qmed multiannual
H.S. Year Month
(m3/s)
(m3/s)
(m3/s)-VII
(m3/s)
(m3/s)
C.
229
4.71
18.30
6.86
2.57
2005
VII
D.
132
7.94
18.30
5.90
4.40

The first semester of 2005 has been characterized by a precipitation surplus in comparison
with the monthly averages (Table 4). The high quantities of precipitations have restored
the humidity deficit of the soil and thus have created a surplus. The agrometeorological
report from the 11th of July 2005 informs about an optimum soil humidity with a trend
towards surplus. For the mountainous zone the water soil reserves reached saturation
before the extreme hydrological risk phenomena were to occur. The precipitations from
the first ten days of the month of July, at Cremenea station, have represented 38% from
the monthly precipitation average, while at Darmanesti up to 51%. The rains were
widespread in all river’s subbasins from the Moldova region, causing large scale floods
not only on the rivers, but also on steep and deforested slopes. The rain has fallen almost
daily in the first ten days of July, maintaining high flow rates, greater than the multiannual
ones. The synoptic situation from the period 10-14th of July 2005 shows that the
depressionary core thus formed exceeded 500 hPa. The core charged with air from the
tropical region entered in contact with the Atlantic air mass and produced important
precipitations within 48 hours. Back then the basin of the Trotus was affected, the Uz
river included, but also other hydrographic basins from the immediate vicinity. For the
period 11th-14th of July 2005, the amount of precipitations was 44.8 mm at Cremenea
station and 154.9 mm at Darmanesti station.
Table 4. The values of the precipitations quantities fallen between January and June 2005 in the Uz basin
H.S.
I
II
III
IV
V
VI
Pmonthly (mm)
46.6
26.4
16.9
59.8
81.6
145.2
C.
Pmonthly multiannual (mm)
24.5
28.2
39.4
62.6
92.3
98.5
Pmonthly/Pmonthly multiannual (mm)
1.9
0.9
0.4
1
0.9
1.5
Pmonthly (mm)
46.6
43.6
16.8
54.7
85.9
133.6
D.
Pmonthly multiannual (mm)
21.6
25.9
27.7
58.0
84.1
107.9
Pmonthly/Pmonthly multiannual (mm)
2.2
1.7
0.6
0.9
1.0
1.2
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The hydrograph of the flash flood from July 2005, at Cremenea station, highlights the fact
that the flash flood began from a basis flow of 5.05 m3/s (Fig. 5).
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Figure 5. The hydrograph of the exceptional flash floods registered at the Cremenea station – July 2005

After maintaining the high water phase, the flow has reached its peak at 229 m3/s after
which subsided and entered in the downward phase. It returned to the basis flow afer a
longer period of time. The total duration of the flash flood was 144 hours long and the
growth span was 26 hours long. The complex shape of the hydrograph indicates the
existence of some rich precipitations triggered after the formation of the flash floods, but
also an intake of Barzauta river, as well as of other tributaries from the Nemira mountain
slope. The value of the maximum flow during the flash flood exceeded 33.38 times the
value of the average multiannual monthly flow (6.86 m3/s). At Darmanesti station the
flash floods have reached a basis flow of 5.4 m3/s (Fig. 6).
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Figure 6. The hydrograph of exceptional flash flods registered
at Darmanesti hydrometric station – July 2005

After the high water phase, the flow manifested a sudden rise up until the 132 m3/s. The
downward phase had a relatively long duration in comparison with the ascending one.
The hydrograph of the flash flood present an unusual form. The flash flood begins with
the high water phase which precedes the arrival at the maximum flow. The rounded shape
of the peak, as well as the shape of the hydrograph and the defining elements of the flash
flood suggest the pluvial nature of its occurring cause. The value of the maximum flow
during the flash flood has exceeded 22.37 times the value of the average monthly
multiannual flow (5.9 m3/s). The flash floods have occurred during a broader period of
time. After reaching the historic maximum flows, the descending phase stays at the high
water level for a longer period of time, because the precipitations have continued to fall
during the flash floods as well (Table 5).
Table 5. Characteristic parameters of the high floods at the Cremenea (C.) and Darmanesti (D.) stations
Qmax
Qb
Tt
Tc
Wt
Wc
H
F
Year H.S.
γ
(m3/s)
(m3/s)
(h)
(h)
(mil.m3)
(mil.m3)
(mm)
(km2)
C.
229
5.05
144.0
26
24.3
5.1
72
0.2
337
2005
D.
132
5.30
225.5
34
26.6
5.7
66
0.3
404

Knowing the characteristic parameters of the flash floods presents a particular importance
in the hydrological practice. These parameters are determined based on the hydrographs
and on the forecasts. The extremely high flows registered at the Cremenea station and the
heavy rains have favoured the exceptional water rise in the Poiana Uzului reservoir.
Within just 25 hours the water levels on the reservoir have increased with 6 m. The
elevation that triggered the alarm has occurred when the water reached the spillway crest
38

Physical Geography; Cartography; Geographic Information Systems & Spatial Planing

(511.44 mdM), after which it remained constant for several hours. The maximum
discharged flow was 133 m3/s from which 100 m3/s was through spill. The flash flood
began on 11th of July when the water level rose suddenly, reaching its maximum on the
13th of July. The attention stage of the warning parameter was 1.00. The exceeding of the
riverbed downstream capable flow (100-120 m3/s) would have increasted the severity of
the situation. The excessively large level of the reservoir Poiana Uzului registered during
the historic flash flood, would have brought a disaster through the braking of the dam.
The calamity was avoided through the suitable water management.
The maximum flow at the Cremenea hydrometric station has exceeded the attention stage
(AS) with 292 cm, the flooding stage (FS) with 242 cm and the danger stage (DS) with
192 cm. At Darmanesti station the attention stage (AS) was exceeded with 370 cm, the
flooding stage (FS) with 320 cm and the danger stage (DS) with 220 cm (Table 6).
Table 6. The levels registered during the exceptional maximum flows in the Uz hydrographic basin
Hmax
A.S.
F.S.
D.S.
Flow
Year
nr.
C.
D. C.-150 cm D.-150 cm C.-200 cm D.-200 cm C.-250 cm D.-300 cm
1
297
147
97
47
2000
2
262
112
62
12
3
263
113
63
13
1
338 323
188
173
138
123
88
23
2001
2
323
173
123
73
3
285
135
85
35
1
277 320
127
170
77
120
27
20
2002
2
314
164
114
64
1
286 270
136
120
86
70
36
2003
2
294
144
94
44
1
300 325
150
175
100
125
50
25
2004
2
312 320
162
170
112
120
62
20
1
442 520
292
370
242
320
192
220
2005
2
340
190
140
40
1
293 300
143
150
93
100
43
0
2006
2
292
142
92
-

Knowing the maximum flows with different exceeding probabilities has a special
importance for efficiently managing the water resources and for designing and executing
the hydrotechnical constructions suitable to the economic process (Fig. 7).

Fig. 7 The theoretical and empirical probability curves plotted
for the Cremenea (a) and Darmanesti (b) hydrometric stations

At Cremenea station the maximum flash flood flows have fallen within the range 1% and
5%, and at Darmanesti between 5% and 10%. Establishing the correlations on ensured
values (with certain exceeding probabilities) represents expressions of statistical
processing recommended in the analysis of random data series. For the probability of 1%
the values of the water volume amounts are 8.99 million m3 at Cremenea station and 6.84
million m3 at Darmanesti station; the water layer has 266.79 mm at Cremenea and 169.23
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mm at Darmanesti (Table 7). The historic flows from within the Uz hydrographic basin
have been registered in the year 2005 when the river Siret has reached its maximum flow
for all the rivers in Romania (4650 m3/s) [6, 9]. The maximum, minimum and average
values of the maximum flows from the studied period are highlighted statistically in the
Table 8.
Table 7. The maximum annual flows, the specific maximum flows, the maximum volumes and the leaked
maximum water layer equivalent to the maximum volumes with different exceeding probabilities
determined for Cremenea (C.) and Darmanesti (D.) hydrometric stations
Qmax (m3/s) for
qmax (l/s/km2) for
Wmax (mil.m3) for
Hmax (mm) for
the
probabilities
the
probabilities
the probabilities
the probabilities
p%
C.
D.
C.
D.
C.
D.
C.
D.
0.01%
520.6
1544.7
16.4
487.8
0.1%
403.7
338.8
1198.1
838.5
12.7
10.7
377.8
264.5
1%
285.1
216.8
846.1
536.6
9.0
6.8
266.8
169.2
5%
199.5
136.5
591.9
337.9
6.3
4.3
186.7
106.6
10%
161.7
102.0
479.9
252.6
5.1
3.2
151.3
79.6

H.S.
C.
D.

Table 8. Statistics of the maximum monthly flows in the Uz river basin
Qmax (m3/s)
Qmax (m3/s)
Qmax (m3/s)
Year
Year
Cv
(maximum value)
(minimum value)
(average value)
229
31.7
96.3
0.7
2005
2003
132
6.2
45.4
1.0

Cs

Cv
/Cs

1.5
2.1

2.0

CONCLUSIONS
There is a connection between the torrential character of the precipitations and the
maximum values of the river Uz. For this reason the climatic data has been permanently
correlated with the hydrological ones. The data thus obtained was processed and
compared in order to conclude the causes and the consequences of the flash floods from
July 2005 (Fig. 8). The defining elements of the flash floods hydrographs have
emphasized with clarity the climatic nature of the cause for the exceptional flash floods
occurrence. The character of the flash flood was special, unique, proven as well by the
shape of the hydrographs. The flash floods’ consequences were proportional to their
severe impact. The evacuation of the local population was implemented. The most
damaged zone was Salatruc, where 14 houses were completely destroyed, many of them
crippled and important land surfaces were impaired. The psychological impact over the
local population was extremely negative, because many of them were seniors in age. The
existence of the hydrotechnical works on the rivers would have had a big contribution to
the damage prevention and limitation. After the 2005 floods, structural measures were
taken for alleviating the effects of the floods. The existence of exceptional floods similar
to those of 2005 proves the necessity for hydrotechnical works.
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Figure 8. Flash flood from July 2005 – Uz river basin

REFERENCES
[1] Costache R, Pravalie R, Mitof I, Popescu C. 2015. Flood vulnerability assessment in
the low sector of Saratel catchment. case study: Joseni village. Carpathian Journal of
Earth and Environmental Sciences 10(1): 161-169.
[2] Romanescu G, Stoleriu C, Romanescu AM. 2011. Water reservoirs and the risk of
accidental flood occurrence. Case study: Stanca-Costesti reservoir and the historical
floods of the Prut river in the period July-August 2008, Romania. Hydrological Processes
25: 2056-2070.
[3] Olang LO, Fürst J. 2010. Effects of land cover change on flood peak discharges and
runoff volumes: model estimates for the Hyando River Basin, Kenya. Hydrological
Processes 25(1): 80-89.
[4] Cojoc GM, Tirnovan A, Obreja F. 2014. Modern means of monitoring the
hydrological regime in the Siret River Basin (Romania). Georeview 24: 38-53.
[5] Chendes V, Corbus C, Petras N. 2015. Characterisyics of April 2005 flood event and
affected areas in the Timis-Bega Plain (Romania) analysed by hydrologic, hydraulic and
GIS methods. 15th International Multidisciplinary Scientific GeoConference,
SGEM2015 1: 121-128.
[6] Romanescu G, Stoleriu C. 2013. Causes and Effects of the Catastrophic Flooding on
the Siret River (Romania) in July-August 2008. Natural Hazards 69: 1351-1367.
[7] Minea I, Romanescu G. 2007. Hidrologia mediilor continentale. Aplicatii practice.
Casa Editorială DEMIURG, Iasi (in romanian).
[8] Birsan MV. Zaharia L. Chendes V. Branescu E. 2012. Recent trends in streamflow in
Romania (1976–2005). Romanian Reports in Physics 64(1): 275–280.
[9] Romanescu G., 2009, Siret river basin planning (Romania) and the role of wetlands
in diminishing the floods.WIT Transactions Ecology and the Environment 125:439-453.
[10] Romanescu G. 2003, Hidrologie generala. Editura Terra Nostra, Iasi (in romanian).

41

Physical Geography; Cartography; Geographic Information Systems & Spatial Planing

GEOMORPHOLOGICAL RESEARCHES ON THE NORTH TANGENT
ARCHAEOLOGICAL SITE IN SOFIA, BULGARIA
DOI: http://dx.doi.org/10.18509/GBP.2016.06
UDC: 551.4:902.2(497.2)

PhD Sonya Stoyanova1
Ass. Prof. Diana Dimitrova2
Sofia University “St. Kliment Ohridski”, Department of “Climatology, Hydrology and
Geomorphology”, Bulgaria
2
National Institute of Archaeology with Museum at the Bulgarian Academy of Sciences,
Bulgaria
1

ABSTRACT
The archaeological site is located in the northeastern part of the Sofia kettle, Southwestern
Bulgaria. There were found two archaeological structures during the construction of site
№ 3 along the North Tangent in Sofia. The conducted studies showed that the cultural
layers are in the alluvial deposits of Perlovska river (a left tributary of Iskar river). This
gave a reason for performing complex descriptions, sampling and analysis on field. There
were made archaeological excavations in an area of 160 m length and a width of 22 m.
Geomorphological observations are marked in five key points. The samples were
processed in a sedimentological laboratory and put through morphoscopic and grain-size
analysis.
Keywords: archaeological structures, Sofia kettle, geomorphological researches,
sedimentological analysis, facial environments.

INTRUDUCTION
The study area is located in 120-150 cm depth of present topographic surface near the
Perlovska river bed.
Archaeological data
The archaeological site 3A is part of larger site № 3 in the route between 8+ 400 km to
9+ 030 km (Fig. 1), which is conditionally numbered with the letter "A". In the section
between 8+ km 400 to km 8+ 560 boreholes were made with a width of 1 m, total length
of 430 m and a depth from 0,90 m to 1,20 m. By means of the boreholes there are
registered two archaeological structures. One of them is a platform with 5 clay pots placed
on it, which are made of rough clay with impurities. Three of them are cups with two
handles and two are pots (Fig. 2a). There is no signs of pit. It is possible it was destroyed
with the removal of the humus layer. The morphology of the pottery, the texture and the
clay color, the impurities, the method of firing, they clearly prove that the pottery belong
to the cultural layer of the final phase of the Early Bronze Age.
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Figure 1. Location of the study area
(Source: topographic map www.cadastre.bg, geodetic map ТЕМП 2015)

The second structure is a crowding of pottery fragments (Fig. 2b). They are made by hand
and refer to the same chronological period.
On hand it was studied the area between 8 + 460 km 8 + 480 km (Fig. 1). Here is described
a horizon from sand with rusty brown color. It contrasts sharply with the surrounding
horizons. In the sand were found single fragments of various pottery with highly polished
edges from the Roman era and Late Antiquity. Such smoothing is only possible at
relatively long (over 5 km) transporting in aquatic environment which is caused the
roundness of the edges. During field descriptions and sampling (September 2015)
groundwater was discovered at a depth of 0,70-0,90 m.
After researching and documenting the structures, it was reached sterile soil, gravel and
sand everywhere in the 3A site.
a

b

Figure 2. Ceramics from the first (a) and the second (b) archaeological structures

Geological characteristic of the area
The archaeological site is located in the eastern part of Sofia kettle morphological
structure, which in tectonic terms graben and it is filled with Neogene and Quaternary
sediments. The sinking part (represented by the kettle level) has contributed the lake and
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river sedimentation and the rising part (between hillsides of Stara planina/ Old Mountain
and Sredna gora/ Middle forest Mountain) – active denudation and rapid weathering of
bedrock.
Pliocene deposits in the archaeological site are overlapped by quaternary alluvial deposits
of the Iskar river and its left tributary Perlovska. They are represented by river sediments
and those on floodplain terraces (pebbles, sand, clay). The thickness of the alluvial
deposits increases towards the Iskar river and in the area of excavation it varies between
70-85 m.
Morphohydrographic characteristic
Perlovska river flows round 200 m western and to the east our study area is bordered by
ploughland, in which has a mound (526 m a.s.l.). The altitude is between 460 m in the
midstream of Perlovska river and to the east it reaches 535 m. It decreases from east to
west – to the mainstream of Perlovska, and from south to north – along the river. The
terrain is flat and it is characterized by low values of vertical and horizontal segmentation.
The average slopes of the topographic surface are hesitant in narrow range – between 0
and 120. Horizontal surfaces with 00 are registered along Perlovska valley. Relatively
equal parts of the floodplain terraces have slopes between 0 and 20. The values of this
index are increased to the east (to the mound) – between 5 and 120 slope.
The hypsometric data and those for the vertical and horizontal segmentation show relative
symmetry of the relief, which is slightly impaired to the east. As a result of the flat nature
of the terrain, it became clear that the predominating slopes are between 0 and 2 0. These
surface indicators contribute the accumulative processes and soil formation.
In regard to hydrographic feature Perlovska basin is a part of Iskar catchment as its left
tributary. The river begins from the southern slopes of Vitosha Mountain (820 m a.s.l.).
It flows to north-northeast and empties into the left of the Iskar river (513 m a.s.l.). From
the springs to the mouth Perlovska has length of 31 km.
Therefore, the morphohydrographic characterization shows that this is an area with very
low slopes, where the accumulative processes and soil formation are dominated. These
slopes are a precondition for meandering and furcation of the mainstream and formation
of swamping – something which can be seen from the topographic maps (1: 25 000, 1: 50
000) and Earth Google.
Geomorphological and sedimentological results
Geomorphological and sedimentological researches are consistent with the
archaeological. A profile is characterized, which is conditionally called “Profile 3A”. It
is composed of sediments that form horizons without cultural layers. Four horizons are
described in this profile. Analyses were made of the deposits that formed the horizons –
morphoscopic (Table 1) and grain-size (Fig. 3) analysis.
The morphoscopic analysis (Table 1) shows similar composition of the course material
in horizons with the petrographic province of Perlovska river that springs from Vitosha
(gneiss, quartz, andesite, granitoids). High roundness of gravel and pebbles associated
with traveled distance along the river. The found ceramic fragments have the same
roundness. Axis "a" of the course material (in horizon 170-200 ↓ cm) shows the
movement of the mainstream to the north. This was also observed in the contemporary
mainstream of Perlovska.
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Horizon
Count
Min (mm)
Max (mm)
Average (mm)
Petrography sort
Mean roundness
Broken pebbles %
Saltation %
Dragging %

Table 1.Morphoscopic analysis of the course material in Profile
0-40 cm
40-110 cm
110-170 cm
170-200 cm
10
9
5
30
a-15; b-12; c-6
a-14; b-10; c-4
a-15; b-13; c-9
a-11; b-6; c-3
a-46; b-40; c-23 a-43; b-24; c-21 a-29; b-22; c-14 a-86; b-54; c-34
a-28; b-19; c-13 a-26; b-17; c-12 a-20; b-16; c-12 a-46; b-31; c-21
gneiss
gneiss
gneiss
gneiss
3,8
2,9
3
3,4
40
0
0
27
50
56
60
53
50
44
40
47

According to grain-size analysis (Fig. 3) the first two horizon (0-40 cm and 40-110 cm)
are formed by sand and clay. The difference between them is about the size and roundness
of the course material. About 70% of the sample, which is taken from horizon 110-170
cm, is clay. The lower horizon (170-200 ↓ cm) is composed of sand, with inclusions of
coarse gravel and small boulders.
The results of grain-size analysis indicate the transfer of two facial environments in depth.
Horizon 170-200 ↓ cm characterized a river facies. It has been a relatively calm situation
during the formation of the upper horizon 110-170 cm. We think this horizon marks a
riverside swamping and subsequently forming of floodplain terrace. From the presented
data, we concluded that Perlovska permanently shifted its river bed to the west, where is
its present mainstream (Fig. 4).
The investigations of alluvial deposits in points 3A-1, 2, 3, 4 (Fig. 4, cross section)
show that river beds have been several or branches of the same river. To the west, from
Profile 3A to a distance of 13,3 m we observed the same deposits, which are described in
the horizon 170-200 ↓ cm. From 13,3 m to 15,4 m there is a transitional strip with another
river bed. Point 3A-1 indicates deposits from the second presumptive river bed. The grainsize analysis of 3A-1 sample showed a predominance of sand fraction (70%), which is
well washed and sorted. The transience in this strip is expressed mostly in the deposits
color – alternating dark orange and black stripes.
To the west again, it is observed a sand area with alternating and interweaving of
orange, reddish, whitish and black stripes. Three samples were taken from 3A-2, 3, 4
which show almost identical grain-size of the deposits, with predominating sand fraction.
Again, difference is in the deposits color. We assume that the area between 15,4 m and
21,3 m is a sand island in the middle of mainstream or between two branches of the same
river. This area is relatively higher than the river bed and there are found the bestpreserved ceramic pottery (Fig. 2). Probably, this island has been periodically flooded
and dried. The sediments have been under conditions of oxygen regime (orange sand)
during freshet and at the low water level the river has been meandering and formed
swamping (black sand and organic material). Then, the regime has changed dramatically,
because of some places there is a geochemical barrier (red sand) with the upper horizon.
Therefore, the river facial environment has become a floodplain and dark clay horizons
have overlapped. As a result, we observe another river shift to the west. Subsequently, it
has formed a floodplain terrace onto the island from the temporary flooding. These facial
conditions on the terrace have caused accumulation of organic material and humus.
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Figure 4. Paleoreconstruction by results of sedimentological analysis and map materials

CONCLUSION
The data obtained from sedimentological analysis confirmed that alluvial sediments are
characterized by two facies: river and floodplain. Distribution of sand and clay, as well
as the characterization of course material attest to that. The top parts of the profiles
characterize contemporary soil formation on alluvial deposits.
The present location of Perlovska river bed shows migration from east to west. This was
confirmed in a report with available cartographic materials, as well as the analysis of the
deposits, which allowed us to recreate the paleoenvironments.
In a conclusion, the dynamics of river bed processes and their replacement with floodplain
environment are clearly reflected into the alluvial deposits, as a result of the hydroclimatic
conditions in the watershed of Perlovska river. The results of geomorphological studies
give us reason to assume the North Tangent archaeological site (3A) is located on the old
Perlovska river bed, which actually is transported the ceramic fragments from other place.
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ABSTRACT
In our study we try to evaluate the contribution of the Black Sea water body to the amount
of precipitation across the historical region of Moldova, which encompasses the territory
situated between the Carpathian Mountains in West and the Dniester River valley in East.
We chose this region for its homogeneity from the point of view of weather circulation
types.
We used 8 weather stations from ECAD daily datasets which cover the entire region for
32 years (1961-1992). NCEP/NCAR Reanalysis Maps were used to identify the weather
pattern favourable for the humid air masses advection from the Black Sea towards the
region of Moldova. According to this analysis just about 4% (around 10-15 days per year)
are characterised by these conditions. Generally, these conditions are related to the action
of Mediterranean cyclones in South-Eastern Europe, especially those with a backward
trajectory. Despite this weak annual frequency, these weather patterns contribute with 1520% to the total amount of precipitation in Moldova.
Without this contribution Moldova region would be characterised by more pronounced
arid climate features. The weather pattern, the annual regime of this contribution, the
regional distribution will be presented in detail within the present work.
Keywords: Moldova, Black Sea, precipitation, Mediterranean cyclones, retrograde
cyclones.

INTRODUCTION
The influence of the Black Sea on the Romanian climate is defined in the Romanian
climatology literature in the form of Pontic influences [1] but are limited to a restricted
part of Dobrogea region, based mainly on the thermal mark that this sea generates in the
vicinity of the shore. However, Bordei-Ion, 1983 [2], emphasizes the role of the Black
Sea as a source of moisture for the Romanian territory, and this work provides a more
accurate quantitative assessment of this contribution.
The present work is focused on the geographical area between the Carpathians and the
Dniester river valley, area that coincide with the historical region of Moldova, that in
most climate classifications corresponds to the limit between transitional climate and the
continental one at European level [3]. The hilly relief of the region is marked by the
Carpathian orographic barrier in the western part and by south-eastern access into the
Black Sea. In the centre of the area, Codrii Plateau from Bessarabia and Bârlad Plateau
from Western Moldavia represent a west-east oriented orographic obstacle which is
segmented only by the Prut River Valley, with altitudes up to 400-450 m, this being the
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main orographic barrier against air masses or weather fronts from the Black Sea that reach
the analyzed area during south-east circulation pattern.

Figure 1. - Distribution of annual precipitation (mm) amount in Moldova

From a pluviometric point of view, excepting the mountainous areas, the multi-annual
precipitation amount in the analyzed area is not exceeding 500 mm in the extreme
southern part of the area, along the Danube and even Black sea coast. For the most part
of the area the precipitation mostly amounts are between 500 and 550 mm (Fig. 1), and
in the central hilly part slightly exceeds 550 mm [4], being over 650 mm in the
subcarpathian and mountainous area.
The annual precipitation regime is marked by minimum precipitation in February and the
maximum amount of precipitation is recorded in June and lately, for many weather
stations, in July. The variation curve of multiannual average amounts of precipitation is
very high, often prolonged sequences of weather, have placed Moldova, located between
the Carpathians and the Dniester River valley in a scenery specific to maritime or oceanic
climate. We are referring to the well-known severe weather intervals from a pluviometric
point of view, as the events occurred in 1970 and 1991, of the analyzed period, when in
Moldova the annual precipitation amounts were close to 1000 mm in the lower parts of
its territory. Excessive precipitation events occurred during these intervals, are associated
with either retrograde cyclones moving towards the Black Sea or with south-east
circulation patterns. This work contains a quantitative evaluation of this situations.
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DATA AND METHODS
The procedure used in the identification of the precipitation activity over the Black Sea
is done manually [5], and consisted in analysing the diurnal maps of barometric pressure
at sea level and at 500 hPa level and relative humidity at 700 hPa. When the atmospheric
circulation is oriented from Black Sea at a 500 hPa level it was accounted for a
contribution rate of 100% in the production of daily amount of rain or snow.
When the atmospheric circulations caused by the air masses above the Black Sea were
distributed on the surface and on the inferior troposphere, it was considered that a part of
the precipitation occurred in Moldova was determined by the moisture supply from the
Black Sea, and another part by the circulation in the medium troposphere (500 hPa).
Therefore, against this background, it was accounted that only 50% of the precipitation
received are produced from the Black Sea moisture. The analysis of circulation patterns
of concern was completed by the consultation of the summary of synoptic meteorological
observations data NCEP/NCAR that include: geopotential height at 500 hPa, 700 hPa and
850 hPa, temperature at 850 hPa and 500 hPa, relative humidity at 700 hPa, and sea level
pressure [6]. All these parameters were analysed at continental level with a special focus
on the study region.
At regional scale, we have used daily precipitation amount for 8 weather stations from
the whole region on the basis of daily precipitation from ECAD data base for the 19611992 period [7]. The mountain area was excluded from this analysis due to its complexity
from the point of view of precipitation distribution.
Data were treated with the help of Excel software package and TNT Mips 6.9 was used
to generate the maps, the residual kriging method being used for this goal, as a
recommended method [8] for the cartographic representation of precipitation amount.

RESULTS AND DISCUSSIONS
Our results are presented at different time level: monthly, seasonal, semestral and
multiannual.
Monthly level We evaluate the maximum contribution of the Black Sea to the monthly
precipitation amount (Tab.1) for the month of August and September (25-30%). In this
period, large convective systems developing throughout Moldova are supplied with
moisture from the Black Sea area. They develop either in the warm area of Mediterranean
cyclones moving along Trans-Balkan trajectories, either during cut-off low persistence
on South-Eastern Europe, one of the important causes for excessive amount of rainfall at
european continental scale [9]. The lowest contribution of the Black sea moisture for the
monthly precipitation amount is observed generally during Octomber, which is the most
arid month of the year in the region, due to the persistence of the anticyclonic conditions.
From the spatial point of view, the footprint of Black Sea moisture for precipitation
amount grows from west to east and is bigger in the hilly central area of the region. This
spatial pattern is explained by the orographic convection which is produced on the eastern
slopes of the Carpathian determining a higher discharge of precipitation, but especially
also on the southern slopes of the Central Moldavian Plateau. Being known that the end
of the summer represents an interval of appreciable aridity, we can underline that the
Black Sea saves the Moldavian region from extreme drought in this part of the year.
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Table 1. The role of the Black Sea as contributor (%) to the monthly amount of precipitation for 8
weather stations in Moldova (1961-1992)

Also, an important contribution is observed in May and June, the months which
concentrate the yearly maximum precipitation amounts representing in absolute values
the highest precipitation amount with Black Sea origins.
Seasonal level. More than 65% of the precipitation amounts on the territory of Moldova
are accumulated normaly during spring and summer, and within our analysis we estimate
that the contribution of the Black Sea to the precipitation amount during this period is
maximum being evaluated to approx. 20% (Tab.2), which represents in absolute values
approx. 100-150 mm throughout the whole area.
Table 2. The role of the Black Sea as contributor (%) to the seasonal amount of precipitation for 8
weather stations in Moldova (%) (1961-1992)

In terms of territorial distribution, the greatest accumulated precipitation products in the
Black Sea basin occur in the hilly area from the South-Western Moldova where the
mountains border the region. This situation is generated by the patterns in which the
weather fronts associated with specific trajectories of Mediterranean cyclones [10]
generate significant precipitation amounts as a result of orographic convection that
cumulates the fontal lift.
The role of the altitude in the production of precipitation from the moisture supply
provided by the Black Sea during summer season (Fig. 2c), against the background of
occurrence of convective precipitation, increases.
In this regard, within our cartographic models is enhanced in particular the Valley of Prut,
but along Dniester River valley also, whose general aridity is also attributed to the
descendant movement of the atmosphere that prevent the formation of convective
systems.
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Alternatively, in the spring season, when atlantic frontal rain bands are more important
as frequency, the role of altitude in the contribution of Pontic filtering, as regards the
amount of precipitation, decreases significantly (Fig. 2b).

Figure. 2 - The contribution (%) of the Black Sea to the annual regime of precipitation in Moldova region
for winter (a), spring (b), summer (c), fall (d)

The Pontic pluviometric input is the most reduced very close to the Black Sea and to the
northern part of the region due to the atmospheric stability induced by the broad aquatic
surfaces, as we depart from the moisture source.
Table. 3. The role of the Black Sea as contributor (%) to the semestral amount of precipitation for 8
weather stations in Moldova (1961-1992)
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Figure. 3 - The contribution (%) of the Black Sea to the semestral amount of precipitation in Moldova
region during the warm semester

Semestral level. The convective mechanism of producing precipitation that originates
from Pontic moisture is better observed due to large amounts of precipitation in the warm
season (April-September). Moreover, large amounts of rain fall over hilly areas of
Western Moldova (Tab. 3, Fig. 3) where convective mechanism are also maintained by
the orographic environment.
Eastern and South-Eastern part of the analysed region, along Dniester River valley and
South-Eastern Basarabia, are deprived of Pontic input (<20%) mainly because of the low
relief plains.
At the same time, the convective cells containing Pontic moisture develop in the Eastern
part of the region and produce precipitation in the western hilly areas after travelling along
general trajectories from NE to SW [10] or from SE or NW. This type of trajectory
specific to convective cells provided by the Black Sea represents the main cause of
producing precipitation excess in the Subcarpathian region [11] in particular due to the
influence of retrograde cyclones originating over the Mediterranean.
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Figure. 4 - The contribution (%) of the Black Sea to the amount of precipitation in Moldova region
during the cold semester

During cold season (Octomber-March) the smaller precipitation amounts of Pontic origin
do not exceed throughout the region 15%, meaning an absolute value of 30 mm (Fig. 4).
In this period the input of Pontic origin is manifested through air advection from the Black
Sea with a south-easterly component in the anterior side of some of the Mediterranean
cyclones or even under the influence of south-eastern advections under the action of the
East-European anticyclone [12].
CONCLUSIONS
The input of Pontic origins precipitation amounts registered in Moldova is higher during
warm season dominated by convective pluvio-genetic mechanisms. From the point of
view of territorial distribution, the highest input of Pontic origin is distributed on the hilly
areas of the western half of the region. Quite often the moisture input from the Black Sea
represents the cause of exceptional pluviometric episodes from the Subcarpathian region
(1991, 2005).
Black sea as moisture contributor plays a major role in supplying Moldavian region with
water in the period of highest monthly precipitation amount, but also saves the installation
of severe drought at the end of summer and beginning of autumn. In the absence of the
Black Sea the annual precipitation in the non-mountainous areas of Moldova, would not
exceed the threshold of 500 mm on an annual average level.
Our evaluation is in line with the previous assessment given by Bordei-Ion (1983) and
provides a clearer image on the territorial distribution of this input.
Aknowledgement We gratefully aknowledge Nicolae Ilie, PhD Student, for GIS
mapping support.
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ABSTRACT
The Serava River springs of Mount Skopska Crna Gora at an altitude of 1,270 meters. Its
confluence to Vardar River is located in the capital town of Macedonia-Skopje at 243
meters above sea level. The length of Serava River is 21 kilometers whose basin covers
an area of 67 km². It belongs to the group of small streams with a stable flow whose
quality has not been subjected to regular monitoring by the competent institutions in the
country. The significance of the water quality of this water flow is seen in the fact that
his potential is intensively used for irrigation of vegetable crops in the area of the
settlements Radishani and Butel. Task analysis of water quality that were undertaken in
2009/2010, have demonstrated exceeding the maximum allowable concentrations of
accuracy in some indicators such as heavy metals, which emphasize the anthropogenic
impact on water flow and simultaneously alert some appropriate measures to be taken
against the water pollution.
Key words: Serava River, water pollution, water quality, heavy metals, etc.
INTRODUCTION
The Serava River springs of Mount Skopska Crna Gora at an altitude of 1,270 meters. Its
confluence to Vardar River is located in the capital town in Macedonia- Skopje at 243
meters above sea level. The significance of the water quality of the water flow is seen in
the fact that its potential extensively used for irrigation of vegetable crops in the area of
the settlements: Ljubanci, Radishani and Butel. It is the only surface water flow in the
Municipality of Butel. At the same time is the biggest recipient of industrial waste water
and municipal water, but also the largest donor of irrigation water in the municipality.
Numerous natural and anthropogenic factors undoubtedly change the water quality of the
river Serava in Skopje Basin, which brings significant concentrations of pollutants in
recipient age, and it affects the deterioration of its waters. Water quality of the river
Serava is not subjected to regular monitoring by the merits institutions in the country and
therefore spontaneously occurred the need for systematic assessment of the water quality
of this small tributary of the Vardar River in Skopje Basin, but probably with a huge and
significant impact on the quality of the recipient. Studied in this paper were the waters of
Serava River in Skopje which were monitored before the inflow into the river Vardar
(Sample point, fig. 1). The assessment of the water quality was based on 10 indicators of
basic physical and chemical analysis and 8 heavy metals as a criterion for quality. The
main objective of the paper is to detect the level of contamination of the water in
accordance with the prescribed limit values in the Decree on categorization of water in
R. Macedonia. The secondary objective of the research is to assess their value in use for
irrigation, and to identify natural and anthropogenic sources of pollution.
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STUDY AREA
The course of Serava River is located in the north of Skopje Basin, covering parts of
southern and southwestern exposures of Skopska Crna Gora. Serava River was created
after compiling of several smaller streams in the spring area as: Ljubanska River,
Poboshka River, Turchevska River, Small River and Ljubotenska River (fig. 1). The main
spring is considered to be the one below the top of Pupljak in Skopska Crna Gora at an
altitude of 1,270 meters and flows into Vardar in Skopje at an altitude of 243 meters. The
length of Serava River is 21 kilometers and the catchment area covers an area of 67 km².
The water management of Serava is used only in its springs, upper and middle reaches.
The drainage basin of Serava administratively belongs to the municipality of Butel. The
human impact on the waters in the municipality is made by the existing population which
in the last census is counted to be 36 154 inhabitants, with a population density of 594
inhabitants/km². Hypsometrically, 91% of the population is settled in the plain and hills
up to 500 meters above sea level in the municipality so, the middle and lower parts of the
watershed are with a largest pollution of the water. The population in the municipality of
Butel is settled in 8 settlements such as: Skopje-Sever, Butel I, Butel II, Radishani,
Vizbegovo, the Ljuboten,s Road, Ljubanci and Ljuboten.
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Figure 1. The Drainage Basin of Serava River
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METHODS AND MATERIALS
With the intention to objectively detect the pollution of the waters of Serava River, over
the period of 12 months from September 2009 to August 2010, was firstly selected a
monitoring point for measuring the quality assessment and the monitoring was conducted
at a frequency of analyzed samples once a month. The monitoring point on Serava River
was chosen before its confluence, in order to assess the impact by the population and by
the industrial facilities that perform on the watercourse. (Sample point, fig. 1). Sampling
is implemented according to the ISO 5667. Water samples were collected in polyethylene
bottles previously washed with hydrochloric acid and rinsed out with abundant-distilled
water in the laboratory and with abundant river water before collection. Some parameters
were measured on the field such as: pH, conductivity, DO, also oxygen fixation was made
immediately and measured by Winkler method, BOD5 and COD by KMnO4. Other
parameters were analyzed in the laboratory of the Hydro meteorological Service.
Hardness by EDTA titration, nutrients is determined by spectrophotometry using UVVIS Varian Carry 100. The heavy metals as parameters were analyzed in the laboratory
of the Hydro meteorological Service. Heavy metals concentration of Fe, Mn, Pb, Cd, Zn,
Cr, Ni, Cu were determined by atomic absorption spectrometry using Varian 220 by
graphite furnace and flame technique. As methods for determination of these parameters
were used methods recommended by Standard Methods for the Examination of Water
and Wastewater APHA, EPA, and EN/ISO methods. Water quality assessment was based
on Macedonian regulation for classification of water quality [1].

RESULTS AND DISCUSSION
Table 1. Characteristics of the major physical-chemical analysis on the waters of Serava River
PARAMETERS
Month

Colour
(Pt-Co)

Turbidity
(NTU)

pH

Susp.
Mat.

Ammonia
(NH4)

NO3

NO2

O2

BOD

COD

sep./2009
okt./2009
nov./2009
dec./2009
jan./2010
feb./2010
mar./2010
apr./2010
may/2010
jun./2010
jul./2010
avg./2010
Σ (average)

3,20
8,30
6,80
6,80
6,60
6,50
5,60
9,70
5,60
6,50
8,20
8,20
6,83

16,00
30,00
27,00
25,00
14,00
23,00
70,00
64,00
13,00
12,00
6,00
5,00
25,42

7,70
7,81
7,79
7,92
7,98
7,96
7,80
7,69
7,79
7,75
7,59
7,36
7,70

18,00
32,00
29,00
29,00
17,00
25,00
56,00
66,00
14,00
14,00
8,00
7,00
26,25

4,28
3,26
2,57
1,38
1,47
1,28
1,12
0,99
1,22
1,44
2,74
2,84
2,05

0,36
3,83
3,21
3,31
3,33
3,65
2,49
1,65
2,84
3,70
6,72
7,30
3,82

0,50
0,23
0,14
0,09
0,06
0,06
0,08
0,06
0,19
0,30
0,62
0,82
0,26

25,42
26,20
25,86
25,74
25,82
27,30
27,92
20,90
12,28
12,10
7,06
9,48
20,51

13,50
6,43
11,05
7,53
10,71
9,64
15,27
8,93
7,05
7,61
6,71
7,55
13,50

22,09
20,27
13,95
15,80
8,97
13,12
23,39
32,24
12,49
14,22
18,85
17,65
22,09
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Table 2. Concentrations of heavy metals in the waters of Serava River before confluence (μg / l)
Period
PARAMETERS
Fe
Mn
Pb
Zn
Cd
Cr
Ni
Cu
28,00
49,00
7,23
6,00
0,90
1,60
0,63
4,90
sep./2009
158,00
101,00
1,56
8,00
0,26
1,36
1,87
4,84
okt./2009
15,00
48,00
6,22
0,20
0,21
0,67
0,64
0,58
nov./2009
56,00
74,00
6,67
89,00
1,74
1,47
1,58
6,97
dec./2009
38,00
37,00
2,24
37,00
0,04
0,56
4,95
6,10
jan./2010
46,00
23,00
2,09
39,00
0,05
1,30
0,88
5,86
feb./2010
94,00
37,00
1,04
30,00
0,05
0,24
1,33
5,06
mar./2010
94,00
37,00
2,01
30,00
0,18
0,58
0,73
13,37
apr./2010
50,00
13,00
2,87
33,00
0,53
3,43
1,13
5,02
may/2010
47,00
6,00
2,18
45,00
0,09
1,68
0,40
9,68
jun./2010
48,00
27,00
3,60
69,00
0,09
1,19
3,28
3,46
jul./2010
Σ average)
61,27
41,09
3,43
35,11
0,38
1,28
1,58
5,99

Among the parameters as criteria for water quality, 10 indicators of the basic physical and
chemical analysis werw examinated (tab. 1) and 8 heavy metals (tab. 2; fig. 3).
Fugure 2. Indicators of the basic physic-chemical analysis on the waters of Serava River
(the color match with the quality)

BASIC PHYSICAL AND CHEMICAL PARAMETERS
40
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0

Figure 3. Annual regime of the concentration of heavy metals in the waters of Serava River (μg/l)
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The color as an indicator was determined using a standard calorimetric method cobaltplatinum (Pt/Co). The measuring point in Serava River, before its confluence to Vardar
River during the investigated period shows constant values of quality (class I) with an
average value (6,83 mg/l Pt). Observed by seasons or months, the value of the color never
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leaved the quota for quality Class I, with a small minimal deterioration during the summer
months (tab. 1; fig. 2). Turbidity was determined by nephelometric turbidity units(NTU). Turbidity as a form of mechanical water pollution directly affects the dispersion
of light, oxygen saturation, photosynthesis and photolysis [2]. Samples of the water
before the confluence, demonstrate permanent turbidity of the waters in Serava River
throughout the analysis period, with values appropriate to quality class V. The low water
quality is kept constant during all months of the year with minor fluctuations during the
rainy season when rise and dry period when depreciate. In certain months is noticed
increasing of over 100 times above the norms of Class I (tab. 1; fig. 2). The acidity was
determined by pH exponent which is an important factor in many physical and chemical
and biochemical processes in the aquatic ecosystems. Particularly dangerous is its low
value even in pure water which can lead to the release of heavy metals from sediment [3].
Optimum pH range of the exponent in rivers range from 6,5-8,0 [2]. In all samples
throughout the year in the Serava River the pH exponent officiate quality class I with an
average value of 7,70 (tab. 1; fig. 2). Seasonal and monthly variations are insignificant.
Stated condition of acidity is not including the anthropogenic factor for deterioration of
quality based on this indicator. Suspended solids, as an indication of mineralization, are
usually the result of natural erosion processes. They can very adversely affect the oxygen
regime and Photosynthetic processes. In terms of this indicator we can conclude that the
Serava River enters in Vardar River with average quality class II with an average 26,25
mg/l. In most of the monthly samples the concentration of suspended solids hold within
the class II, while in April exceeded the norms for quality of class IV (66 mg/l). In the
months without rain, with reduced flow, the situation was most stable (tab. 1; fig. 2). From
the forms of nitrogen as a nutrient, the ammonium ion (NH4+) is toxic and unstable form
which elevated concentrations reflects the over load of the aquatic ecosystems with
sewage, especially if the amount of dissolved oxygen is low. In the waters of Serava River
this refers almost permanent concentrations of quality class III-IV (average 2,05 mg/l).
The impact of sewage from the settlements in the confluence of Serava River are partially
depreciated only in the samples during April, when concentration barely kept within
quality class I-II (tab. 1; fig. 2). The input of nitrates (NO3-) as a form of nitrogen in the
water goes through postponement of animal litter, faeces and washing of soil treated with
fertilizers [6]. The concentration of nitrates in Serava River during the explored period
held within quality class I-II with an average value of 3,82 mg/l (tab. 1). With such
minimal production of nitrate ion, it can be concluded that anthropogenic influence does
not exert strong pressure on the waters of the watercourse. Nitrite (NO2-) is an
intermediate product between ammonia and nitrates. Nitrite is a toxic form of nitrogen
for wildlife in water at very low concentrations. In the waters of Serava River in Skopje
Basin during the examined period they were recorded average annual concentrations of
0,26 mg/l corresponding quality class III-IV and undoubtedly includes anthropogenic
factor for their input through wastewater, agricultural and industrial activities. Increasing
concentrations are noticeable during the summer months (July and August) with a
reduced flow of the water when they are retained within quality class V (tab. 1; fig. 2).
From the forms of the oxygen regime, analyzed were: dissolved oxygen, the biochemical
consumption and the demand of chemical oxygen. Dissolved oxygen is an indicator of
"health" of the water ecosystem and metabolic processes related to the degradation of
existing organic matter [2]. According to this indicator Serava River in Skopje Basin at
the confluence features high quality (class I) with an average annual amount of 20,51
mg/l. The high class quality is kept during the whole year without expressed monthly
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fluctuations, except in July when is referring penetration within class II (tab. 1), which is
a feature of the reduced flow and the increased water temperature, which leads to reduced
aeration. Anthropogenic impact on the water quality of Serava River is visible through
the biochemical oxygen demand (BOD) which indicates the presence of organic matter
decomposition that’s enhanced consumes dissolved oxygen. So (BOD) in the investigated
period was marked by an average annual quality Class IV (13,50 mg/l), with slight
monthly variations when only in July and October officiate quality Class III (tab. 1).
Chemical oxygen demand (COD) by KMnO4 is an indicator that reflects the oxygen
consumption of total organic decomposition and oxidation processes of metals present in
the water. The deterioration of water quality is obvious (tab. 1), and therefore the
involvement of anthropogenic factor, so the averages quality reached class V (22,9 mg/l).
Seasonal and monthly status remains constantly worsened due to the increased
concentration of organic materials and metals. Regarding the burden of the waters in
Serava River with heavy metals, subjects to review were: iron, manganese, lead, zinc,
chromium, cadmium, nickel and copper (tab. 2; fig. 3). These substances are considered
toxic in relatively low concentrations to plant and animal life and tend to accumulate in
the food chain [3, 8]. Thus, in terms of the Regulation on classification of rivers in R.
Macedonia, annual concentrations in the period September 2009 to July 2010 demonstrate
incidental exceeding on the maximum allowable concentrations of fitness for: manganese
and copper, with frequent exceed in cadmium (tab. 2, fig. 3). Manganese in water
naturally is derived mostly from dissolution of shales and sandstones, and can be
consumed through metallurgical activities. In irrigation water it must not exceed a
concentration of 0,2 μg/l [4]. Occasional appearing’s and elevated concentrations of
manganese in the months of October and December correspond to quality Class III-IV.
Potential sources of manganese in the waters in Serava River are wastes from industrial
activities that are ejaculated in untreated water flow. Namely, at the confluence of Serava
River intensive separation is performed on the sand, and also several active and metal
processing facilities that will undoubtedly affect wastewater on the recipient. Cadmium
is a toxic metal that in nature is very rare. In some rivers in R. Macedonia is naturally
present and originating from some certain Paleozoic and Mesozoic rocks [5, 7]. The
human factor introduces cadmium into the waters by cement dust, smelting zinc ore,
production of batteries and more. As heavy metal cadmium in the river Serava is present
anomalously riddle and its origin is natural dissolution of the rocks in the upper part of
the drainage basin, as well as industrial facilities in the lower basin. His average
concentrations (0,38 μg / l) correspond to quality Class III-IV (tab. 2, fig. 3). Copper as a
heavy metal in aquatic ecosystems is derived from certain minerals (limestone,
sandstone), mining and metallurgical activities and excessive use of fungicides in
agriculture [3, 7]. In the irrigation water it must not exceed a concentration of 0,1 μg/l.
The average value of copper in Serava River at its confluence in Vardar in the analyzed
period of 5,99 μg/l indicates that this toxic metal is derived from natural origin and are
located within the expected amount for class I-II. In the waters of the river Serava in
Skopje Basin once its concentration was increased to a level of class III-IV (13,37 μg/l),
which does not exclude the impact of anthropogenic although minimized size (tab. 2, fig.
3) .
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CONCLUSION
In this paper were studied the waters in Serava River before its confluence in Vardar River
in Skopje Basin, whose water resources are used for irrigation, in the area of Butel
municipality. The assessment of the water was based on 10 parameters of
physicochemical analysis and 8 heavy metals as a criterion for quality that have a
significant impact on agricultural production, irrigation conditions. According to the limit
values for categorization of watercourses in the Republic of Macedonia was established
the water quality (above the maximum permissible concentrations) in tested monthly
samples of water flow compared to 6 basic physicochemical parameters (suspended
particles, ammonium ion, nitrite, dissolved oxygen, biochemical oxygen demand and
chemical oxygen demand) and 3 indicators of heavy metals such as: manganese, cadmium
and copper. From the analysis of the basic physicochemical parameters can be concluded
that it is a clean, well-aerated water flow which is descending from the mountain routes
through residential areas of river course changes quality under the influence of
anthropogenic factor. The input of untreated sewage is more than evident in the indicators
that reflect the organic load of the water. The continuing concentration of nitrites,
biochemical and chemical oxygen consumption, indicate increased presence of organic
matter and heavy metals whose decomposition or oxidation enhanced oxygen is
consumed, and release harmful gases such as ammonia. Elevated concentrations of heavy
metals in the samples which were surveyed in Serava River ranged from casual to
occasional appearances (iron, manganese and copper) and occasional to frequent
occurrences (cadmium). The lowest concentrations were: iron, lead, zinc, chromium and
nickel, where in all monthly samples were found satisfactory levels of quality class I-II.
Serava River had shown certain anomalies in terms of concentrations: cadmium,
manganese and copper (class III-IV) whose origin is related in part by dissolving minerals
from the geological substrate, and more with some industrial activities and the use of
fungicides. Apart from the state rules for categorization of the river waters, for
comparison were used also some world experiences as a benchmark for accuracy of water
used for irrigation. In this context, the use value of the waters of Serava River for
irrigation is reduced relative to the 7 indicators of heavy metals (Fe, Mn, Cd, Cr, Cu, Zn,
Ni) which are showing exceeded concentrations and environmental correctness of
irrigation water. In this respect, there is a satisfactory quality only in terms of the lead.
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ABSTRACT
Depth migration is a key issue for obtaining high resolution data, used for more confident
and reliable structural interpretation. Depth processing enhances the image of the
subsurface in areas where both the vertical and lateral velocity models are changing. For
better migration precise velocity model is needed. Velocity model based on tomography
solution has proven itself to create detailed velocity field for determination of rapid
velocity changes in complex regions. In this study tomography inversion is used to create
depth velocity model for Prestack Depth Migration, as well as for quick depth look using
time-to-depth conversion of time migrated section.
Keywords: Depth migration, tomography, velocity model, depth conversion

INTRODUCTION
Depth conversion, ideally, is an iterative process that begins with proper seismic
processing in time domain, seismic velocity analysis and study of well data to refine the
conversion. In many today’s exploration areas, especially where structures are complex
and seismic velocity vary abruptly because of faulting, time domain processing can give
misleading results and only depth imaging can define the true position and correct
geometry of subsurface features [1]. The major problem with this approach is that its
implementation requires the construction of a velocity model for the seismic section. It
can be both difficult and time consuming to construct an adequate velocity model which
tie perfectly during the migration process.
The main idea of this work is to construct a velocity model from time migration velocities
as a starting model. Using these velocities then is performed depth migration to obtain an
improved seismic gathers for velocity model detailisation using tomography inversion.
As an alternative to depth migration, one can instead directly convert a time migrated
image to "depth" using the updated by tomography depth velocity filed.

VELOCITY MODEL BUILDING TECHNIQUES
In many cases time migrations are inadequate for accurate geological interpretation of
subsurface structures. In areas of rapid lateral and vertical velocity changes, energy is
dispersed in such a way that time migrated data cannot provide desired resolution of the
data. Depth migration can handle lateral velocity variations and is prone to bring
significant improvement of seismic data quality (both resolution and continuity) and
proper spatial structural positioning. But for these purposes it requires an accurate
interval velocity model construction, which is in practice both challenging and time-
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consuming [2]. An iterative process of tomographic updates is often employed, where a
good initial interval velocity model is crucial for achieving reliable and interpretative
results. It is thus of great interest to convert the time-migration velocity to the depth
domain in order to unravel inherent distortions in time-domain images and to provide a
reasonable starting model for building depth-imaging velocities [3].
In this study RMS velocities derived by migration velocity analysis (MVA) are converted
to interval velocities in depth and are used as a starting point for tomography update and
forward PSDM and depth conversion process.

Figure 1. Velocity models: A – initial velocity field derived by MVA; B – depth converted interval
velocity; C – velocity model obtain by tomography inversion

Since most of today’s seismic projects are run through PSDM, an elegant way to derive
the velocity volume for time-to-depth conversion is to use the same tool used for PSDM
velocity model building, the tomography inversion [4].
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DEPTH IMAGING OR DEPTHING
Although velocity model obtain by seismic data (RMS velocity) will always have more
error and uncertainty than well velocities, for time-to-depth conversion purposes one can
convert them either to average or to interval velocities and then benefit from their added
spatial coverage.
Depthing can be done via a wide range of existing methods. In general they can be
separated into two categories:
 direct time-to-depth conversion using well velocities;
 velocity modeling for time-depth conversion.
Direct time-to-depth conversion usually ignores the spatial extends of the velocity, and
operates at known depth points only (i.e. at wells) by forcing an exact or minimal error
match between actual and predicted depths.
Velocity modeling for time-depth conversion involves building velocity model using all
available velocity data.
The choice of a depthing method depends on data availability and quality, depthing
objectives, and time and cost constraints on the depthing process. Direct methods are fast
and accurate at the well location, but often fail in spatial distribution. Some forms of
velocity modeling can also be fast and exact, whereas other forms require significant data
resources, modeling expertise, and attention to details.
In this study velocity modeling process starts from RMS stacking velocities obtain by
MVA. This velocity field is then used for tomography updates and detailisation.
On figure 2 is shown comparison between time-to-depth conversion of seismic section
using tomography based velocity model and time-to-depth conversion of the same section
using direct converted to depth RMS velocities.

Figure 2. Comparison between: A – Time-to-depth conversion using tomography based velocity model;
B - Time-to-depth conversion using direct converted to depth RMS velocities

The comparison on figure 2 shows that the new derived by tomography inversion velocity
model significantly improve image quality in deep part of the section.
No depth conversion or depthing can correct for improper lateral positioning of events,
because depth conversion is a vertical process only. Depth migration is currently the
ultimate tool for lateral imaging, but it does not calibrate the seismic to true depth, because

69

2nd International Scientific Conference GEOBALCANICA 2016

it does not use true vertical propagation velocities. This is not an error - imaging is a
separate issue from true depth calibration [5].
Depth imaging sometimes is long and laboring process which in general would be as good
as the time processing that preceded it.

Figure 3. Comparison between: A – Time-to-depth conversion with velocity field obtain by tomography
inversion and B – PSDM with velocity field obtain by tomography inversion

On the comparison shown on figure 3 can be noticed that in the shallow part of the section
there is better definition of reflection boundaries on the PSDM section obtain with
velocity field derived by tomography than the time-to-depth converted section obtain with
the same velocity field. However in mild lateral velocity variations depth converted with
tomography based velocity model seismic section can be representative for quick look in
depth.

Figure 4. A – Pre-stack time migration; B – Pre-stack depth migration

Compared to the pre-stack time migration, the final pre-stack depth migrated section
showed a significantly enhanced definition of the main structures, as well as improved
continuity of the reflectors. The final velocity model, constrained by seismic data, also
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enabled a more accurate estimation of the structures in depth. This information enabled
user to make a more accurate economic assessment of the subsurface environment.

CONCLUSION
In every seismic investigation seismic data is acquired in time - the time taken for the
sound to travel from the source to reflectors and to return to receivers throw the
subsurface. However, geological structures and layers appear in depth. Therefore,
conversion from time to depth is needed for a clear picture of the prospect.
Nevertheless, there is no single methodology that is optimal for all cases since the
available seismic and geologic data varies in quantity and quality within each project. To
design an effective approach to depth conversion, the first thing is to understand the nature
of velocity field. Next, appropriate depth-conversion method is needed to tailor the
specific geological and geophysical constraints.
Depth imaging, once too costly and difficult for commercial use, is now the preferred
seismic imaging tool for today's most seismic projects. In structurally complex areas,
traditional time domain processing gives misleading results and only depth imaging is
able to reveal the true location and shape of subsurface features.
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ABSTRACT
The article presents relations between water temperature in the Ropa river (the Polish
Carpathians) and the air temperature in the longitudinal profile of the river, taking into
account the distortions resulting from the operation of Klimkówka reservoir. The analysis
is based on measurements of water and air temperature of the river upstream and
downstream of the reservoir in various air temperature conditions in the daily and annual
cycle. The observed disturbances in the relation between water and air temperature result
from a transformation of the natural thermal regime of the river downstream of the dam.
Therefore, in any research into relations between river water temperature and air
temperature, the effect of reservoirs on river water temperature must be taken into
consideration. It is important for predicting the impact of potential climate change on
river ecosystems.
Keywords: water temperature, air temperature, river, reservoir, Carpathians

INTRODUCTION
Water temperature is a key factor regulating biological life and all processes occurring in
the aquatic environment of rivers [1, 2] and it also has a key role in research on the impact
of potential climate change on aquatic ecosystems [3]. In natural conditions, annual
thermal regime of rivers is affected mainly by meteorological conditions in general and
air temperature in particular [4]. According to [5], water temperature in a river changes
as a result of heat exchange between the water and the air until equilibrium temperature
is reached. Equilibrium temperature is a hypothetical water temperature such that there is
no heat exchange between the water and the air.
Water emerging to the surface of the ground in the headwaters of a river, with its
temperature determined by the thermal conditions of the ground, becomes subjected to
atmospheric conditions which become the key factor shaping the river temperature. The
river water temperature then grows with the distance from the source and clearly
approaches the mean ambient air temperature for the given period and area. The higher
the discharge, the slower the water temperature in the river grows along its course [3]. In
rivers largely fed by groundwater, the impact of air temperature on the water temperature
may be abated. Groundwater temperature is a natural factor distorting the relation
between water temperature and air temperature [6].
The anthropogenic factor distorting the relations between river water temperature and air
temperature is the presence of dam reservoirs [7, 8]. Thermal regime in the river
downstream of the reservoir are significantly affected by thermal processes evolving in
the reservoir over the year [7, 9].
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This study aims to present the natural evolution of water temperature along the course of
a mountain river under the influence of the air temperature and to demonstrate the
distortions occurring in the relation between the water and ambient air temperature in the
longitudinal profile of the river as a result of the operation of a reservoir.

Figure 1. Area of the research and the measurement points locations
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RESEARCH AREA AND METHODOLOGY
The research was carried out on the Ropa river located in the basin of the upper Vistula
river (Fig. 1). In its upper course, the Ropa drains the western part of the Low Beskid
mountains, in the Polish Carpathians. Its total length is 80 km and the catchment surface
of is 974 km2. The Ropa hydrological regime is heterogenous, with floods in spring,
summer and winter. The river is fed by rain, groundwater and snow.
Klimkówka reservoir is one of about a dozen dam reservoirs in the Polish Carpathians. It
was commissioned in 1994. The dam, with a height of 33 m, is located at 54.4 km point
of the Ropa course. The total capacity of the reservoir is 43.5 million m3 and its surface
is approx. 3 km2. Its maximum depth is approx. 30 m. The main purpose of the reservoir
is increasing the low natural flow of the river, and flood protection. The guaranteed
outflow from the reservoir is 2.0 m3·s-1. Between 2007 and 2011, the average annual
discharge of the Ropa was 1.30 m3·s-1 upstream of the reservoir and 3.28 m3·s-1
downstream of it.
The measurements of the Ropa water temperature and the air temperature were taken in
2010, at different air temperature conditions, in various seasons (summer, autumn,
winter) and times of day (morning and afternoon), at the approx. 40-km-long river section
(Fig. 1). The measurements were carried out at five locations on the river upstream of the
reservoir and five locations on the river downstream of it. Additionally, measurements
were taken at three locations within Klimkówka reservoir itself, near its left bank. Water
temperature was measured with an electronic thermometer and air temperature was
measured with a mercury thermometer, at a distance of between 2 and 20 m from the river
bank and at the elevation of approx. 1.5 m above the ground.

RESULTS AND DISCUSSION
Water temperature patterns in the longitudinal profile of the Ropa river,
undistorted by Klimkówka reservoir
The Ropa water temperature dynamics in the longitudinal profile of the river from
Wysowa to Szymbark in the natural conditions (i.e. before Klimkówka reservoir was
constructed) is presented by [10], (Fig. 2). The measurements were taken at the time of
maximum summer air temperatures. The Ropa temperature profile patterns based on
measurements taken in 1971 show an upward trend of the water temperature in the entire
profile from Wysowa to Szymbark, irrespective of the weather conditions. The highest
increase of the water temperature in the Ropa river with the distance from the source was
observed at the time of clear sky, maximum solar radiation and maximum daily values of
air temperature (approx. 30 °C along the entire profile): the difference of water
temperature between the starting point and the final point of the measurement profile was
8°C. The key factor determining the river water temperature over the river length at this
section was the air temperature.
According to [10], the water temperature in the Ropa river followed the ambient air
temperature changes with a lag of 2 to 3 hours. There were two distinct periods in the
Ropa water temperature evolution pattern: heat absorption during the daytime and heat
radiation during the night time. The scale of those changes depended on the
meteorological conditions of the day and the local characteristics of the drainage
catchment and the river channel.
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Figure 2. Water temperature patterns in the longitudinal profile of the Ropa river in 1971,
undistorted by Klimkówka reservoir, A - 29 July, B - 30 July, C- 31 July [10]

Water and air temperature patterns in the longitudinal profile of the Ropa river,
(with Klimkówka reservoir)
Measurements on 16 July 2010 between 04:00 and 06:30am
Measurements of the Ropa water temperature and air temperature along the river (Fig. 3)
on a summer day, in the early morning hours, at the time of minimum daily temperatures,
showed that, at the first measurement location in Blechnarka, the water temperature was
1.7°C lower than the air temperature. In the headwaters, the river water temperature is
determined by the groundwater feeding it. Further downstream, a growing influence of
the air temperature was observed. The relation between the water temperature and the air
temperature may be described as directly proportional. The increase of the air temperature
was matched by the increase of the water temperature, with the difference between them
at 2.1 to 2.4°C. The water temperature was higher than the air temperature as water, being
a poor heat conductor, warms up slower than air during the day but also cools down
slower than air during the night. Directly upstream from the backwater of the reservoir,
the difference between the Ropa water temperature and the air temperature was up to
3.9°C. The surface stratum of water in the reservoir had high temperature (23-24°C), as
it had absorbed heat over the few preceding days, when the air temperature exceeded
30°C. The recorded temperature of water in the reservoir was higher than the air
temperature by 6.1 to 8.8°C. Downstream of the dam, the difference of temperatures was
reversed in comparison to the river section upstream of the reservoir: the river water
temperature was significantly lower than the air temperature and was growing slowly
downstream. The temperature of water flowing out from the reservoir (from its bottom
stratum) was 7.3°C lower than the temperature of the inflowing water. Thus, Klimkówka
reservoir disrupted the thermal continuity of the Ropa river. Downstream of the dam, the
air temperature gradually affected the water temperature and the relation was directly
proportional. However, the temperature difference was far higher than upstream of the
reservoir: between 3.9 and 5.6°C.
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Figure 3. Water and air temperature patterns in the longitudinal profile
of the Ropa river (measurements taken in 2010)

Measurements on 16 July 2010 between 2:30 and 4:30 pm
Measurements of the water temperature of the Ropa river and air temperature taken in
summer, in the afternoon, at the time of maximum daily air temperature (Fig. 3), showed
a low variation of air temperature over the length of the profile, although the temperatures
were very high (31.6-33.7°C). On the other hand, the Ropa water temperature showed
high variation and was significantly lower than the air temperature. Upstream of the
reservoir, between Blechnarka and Uście Gorlickie, the water temperature grew rapidly
along the course of the river, from 17.9 to 25.7°C, due to high air temperatures. In the
surface stratum of the reservoir, the water temperature measured near the bank was even
higher, between 27.9 and 29.6°C. Upstream of the reservoir, the difference between the
river water temperature and the air temperature in each location ranged from 7.3 and
13.7°C. The difference between the water temperature in the reservoir and the air
temperature was much lower: between 3.6 and 5.4°C. The temperature of water flowing
out from the reservoir, at 13.7°C, was lower by 11.3°C than the temperature of inflowing
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water and as much as 14.8°C lower than the temperature of water in the surface stratum
of the reservoir. This resulted from thermal stratification having developed in Klimkówka
reservoir in the summertime: warmer water was stagnating in the surface stratum, and
cooler water in the bottom stratum. In the present case too, the thermal continuity of the
Ropa river was disrupted. Downstream of the reservoir, the river water temperature grew
significantly with its course, from 13.7 to 20.5°C. Differences of the Ropa water
temperature and the ambient air temperature in each measurement location downstream
of the reservoir ranged from 19.9°C near the dam to 12.5°C in Szymbark. Noticeably,
even as far downstream as Szymbark the river water temperature did not reach the values
observed upstream of the reservoir and was lower by 12.0°C (near the dam) and 7.0°C
(in Szymbark) than recorded by [10] (before the reservoir was constructed).
Measurements on 11 October 2010 between 05:00 and 08:00am
During morning measurements, at the time of minimum daily air temperatures, the
temperature of the Ropa water was significantly lower than the air temperature in the
length of the longitudinal profile (Fig. 3). Upstream of Klimkówka reservoir there was
little variation of the Ropa water temperature as well as the air temperature along the river
course. The river water temperatures ranged from 3.9 to 5.0°C and the air temperatures
ranged from 0.1 to 0.5°C. The differences at each measurement location ranged from 3.5
to 4.5°C. Measurements taken in Klimkówka reservoir showed that despite the air
temperature being in the range of -0.8 to 0.5°C (the temperature was below freezing near
the backwater, with hoar frost visible on the grass), the water temperature in the reservoir
ranged from 9.8 to 11.0°C. The temperature of water flowing out from the reservoir was
11.3°C, which was 6.3°C higher than the temperature of the inflowing water. This means
that the thermal continuity of the river was disrupted. The increase of water temperature,
due to the conditions in the reservoir, was disproportionately high in relation to the natural
temperature variation upstream of the reservoir. Downstream of the reservoir, the river
water temperature decreased gradually with its course all the way to the end of the
measurement profile (a decrease of 8.7°C), which was due to low air temperature (from
1.5 to 1.7°C).
Measurements on 11 October 2010 between 2:00 and 4:30pm
In the afternoon, at the time of maximum daily air temperatures, the air temperature along
the longitudinal profile was stable and homogenous, in the narrow interval between 13.7
and 14.3°C (Fig. 3). The river water temperature showed a far higher variation, especially
upstream of the reservoir, where it grew with the course of the river from 7.2 to 10.3°C).
The difference between water and air temperature ranged from 6.8°C at the initial point
of the measurement profile to 3.6°C directly upstream of Klimkówka reservoir. Within
the reservoir, the temperature of water in the surface stratum was even higher: 12.012.9°C, i.e. only 1.3-2.1°C lower than the air temperature. The water flowing out from
the bottom stratum of the reservoir was 2.0°C warmer than the water flowing into the
reservoir. It was cooler than the water in the surface stratum by a few tenths of a degree
Celsius only. Thus, the water temperature in the reservoir was homogenous at the time of
the measurement. In such conditions, the thermal continuity of the river was disrupted
too, although the scale of the disruption was less pronounced. Downstream of the
reservoir, the river water temperature was stable along its course at 12.0-12.7°C and the
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recorded differences in relation to the air temperature at each measurement point location
were between 1.2 and 2.1°C.
Measurements on 28 December 2010 between 06:00 and 09:00am
Winter measurements were taken in the morning hours only, with extremely low air
temperatures (Fig. 3). The results showed low variation of water temperature along its
course: between -0.5°C and 1.1°C, which is entirely understandable given the air
temperature. There was more variation in the air temperature between the measurement
points locations, particularly upstream of the reservoir, where initially there was a
decrease in air temperature with the river course, from -15.0 to -17.0°C, then a growth to
-15.5°C. The growth continued along the reservoir, down to the measurement location
directly downstream of the dam, where the air temperature was -12.3°C. Further
downstream, the air temperature was stable in the narrow interval between -12.3 and 11.5°C. The water temperature at the first measurement location in Blechnarka was 0.4°C.
The temperature was above freezing due to the river being fed with groundwater. Further
along the river course, the air temperature became the key determinant of the river water
temperature, causing the water to cool down to 0°C, as evidenced by partial ice cover
appearing. The observed differences between the water temperature and air temperature
reached 15.0-17.0°C. In the surface stratum of Klimkówka reservoir, the temperature of
water (measured underneath the ice cover approx. 5 cm thick) was above freezing (0.20.3°C). The water flowing out of the reservoir was warmer (1.1°C) as a result of winter
stratification of the reservoir: the water was cooler in the upper strata and warmer in the
lower strata. Downstream of the reservoir, the water had temperatures above freezing
(0.3°C) over the course of more than ten kilometres. Due to the influence of air
temperature being well below freezing, at the end of the measurement profile the water
temperature cooled down to 0°C. Noticeably, downstream of the reservoir the first ice
forms were only observed as far as 10 km from the dam. This shows that the thermal and
ice-cover continuity of the river was disrupted.

CONCLUSIONS
The analysis of water and air temperature variations in the longitudinal profile of the Ropa
river allows the following conclusions to be drawn:
1. Upstream of the reservoir, with the air temperature above 0°C, the river water
temperature maintains its natural upward trend with growing distance from the source. It
is due to the ambient air temperature becoming the key determinant of the water
temperature already in the headwaters. The scale of river water temperature variations
depends on the air temperature. The higher the air temperature, the more rapidly the water
temperature grows along the river course. In winter, at the time of extreme low air
temperatures below 0°C, the water upstream of the reservoir has a homogenous
temperature of around 0°C (often with ice cover present).
2. Downstream from Klimkówka reservoir, the water temperature, affected by the thermal
conditions within the reservoir, is significantly different than upstream. This is
particularly pronounced in the summertime, when the water flowing out from the
reservoir is cooler by more than ten degrees than the inflowing water. In winter, the
situation is reversed: the water flowing out from the reservoir is warmer than the
inflowing water. As a result, the relationship between the air temperature and the water
temperature is weakened. The air temperature maintains its trend within the river valley
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along the river course in the given weather conditions. On the other hand, water
temperatures downstream of the reservoir deviate significantly from the characteristics
that water in this section of the Ropa river course would have naturally, in the absence of
the reservoir. With growing distance downstream of the dam, the water temperature
grows in summer and decreases in winter. This shows that, with growing distance from
the dam, the ambient air temperature becomes the most important determinant of the river
water temperature, despite a strong effect of the reservoir.
3. The Klimkówka reservoir disrupts the thermal continuity of the Ropa river. There is a
new thermal profile of the river starting directly downstream of the reservoir.
In predicting potential effects of climate change on aquatic environment of rivers based
on the relations between water and air temperature, distortions of those relations caused
by reservoirs must be taken into consideration.
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ABSTRACT
The rapid urban growth of the cities is a result of the population growth and the negative
effects on human health and quality life are obvious which makes the monitoring of the
urban growth very important. In this study monitoring over the city Tetovo in the
northwestern part of Republic of Macedonia was made using remote sensed satellite
images from Landsat archive that is widely used for monitoring the Earth’s surface. An
attempt of mapping the urban area on an annual basis from the period of 1984 to 2015
was made. Change detection in rapidly growing areas was made using the NDVI
(Normalized Difference Vegetation Index) values that were classified for distinguishing
the differences between urban and vegetated areas. The study area covers nine cadaster
municipalities with 14.6 km2. The results showed significant urban growth of 21.3% and
17.7% vegetation loss in the study area from 1984 to 2015.
Keywords: Remote Sensing, Urban growth, NDVI, Landsat, Time series, Change
detection.

INTRODUCTION
Urbanization is increasing rapidly all around the globe. With the population growth, land
cover is exposed to changes mostly with negative influence over the natural resources.
Effective management and monitoring of land cover require spatial data at various scales
in order to incorporate land use patterns, topography, hydrologic and vegetation
parameters [1]. Land cover described the materials such as vegetation, rocks or water that
are presented on the surface. Current information of land use and land cover is essential
for many planning activities. Remote sensing methods are becoming increasingly
important for mapping land use and land cover [2].
Landsat series of satellite provides the longest continuous record of satellite-based
observation. The Landsat program has provided earth observation data since 1972.
Landsat provides the only inventory of the global land surface over time on a seasonal
basis, observing requirements for revealing both natural and human inducted landscape
changes [3].
In this paper, using five Landsat 5 images and one Landsat 8 image, starting from 1984,
until 2015, a 32-year land cover changes based on NDVI (Normalized Difference
Vegetation Index) values has been made over nine populated cadaster municipalities
(Dzepchishte, Poroj, Tetovo 1, Tetovo 2, Tetovo 3, Mala Rechica, Golema Rechica,
Gorno Palchishte, Dolno Palchishte) in the city Tetovo in northwestern part of Republic
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of Macedonia. The NDVI values have been separated into four land cover types, water
area, soil area, soil and vegetation mixture area and vegetation area. The main objective
of this study was to investigate the city expansion and the loss of vegetation in Tetovo.
STUDY AREA AND REMOTE SENSING DATA
Tetovo is settled in the central part of Polog Valley, historically Tetovo had a great
economic and strategic importance and therefore many rulers in the distant and recent
past have tried to rule this bilateral strategic region. There are also the relevant links with
neighboring regions in Derven ravine (Dervenska klisura) and the mountainous region of
Grupchin that is located southeast through which the Polog region is connected with the
Skopje region and beyond.
Southwest through the city of Gostivar and through the mountain gorges, Tetovo connects
to Kichevo and Debar. Lastly through regional road Tetovo-Uroshevac as a plane,
otherwise, only a small part, mainly the old city is situated in the foothills of Baltepe. The
absolute altitude of the city between 450-500 m. The first notes of Tetovo as a settlement
dating from the classical period under the ancient name OANEUMIT.
Just beside the city, the European route E-65 is passing connecting Sweden and Greece
with about 4,400 km length. The highway near Tetovo has been constructed between
1998 and 2002 (Figure 1).
Tetovo has grown over the years along with the population number. According to the
Republic of Macedonia State Statistical Office, Tetovo is one of the three municipalities
with biggest natural growth in 2014 [4]. Unfortunately at the end of 2015, Tetovo has
been declared as the most polluted urban area globally, with 101.55 pollution index [5].
For the study area, six remote sensed Landsat 5 and Landsat 8 images were downloaded
from the USGS web page (http://earthexplorer.usgs.gov/) and clipped according to the
study area. The details of the Landsat images are presented in Table 1.
Table 1. Details of the used Landsat images.
Landsat
Year
Month
Day
5
1984
7
1
5
1990
7
2
5
2003
7
22
5
2009
7
22
5
2011
7
12
8
2015
7
7
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Figure 1. (a) – European route E65 – green line; (b) – Administrative Map of Republic of Macedonia
(taken from http://www.nationsonline.org/); (c) – Satellite image from Tetovo and the surrounding and
the study area highlighted with red line (taken from Google Earth).

It would have more appropriate if all the images were from the same satellite but since
Landsat 5 mission have finished in 2013, Landsat 8 image was taken for 2015 year. For
more accurate results, all of the satellite images were selected in July, when the green
area is high and the images are cloudless.

METHODS
For the remote sensed images NDVI analyses were made. Landsat series of satellite
images have been used to generate vegetation indices such as NDVI. NDVI not only maps
the presence of vegetation on a pixel basis, but also provides measures of the amount or
condition of vegetation within a pixel [6]. The NDVI is defıned as
𝑁𝐷𝑉𝐼 =

𝐼𝑅 − 𝑅
𝐼𝑅 + 𝑅

where R is the red band and IR is the reflected Infra-Red wavelengths. Values for NDVI
ranges 1.0 to -1.0. Higher values indicate higher concentration of green vegetation. Lower
values indicate nonvegetated features, such as water, barren land, ice, snow or clouds
[2].The NDVI values were classified into four land-cover types, for values smaller than
0 it was considered to be water area, values between 0 and 0.25 correspond to bared soil,
from 0.25 to 0.50 mixture of soil and vegetation and values above 0.5 correspond to fully
vegetated area. It was suggested that in global conditions the border between bared soil
and mixture should be 0.2 [7] but after comparison with high resolution images, it was
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concluded that for this area the border should be changed to 0.25. After the borders have
been established classification and reclassification of the full study area, and every
municipality separately was made. The analysis were made for the full study area as for
every municipality separately.
RESULTS & DISCUTION
The land cover classification results (Table 1) show that the biggest loss of vegetation
was noticed in the period between 1984 and 1990. In 2009 there is increase in the
vegetation area, but until 2015 the values are drastically falling to 4.4% vegetation area.
The differences in the soil area are biggest in the period between 1990 and 2003, and in
the water and mixture area no big differences were noticed.
Table 1. Results from the land cover NDVI classification for full study area from the given years
presented in percentage.
Year
1984
1990
2003
2009
2011
2015
Type(%)
0.324
0.330
0.709
1.131
0.379
0.025
Water
24.682
31.910
46.435
39.170
40.839
46.022
Soil
52.825
55.914
42.973
44.111
47.413
49.475
Mixture
22.169
11.846
9.883
15.588
11.369
4.401
Vegetation

Vegetation ( % )

Soil ( % )

Table 2. Results from the land cover NDVI classification for every municipality from the given years
presented in percentage
Type Year Dzepchishte Poroj Tetovo1 Tetovo2 Tetovo3 M_Rechica G_Rechica G_palchi D_palchi
1984
12.23
12.84
43.16
32.92
39.41
12.48
10.50
3.56
5.13
1990
16.83
19.94
54.78
39.93
54.95
19.40
14.80
4.63
4.57
2003
32.35
37.79
68.92
65.75
61.11
30.44
24.10
3.91
7.16
2009
26.37
33.02
54.89
51.76
56.07
26.82
25.30
9.96
10.86
2011
26.71
31.63
57.94
56.31
57.84
27.09
25.00
6.05
9.59
2015
34.04
38.55
59.01
61.41
63.79
33.03
33.68
11.01
15.25
1984
26.80
37.68
9.25
16.85
12.13
27.86
22.80
16.37
44.21
1990
8.50
23.28
3.15
7.89
1.77
15.47
12.70
4.98
33.86
2003
4.60
7.93
0.39
3.76
2.75
21.89
9.40
12.10
33.25
2009
18.13
16.67
4.39
10.00
11.41
27.09
25.00
6.05
9.59
2011
10.93
11.38
3.33
6.04
7.02
31.84
14.40
18.15
27.41
2015
1.20
2.24
0.94
1.75
1.34
19.30
4.13
0.72
4.61
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A. 1984

B. 1990

C. 2003

Legend
Vegetation
D. 2009

E. 2011

F. 2015

Mixture
Soil/Urban
Water

Figure 2. Land cover map from the NDVI classification of the full study area from
a. 1984, b. 1990, c. 2003, d. 2009, e. 2011, f. 2015.
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Continuous and regular monitoring of land use change is quite a valid method referenced
in achieving sustainable development and environmental protection goals. As a result of
the natural population increase in the city of Tetovo, a need for city expansion has
appeared. With this need, a lot of agricultural fields has been converted to residential
areas. The impact of the location and the shape of the transport network, the expansion
has growth drastically in the western, eastern part and the southern part. Because of the
mountain on the one side, the urban area is growing toward to the plain that had led to a
rapid narrowing of the agriculture fields. The world's ecological, economic and social
sense intertwined nowadays, the correct and appropriate use of the land is of great
importance. Especially rapidly shrinking and rapidly growing agricultural land is a threat
to the region, the country and even to the world`s population. The new housing needs
have come as a result of the rapid population growth that have been the reason for the
rapid growth of the city. Agricultural areas that are located in the first row among the land
uses are negatively affected by the city growth. Sustainable land use can only be
accomplished with a preference for the natural and cultural potential and ecological
structure determination of an appropriate land use.
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ABSTRACT
The Vardar River is the main recipient of surface flowing water, urban and industrial
wastewater in the country with a length of 301 km and a catchment area of 20 535 km2
or 80% of the national territory. In the Tikves Basin, Vardar River receives its major
tributaries: the Bregalnica River from left side and Crna Reka from the right side. Their
input undoubtedly reflects on the water quality of the recipient. This influence is evident
through the annual monitoring regime in the concentration of some indicators such as
heavy metals in the Vardar River which demonstrate some certain swag in the water
quality of the recipient, before and after the entry of its largest tributaries.
Key words: Vardar River, tributary, water pollution, heavy metals, etc.

INTRODUCTION
Vardar River Basin covers 80% of the territory of the Republic Macedonia [1]. It is also
the largest recipient of industrial and urban waste water in the country. Many factors have
changed the water quality of the river Vardar along the course, indirect, bringing
pollutants through its numerous tributaries. For these reasons, spontaneously arose the
need to study the water quality of the river Vardar, exactly around the stretch where it
receives its largest tributary in the Tikves Basin, Bregalnica from the left side and Crna
Reka on the right (fig. 1). Thus in this paper were studied the waters of river Vardar in
Tikves Basin with the tributaries Bregalnica and Crna Reka. The waters of Vardar were
monitored from two measuring points: before and after the entry of its largest tributaries,
ie with Nogaevci (point 1, fig. 1) and near Demir Kapija (point 2, fig. 1). The assessment
of water quality of Vardar was based on 8 heavy metals as a criterion for quality. Heavy
metals are among the most common environmental pollutants and their occurrence in
water and biota indicates the presence of natural or anthropogenic sources [2]. The
purpose of the paper is to assess the impact of the largest tributaries of the Vardar about
the burden of the recipient with heavy metals. To achieve the goals and adopting the
correct conclusions, while the load, the rivers Bregalnica and Crna Reka were checked
from heavy metals before the inflow into the river Vardar (point 3, 4, fig. 1).

STUDY AREA
Vardar River with its middle, reaches through Tikves Basin (2060 km2) extends a length
of 62.7 km [3]. On that point the river Vardar receives its major tributaries. Bregalnica
(225 km) is the largest tributary from the left side and flows near the village Vinichani at
an altitude of 131 meters (fig. 1). Crna Reka (207 km) is the largest right tributary of the
Vardar River which flows near the site of Stobi at 129 meters altitude.
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METHODS AND MATERIALS
In order to objectively detect the pollution of the water in Vardar River with heavy metals
in Tikves Basin, which receives the largest tributaries of the left and right, purposefully
were selected two monitoring points at a frequency of analyzed samples once a month in
the period 2001-2010 year. First, upper, monitoring point near the village Nogaevci was
determined in order to assess the state of heavy metals in the river Vardar before the input
of water from its major tributaries. Lower monitoring point at Demir Kapija is chosen in
order to estimate the changes from which suffered the water of Vardar in the Tikves Basin
influenced by imported water from major tributaries. The burden of heavy metals was
monitored simultaneously with the same frequency in Bregalnica and Crna Reka in
Vardar. Sampling is implemented according to the ISO 5667. Water samples were
collected and analyzed in the laboratory of the Hydrometeorological Service. Heavy
metals concentration of Fe, Mn, Pb, Cd, Zn, Cr, Ni, Cu were determined by atomic
absorption spectrometry using Varian 220 by graphite furnace and flame technique. As
methods for detemination of these parameters are used methods recommended by
Standard Methods for the Examination of Water and Wastewater APHA, EPA, and
EN/ISO methods.
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Figure 1. A part of the catchment area of Vardar River and its tributaries in the Tikves Basin
Table 1. Concentrations of heavy metals in the water of river Vardar near the village. Nogaevci (μg /l)
Element

Fe
Mn
Pb
Zn
Cd
Cr
Ni
Cu

I

II

III

IV

V

78,0
31,30
0,60
32,30
0,93
1,30
1,30
2,90

112,0
33,80
1,10
20,50
0,65
2,20
1,90
4,00

98,0
29,60
0,90
13,80
1,25
1,40
2,20
4,30

124,0
50,80
1,10
13,50
0,23
0,80
2,10
3,30

100,0
16,80
0,70
5,70
0,1
1,10
1,40
3,10

MONTH
VI
VII
40,0
14,80
0,90
7,30
0,25
1,70
0,90
2,90

61,0
14,60
0,70
13,40
0,25
1,40
0,80
3,10

VIII

IX

X

XI

XII

46,0
12,10
1,80
122,0
0,27
0,90
1,20
1,50

81,0
22,30
0,80
12,30
0,2
0,60
0,60
3,70

70,0
30,30
0,70
17,60
0,33
1,00
1,60
2,60

45,0
34,10
0,90
32,80
0,21
1,10
1,50
2,20

156,0
30,00
0,80
38,50
0,67
1,00
0,40
3,30

Average
(20012010)
84,25
24,10
0,92
27,50
0,4
1,20
1,33
3,10

Table 2. Concentrations of heavy metals in the water of the river Vardar at Demir Kapija (μg/l)
Element

Fe
Mn
Pb
Zn

88

I

II

III

IV

V

49.2
26,80
0,70
1,10

56.5
26,00
0,90
1,40

39.7
23,40
0,70
1,70

107,0
30,40
0,80
2,40

43.8
5,90
1,10
1,70

MONTH
VI
VII

VIII

IX

X

XI

XII

31,7
7,50
1,00
1,40

36.4
6,20
1,80
1,10

36,0
10,90
1,30
0,50

29.0
17,40
1,10
0,90

47.4
19,60
1,60
1,10

106,0
9,70
0,90
1,20

34.8
10,50
1,00
0,90

Average
(20012010)
51,50
16,20
1,10
1,30
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0,15
0,60
1,10
2,40

Cd
Cr
Ni
Cu

0,38
1,00
1,40
3,00

0,27
0,60
1,70
1,80

0,09
0,70
2,40
3,40

1,54
0,60
1,70
3,30

0,16
0,60
1,40
3,30

0,21
0,70
0,90
2,20

0,17
0,80
1,10
2,00

0,12
0,50
0,50
2,90

0,13
0,50
0,90
2,20

0,28
1,00
1,10
3,60

0,33
1,00
1,20
1,90

0,32
0,70
1,30
2,60

Table 3. Concentrations of heavy metals in the water of the river Bregalnica, before confluence (μg/l)
Element

Fe
Mn
Pb
Zn
Cd
Cr
Ni
Cu

I

II

III

IV

V

46.0
14,00
0,00
7,50
0.00
0,50
0,60
2,00

58.4
35,00
1,20
4,90
0.15
0,80
1,70
3,10

48.0
24,80
0,90
4,20
0.07
0,70
1,90
3,50

68,00
31,70
1,40
6,20
0.05
1,00
1,40
3,90

27.0
8,30
3,40
2,70
0.12
0,40
2,30
3,90

MONTH
VI
VII
32.4
19,40
1,60
3,30
0.10
0,70
1,40
2,40

30,10
33,00
1,00
11,90
0.56
0,60
0,80
1,70

VIII

IX

X

XI

XII

15,60
17,70
1,90
6,60
0.14
0,80
1,30
1,70

44,90
31,30
1,20
3,70
0.10
0,80
0,60
1,90

39.1
18,10
0,70
20,60
0.07
0,90
0,90
1,20

70.1
23,80
2,00
8,00
0.18
0,70
1,20
2,10

127,0
84,50
0,10
0,80
0.00
0,70
0,40
1,50

Average
(20012010)
50,50
28,50
1,30
6,70
0.13
0,70
1,20
2,40

Table 4. Concentrations of heavy metals in the water of Crna Reka, before confluence (μg/l)
Element

Fe
Mn
Pb
Zn
Cd
Cr
Ni
Cu

MONTH
VI
VII

I

II

III

IV

V

55,0
40,00
1,00
11,70
0.19
1,00
1,80
2,70

26,0
29,60
1,00
5,00
0.04
1,00
2,50
2,90

106,0
22,30
0,80
5,70
0.14
0,80
1,90
3,20

120,0
24,30
1,20
12,10
0.06
1,20
2,10
3,70

45,9
14,40
0,70
24,10
0.10
0,70
1,90
3,20

44,6
17,80
1,30
4,20
0.13
1,30
1,60
3,20

49,6
8,00
0,50
10,10
0.13
0,50
0,70
2,20

VIII

IX

X

XI

XII

29,6
6,80
1,10
10,40
0.08
1,10
0,70
2,50

33,1
17,80
0,80
3,00
0.08
0,80
1,00
2,20

21,5
22,30
0,80
15,30
0.10
0,80
1,20
1,90

32.3
21,70
0,50
7,70
0.09
0,50
1,00
2,70

33,3
15,30
1,50
5,80
0.07
1,50
1,80
3,00

Average
(20012010)
49,8
18,30
0,90
9,60
0.10
0,90
1,50
2,80

Figure 2. Annual regime of the concentration of heavy metals in the Vardar River near Nogaevci (μg / l)
µg/l

300
200
100
00
1

2

3

4

Fe

5

Mn

Pb

6
Zn

7

Cd

Cr

8
Ni

9
Cu

10

11

12

Figure 3. Annual regime of the concentration of heavy metals in Vardar River at Demir Kapija (μg / l)
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Figure 4. Annual regime of the concentration of heavy metals in Bregalnica River, before estuary (μg / l)
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Figure 5. Annual regime of the concentration of heavy metals in Crna Reka, before estuary (μg / l)
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RESULTS AND DISCUSSION
The analysis of data on the amount of iron as an indicator in major tributaries of the
Vardar in Tikves Basin explicitly suggest the conclusion that they do not perform
pressures on the recipient. The annual and seasonal concentrations of iron in the period
(2001-2010) in Bregalnica River before confluence (50,5 μg/l) and Crna Reka (49,8 μg/l)
is maintained in a class I-II (tab. 3, 4). Annually, the values of iron in Bregalnica and Crna
Reka is even lower than theVardar of the two measuring points. This indicates that these
flows do not pollute the Vardar iron considering that concentrations of this toxic metal is
reduced downstream (tab. 1, 2; fig. 2, 3) of 84 μg/l (point 1) to 51 5 μg/l (point 2).
Manganese in water naturally derived mostly from dissolving shales and sandstones, and
throws the man through metallurgical activities. In irrigation water must not exceed a
concentration of 0,2 μg/l [4]. The average value of 24.1 μg/l Mn in the waters of river
Vardar at Nogaevci (point 1) in the investigated period, matched with the norms for class
I-II quality. The defined amount of manganese in the waters of Vardar at Nogaevci cannot
exempt anthropogenic factor as agent for its input as show average values for the month
of April corresponding to class III-IV. The general conclusions that impose strongly
encouraged to apply tables and graphs (tab. 1, 2; fig. 2, 3) the finding of manganese in
the largest tributaries of the Vardar in the direction that best one among them is the Crna
Reka in Palikura (point 4), and most burdened is Bregalnica and the place Ubogo (point
4). Their concentrations in the ten-year period is in constant parity for class I-II, and do
not significantly influence the main recipient of Tikves region which applies to the area
of pollutants. The values of manganese in Bregalnica’s Ubogo is the highest, but within
the class I-II. Lead is a heavy metal that in the rivers can be deposited by mining and
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industrial waste from factories, military vehicles, batteries, batteries and more. Irrigation
water in its concentration, long-term, should not exceed 5,0 μg/l [5]. The average value
of 0,9 μg/l Pb in the river Vardar at the measuring station Nogaevci (point 1) and 1,1 μg/l
in Demir Kapija (point 2) in the investigated period, parry the desired norms of class I-II
quality. With known monthly fluctuations of lead may be due to natural processes without
apparent human influence, such as changes in water temperature, pH value and water
hardness. The general review of the above charts and graph (tab. 1, 2; fig. 2, 3) are aimed
at detecting the very faint but still evident deterioration of age as an indicator according
to lead through Tikves region. The reason for this trend is visible in data Bregalnica (tab.
3; fig. 4) Its waters loaded with lead from the upper sections of the measuring point Ubogo
(point 3) is satisfactory (class I-II), but highest among examined watercourses (1,3 μg/l).
It may be noted that it is likely that the minimum source, measured in desirable, worsens
the quality of Vardar in this section, and the impact of the Crna Reka (0,9 μg/l) is less
(tab. 4, fig. 5). Zinc is relatively non-toxic to terrestrial organisms. It is acutely and
chronically toxic to aquatic organisms, particularly fish. Zinc toxicity decreases with
increasing hardness, increases with increasing temperature, and increases with decreasing
dissolved oxygen [6]. If it is known that in unpolluted waters its concentration does not
exceed 5 μg/l, then it is visible the impact of anthropogenic factor on the water of the
river Vardar. There is no doubt that the waters of Vardar at Nogaevci (point 1), according
to the average monthly and annual concentrations of zinc during the period 2001-2010
are the norm for class I-II. Striking bounce in the series was recorded in 2003 when the
quality fit for class III-IV. Three times lower amounts of zinc in the waters of Vardar at
Demir Kapija (point 2), strikingly reflect the trend of some processes that affects the water
flow along the section in the Tikves Valley (tab. 1, 2, fig. 2, 3). The impact of Bregalnica
(point 3) on pollution of Vardar is evident in the investigated period due to apparent lower
value (6,70 μg l) of the measuring point in Nogaevci. Quite slightly higher values of the
Crna Reka in Palikura (9,60 μg/l), but still within the class I-II. By the rivers Bregalnica
and Crna Reka excluded as factors of pollution of Vardar with zinc as pollutants.
Cadmium is a toxic metal that in nature is very rare. In some rivers in R. Macedonia is
naturally present and originating in certain Paleozoic and Mesozoic rocks [7, 8]. A
comparison of values in tabular and graphical data to its average movement in the waters
of Vardar of the input point in Tikves (2001-2010) in Nogaevci (point 1), suggests that in
terms of the criteria they match class III-IV and probably the concentrations in this area
are of natural origin [7, 8]. The tendency of certain decrease in the concentration of
cadmium in the waters of Vardar through Tikves is evident, but the quality Class III-IV
in all seasons, ever present, the two measuring points (point 1, point 2). Once again in the
case of cadmium manifested his seasonal variation which coincides with elevated fortress
and pH value in the warmer months when it is reduced and vice versa. According to the
above image data, the least polluted is Crna Reka (point 4) and in the investigated period
shows limits of cadmium between class I-II and III-IV with individual monthly indexes
for class III-IV. Quite slightly higher are the concentrations in Bregalnica’s Ubogo (point
3) but they are not pronounced as an impact on the recipients who posses certainly a
greater load with cadmium from its largest tributaries (tab. 1, 2, 3, 4; fig. 2, 3, 4, 5).
Chromium is a heavy metal naturally present in chromite ore (FeCr2O4). A comparison
of the limit values for the hexavalent chrome to its average movement in the waters of the
Vardar (point 1) Nogaevci (2001-2010) clearly leads to conclusion that in terms of this
criterion (1,20 μg/l) correspond to those of class I-II (tab. 1; fig. 2.). Its high-quality water
is permanently retained in all possible indentured analyzed samples indicating the
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absence of anthropogenic factor in the analyzed period. Average monthly and annual
values of concentration of hexavalent chromium in the water of Vardar at Demir Kapija
(point 2) are smaller than those of the measuring point in Nogaevci and correspond to
quality class I-II (tab. 2; fig. 3). The slight reduction in the concentration of chromium
annually station in Demir Kapija in respect of the first monitoring point Nogaevci shows
minimal improvement of water quality of Vardar in this sectionIn addition to the above
settings are the graphical data (tab 3, 4; fig. 4, 5) on rivers Bregalnica and Crna Reka,
which in general (Bregalnica) or quite minimal (Crna Reka) influence the main recipient
with the input of hexavalent chromium on the move in the Tikves Basin. Existing low
concentrations of chromium in the waters of Vardar in Tikves Basin, of anthropogenic
origin and mainly come from upstream regions through which passes the water flow. The
concentration of nickel in the Vardar River in Tikves in examined period consistently
maintained low levels of both measuring points (1,33 μg/l and 1,30 μg/l) which
corresponds to quality class I-II (tab. 1, 2; fig. 2, 3) excluding the anthropogenic presence.
Symbolically the reduced value of the nickel measuring station Demir Kapija is in
sufficient premise that in terms of this indicator in the region comes to improving water
quality. The elaboration of the values of nickel in the river Bregalnica (point 3) in Ubogo
(2001-2010) undoubtedly indicates that between four measurement points, it is the least
burdened with heavy metal test. It constantly keeps in concentrations class I-II. The lower
average value of measuring point Ubogo than Demir Kapija (point 2) of the river Vardar
largely excluded during Bregalnica pollution as a factor of age with nickel. The average
value of measuring point Palikura (point 4), which is the highest softer bigger analyzed
rivers (1,50 μg/l). But water quality however without excesses constantly keeps in class
I-II. Copper as a heavy metal in aquatic ecosystems comes from some minerals
(limestone, sandstone), mining and metallurgical activities and excessive use of
fungicides in agriculture [9]. The average value of the copper in the river Vardar at
Nogaevci measuring point (point 1) in the period (2001-2010) of 3,1 μg/l indicates that
this toxic metal derived from natural origin and is located within the expected quantities
of class I-II. Its concentration in any particular month or in isolated cases does not exceed
the threshold of alarm for water quality prescribed by the Regulation on categorization
and classification of rivers in R. Macedonia. The precipitation of dissolved copper
increases the sediment downstream along so that its concentration in the water at the
measuring point Demir Kapija (point 2) annually (2,6 μg/l) are smaller than those in
Nogaevci during the same period. The whole picture indicates extremely minimal
anthropogenic impact on the quality of Vardar Tikves (tab. 1, 2; fig. 2, 3). The results of
the above table does not met preliminary assumptions about the quality of Bregalnica in
Ubogo (point 3), which examined the period maintained quality class I-II. Namely,
expectations were quite reasonable, the left tributary of age to enter higher amounts
copper recipient, knowing with certainty that in her basin (Lakavica River) is permissible
quantity sustain copper from mine wastewater Mine. The results of the quality of the Crna
Reka (point 4) of the measuring point Palikura (2001-2010) annually slightly elevated
relative to those of Bregalnica’s Ubogo or Vardar near Demir Kapija, but refer to the class
I-II. But the fact itself proves that watercourse carries increased amounts of dissolved
copper from the upper sections (Pelagonija) or tributaries coming from Kozufvolcanic
area. In summary it can be concluded that the flow of Bregalnica and Crna Reka are
apparently not charging over the Vardar Tikves valley with toxic metals like copper (tab.
3, 4; fig. 4, 5).
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CONCLUSION
In this paper were studied the waters of the river Vardar and Tikves's major tributaries:
Bregalnica and Crna Reka in the period from 2001-2010. The waters of Vardar were
monitored from two measuring points: at the entrance to the valley near the village
Nogaevci (point 1, fig. 1) and downstream near Demir Kapija (point 2, fig. 1). The waters
of the Crna Reka and Bregalnica were monitored before their confluence (point 3, 4; fig.
1). The assessment of the water quality was based on 8 heavy metals as a criterion for
quality, which have a significant impact on agricultural production, irrigation conditions.
Regarding the presence of heavy metals in the River Vardar string section examined, it
was determined deterioration based on only one indicator, lead (Pb), while compared to
other indicators marked improvement of water quality. Most indicators express
concentrations within the class I-II of the two measuring points on the river Vardar, except
cadmium which is present in concentrations class III-IV, also from the two measuring
points. Compared with the quality of river Vardar at both measuring points before and
after the entry of its largest tributaries, their impact on the recipient can be seen only with
some of the heavy metals. Namely, Bregalnica is most burdened with lead and it is the
largest source of pollution of Vardar whose lead concentration in downstream recipient
is growing, and the water quality is deteriorating. Increased concentrations relative to the
recipient Bregalnicaare shown in terms of manganese. Crna Reka demonstrates
conclusively highest water quality in terms of heavy metals compared to Bregalnica and
Vardar from the two measuring points. The only pressure on the recipient are shown
toward nickel, which measuring point in Palikura has the highest multi concentration.
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ABSTRACT
This paper aims to use a multi-parameter method for estimating the geomorphologic risk,
in Tecucel drainage basin, Romania. It is located in the South-Eastern region of the
country, and it is an tributary of Barlad river, draining important inhabited areas. The
population is predominantly rural and mostly based on agricultural activities, therefore
the farmlands are extremely important in their lives, the geomorphologic risk leading to
potential reduction of arable land, which ensures the very existence of the inhabitants.
The evaluation for this type of risk implies the analysis of several morphometrical
parameters, out of which the most important are slope, land use, surface curvature, soil
etc. The main morphometrical layers are generated from a terrain model, derived from
Lidar data. This method includes the classification of each parameter, according to a riskbased logic. Therefore, high values of each parameter will be associated with landslide
prone areas. The following process is the combination of all the layers into a final layer,
using a geoformula, which will be implemented in GIS software. Among the results, the
most relevant is considered to be a map revealing all the risk prone areas, including the
overlapping villages. Based on this map, a statistical analysis will be performed, revealing
the estimated built-up areas that are prone to be affected, as well as farmland. This
proposed approach, which uses GIS techniques to map the geomorphologic risk, is useful
to emphasize the potential danger associated to landslides, gully erosion and their direct
effect on the human activities.
Keywords: geomorphologic, parameters, risk, model

INTRODUCTION
Landslide risk assessment represents a complex analysis that is based on a variety of
techniques and methodologies, which integrates the triggering factors of this
phenomenon, by using GIS techniques. The landslide hazard refers to the natural
probability of an area to be subjected to slope movements [1].
Landslides represent one of the most important geomorphological phenomena that affects
the land in Moldavian Plateau area. The occurence of these phenomena is based on a
series of factors such as geological, geomorphological, hydrogeological, climatic and last
but not least, anthropogenic factors. Areas affected by these geomorphological
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phenomena are mainly agricultural. Depending on demographic and economic pressure,
human settlements have expanded over areas prone to landslides [2].
The making of maps that can illustrate the geomorphological risk has the purpose of
identiying the areas which have poor slope stability and cannot be used as areas for
construction [3]. The methodologies used in mapping a landslide risk integrate a number
of factors influencing their occurrence: lithology, slope, soil texture and land use.

STUDY AREA
The Tecucel river drainage basin is located in the South-Eastern part of Romania, at the
contact between the Moldavian Plateau and the Romanian Plain, originating in the
southern tip of Tutova Hills. Here, it overlaps 3 relief sub-units: Vîrlănești Hill, in the
Northern side, Tecuciului Plain in the Western, Central and Southern side, and in the
South-Eastern side, the Bârlad river meadow (Fig. 1). Tecucel drainage basin is a part of
the Bârlad river basin, being a right-side tributary, with an area of 112 km2 and a length
of 24 km. The maximum altitude is 307,8 m in the northern part in Ploscuțeni Hill and
the minimum is 37 m at the confluence with the river tributary in the Southern part of
Tecuci City. It has a multianual average flow of 0,38 m3/s.
In terms of geology, the Tecucel river basin is formed on sedimentary formations of
Sarmatian and Pliocene age [4]. The lithology in the study region is caracterized by a
large share of areas covered with gravel and sand. In the central part of the basin,
lithological classes are distributed that are comprised of clay, which makes the land more
exposed to slope displacements.

Figure 1. Geographical location of Tecucel basin

96

Physical Geography; Cartography; Geographic Information Systems & Spatial Planing

The surface covered in forests is found mostly in the Northern part of the basin, on an
area of over 65 km2. The forest serves as a means of protection and stabilization of the
areas affected by landslides and gullying, the region being prone to this type of
geomorphological processes. The land concentrated to the middle of the basin is used in
agriculture, the tillages is arranged as stripes, from the top to the bottom of the hill,
meaning that the land is plowed likewise. This type of plowing causes the appearance of
geomorphological land forms, such as gullies and ravines, heavily affecting the slopes
[5].
The geomorphological risk in the major relief unit, from which the study area is part of,
has been analyzed before, the erosion being evaluated in depth [6,7].
In terms of administrative borders, Tecucel river drainage basin is located at the contact
between Vrancea and Galați counties, being separated by Siret Valley and it extends over
the surface of 6 settlements (5 villages and one city): Ploscuțeni, Brăhășești, Buciumeni,
Poiana, Nicorești and Tecuci City.
MATERIALS AND METHODS
Geomorphological risk assessment was possible by using physical-geographical
parameters which pose an important role in causing the landslides in Tecucel drainage
basin. The factors taken into account are: geology (the lithology of the study area), soil
cover (by texture), slope and land use. The generated GIS layers were classified using
values between 0 and 100, depending on the contribution they have in causing a landslide.
The final raster was obtained by summing all layers(fig. 2).

Figure 2. Methodology for identifying areas prone to geomorphologic risk

The risk phenomenon can be analyzed, only by considering the presence of man in the
ecuation. We cannot speak of risk in the areas where the anthropic element is entirely
absent. This is an important consideration, which was taken into account, in providing
scores to the land use layer. Starting from the Corine Land Cover 2012 layer, the biggest
scores were given to the areas where humans carry out their activities (Table 1). For the
areas where the categories 112 and 121 overlap, maximum scores (100, respectively 90)
have been suggested, on the same scale used on the other layers, from 0 to 100. The next
category is 221 (vineyards), to which 70 score points were assigned, due to the
preferential location of these areas, on steep slopes and degraded terrains, category that
lies at the intersection between human presence and high vulnerability to landslides. At
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the opposite end of the scale, the farmland categories follow (non-irrigated arable land,
complex cultivation patterns, land mainly occupied by agriculture, with significant areas
of natural vegetation) alongside with pastures, to which 30 score points were assigned.
These categories have indeed lower scores, because the arable terrain which is affected
by natural degradation, can be anthropogenically adjusted with ease, through plowing
techniques, thereby achieving a uniform land which gives it surface stability.
Furthermore, the practice of monoculture does not have a negative effect on the landscape
in depth, but rather in extent, through the increase of surface erosion, due to the direct
exposure of soil to the pluviodenudational processes. Ultimately, the categories that have
registered the lowest score on the land use layer, are represented by natural vegetation
(both transition and forest vegetation). The transition vegetation, namely bushes, provides
high protection to landslides, considering the type of roots that these plants possess
(which penetrate the soil at higher depths, stabilizing it). The forest vegetation is very
efficient in protecting the land both from surface and depth erosion, and also from the
occurrence of potential landslides, because of the trees highly developed canopy
(considering that the trees are broad-leaved), but also through the deep root network.
Table 1. - Landslide risk scores, associated with different land use categories (CLC 2012)
CLC2012
Class definition
Risk score
Code
112
Discontinuous urban fabric
100
121
Industrial or commercial units
90
211
Non-irrigated arable land
30
221
Vineyards
70
231
Pastures
30
242
Complex cultivation patterns
30
Land principally occupied by agriculture, with significant areas of
243
natural vegetation
30
311
Broad-leaved forest
10
324
Transitional woodland-shrub
20

The second factor used in the assessment of landslide risk is the lithologic parameter. The
data has been processed using geological maps at a scale of 1:200 000 from 1968,
(specifically the Focsani and Barlad sheets). The area of Tecucel river drainage basin sits
exclusively on sedimentary rocks, which are divided into 4 classes: current river deposits;
gravel, conglomerates, sands, clay and lignite; gravel with sands; and delluvial-proluvial
deposits. Among the 4 classes, the biggest score was given to the clay class, of 100,
because the clay substratum serves as a sliding surface. This characteristic is given by the
property of clay particles to increase in volume, when they become saturated with water.
The values suggested for the other classes are low, under 50, because they are
characterized by rocks that have a high degree of permeability, or by the fact that they are
located in the lower third of slopes, which does not confer a high risk degree to
landslides(Table 2).
Table 2. – Landslide risk score, associated with different geological categories
Class definition
Risk score
Current river deposits
10
Gravel, conglomerates, sands, clays, lignite 100
Gravel, sands
20
Delluvial-proluvial deposits
40
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Soils can influence the occurence of a landslide through texture and degree of
permeability. The data source regarding soil cover, consisted of soil maps (at a scale of
1: 200000), Focșani and Bârlad sheets. In Romania, the soil cover was divided into 19
texture classes, which range from sandy to clayey, from permeable soils to impermeable.
All these classes have received scores according to their values, and from the resulted
table, only the values that are applying to the Tecucel drainage basin were extracted
(Table 3). In the study area, the soil cover is divided into 6 textural classes which vary
from permeable strata (sandy – sandy-clayey) - that have received a low risk score, to the
sandy-clayey class, that has the highest risk score, of 89. The criterion by which the score
is given, is the clay quantity that resides in the soil texture.
Table 3. – Landslide risk score, associated with different soil texture categories
Risk score
Class definition
Sandy-sandy-clayey
11
Sandy-clayey – clayey-sandy
26
Clayey-sandy –clayey
47
Varied texture
58
Clayey – clayey-sandy
79
Clayey-sandy
89

Slope represents the inclination of the land surface from a horizontal plane. The
importance of this parameter is proportional with the inclination, this characteristic
directly influencing the magnitude, and the time needed for the geomorpholohical
processes to develop (mainly gullies and landslides). Slope classification is made by using
the inclination values, quantified in sexagesimal degrees or percents. In this case, the
classification of this geomorphological parameter assumed some impediments, due to the
necessity of a relevant range of classes for the study area, because of the predominance
of low values, largely due to the location of the drainage basin. In Tecucel basin, the slope
values are variable from 0º to 44,46º due to the relief configuration. The division of this
interval into a range of classes represented a difficult phase in the process of slope
classification, because of the number of classes and representative limit intervals needed.
To overcome this matter, the slopes were classified in sexagesimal degrees after Kanji,
which involved the use of 4 classes with slope values below 15º, between 15º-30º, 30º45º and over 45º [8]. To use this division, the method needed an adaptation, according to
the values and reality on the field. Therefore, adding of an extra class with values between
0º and 3º was required as an extra step, to also represent the almost flat surfaces and those
with low inclination, this class being relevant due to the location of the drainage basin.
Also, lowering the limit from 45º to 44º was required, because the maximum slope values
are not that high.
After adjusting the class values to the required needs, the slopes and their values from the
study area could be emphasized, and cartographically represented, using the five,
resulting classes.
Starting from the vector layers generated from the cartographic materials mentioned
above, raster files were derived in GIS environment, for each layer. To obtain a consistent
result of the four analyzed parameters, a conversion from vector to raster format was
necessary. This was possible, by using the "Polygon to Raster" function (from ArcGis),
the files being converted into rasters, and the pixels generated during this process meet
two main conditions. Firstly, the pixel matrix from all layers, must overlap perfectly, in
order to avoid the problems that might appear after the further addition, and secondly, the
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conversion must be made based on the attributes of the landslide risk scores,
corresponding to the categories of each parameter. Such a evaluative approach to risk,
based on many parameters, integrated into a final consistent layer, was used before, to
evaluate other types of risks, by similar means [9].
The final phase implies the addition of the previously generated rasters, in Raster
Calculator, the result following a 5 categories classification, to ease the interpretation of
the problematic areas from the studied drainage basin.

RESULTS AND DISCUSSION
By analyzing the geomorphological risk from Tecucel drainage basin, a methodology
which is based on factors with a major weight in the occurence of landslides, was applied.
By analyzing the obtained result, the fact that the landslide risk is the highest in the middle
sector of the basin, can be observed (Fig. 3), having a weight of 0,74% of its surface. This
area is more exposed to this type of risk due to the specific characteristics of lithology
and soil, such as: high proportion of clay, loamy-clay and loamy–loamy-clayey texture.
In terms of land use, this area is located in the agricultural perimeter of the basin. The
high risk to landslides class is also characterized by a median extent of the basin, but with
a surface that adds up to 7,97% of the basin (Table 4). In the same area, 5 settlements are
concentrated, and through human activity, the risk can be intensified. In the same extent
with the classified areas with very high and high risk, it can be observed that these appear
on hill tops near Tecucel river and its tributary Valea Seacă.
At the other end of the risk scale, stands the northern part of the basin, which is covered
in most of its area by deciduous forests and it is included in the Very Low and Low risk
classes (with a cumulated weight of 51.49%). The Low value of risk is also present as a
small area strip, in the Southern area. Its occurance is caused by small slope values and
the permeable lithologic subtratum (sands, gravel).
The class with the highest weight from the studied area is Medium risk, with a value of
39.3% and it overlaps the Southern-Central part of the basin. It is associated with the
interfluvial area from the central part and in the South, although it’s mostly agricultural,
it is not affected by landslides over large areas.
Table 4. The weight classes of risk
Risk classes
Percent
34.23
Very low
17.26
Low
39.3
Medium
7.97
High
0.74
Very high

The ravines were digitized from topographic maps, at the scale of 1:5000 and corrected,
using aerial imagery and LiDAR data. Given the geographic context, the hypsometric
scale of the basin and the main geomorphological processes occurring here, it is
considered that the geomorphological risk is caused mainly by the possibility of landslide
occurrence and by ravine existence and growth. The latter are present in high numbers all
over the Barlad Plateau (inside which the study basin is located), and dominate the
landscape by their high density in this area and by their large size.
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Figure 3. Geomorphological risk map in Tecucel drainage basin

Ravines predominate in the middle sector of Tecucel river and its tributaries, near some
settlements. The risk is derived from the fact that some ravines are active and extending
regressively, upstream and sideways, generating land instability. Fortunately, more than
half of the affected area was forested, currently being stabilized.

CONCLUSIONS
Geomorphological risk assessment should be seen as a necessity in areas where landslides
and gullying phenomena are omnipresent. For this reason, analyzes must be carried out,
to better highlight these processes in order to help in decision-making in territorial
planning, made by competent institutions.
The geomorphological risk analysis model, suggested in the present paper, is a multicriterial one, whose role was to integrate more spatial parameters (geology, land use,
pedology and declivity), into a singular equation carried out in GIS environment, that
would result in a consistent and easy to interpret layer. The result is even more precise,
considering that to each parameter was given scores, for landslide risk, on a similar value
scale with all the layers used (the values are distributed on a scale from 0 to 100).
In the case of the studied drainage basin, the geomorphological risk is located according
to the main sections of the river. Therefore, the risk is reduced in the upstream sector, a
medium risk is associated with the downstream sector, and in the central part, a mixture
of risks is found; here, the land is prone to the highest geomorphological risk (both in
terms of landslides and ravines).
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In conclusion, the proposed study model manages to achieve its purpose, emphasizing the
most problematic land surfaces, prone to the analyzed risk, containing in a single thematic
raster layer, the result of multiple factors, on which the discussed geomorphological
processes are dependent.
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ABSTRACT
This paper aims to analyze the suitability of Trotus river drainage basin, for building dam
lakes. At present, water demand is a rising, global issue. There are numerous studies
concerning water supply in different regions, as well as solutions for areas associated with
water level decrease. Numerous economical sectors imply the use of water (agriculture,
industry, tourism, food industry etc), therefore the analysis of areas where potential, new,
artificial dam lakes can be built, is mandatory. There are numerous factors that engineers
have to take into consideration, when building a dam for an artificial lake. Some of the
most important parameters are land use, geology, soil and inhabited areas. For this study,
these parameters have been combined into a multi-layer based GIS analysis, in which
each layer has different values corresponding to the suitability of the elements contained
on that layer, to the dam building purpose. The main results reveal a classified version of
a suitability report, depicting the best areas for building a dam lake, in Trotus drainage
basin. After choosing the best location for a potential, new lake, several calculations have
been made, regarding simulated lake surface, the time it would take to fill the lake,
according to different flow rates of the chosen river, the number of households that would
have to be moved / relocated because of the lake expansion, and also potential estimated
costs for the household relocation process. Overall, this methodological approach is
considered to be valid, taking into consideration the validation of the results, with real life
dams, that have already been built in these areas.
Keywords: dam lake, model, multi parameter, suitability

INTRODUCTION AND STUDY AREA
The human society has long required water for its various activities and evolution. Aside
from the demographic boom, the need for water also originates from the strong
industrialization tendency which characterized the last 200 years. In the present day, the
greatest water consumers are the agriculture and the heavy industry.
These necessities are partly accounted for through the development of anthropic
reservoirs resulted from the blocking the water courses. Another solution involves
accessing and utilizing the ground water reserves. Although most of the times, the quality
of the ground water is high, its extraction process is more expensive and it has the capacity
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to affect the phreatic level with undesirable consequences. Accumulating water into
anthropic reservoirs also has its problems, which can appear during the service time of
the dam, noteworthy being: lower quality of the water due to polluting of the tributary
water courses, considerably large space required for such endeavors, creating imbalance
into or even destruction of some ecosystems through flooding, altering the reproduction
ability of the local ichthyofauna by impairing its ability to advance upstream; the potential
failure of the dam and subsequent flooding of the downstream areas, landslides which
may occur due to the induced seepage; as well as after the end of the service time of the
dam: maintenance and cleaning costs, land use after the decommissioning of the dam, etc.
However, the construction of a dam and the birth of its respective reservoir also has great
advantages, the main one being the possibility to use the water as a resource for multiple
purposes: generating green electric energy, with a very low carbon footprint, regulating
of a water course by flow control, protecting the downstream areas from potential floods
[1], fish farming, using the water for irrigations, as well as for recreational activities and
sport, and many more. For the current study area, there were several studies [2].
The purpose of this paper is to use GIS techniques in order to create a model which can
assess the land according to an array of selected parameters and quantify the areas which
are considered as suitable locations for the construction of a dam (and respective
reservoir), within the Trotus River basin (Fig. 1). After developing the suitability map for
reservoir locations, one site is selected and the development of a dam reservoir is
simulated. Additionally, the approach also aims at determining certain morphometric
indices, which are considered relevant to the selected site, in order to correlate them with
the characteristics of the reservoir.

Figure 1. - Geographical location of the study area

METHODOLOGY
The proposed line of work entailed several stages (Fig. 2), involving both analogue and
digital data. The analogue data was comprised of topographical, pedological and
geological maps, at various scales. Therefore, 1:25000 topographical sheets (1982) were
obtained, then scanned and imported into a GIS medium, and later on, georeferenced. The
first geospatial element to be determined was the watershed divide of the Trotus River
basin, through manual digitization, which constituted the basis upon which the
subsequent geospatial layers were extracted. Considering the great surface of the basin,
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the chosen elevation model was the SRTM (80x80m cell resolution). Using the elevation
model and applying a SML1, the slope was derived, and classified into
geomorphologically determined classes. The SRTM was used for generating all the
subsequent rasters, for the basin, in order to maintain the same cell resolution and
alignment, which would permit the overlaying of the rasters through the use of a
geoformula.

Figure 2. The general methodology applied in the suitability analysis

Additionally, the CLC20002 geospatial layer was used, in order to determine the boundary
of the residential areas within the population parameter, used further on in determining
the best settlement to house such a hydrotechnical construction. Using the vector files
provided by the Ministry of the Environment, and from the Natura2000 website, a
protected areas layer was able to be introduced in the analysis.
Geology layer
Having information about the underlying geology is of foremost importance when
selecting a place to construct a dam. In such cases, the geological strata must fulfil certain
criteria: increased impermeability to water, monolithic character, with no cracks or faults,
because of to the inherent seismic risk. Also, the geological strata must emphasize low
elasticity and increased resistance. The Trotus river basin is comprised of sandstone
deposits, sandstone flysch, with some recent alluvial deposits (Neogene, Cuaternary),
containing sand, conglomerates, breccia, shale and loam. According to their
characteristics, the geological strata was ranked in a binary score system (1 or 0), where
1 indicates suitable conditions for dam building, and 0 unsuitable conditions.

1

SML = Spatial Manipulation Language (used for classifying raster files)
Geospatial = http://earth.unibuc.ro/download/datele-corine-landcover-reproiectate-in-stereo70

2
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Land use layer
The land use is of lower importance to the determining aspects of the potential location
of a reservoir; however, it is correlated with the costs of the project. To this end, by
analyzing the CLC layer, the cost of the flooding area can be classified hierarchically. In
other words, the area which needs to be flooded once the dam is build, belongs to many
property owners, and it can be ranked as such, that the feasibility of the construction of
the dam accounts for the economical aspect, in the eventuality of the need for potential
compensation actions.
Values ranging from 0 to 100 were granted, and the main determining factor was of
economic nature, 0 representing areas with high compensation costs (industrial
establishments, transportation networks, urban areas, etc.), and 100 representing areas
where the compensation costs would be minimal or inexistent (rocky areas, pastures,
meadows, etc.).

Figure 3. Parameters used in the suitability analysis for building dam lakes

Population layer
This parameter represents qualitative data concerning the number of inhabitants in the
human settlements contained within the study area. The demographic density can be
calculated. Apparently of low importance, it does have useful applications. This subject
was thoroughly studied by Gheorghe, (2004) and Unguras, (2011) [3,4]. The area flooded
by a dam reservoir varies from just a few hectares, to several hundred square kilometers.
However, if a small area has a great population density, the relocation costs can be very
large. Depending on the number of inhabitants, each settlement was ranked with values
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from 0 to 100, where 0 stands for the areas with the greatest population densities
(unsuitable for the location of a reservoir) and 100 for the areas with no human
settlements. According to the 1996 census, in the Trotus River basin, there are 204 human
settlements, totaling 342750 inhabitants. The average density is 76.9 inhabitants per
square kilometer. However, the majority of the population is concentrated in the perimeter
of 6 localities: Onesti, Moinesti, Comanesti, Adjud, TarguOcna and Darmanesti, each
having over 10000 inhabitants. Therefore, a great part of the population is concentrated
over a relatively small area.
Soil layer
Analyzing the soils prior to the deployment of the construction procedures for the dam
itself is imperious, as it can prevent many problems, such as silting of the lacustrine
cuvette, the soil texture together with the vegetation having an important role in the
ampleness of the phenomenon. The soils were ranked using values from 0 to 100,
according to their texture. Therefore, skeletic, unconsolidated soils, with high particle size
receive low values, and loamy soils, with very fine particle size receive high values. The
values are directly linked to the water impermeability and soil stability.
Natural reserves layer
There are 6 protected areas in the Trotus River basin (Table 1), totaling 1152 hectares.
Compared with the total area of the basin, the protected areas occupy only 0.25% of it.
However it is very important to mention them because any anthropic intervention within
their perimeter is forbidden by law. Therefore, any activity which influences the
environmental conditions from these areas should be limited to caretaking and monitoring
procedures carried out in such areas.
Table 1. Natural reserves located in the study area
Name of natural reservation
Surface (ha)
County
189
Bacau
Dealul Perchiu
124.4
Bacau
Magura - Tg. Ocna
22.8
Bacau
Padurea Izvorul Alb
30.6
Neamt
Rezervatia faunistica Brates
683.9
Bacau
Rezervatia naturala Bucias
101.4
Harghita
Tinovul de la Plaiesii de Jos

RESULTS AND DISCUSSION
As a final step, using the aforementioned parameters, the suitability map for dam reservoir
locations was created (Fig. 4). The shades of red and yellow signify the lack of the
necessary conditions for such a construction, whereas the shades of green mark the
presence of suitable conditions.
In the south-eastern side of the basin, the suitability is low mainly because of the
characteristics of the geological strata. The part of the Carphatian range overlapping the
basin, has the less suitable areas, less represented when compared to the situation at the
confluence of the Trotus river to the Siret river, the first unsuitable area being located in
the Darmanesti depression, as a consequence of the high population density found there;
the second unsuitable area being located in the extreme west of the basin, inheriting its
negative characteristic from the underlying geological strata. Within the study basin,
many areas which could be the location of a reservoir dam were identified. Most of these
are located on the mountainous tributaries of the Trotus river, as creating a dam on its
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main valley being very improbable, due to the very high population density in these areas
(deploying such a project would lead to the re-location of thousands of people).

Figure 4. Dam building suitability map for Trotus river basin

A great disadvantage associated with the aforementioned tributaries is the great
uncertainty of the water flow rates and the relative isolation from the areas where there is
an actual demand for water. There are areas outside of the Carpathian range which were
identified to have positive potential. Two of these are located on the Tazlau river and a
third one on the Casin River. The flow of the rivers varies, in the case of Tazlau river,
near its source having an annual average of approximately 1.6 m3/s, reaching a value of
6 m3/s at the confluence with the Trotus River. The main advantage of those areas is the
close proximity to the populated areas which have a high water demand. Therefore, the
Tazlau river basin was chosen for further analysis.
The resulting reservoir after the blocking of the water course with a 15m tall dam would
have a surface of 3.62 km2, the whole surface of the watershed of the reservoir being
993.54km2 (Fig. 5). Considering the average depth of the reservoir at approximately
6.73m, the total volume would reach approximately 24.4 million cubic meters.
Considering that the average multiannual flow is 6.92m3/s, the filling time of the dam can
be calculated: 24.4 million cubic meters divided by 6.92 cubic meters per second,
resulting in 3468208 seconds, which means approximately 40 days (6 weeks). However,
this calculation fails to account for a multitude of factors which can influence the flow
rate, such as: the seepage rate, the flow variability, the real flow of the filling cycle,
anthropic influences, potential periods of drought or abundant rainfall, water evaporation,
the effective rainfall reaching the reservoir, and so on. Also, an ecological flow of
approximately 30% from the multi annual flow must be deducted, in order to prevent the
disruption of the balance of downstream ecosystems.In this case, the remaining flow
would be 4.76m3/s, giving a total filling time of 9 weeks. But this figure can increase
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dramatically, considering the climate change and the degradation processes emphasized
in the last years.

Figure 5. Tazlău case study dam lake and its drainage basin

Considering that the alluvial deposits from the Tazlau basin measured at the Helegiu
hydrological station is 5.2tonns/hectare/year, the silting rate of the lacustrine cuvette can
be calculated. Therefore, on an annual basis, approximately 516360 tons are eroded from
the watershed of the reservoir. The whole volume of the reservoir would be replaced by
sediments in approximately 47 years. This value is real only if all the sediments from this
perimeter end up in the lake. Therefore this can be considered as the absolute minimum
lifespan of the reservoir. Several sediment-regarding issues, for Trotus basins, were
previously addressed [5-7].
Rising of the water level in the filling process would create some damage, flooding
several sections of communal roads, with a total length of 2.37km, and a surface of
approximately 40 hectares from the residential area of the Scariga and Poiana localities.
A Google Earth estimate shows that approximately 200 households from the perimeter of
both of the aforementioned localities would require relocation or some form of
indemnification. These figures can be considered small, when compared to other
hydrotechnical establishments from Romania, where, for instance, in the case of the
Izvorul Muntelui reservoir, 2300 households were re-located, affecting a population of
18000 inhabitants. However, these endeavors took place during totalitarian dictatorship.
The costs rises to 11 million Euros if we consider the price of one household to be around
50000 Euros, and by a rough estimate, the value of the road sections could cost 1 million
Euros.

CONCLUSIONS
The matter at hand, which was addressed by this paper, is of great significance,
considering the numerous implications of the presence of a reservoir in the territory (water
reserves for household population use, irrigation, recreation, fish farming and
floodcontrol, etc.). In the analysis process, the considered factors are the geology, soils,
land use and population. These were assembled into a geoformula, yielding a final
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suitability layer, depicting the suitability for dam construction, which was further
reclassified into 4 classes. 9 potential coordinate sets for dam locations were identified,
out of which the one located within the lower part of the Tazlau river was selected for
further analysis.
A reservoir was simulated, with the following characteristics: a volume of 24.4 million
m3, a surface of 3.62km2 and a 15m high dam. The filling times were calculated for
different flow rates. Estimations concerning potential compensation costs, or silting time
were performed (life span of the reservoir was calculated at an absolute minimum of 47
years). Therefore, the hydrographic basin of the Trotus river, through its well-developed
drainage network, has a high potential for hosting hydrotechnical establishments of such
nature. Using the water courses in this area is not a novelty, the Poiana Uzului and Belci
reservoir being very good examples of such endeavors.
Both the real case of the dam failure from the Belci reservoir (a dezastrous accident, that
took place in 1991, after excessive rainfall [8], as well as the present case study, draw
attention over the importance of detailed planning prior to deploying a project of such
span, the consequences in case of dam failure being catastrophic. An important part of
the planning is the identification of the areas which emphasize potential for safe
exploitation.
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ABSTRACT
Suceava municipality is located in the North-Eastern development region, on the valley
of Suceava river. The spatial expansion has generated the exposure of the city to several
risk factors, one of the most frequent being the flood risk. During the time interval taken
into consideration, the floods that took place in the drainage basin of Suceava river, in the
month of July 2008, can be emphasised, both from a quantitative point of view, and from
the point of view of the damages caused. At the Itcani hydrographical station, of great
significance for Suceava municipality, the historic flow rate of 1710 m3/s was recorded,
at the 27th July 2008, with an associated water level of 820 cm. The floods have affected
mostly the commercial spaces, that have been built during the last years along the
floodplain of Suceava river. Taking this into consideration, the hereby study intends to
identify the areas vulnerable to flooding, along the course of the Suceava river, by
applying the HEC-RAS simulation model and correlating the obtained results with the
spatial dynamic of the built-up areas, in the post-communist period.
Keywords: flood, HEC-RAS, risk, Suceava river, urban sprawl.

INTRODUCTION
During the last 20 years, the majority of settlements located in the hydrographic basin of
the Suceava river were affected by dangerous meteorological and hydrological
phenomena. This situation is given by both natural factors, associated with the climatic
conditions that generate large amounts of precipitations, and antrophogenic factors,
through massive deforestations, poor maintenance of river beds, the construction of
embankments and protective structures, bank erosion, the existence of unauthorised
constructions in the floodplain and several investments that weren't finished in the area
[1,2].
The economic development and expansion of the urban space, correlated with the
deforestation process, has lead to the emphasis of hydroclimatic phenomena in the
drainage basins located in the north-eastern part of Romania [3]. The identification of
flood vulnerable areas, in a specific city, and establishment of adequate measures for
reducing the flood risk, can lead to the diminution of human loss and property damage.
The unorganized territorial expansion of rural settlements (and urban, as well) in
Romania, over the last 60 years, has lead to the transformation of river floodplains into
inhabited areas. This has determined the accentuated increase of exposure of the
settlements to the flood risk. The current case study is based on the flood that took place
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in July 2008, and addressess the impact it had on the buildings that had been constructed
in the vecinity of Suceava river, and the cuantification of the territorial expansion, over
the floodplain area. For generating the flood simulation, the HEC-RAS software was
utilized. This choice of program is favoured by the possibility it offers to generate both
1D simulations, and 2D [4]. Furthermore, the existence of the digital terrain model at a
scale of 1:5000, is another argument in favour of applying this particular model [5].

STUDY AREA AND METHODOLOGY
Suceava municipality is located, from a geographical point of view, in the Suceava
plateau, inside the hydrological basin of Suceava river, which is the main water course
that flows along this city. Out of all the limitrophe administrative units, Suceava river
crosses the northern part of Ipotesti commune, and the boundary between Scheia and
Patrauti communes. From an administrative point of view, Suceava municipality is part
of the North-Eastern Development Region, in the South-Eastern part of Suceava county,
also being the county residence city (fig.1).

Figure 1. Geographical location of the study area

Suceava river springs from an altitude of 1250 meters, in the region of Obcinele
Bucovinei, its hydrological basin spreading on a surface of 2625 km2, and the water
course is 262 km long. The average multi-annuall flow rate for the river is 17,9 m3/s, at
the confluence with Siret river.
In the area defined by Suceava city, the river valley is emphasized in the field, by its large
widths, and it was named „Şesul Sucevei". Along this sector, the floodplain of the
Suceava river, prone to flooding in the past years, has been mostly modified by man, and
has undergone several constructions.
By analizing the data at the Iţcani hydrometrical station, over a period of 59 years (1955
– 2011), the fact that there have been more floods with a local or general character (out
of which some had catastrophic effects), can be observed. The largest, most important
floods that have taken place here, in Suceava drainage basin, during the analysed time
period, were recorded in 1955, 1969, 1970, 1978, 1991 and 2008 (fig. 2).
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Figure 2. The maximum monthly flow rates, at Itcani hydrometrical station, in Suceava drainage basin,
between 1952 – 2011
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The year of 2008 can be considered to be a reference point in flood analysis, along the
Suceava river, its' flow rate surpassing all the anticipated values, up to that, specific,
moment. The temporal expansion of the flood was measured at 4 days, out of which the
runoff that had a greater flow rate than 1000 m3/s lasted 37 hours (cumulated time), during
which there were a total of two flood peaks, both of them surpassing 1400 m3/s, which is
the maximum value recorded up to that time. A value of 1488 m3/s was recorded for the
first flood wave, on the 25th of July, and the second flood wave reached a maximum of
1710 m3/s, at 4:00 A.M., on the 27th of July 2008 (fig. 3).
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Figure 3. Flood hydrograph (July 2008) at Itcani hydrometrical station, Suceava drainage basin

The main events that have determined the occurrence of such a large value flow rate are
the soil wetness value before this event and the spatial distribution of the precipitations.
This year has been characterized as a rainy one, and the precipitations have determined a
risen value of soil humidity. The large quantity of precipitations is due to a retrograde
cyclone, which has manifested in the Eastern region of the Oriental Carpathian
mountains, during 22-27 July 2008, with strong rainfall that occurred in two periods: 2425, and 25-26 July [6] . The combination of the soil, that was already saturated with water,
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with the retrograde cyclone that has brought a significant quantity of rainfall, has lead to
the manifestation of a flood with a flow rate which has surpassed all the previous,
recorded values.
In order to put into context the flood risk for Suceava municipality, in a current situation,
it was necessary to analyze the spatial expansion of the city, taking into consideration the
dynamic character of this phenomena, in the post-communist period. Multi-temporal
cartographic materials have been used to identify the residential and commercial spaces
that were newly built. The first thematic layer that has been used is given by the
constructions drawn by Vasile Crăciunescu, from topographic plans, at a 1:5000 scale,
from the 1980's [7]. This dataset has been updated, by comparing them to orthophoto
imagery, from 2005 and 2012, which was obtained by making several printscreens (from
the ANCPI portal-viewer) at the same resolution, until the entire study area was covered,
and then georeferencing and joining them. The manipulation of the spatial data, as well
as the extraction of statistical datasets, generated by the creation of the database, which
was necessary to analyze the dynamic processes, was done with the use of ArcGis.
The data required for running the flood simulation, such as flow rates, water level in
several control sections, and the dimensions of the hydrotechnical constructions in the
area, have been obtained from the Siret Water Basin Administration, Bacau.
The flood simulation has been computed with the help of Hec-Ras, ArcGis software and
the HEC-GeoRas extension. This software has a widely spread usage, and its results are
valid, from a scientific standpoint [8].
The workflow methodology is made out of three, large steps: preprocessing, processing
and postprocessing (fig. 4).

Figure 4. Workflow for applying the HEC-RAS simulation model

During the first stage, several layers related to the geometric description of the simulation
project are drawn. The geometric description is defined in the international literature as
"just a skeleton, that defines the study area for which the numerical modeling of the
simulation will be done [9]. The workflow in the current study consists of characterizing
the natural and anthropogenic langscape: including data about the Suceava river, and its
territorial extent, river banks, bridges and embankments. The base layer, from which all
the data has been derived, is given by the digital elevation model generated from
topographical maps, at a 1:5000 scale, in TIN (Triangulated Irregular Network) format.
By inserting the data, the cross-sections have been generated, which have the purpose to
offer information regarding the terrain, and assist in the simulation project. The analyzed
area has a length of 16.8 km, and corresponds to the transit area of Suceava river, through
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the municipality named after this river. The total number of cross-sections made is 329,
with a 50 meter distance between them.
During the second stage, the data was exported into HEC-RAS software. Therefore, a
work project has been created, in which all the data related to roughness, maximum flow
rates for different occurrence probabilities, water level in control sections, dimensional
values for hydrotechnical constructions etc. The flood simulation was done assuming the
logic of a constant flow of water (Steady flow).
The values of Manning's roughness coefficients were chosen according to the river bed
characteristics, the landscape and the vegetation that had grown in the vicinity of the river.
According to the values calculated by Chow (1959), from Manning's equation, for
different drainage canals, the studied section of Suceava river has been associated with
the following values: 0.03, 0.035 si 0.04 [10]. As far as establishing the flood simulation
limits, the values of the flow rate recorded during the 2008 flood were taken into
consideration, and the water column level was calculated with the "Normal Depth"
function, the chosen value being 0.03 m/m.
Running the flood simulation in the Steady Flow menu resulted in obtaining the floodprone area and profile observations of its evolution. In order for the graphical form of the
results to be as suggestive, as possible, they are exported into ArcGis, where two maps
can be computed: the territorial extent of the flood (Water Surface Generation), and the
water depth map (Flood plain delineation using raster).

THE SPATIAL DYNAMIC OF SUCEAVA MUNICIPALITY
In a similar manner to the other major cities in Romania, Suceava municipality has
confronted, during the post-communist period, with modifications in the dynamic and the
structure of the city. The spatial extension of Suceava municipality has determined its
exposure to numerous risk situations, the most frequent and visible being the risk to
flooding.
The territorial evolution of Suceava municipality is the result of the functional
development of the settlement in time and space, of the old, urban functionalities, and
also of the ones it has accumulated during time, and its evolution process, as well as their
interconditioning with the demographic factor [11]. Regarding the spatial dynamics of
the municipality in the post-communist period, several development directions can be
identified: the densification of the built-up areas, from 690 constructions/km2, registered
at the population census in 1992, to 777 constructions/km2, registered at the census in
2011 (REC 1992, REC 2011), in the administrative limits of the city, and the
periurbanization, which manifests through the expansion of the commercial spaces and
the living areas, generated by the city, in the rural spaces, next to them.
Inside the administrative boundaries, the decay of several industrial areas can be
observed, many of them being demolished and gradually reconverted into commercial
areas (ex. The current placement of the Iulius Mall, on the Suceava river floodplain). In
the context of territorial evolution from the post-socialist period, in the Suceava
floodplain, numerous constructed spaces have been developed, especially with
commercial destination. Another characteristic of the current dynamic of Suceava
municipality is given by the occurrence of residential areas, similar to those located in the
rural periurban space (in Burdujeni neighbourhood, at the boundary with Salcea and
Ipotesti communes), which generally extend on the administrative territory of the
limitrophe communes. The expansion of the built-up area has reached beyond the
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administrative limits of the municipality, the periurbanization process being best
emphasized in the Șcheia, Moara and Ipotești communes (Fig.5). By applying the ANN
index (Average Nearest Neighbor), included in the tool package, offered by ArcGis
software, it has been proved that the expansion of the constructed area, after 1990 is not
random at all, but takes place according to a development pattern („clustered” type).

Figure 5. The spatial dynamic of Suceava municipality (1980-2012)

RESULTS AND DISCUSSION
The terrain flooded by Suceava river, along the studied sector, expands over an area of
3.82 km2. The maximum water depth, calculated according to the model, is 9.94 m, and
the average is 4.7 m. The water level distribution is a Gaussian-type one, with the largest
weight for water depth being in the 3-5 meter interval. In the terrain, the largest depth
values are recorded at the output of the river from Suceava municipality (fig. 6).
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Figure 6. Water level histogram for the Suceava municipality sector

Following the analysis of the territorial expansion of the buildings, during 1980-2012,
and the overlapping of the flood-prone areas on them, the fact that the buildings
constructed after 1980 are included in this area (especially the higher density buildings,
constructed between 2005-2012) can be observed (fig. 7).

Figure 7. Flood area generated through mathematical simulations, in HEC-RAS

In this case, the number of buildings susceptible to flooding, constructed up to 1980, is
17, and those constructed after 1980 is 29 (18 between 1980-2006 and 11 between 20062012). The large number of newly constructed buildings indicates a chaotic territorial
expansion in the recent period, which do not take into consideration safety rules. The
problem is greater, considering the placement of large-scale commercial units in the risk
area, which record major economic losses.
The fact that part of the buildings constructed after the flood are in the first risk category,
emphasizes the lack of involvement of the authorities. After 2005, neither the maximum
water levels that Suceava river can reach were not taken into consideration, nor the spatial
extent that a flood can reach. Therefore, the maximum level recorded in 2008 wasn't taken
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into consideration for flood predictions, making the urban planning poorly written,
according to other types of flood risk considerations.

CONCLUSIONS
By generating the hydrological risk map for Suceava municipality, it can be concluded
that this method, although using relatively little data, can model with a reasonably high
accuracy, the hydrological risk events. The hydrological model made, by applying the
HEC-RAS 1D flood simulation model, has been 90% successfully validated, taking into
account the damage recorded by authorities, after the flood that took place in July 2008,
as well as the field observations. This particular model helps to prevent floods, or create
protection plans in the case of extreme hydrological events.
The results obtained through HEC-RAS modeling correspond to the predictions
calculated by the Siret Water Basin Administration, according to the Flood Directive
2007/60/CE.
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ABSTRACT
This paper is an attempt to show what environmental and spatial consequences will be
brought by the construction of the southern ring-road of Olsztyn, which is a linear
investment. It also justifies the choice of the location from among four variants that were
taken into consideration at the planning stage. The area in which the ring-road is located
is characterised by particularly precious natural values due to the occurrence of rivers,
lakes, diversified relief, rich flora and fauna or bird refuges. Many of these elements are
covered by legal forms of natural protection. As a result of numerous discussions between
planners, ecologists and the local community, the best variant of the course of the ringroad was chosen, which is the subject-matter of the analysis presented below. The paper
also presents an economic analysis of the construction of the bypass road (saving time,
fuel economy, etc.).
Keywords: real estate division, the division of plots, the division of the building, Poland

INTRODUCTION
First, it should be noted that the division of real estate can be considered in the following
terms:
 administrative [land register-related, land survey-related] - division of real estate
consists merely in defining within the area of the estate other geodetic configurations
of plots of land that form part of the estate, without changing its current owner – in
this case geodetic division has no effect in terms of property law, i.e. it does not result
in the creation of land real properties as separate objects of ownership.
 legal - division of real estate means taking at least one plot of land forming part of the
estate out from the current land and mortgage register (by deleting the plot from the
1st Section of the land and mortgage register) and establishing a new land and
mortgage register for it;
Such classification has been proposed in numerous studies on real estate management,
including real estate division issues [1, 2, 3, 4, 5, 7, 9].
The division of a developed property into two parts may be caused by the different
manners of administration of each part. The case shown in Figure 1 may serve as an
example, in which there is only one entity in Part A which runs its business there, with
welfare and technical facilities. Part B is a part of the building where the users are tenants
of commercial space with a large common area for traffic. It should be noted that the two
parts have one shared entrance. The building is a structure with two above-ground floors
and an underground car park. Within the entire height of the building there is a possibility
of fire separation in the form of permanent or temporary partitions.
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Figure 1. Example of drawing a division line (dashed line) through the building structure
[source: own elaboration]

A problem of a legal and technical nature appears in the example shown. In which place
exactly should one draw the line dividing the structure of the building? In the scale of the
drawing presented one may get the impression that the division line is aligned with the
vertical projection of the wall, while in fact the wall is much thicker than the dividing
line. In addition, one should consider a situation where the thickness of the walls the
division line runs through differs depending on the floor. Should the border line, as a
vertical plane drawn up along the wall, be a plane running through the centre of the wall,
or coinciding with one of the surfaces of the wall?

DIVISION OF A DEVELOPED PROPERTY WITH DIVISION OF THE
BUILDING LOCATED ON IT
A special case is the division of a developed property with the division of the building.
Where administrative division also causes division of the building, the borderlines of plots
of land to section off should run along vertical planes that are created by fire separation
walls located along the entire height of the building from foundation to roof covering. In
buildings with no fire separation walls, the boundaries of plots of land to be sectioned off
should run along vertical planes that are formed by walls located along the entire height
of the building from foundation to roof covering, clearly dividing the building into two
separately used parts (Article 93, paragraph 3b of REMA).
Polish law does not provide for the rules of administrative division of a building in
isolation from determining the rights to the plot of land. Kopyra even states that "the
principle formed in Polish property law is the integrity of the building, provided that (...)
the division of the building is being made together with the division of the land the
building is founded on." [6].
The division of real estate along the vertical walls of the building is governed by Article
93 paragraph. 3b of REMA, introduced by Article 1 paragraph 32 subparagraph b) of the
Act amending the Real Estate Management Act and other acts of 24 August 2007 (Journal
of Laws 2007, No.173, Item 1218). However, there were already certain principles for
the division of developed property before, such as § 4 of the Regulation of the Council of
Ministers of 7 December 2004 on the manner and procedure of carrying out the division
of real estate, wherein detailed conditions for division were set out, which was, as Kopyra
put it, an example of legal solutions developed in case law that were subsequently adopted
in legislation.
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Article 93 paragraph 3b allows the division of a developed property which also results in
the division of the building located on it if the boundaries of the plots of land to be
sectioned off run along vertical planes that are created by:
a) fire separation walls situated over the entire height of the building from the
foundation to the roof covering,
b) walls situated over the entire height of the building from the foundation to the roof
covering, clearly dividing the building into two independently used parts if the
building has no fire separation walls.
Therefore, it seems reasonable that in the context of the need to define what is the effect
of the division of a building: whether independent buildings or independent parts of the
building, one should refer with this regard to the Act of 7 July 1994 Construction Law
(Journal of Laws 2013, item 1409 consolidated text), to Article 3 point 2 containing the
definition of a building. 'Building' is defined as a structure that is permanently fixed to
the ground, separated from the surrounding space by partitions, and having a foundation
and a roof.
The secondary legislation to the above Act, the Regulation of the Minister of
Infrastructure of 12 April 2002 on technical conditions to be met by buildings and their
location (Journal of laws 2002.75.690 as amended), in § 210 states that separate parts of
a building sectioned off vertically with fire separation walls - from foundation to roof
covering - can be treated as separate buildings. Thus, according to this regulation, the
condition for the division of a building into two buildings is the course of the border line
along the fire separation wall. This corresponds to Article 93 point 3b of REMA, where
two distinct parts are mentioned in the context of the division of the building along the
walls that are not fire separation walls.
In the context of discussion about the division of a building, which accompanies the
division of real estate, it should be noted that the division usually concerns facilities that
were designed and built to perform specific functions. Division often produces
functional/structural/practical situations which can be solved by establishing appropriate
easement, whether land- or building-related.
However, Article 93 paragraph 3b. of REMA does not mention easements. This seems to
be a major inconsistency, because paragraph 3 of the same Article 93 of REMA refers to
the need to establish easements (as a way to provide a separate plot with access to a public
road). In the practice of divisions, such as the example quoted in the introduction, there
may be a situation where the residents or users of some separate parts of a building or a
new building will be forced to use sectioned off parts or the other building. It seems
necessary to include such a provision in the Act on Real Estate Management [6]. It should
be noted that the Supreme Court, in its judgment of 5 January 1970 (Case No. I, CR 5/71,
Lex database No. 6643), also became aware of such a need, noting that independent parts
of a building may be created as a result of division. "Such parts include not only those
that are built as self-contained functional wholes, but also those in which the legitimate
interests of the owners are guaranteed by establishing appropriate easements."

CONDITIONS FOR THE DIVISION OF A DEVELOPED PROPERTY WITH
THE DIVISION OF A BUILDING
Formal requirements for the division of a developed property that also causes the division
of a building are contained in Article 93 paragraph 3b of the Act of 21 August 1997. The
provision of §4 of the Regulation of the Council of Ministers of 7 December 2004 on the
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manner and procedure of carrying out real estate divisions is connected with the above
article. Compared to statutory requirements, the requirements set out in the regulation are
broader.
A. Condition for the existence of a wall in the plane of division of the building
An indispensable element of the division is to identify the boundary line. Article 93
paragraph 3b of REMA and § 4 of the Regulation on the manner and procedure of
carrying out real estate division allows division of a developed property with the
concurrent division of the building into independently used parts. The boundaries of the
plots of land to be sectioned off should run along vertical planes that are created by:
a) fire separation walls situated for the entire height of the building from the
foundation up to the roof covering,
b) walls situated for the entire height of the building from the foundation up to the
roof covering.
There is no definition of “wall” in the Polish legal system. According to Lechołaj, a wall
is a vertical barrier that protects the interior of the building from external influence, or
separates it into individual rooms [8]. The technical requirements to be met by walls
depend on what their functions in the building are. The properties of walls depend
primarily on the materials they were made of. The materials used to make them should
be durable, aesthetic and harmless to the health of users. The choice of material depends
on the purpose and functions of walls in the building.
Pursuant to Article 93 paragraph 3b of REMA, the boundary of the plot should be
determined by the vertical plane defined by the wall. It should be noted that the cited
provisions of the Act and Regulation do not decide at which point of the cross-section of
the wall to draw the border line. Each wall, no matter how thin, has some thickness, while
the plane of division does not have. Practically, this means that we may draw through the
wall cross-section an infinite number of planes that may constitute the border.
So, we can basically distinguish two cases concerning the course of the border:
1. the border runs along the outer edge of the wall or a physically identified layer of
the wall (Figure 2),
2. the border runs inside the wall
It seems that in determining the boundary line one can use the provision of the Regulation
of the Council of Ministers of 10 December 2010 on the Classification of Fixed Assets
(Journal of Laws 242, item 1622), where the description of group-1 includes the
following: "For compact development buildings, the boundaries between particular
structures are formed by planes of contact between gable walls, and if there is a common
wall between the two structures, the border between the buildings runs through its
centre..”. It should be noted that the Regulation cited above was enacted under the
delegation set out in the Act of 29 June 1995 on public statistics (Journal of Laws
2012.591, consolidated text, as amended), and is of an ancillary nature for considerations
relating to the division of buildings. It should also be noted that this regards the border
between buildings, while in the event of division referred to in Art. 93, paragraph 3b of
REMA, two parts of the same building are created, not two separate buildings.
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Figure 2. The border runs along the outer edge of the wall or a physically identified wall layer surface
[source: own elaboration].

The situation where the dividing line runs inside the wall (fire separation wall or other) is
much more difficult to solve. Various cases may occur here:
a) the wall is uniform in terms of material and geometry for the entire height and
width of the building in the plane of division,
b) walls in the plane of division on individual floors have different thicknesses, for
example a framework structure made of load-bearing poles, on each floor filled
with walls of different material and geometric characteristics (thickness), or filled
with window or door woodwork.
It seems necessary that where the agreed line of division of the property and building is
to run through the cross-section of the wall, this wall must be covered by legal protection
in order to protect the neighbours against irresponsible interference in the structure of the
common wall.
The course of the border should be indicated on the plans of each floor as required by
§ 4 point 2 of the Regulation on the manner and procedure of carrying out real estate
divisions.
The legislation does not specify the types and characteristics of the walls along which the
border will run, except for the provision that they must be fire separation walls or other
walls. In such a situation it may happen that the projection of a structural wall "includes"
an element of filling made of other material - load-bearing structural elements with a
width of projection a and the filling with a width b, where a>b (Figure 3, 4).

a) arrangement of walls before the division –
b) vertical cross-section with marked vertical plane
vertical cross section
running through the centre of a structural wall.
Figure 3. Fragment of the vertical arrangement of the building [source: own elaboration].
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a) vertical cross-section with marked vertical
b) vertical cross-section with marked trail of a
plane running through the centre of a structural
vertical plane running through the wall on each
wall.
floor.
Figure 4. Fragment of an arrangement with a vertical plane running through the centre of a structural wall
(the plane does not intersect the wall on the upper floor – dot-dash line) [source: own elaboration].

B. Condition of separate use of the newly created parts
The subdivided parts are independently used.
C. Condition of independent entrance
A condition that was formulated in the Regulation on the manner and procedure of
making real estate division, and is related to the division of property with the division of
a building, is the requirement of its own independent entrances for the separated parts of
the building. Due to the fact that divisions concern existing facilities, so often there is no
physical possibility to meet this condition directly, but only through a joint entrance and
vestibule. This suggests a certain analogy to the need to provide access to a public road
for a building and plot of land. According to § 14 paragraph 1 of the Regulation of the
Minister of Infrastructure of 12 April 2002 on the technical requirements to be met by
buildings and their locations, it is required to provide a plot for development with access
enabling communication with a public road, suitable for the purpose and manner of use
and fire protection requirements set out in separate regulations. According to Article 93
paragraph 3 of the Real Estate Management Act, plots of land to be sectioned off must
have access to a public road; and access to a public road also means sectioning off an
internal road together with the establishment of appropriate easements on this road for
separate plots of land, or establishing other right-of-way easements for these plots if it is
not possible to section off an internal road from the property being divided. Article 2
paragraph 14 of the Act of 27 March 2003 on Spatial Planning and Development has
similar wording: access to a public road shall be construed as direct access to this road or
access to it by an internal road, or by establishing an appropriate right-of-way easement.
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Therefore, it seems reasonable to apply the formula previously presented to the question
of an independent entrance, i.e. where such an entrance cannot be provided directly, an
appropriate easement must be established.
D. Condition of separate utility systems
The last condition that was formulated in the Regulation of 7 December 2004 on the
manner and procedure of making real estate division, and is related to the division of
property with the division of a building, is the requirement of equipping the newly
separated parts of the building with separate utility systems. Legal definitions of certain
utility systems can be found in the Regulation of the Minister of Infrastructure of 12 April
2002. on the technical requirements to be met by buildings and their location: water
supply system, sewerage system, heating system, gas system:
As can be seen, not all the systems have their legal definitions, but all are governed by
provisions of the Regulation, separate provisions concerning, among other things, fire
protection, environmental protection and occupational health and safety, as well as the
requirements of Polish Standards relating to these systems and equipment. Therefore, it
seems reasonable to assume that the primary criterion for the existence of separate
systems in separated parts of the building was whether they comply with the provisions
or not. A very important functional condition is the possibility of precise settlement of
consumption and maintenance costs. In view of the fact that the divisions relate to existing
facilities, and often there is no physical possibility to ensure these conditions, one should
consider the legal possibilities of how to ensure the use of the other party's systems within
a specified scope.

CONCLUSIONS
The division of developed property, also resulting in the division of the building, is
possible pursuant to Art. 93 paragraph 3b of the Real Estate Management Act if the
boundaries of the plots of land to be sectioned off run along vertical planes that are created
by:
a) fire separation walls situated over the entire height of the building from the
foundation to the roof covering,
b) walls situated along the entire height of the building from the foundation to the
roof covering, clearly dividing the building into two independently used parts if
the building has no fire separation walls.
Based on the conducted analysis, it should be noted that due to the division of a real
property with the division of the building, two buildings or two (or more) parts of the
building may be created. It seems reasonable to assume that a prerequisite to separate two
independent buildings is that the dividing line runs through the separating fire wall.
Otherwise the results of the division are parts of the building.
In determining the building division line, a prerequisite is that the division line is within
the space defined by the outer edges of the wall. Structural components are of importance
here. It should be added that where the agreed line of division of the property and building
is to run through the cross-section of the wall, this wall must be covered by legal
protection by establishing an adequate easement in order to protect the neighbours against
irresponsible interference in the structure of the common wall.
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Another condition for dividing the building is the requirement of separate entrances to
the resulting parts. We propose that if it is not possible to determine independent entrances
for the parts sectioned off, then an appropriate easement should be established.
The analysis of legal status and possible cases from practice shows the need to specify
the rules for the division of developed real estate, or to develop a common practice.
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ABSTRACT
The territory of Kosovo and Metohija is divided according to many geospatial parameters
and characteristics, both physical geographic and socio-economic. The basic division is
in physical geography which divides that space into two basins and that Kosovo as one
and Metohija as the other.
Modern digital methods (Geographic Information System), artificial intelligencecan
determine the ratio of settlementsattraction in Metohija. Gravity model of
settlementsattraction and kernel distribution can define the limits of the gravitational
influence of the settlements.
Keywords: Metohija, GIS, artificial intelligence, gravity model, the kernel distribution.

INTRODUCTION
The structure of the work is based on the following characteristics: an introduction is
followed by a brief description of the physical geographiccharacteristics, social
characteristics and finally the application of information technology on the basis of
allocation of the village we come to the regionalization of Metohija area.
This study is framed by educational issue of GIS and analysis of geographic and social
space of Metohija.
The methods that were used during the researcher present classical methods scientific and
researching work: methods of description, analysis, synthesis, classification, statistical
and cartographic methods.
The main objective of the research is a representation of the presence of information
technology in the process of regionalization [5]. Based on obtained results, guidelines for
the improvement of gravitational zones ofsettlements can be formed.
Geographic Information System (GIS) is a system for management of spatial data and
associated characteristics [3]. In the strictest sense, it is a computer system which is
capable of integration, storing, editing, analysis and display of geographic information.
In a broader sense GIS is a tool of "smart map" which leaves room for users to detect
geographical differences.
Artificial intelligence is a subfield of computer science. The aim of the researchof
artificial intelligence is the development programs (software), which will enable
computers to behave in a way that could be characterized as intelligent.
Newton's law of gravity has application in geography because it can clearly determine the
migration, the movement of tourists, demographic processes, etc. In this context, the
gravity model can serve as an excellent tool for assessing the situation and dynamics in
the process of regionalization [1].
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By hierarchical structure of settlements, with the use of information technology wit will
first start from the concept of the impact of gravitational areas of the city [2]. The
influence of an area depends mainly on the number of inhabitants and the distance
between settlements what is directly related to the law of gravity, which Isaac Newton
set.
Based on the given formula we will get a clearer picture of settlements with elements of
population density in Metohija.

GEOGRAPHICAL POSITION OF METOHIJA
Kosovo and Metohija occupy an area of 10.887 km². It consists of two regional unities,
Kosovo in the east and Metohija in the west. Metohija is surrounded by mountains in the
north and northwest Kopaonik, Prokletije in the west, Paštrik in the southwest, Šar planina
and Drenica in the south and southeast that separates Metohija from Kosovo in the east
and northeast.
Metohija is the geographical area that covers an area of 3.891 km² and 700,577 inhabitants
live in this area [8]. At the widest part, Metohija has a width of 23 km, and covers a
distance of 60 km. The average altitude is 550 meters.
Landscape of Metohija is extremely rich in natural resources. Metohijska Valley is known
for its fertile arable land, black soil, beautiful meadows, rivers, vineyards. Because of its
location, temperate continental (parish) climate Metohija is one of the best landscapes for
viticulture in the Balkans.
HIERARCHICAL SETTLEMENT SYSTEM OF METOHIJA
Based on these levels we come to the territorial deployment of settlements, which differ
in terms of functional equipment where we come to the hierarchical ranking [6].The
territory is divided into two administrative districts Peć and Prizren.
The District of Peć includes the following municipalities:
1. The municipality of Peć has an area of 603 km² with a population of 95,723, a town of
Peć, the seat of the district has a population of 48,962 [8],
2. The municipality of Istok has an area of 454 km² with a population of 39.289 [8],
3. The municipality of Klina has an area of 403 km² with a population of 38.496 [8],
4. The municipality of Dečani has an area of 402 km² with a population of 40.019 [8] and
5. The municipality of Đakovica has an area of 254 km² with a population of 94.158 [8].
The District of Prizren includes the following municipalities:
1. The Municipality of Prizren has an area of 640 km², with a population of 221.000, a
town Prizren, the seat of the district, has 85,119 inhabitants [8],
2. The municipality of Suva Reka has an area of 361 km² with a population of 59.722 [8],
3. The Municipality of Мališevo has an area of 306 km² with a population of 56.000 [8],
4. The municipality of Orahovac has an area of 401 km² with a population of 55.053[8]
and
5. The municipality of Dragaš has an area of 386 km² with a population of 33.997 [8].

REGIONALIZATION OF METOHIJA IN THE CASE OF INFORMATION
TECHNOLOGY AND THE LAW OF GRAVITY
The application of information systems represents the basic prerequisite for the
development of modern scientific disciplines.
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The gravity of minor centers towards larger can be checked by using the formula of field
intensity of the demographic impact that is [5] as follows:
𝐻𝑎

Е𝑎𝑏 = 𝑅2

𝑎

Where Е𝑎𝑏 is the intensity of the demographic impact of the settlement a in the point b, Hаpopulation of a settlement а, R𝑎a distance between settlementsа and b.
On this basis, the system of hierarchical relations between regions [4] can be determined
if the following rule is used. The settlement b with its gravity area is located in the impact
zone of a larger settlement а, if the intensity of the demographic impact of the settlements
a in the point b is greater than the intensity of the impact of other settlement c with in that
point.
Prizren-Suva Reka=4479,9 Peć-Istok=1958,5
Prizren-Mališevo=1850,4 Peć-Кlinа=1632,1
Prizren-Orahovac=3039,9 Peć-Dečani=3497,3
Prizren-Dragaš=2503,5 Peć-Đakovica=1398,9

Figure 1. Map of population dispersion in the territory of Metohia. Contour line derived from natural
logarithm (ln) multiple with number of population in the given municipality (ln) Pop.

As a measure of the intensity of population we used the density of the population, which
represents the quotient of the number of inhabitants and the area where the population
lives. Thus we come to the dispersion of the population, depending on the type of
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settlement (compact or scattered type), the size of the settlements and their mutual
distances.

CONCLUSION
Complex regionalizacioni urban and rural systems are made up of several settlements [7],
whose integrity arises from the connections arising from the interaction between their
conditional structural elements, settlements of different types and different hierarchies.
The total number of functional settlements is 585, on the territory of Metohija 10 are
grouped within the municipal units (Peć, Prizren, Dečani, Mališevo, Orahovac, Klina,
Dragaš, Suva Reka, Istok and Đakovica). The number of inhabitants varies from 10 in the
smallest settlement to 85.119 in Prizren, which has the greatest gravitational attraction
directed towards other settlements. So with its largest quantity Prizren has the greatest
gravitational force.
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ABSTRACT
The paper presents the results of studies concerning the assessment of the
hydromorphological state and habitat quality of two Carpathian rivers (the Wisłok and
Ropa rivers), along sections situated above and below the reservoirs operating in the
course of these rivers. The investigation was carried out based on the British method
called River Habitat Survey (RHS). On the basis of the data collected, for each study
section, synthetic indices HQA (Habitat Quality Assessment) and HMS (Habitat
Modification Score), which enable assessment of the river habitat quality, were
calculated. The analysis performed indicates that the sections of the Wisłok river
considered, both above and below the Besko reservoir, fall into Class 2, which points to
a good hydromorphological state and habitat quality. The Ropa river is characterised by
moderate hydromorphological state (Class 3) above the Klimkówka reservoir and by
good state (Class 2) below its location.
Keywords: hydromorphological state; habiat quality; rivers, reservoirs; Carpathians

INTRODUCTION
Hydromorphological state depends on a number of natural and anthropogenic elements,
as well as on their mutual proportions. The higher the prevalence of natural elements, the
better the habitat state of the river. Prevalence of anthropogenic components attests in
turn to a marked transformation of the river environment by the man [1].
The relevance of the hydromorphological assessment of rivers together with any storage
reservoirs along their courses stems from the need to determine the kind of changes that
take place in the river environment after a reservoir is put into operation and to further
monitor them. The impact of reservoirs on the individual biotic and abiotic elements of
the natural environment is widely described and discussed in literature. The creation dam
reservoirs is human intervention in the natural environment, causing, among other things:
changes in the hydrological regime of the river, riparian ecosystems, the channel and
valley morphology, the biodiversity of river species and water quality [2], [3]. The scale
and extent of the impact of the reservoirs on the individual elements of the natural
environment, both biotic and abiotic, may vary depending on the specifics of the natural
environment and the parameters and age of the reservoir.
The purpose of the paper is to provide an assessment of the hydromorphological state and
habitat quality of two Carpathian rivers (located within the same physico-geographical
unit) above and below reservoirs.
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RESEARCH AREA AND METHODOLOGY
Two Carpathian rivers were selected for the investigation. The Wisłok river with the
Besko reservoir and the Ropa river with the Klimkówka reservoir are located within the
Low Beskids (Polish Western Carpathians) (Fig. 1). The Besko reservoir has been in
operation since 1978, and the Klimkówka reservoir was put into operation in 1994 (Table
1). In comparison with other large Carpathian reservoirs, the Besko and Klimkówka
reservoirs are small hydraulic structures. Table 1 shows a description of the individual
reservoirs. The fundamental purpose for the construction of the Besko reservoir was to
increase minimum flows in the Wisłok river below its location and thereby to protect
biological life and provide a water intake for the Krosno town while for the Klimkówka
reservoir it was to flood protection and to increase low flows in the Ropa river. In the case
of the Besko reservoir, anti-flood protection is of secondary importance. The catchments
of the Besko and Klimkówka reservoirs have approximate areas of 207 km2 and 210 km2
respectively.
Table 1. The basic parameters of studied reservoirs
Reservoir
Besko
Klimkówka
River
Wisłok
Ropa
Establishment year
1978
1994
Dam location in the river course
172.8
54.4
Capacity [million m3]
15.4
43.5
The area [km2]
1.31
3.06
Maximum depth [m]
30
30
Guaranteed outflow [m3s-1]
0.9
2.0

The rivers along the course of which the reservoirs are located, even though they drain
the area of the same physico-geographical unit (Fig. 1), due to the marginal location
within the Low Beskids (transitional area between the Western and Eastern Carpathians),
are characterised by different hydrological regimes.

Figure 1. Locaction of the Wisłok and Ropa rivers with reservoirs in Polish Carpathians

The field investigation on the Wisłok and Ropa rivers was carried out in the summer of
2011, during a period of low water flows based on the RHS method. On each of the rivers
under investigation, four study sections of a length of 0.5 km were designated. Two
sections were located above the reservoirs at the distances of 1-1.5 km and 2-2.5 km from
the backwater area of each reservoir, and the other two sections were situated in the
distances of 0.5-1.0 km and 1.5-2.0 km downstream the water dams.
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The River Habitat Survey (RHS) method was designed in the early 1990s by the British
Environment Agency. It is the most common method applied in Europe to assess the
hydromorphological state of rivers [4], [5]. Guidelines for conducting research with the
RHS method are contained in studies by [1], [6].
The investigation was carried out in two stages on selected 500 m sections of the rivers.
In the first stage, characteristics of the basic morphological features of the channel and
banks were made in 10 control profiles, spaced every 50 m. In the second stage, a
synthetic description of the entire study section was produced, taking into account the
various morphological forms and transformations that had not been recorded in the
previous stage. The material obtained made it possible to calculate the synthetic indices:
the Habitat Quality Assessment (HQA) and the Habitat Modification Score (HMS), each
being a resultant of many single basic parameters, and these in turn made it possible to
assess the hydromorphological properties of the river in a numerical form.

RESULTS
Hydromorphological state of the Wisłok and Ropa rivers above the reservoirs
Along the investigation sections located on the Wisłok and Ropa rivers above the
reservoirs, the basic material comprising the banks (left and right) of the river channels
was loose, fine-grained material referred to as earth (crumbly) in the RHS method. In the
case of the Wisłok river it occurred in 23 measured profiles (MP’s) (with a total of 40
measured profiles), and for the Ropa River – 15 MP’s. The Ropa river was characterised
by a greater diversity of the material comprising the riverbanks. Among other things,
riprap was recorded here and featured in 7 measured profiles.
In the majority of the measured profiles, in both rivers, natural components of the bank
profile were not observed. Only in 5 measured profiles in the Wisłok river, there occurred
erosive undercutting. Furthermore, an unvegetated point bar, an unvegetated and a
vegetated side-bar and a severe bank undercutting were noted here. In the Ropa river, in
15 measured profiles an unvegetated side-bar was observed. Erosive bank undercutting
and an unvegetated point bar were noted in 3 and 1 measured profiles respectively. Only
in the channel of the Ropa river, bank modifications were noted in the form of
reinforcements (by riprap) and reprofiling. Revetments on the Ropa river occurred in 6
MP’s and reprofiling in 2 MP’s. In the Wisłok river, bedrocks were predominant (10
MP’s), and cobbles and gravel (diameter size 16-64 mm) on the Ropa river (13 MPs) in
channel substrate. No presence of modifications of the channel bottoms were found in
any of the measured profiles. Among the natural elements of the channel bottom that were
distinguished in the course of the field investigation, exposed bedrock were predominant
on the Wisłok river (10 MP’s) and exposed boulders (protruding above the water surface)
on the Ropa river (12 MP’s). Above the investigated Carpathian reservoirs, two flow
types were predominant: unbroken standing waves (rapid flow with short waves with
glassy crests) and rippled (the surface of the water forms characteristic 1 cm high ripples
that move along the river). Unbroken standing waves was predominant on the Wisłok
river in 10 MP’s, on the Ropa river – 15 MP’s, and rippled on the Wisłok river in 8 MP’s
and on the Ropa river – 5 MP’s.
Land use within 5 m of the banktops of the analysed
river channels above the reservoirs was dominated by broadleaf woodland in the case of
the Wisłok river (30 MP’s), and shrubs in the vicinity of the Ropa river channel (12 MP’s).
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An essential element of land use of the Ropa river valley bottom in the immediate vicinity
of the river channels was suburban development represented mainly by paved roads.
In the RHS method, vegetation structure is determined separately for the bank top (1 m
zone beyond the banktop developing into a flood terrace) and on the face of the bank. At
the tops of the riverbanks, simple structure of vegetation was predominant, characterised
by occurrence of two or three types of vegetation comprising shrubs and/or trees (Wisłok
river 24 MP’s, Ropa river 19 MP’s). No vegetation was observed on the bankface of the
Wisłok river above the Besko reservoir. On the Ropa river, the predominant vegetation
was of uniform structure (21 MP’s). An essential element directly affecting the
hydromorphological state of a river is aquatic vegetation. Diversity of aquatic vegetation
provides good habitat conditions for invertebrates and other organisms. Above the
reservoirs analysed, presence of mosses overgrowing material covering the channel beds
was recorded. On the Ropa river, mosses were observed in all the profiles analysed, and
in the Wisłok river, in 9. Additionally, in the Ropa river channel, structural algae were
recorded, and emergent narrow-leaved plants in the Wisłok river.
Hydromorphological state of the Wisłok and Ropa rivers below the reservoirs
The basic material comprising the channel banks (left and right) of the Wisłok and Ropa
rivers along the investigated sections located below the reservoirs was earth (Wisłok river
in 26 MP’s, Ropa river in 18 MP’s), like in the sections above the reservoirs. Furthermore,
bedrocks, cobbles and boulders were recorded on the Ropa river below the Klimkówka
reservoir. Among the natural bank components observed along the investigation sections
analysed on the Ropa river, occurrence of unvegetated side-bars was found (7 MP’s), as
well as unvegetated point bars and vegetated side-bars (4 MP’s each), and also places of
eroding cliff (2 MP’s). Below the Besko reservoir, no natural morphological components
of the bank, as distinguished in the RHS method, were observed. In the Ropa river
channel, anthropogenic bank modifications were also observed in the form of resectioned
(1 MP). On the Wisłok river, no bank modifications were observed along the sections
analysed.
In the rivers analysed below the reservoirs, the basic material comprising
the channel bottom of the Wisłok river were bedrocks and cobbles (9 MP’s each). In the
case of the Ropa river, cobbles, boulders and gravel-pebbles in 10, 6 and 4 MP’s
respectively. Any presence of channel bottom modifications was not recorded in any of
the measured profiles. Among the natural component elements of the bed that were
observed during field investigation on the Wisłok river, bedrocks prevailed on the Wisłok
river (10 MP’s), and exposed boulders on the Ropa river (11 MP’s) similarly as in the
case of the investigation sections located above the reservoirs. From among the types of
flow distinguished in the RHS method, rippled flow was recorded in the majority of the
cross-section profiles on the Wisłok river (12 MP’s). On the other hand, unbroken
standing waves prevailed in cross-section profiles along the investigation sections located
on the Ropa river (9 MP’s). Additionally, in 4 profiles below the Klimkówka reservoir,
smooth flow (slow laminar flow) was recorded.
Land use within 5 m of the banktops of the analysed river channels below the reservoirs
was dominated by shrubs (15 MP’s) and suburban development (14 MP’s) in the case of
the Ropa river. Along the Wisłok river channel, broadleaf/mixed woodland prevailed (26
MP’s) as it was above the Besko reservoir. Below the Besko and Klimkówka reservoirs,
at the banktops and bankfaces, simple structure of vegetation was predominant. Both on
the Wisłok and the Ropa rivers, mosses were recorded in the channels below the
reservoirs. Additionally, the Ropa river channel bottom was characterised by intensified
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presence of structural algae (20 MP’s). In the Wisłok river channel, narrow- and broadleaved plants were recorded (in 6 and 1 MP’s respectively). The occurrence of channel
vegetation in the rivers below the water dams is the effect of the stabilisation of the flow
and water level by the reservoirs.
Habitat quality of the Wisłok and Ropa Rivers based on the HQA and HMS indices
Based on the investigation carried out, the HQA score was calculated, which is a synthetic
sum total of the numerical values of elements in the natural environment. These elements
affect the value of the HQA score to a varying degree (Fig. 2). Consideration of only the
natural morphological elements of the channel and banks implied reduced significance of
these elements for the overall value of the HQA index, especially in the case of the
investigated sections of the Wisłok river above the Besko reservoir (Fig. 2). In the case
of the Ropa river, the share of these morphological elements in the value of the HQA
index amounted to 25% above the reservoir and 26% below it. It should be noted,
however, that both in the case of the Wisłok and the Ropa rivers, above the reservoir there
was noted an increase of the percentage share of the natural elements of the riverbank in
the overall value of the HQA index with regard to the sections located below the
reservoirs. A very important element for the assessment of the naturalness of the
watercourse is the bankface and banktop vegetation. For both rivers, it has a high share
in the value of the HQA index, with a higher percentage share recorded along the river
sections above both of the reservoirs than below them (Fig. 2). A significant role in the
RHS method is also played by tree coverages and the accompanying morphological
elements. In the case of both rivers, a high share of these elements in the increase of the
naturalness index of the river was caused by the presence of especially tree coverages
(from 17% – the Ropa river above the reservoir to 24% – the Wisłok river above the
reservoir), which are valuable for the environment from the perspective of the RHS
method.

Figure 2. Components of Habitat Quality Assessment of analysed
Wisłok and Ropa rivers above and below reservoir

The sections of both rivers that were located within the Besko and Klimkówka reservoirs
were characterised by high values of the HQA index that is measure of the naturalness of
a river. In the case of the Ropa river, these values fell within the range of 48-51, and for
the Wisłok river in a lower range of 43-49 (Fig. 3). The greatest diversification of the
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HQA index value is associated with the Ropa river. Lower values were calculated for the
river sections located above the Klimkówka reservoir in relation to the sections below the
reservoir. This results from a larger number and diversification of the natural
morphological elements within the channel (vegetated mid-channel bars, unvegetated
point bar) and the surroundings of the river below the Klimkówka reservoir. A reversed
situation was observed in the case of the Wisłok river (Fig. 3).

Figure 3. Changes in HQA and HMS index along the Wisłok and Ropa rivers channel course on 2 section
above and 2 section below reservoirs (1 - 1st section above reservoir; 2 - 2nd section above reservoir,
closer to the reservoir; 3 - 3rd section below reservoir, closer to the dam; 4 - 4th section below reservoir)

According to the classification by [7] (as modified by [8]) accommodated to Polish rivers,
with regard to the diversity of the natural elements, the sections of the Wisłok river
located above and below the Besko reservoir were classified into the moderately natural
category. Likewise in the case of the investigation sections on the Ropa river above the
Klimkówka reservoir. The measurement sections on the Ropa river below the reservoir
were classified into the highest habitat quality class – natural (Table 2).
The HMS index values that define the degree of anthropogenic changes in the river
hydromorphology were in the range 0-18 for the Ropa river and for Wisłok river were in
a narrower and lower range of 0-3 (Fig. 3). It was established that the higher degree of
transformation was characteristic for the sections located closest to the reservoirs (with
the exception of the Wisłok river below the Besko reservoir where the HMS index value
amounted to 0), (Fig. 3). Significantly higher values of the HMS index on the Ropa river
as compared with the Wisłok river resulted from the presence of bank reinforcements and
the resectioned of the banks for river engineering purposes. Additionally, they were
influenced by the presence of a river crossing and a bridge. According to the classification
by[7] (as modified by [8]) concerning the HMS index, the investigation sections above
(mean HMS value = 2) and below (mean HMS value = 0) the Besko reservoir were
classified as natural habitat. The investigation sections above the Klimkówka reservoir
can be classified as little changed (mean HMS value = 9) and the ones below as slightly
changed (mean HMS value = 4) (Table 2).
The hydromorphological state of the test sections on the basis of the HQA as an index of
habitat naturalness and the HMS as an index of habitat modification places the analysed
Wisłok river sections above and below the Besko reservoir in Class 2, which indicates a
good hydromorphological state. The Ropa river is characterised by a moderate
hydromorphological state (Class 3) above the Klimkówka reservoir with a good
hydromorphological state (Class 2) below the reservoir.
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Table 2. Classification of the hydromorphological state of river based on the HQA and HMS scores [7]
(modified by [8]): I – very good, II – good, III – moderate, IV – poor, V – bad.
Intervals points HQA
Intervals points
moderately
very natural
natural
low natural
little natural
HMS
natural
(HQA ≥ 57)
(HQA=50-56)
(HQA=30-36) (HQA<30)
(HQA=37-49)
II
natural
(Wisłok river
III
I
II
III
(HMS=0-2)
above and below
reservoir)
II
slightly changed
II
(Ropa river
III
III
IV
(HMS=3-8)
below reservoir)
III
little changed
III
III
(Ropa river above
IV
IV
(HMS=9-20)
reservoir
much changed
III
IV
IV
IV
V
(HMS=21-44)
highly changed
IV
IV
V
V
V
(HMS ≥ 45)

CONCLUSIONS
The survey of the hydromorphological state and assessment of the habitat quality of the
Wisłok and the Ropa rivers above and below reservoirs, carried out using the RHS
method, has demonstrated that:
1) The rivers investigated, despite being located within the same physico-geographical
unit (the Low Beskids) are characterised by mutually varied values of the HQA index of
naturalness and the HMS index of habitat transformation.
2) With respect to the diversity of natural elements (the HQA index), the Wisłok river
sections located above and below the Besko reservoir were classified as moderately
natural habitat quality. Likewise in the case of the investigation sections on the Ropa river
above the Klimkówka reservoir. The measurement sections on the Ropa river below the
reservoir were classified as a higher class of habitat quality – natural. The HMS index
values calculated above and below the Besko reservoir indicate natural river habitat while
the investigation sections above the Klimkówka reservoir can be classified as moderately
changed and as below as slightly changed.
3) The hydromorphological state of the test sections based on the HQA and HMS indices
places the Wisłok river sections analysed above and below the Besko reservoir in Class
2, which indicates a good hydromorphological state, and the Ropa river sections above
the Klimkówka reservoir in Class 3 (moderate hydromorphological state) and those below
to Class 2 (good hydromorphological state).
4) Investigation of the hydromorphological state of the Wisłok and the Ropa rivers using
the RHS method has not shown a deteriorated habitat quality of the rivers below the
location of the reservoirs with regard the upstream sections despite the fact that the
particular abiotic and biotic elements of the environment had undergone changes. Habitat
quality of the rivers studied, both above and below the reservoirs, depends mainly on the
specificity of the natural environment of the area through which they flow. The better
hydromorphological state of the river below the Klimkówka reservoir, in comparison with
the conditions observed above the reservoir, is the result of a greater diversification of
natural morphological elements of the channel. The quality of the river habitat below the
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Klimkówka reservoir was also affected by a lack of riverbank reinforcements.
Reinforcements were present in the part of the river channel above the reservoir, but they
were not directly related to the functioning of the reservoir. The Besko reservoirs is an
example of a hydraulic structure that has no detrimental impact on the
hydromorphological state of rivers. The studied river sections located both above and
below the reservoirs were characterized by an almost natural habitat and a low degree of
modification caused by humans.
The study has shown that the operation of the reservoirs does not always negatively
impact the hydromorphological conditions of rivers, which is reflected by their habitat
quality. It should be stressed, however, that the precise determination of the impact of the
reservoirs on the hydromorphological state of the rivers below their location is impeded
due to the fact that the reservoirs concerned mainly affect such changes in the river
hydrological regime that are not taken into account in the RHS method. Thus, the RHS
method should be supplemented with such assessment components that would enable
characteristics of the hydrological regime, including the disruptions resulting from major
changes in the development of the catchment area.
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ABSTRACT
Tourism plays an important role in ensuring the sustainable development of countries and
nations in our days, but the management of tourism requires the establishment of specific
information products aimed to deliver precise, complete and context information to
different population groups. Solving this problem requires the joint use of various
semiotics.
We propose to discuss the concept of heterogeneous information system, based on mixed
semiotic structure. System consists of to main modes: text, and visual (signless)
representation. User can select most useful semiotic model interactively for best
efficiency. From this point of view context represented by signless images of different
types: satellite imagery, geolocated photos, and spherical panoramas.
Keywords: visualization, situational awareness, semiotics, sign, satellite images
INTRODUCTION
It is widely believed that visual representation is the most efficient way to exchange
information. Therefore, visualization is widely used in information systems and,
especially, in decision support systems. Tourist information system is a kind of decision
support systems, because it aimed to help users in making decisions.
Visualization, or scientific visualization is a significant component of efforts intended to
ensure situational awareness in effective decision-making information systems. Scientific
visualization is an interdisciplinary approach that «primarily concerned with the
visualization of 3-D+ phenomena (architectural, meteorological, medical, biological,
etc.), where the emphasis is on realistic renderings of volumes, surfaces, illumination
sources, and so forth, perhaps with a dynamic (time) component» [1].
From our point of view this definition describes the phenomenon of scientific
visualization correctly [2], but it is not a truly intentional definition. For example, we can
not use this definition for correct discrimination scientific visualization from the all
possible ways of perception of information. It is strange, but comprehensive classification
of different ways of perception of information is still absent, and scientific visualization
realm iis not localized yet within variety of different ways for providing information for
users.
Implementation of scientific visualization in geospatial applications requires the
development of approach to integration of different types of data and different ways of
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information perception. Therefore, as the first step we should provide classification of
different ways for information perception. From our point of view, basic classification
principle could be provided with the help of semiotics. We intend to consider this type of
data as an unsigned, although the debate about the connection between the images and
the iconic characters is carried out [3].
There are at least two different approaches for perception: 1) signs, and 2) direct visual
perception by the way of unprocessed images. Scientific visualization is a specific
approach based on using of direct or (mostly) simulated images for representation of
quantitative information.
Article I.
Contrariwise, alternative approach is based on using of symbolic
representation of data: texts, mathematical symbols, mapping signs, etc. So we can divide
the landscape of perception into two detached realms: 1) perception through the signs,
and, 2) perception through the direct images (Figure 1). Signs mean letters, symbols,
mapping signs, iconic images, etc. Direct perception includes visual phenomena like
images on retina, photographic images, spherical panoramas, advanced scientific
visualization, etc.
DISCUSSION
The proposed division should be discussed within the semiotic context, because in
classical semiotics there are no distinct separation between images as signs (so called
«iconic images») and direct visual perception [4]. In semiotics iconic images usually treat
as most simple signs, because iconic images resembles visual appearance of signified.
The border between the image that resembling visual appearance of signified and its
visual appearance itself is blurred. As a rule iconic signs is a pictures — images created
or processed by human intentionally. In this paper we propose to separate iconic images
(like pictures) and direct visual perception (like remote sensing data, photographic
images, spherical panoramas, etc.). This division is discussable too. We plan to discuss
the problem of correct separation of iconic images and direct visual perception in future
articles.

Figure 1. Representation of two realms of approaches for perception from semiotics point of view.
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From the proposed point of view scientific visualization is an attempt to provide
artificial visualization that resemble real or virtual objects in a way close to direct
«natural» visual perception. So we can select at least three ways of perception:
1. signs;
2. direct visualization;
3. scientific visualization.
Here scientific visualization is a part of the direct perception through visualization by
the means of images (Figure 2).

Figure 2. Different realms of perception.

What is most effective way for perception — signs or direct perception? High
effectiveness of direct perception and a scientific visualization is a fact. Nevertheless, we
can not specify the optimal way for perception, because signs and direct perception
describes different aspects of situation. Generally direct perception (and images at all)
provide understanding of spatial relations within the environment, and signs provide
understanding of temporal evolution of the elements of the environment. Information
system should provides different ways for perception — signs, images, rich scientific
visualization by the means of multi- and hypermedia, etc. Architecture of information
system should provide equitable access for different ways for perception of whole
environment for users.
More importantly, heterogeneous dataset with different ways for perception should
provide tbe best possible level of situational awareness for users. Situational awareness
is defined as a principle of "perception of elements in the environment within a volume
of time and space" [5], so the universal environment model is sine qua non requirement
of the situational awareness. But mapping representation is scale-dependent; existence of
universal map, for all possible scales is directly prohibited by the rules of cartography.
Raster images is the only possible way for providing spatial framework that could support
situational awareness. So the semiotic model based on signless representation of spatial
framework and sign representation of elements within this framework was proposed
(Figure 3). Visual images is a best way for perception of spatial framework; on the other
hand signs is a best way for providing access to temporal information (semantics,
descriptions, etc.).
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Figure 3. Simplified semiotic vision of structure of information system.

IMPLEMENTATION OF THE APPROACH TO GEOVISUALIZATION
The proposed vision of the structure of the information system was implemented in the
concept of universal information system designed primarily for tourist and educational
purposes and could be extended on different touristic regions and activities [6]. The main
purpose in this case was to provide an acceptable level of situational awareness for users.
Systems includes two basic elements: 1) textual, and 2) visual (signless) representation
with hypertext links between both of them. User can change modes interactively.

Figure 4. User interface of information system of Rwanda.

Up to now two prototypes of the system were established: 1) information system for
Rwanda, based on data collected in 2014, and 2) information system for South East
Balkans region, based on data collected in 2015. Both systems were created as web
applications supported by wide range of present browsers (Mozilla Firefox, Google
Chrome, Internet Explorer, Safari, Opera). Systems based on Adobe Flash multimedia
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platform and created with the help of Pano2VR application. Currently, both systems
support the Russian language only, but it is planned to provide multi-lingual interface.

Figure 5. Anchor points and elements of user interface of prototype
of South Balkans information system.

Systems includes different types of data: texts, ordinary images, satellite images, pictures
for the visual representation of quantitative indicators, spherical panoramas. User can
enter the system from the different points of entrance: for example, through the texts or
images.
The basic spatial framework is defined by raster mosaic coverage, created from LandSat
true color satellite images, because spatial resolution of this remote sensing data (near 15
m per pixel) is a most suitable choice for the intended purposes of the system in all
relevant scales. More higher resolution leads to very big volumes of data; more lesser
resolution does not provide appropriate level of user experience. Coverage could be
zoomed in or out interactively for the best resolution/area ratio. Raster mosaic is
combined with rasterized and generalized non-interactive vector mapping data — state
borders, routes, capitals and towns, points of interest, toponyms.

Figure 6 a, b. Visual comparative representation of a quantitative parameters . Left to right: 6a - The area
and the population of Rwanda in comparison with the area and the population of Moscow region, Russia.
Area of Rwanda represented by the circle overlapped border of Moscow region. 6b - maximum and
minimum temperatures of Rwanda in comparison with the same parameters of Moscow region.
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Visual components of the systems are represented by the high resolution images and
panoramas. All images and panoramas are provide suitable level of detailing. For
example, angle resolution of panoramas is about 1 angular minute. Images are created
with the help of wide angle lens that provide additional context information for objects
of interest. Interactivity of the system is provided by anchor points (fixed to the geospatial
context) and control button (fixed to the screen) in the panoramas, as well as hypertext
links.

Figure 7. Panorama of Prishtina (wide angle view) with anchor point for jump to next panorama.

Significant problem is providing of situational awareness for quantitative parameters. In
described systems visual representation of quantitative parameters were provided (Figure
6 a, b). Images, descriptive texts and pictures are embed into spatial framework. User
can access appropriate information clicking anchor points. Also user can enter the system
via text or image collections. It means in any cases all possible content is accessible.
Content is provided with context (both visual and textual) that assuring situational
awareness.
Images, descriptive texts and pictures are embed into spatial framework. User can access
appropriate information clicking anchor point (Figure7). Also user can enter the system
via text or image collections. It means in any cases all possible content is accessible.
Content is provided with context (both visual and textual) that assuring situational
awareness.

CONCLUSIONS
The proposed concept of the tourism destination information system designed to study
the best possible ways to provide situational awareness in heterogeneous data sets from
the semiotic point of view. The concept behind the tourist information products of this
kind can be described as "minimize the signs".
In present the functionality of both existed models are limited; we plan to improve
models. First of all, we plan to provide dynamics and 3D-representation of spatial
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framework, rich visual and textual context, multi-lingual support. It seems very promising
to use in touristic applications anamorphic images [7].
Assessment of situational awareness is a significant problem, because there are no widely
accepted methodologies for measuring of shares of elements with different semiotics in
model and for measuring of situational awareness. There are some ideas about
methodology for estimating the shares of different semitotic elements in heterogeneous
atlases [4]. Nevertheless, the problem of measuring of situational awareness is still
unsolved yet and should be solved in future.
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ABSTRACT
Today. It has become the both the government and citizens concern to care human beings
against ever-increasing crisis around the globe. There are so many natural disasters like:
forest fire incidents, earthquakes, floods, eruptions, tsunami and etc. despite all this kinds
of natural and man- made disasters from a social perspective, it their potentiality to
seriously and irreversible damage regions. In addition the extent and severity of such
incidents may significantly affect the population. For that reason and the fact that
Geographic information system is recognized as a useful system for alleviation the risk
during the crisis management we develop the idea to promote a new model to have a
practical and applicable method of GIS adoption within the crisis management in order
to save as many lives as it can be done. This study aims to come out with a model that
will not allow drop links. Each smart phone will have application in the event of natural
disaster and it switched due to the change of the vital function of man in trouble. This will
help departments respond as soon as they can and save lives as many as they can and to
reduce the percentage of people who could not call for help. This work highlights the
design challenges and required technical innovations towards the goal of making GIS
much more useful.
Keywords: GIS, disaster, crisis management, rescue, emergency response.

INTRODUCTION
The risks posed by climate change are real and its impacts are already taking place. The
UN estimates that all but one of its emergency appeals for humanitarian aid in 2007 were
climate related. Climate change is best viewed as a threat multiplier which exacerbates
existing trends, tensions and instability. The core challenge is that climate change
threatens to overburden states and regions which are already fragile and conflict prone.
The effects of climate change are being felt now: temperatures are rising, icecaps and
glaciers are melting and extreme weather events are becoming more frequent and more
intense[1]. The following section outlines some of the forms of conflicts driven by climate
change which may occur in different regions of the world. Some impacts from increasing
temperatures are already happening: Ice is melting worldwide, especially at the Earth’s
pole. Sea levels are rising faster over the last century. Precipitation (rain and snowfall)
has increased across the globe, on average. Other effects could happen later this century,
if warming continues. Sea levels are expected to rise between 7 and 23 inches (18 and 59
centimeters) by the end of the century, and continued melting at the poles could add
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between 4 and 8 inches (10 to 20 centimeters). Hurricanes and other storms are likely to
become stronger. Floods and droughts will become more common. Some diseases will
spread such as malaria carried by mosquito.

GIS IN CRISES MANAGEMENT
Climate change is a geographic problem, and we believe solving it takes a geographic
solution. GIS has a long history of driving environmental understanding and decision
making. Policymakers, planners, scientists, and many others worldwide rely on GIS for
data management and scientific analysis. GIS users represent a vast reservoir of
knowledge, expertise, and best practices in applying this cornerstone technology to
climate science, carbon management, renewable energy, sustainability, and disaster
management. When natural disasters alter the world around us, high-quality data must be
collected and examined to accurately assess the damage and plan restoration efforts.
Rapid response and attention to detail are both of the utmost importance. Through the use
of mobile GIS, these often-opposing objectives can be achieved simultaneously.
Operating PDAs equipped with ArcPad and GPS, trained field personnel can take
advantage of custom forms and other time-saving data entry features that render obsolete
the use of pen, pad, and paper map. Upon return to the office, field data is integrated into
the project geo-database with no additional data entry needed, allowing more time to
analyze the data and develop maps and reports.
SMART PHONE GIS APPLICATION IN THE EVENT OF NATURAL
DISASTER IN VITAL FUNCTION OF MAN IN TROUBLE
For that porpoise it should be made a complex system of software for managing crisis
situations and disasters. The system it will be able to help in all aspects of crisis
management.
The system must comply with the objectives, functions and powers of the territorial
bodies of executive authorities and departments of the countries, in the field of prevention,
combating and elimination of criminal crises, terrorism, natural and manmade, antiterrorist and anti-criminal protection, safety and security. Creating a system should be
comprehensive interdepartmental aimed at improving information technology and
information and communication infrastructure of public administration in general. To
create a comprehensive system is to ensure the safety of protection by reducing the
probability of threats of natural, man-made, criminal, terrorist and other situations due to:
- Effective monitoring of the current situation and providing information for the
authorities;
- Providing information about the current state of security facilities, protection services
and operational headquarters;
- Providing analysis and management of the threats, natural, man-made, criminal, terrorist
and other character crisis;
With an integrated system must be provided:
- Development of technical regulations (conditions) to equip the objects of protection
(and their components) technical means of security and control, as well as the functioning
of the monitoring tools and equipment (systems).

148

Physical Geography; Cartography; Geographic Information Systems & Spatial Planing

- The ability to monitor the status of security protection objects (their elements), as well
as the movement of persons and transport facilities for protection;
- Automation of the process of collecting and transmitting information to the monitoring
objects of protection (their elements);
- The possibility of collecting and transmitting information from existing and emerging
security products to protect and control objects;
- The possibility of collecting and transmitting information to the services of territorial
bodies;
- The possibility of sharing information between services (including situational centers)
with the task of ensuring human safety both on a bilateral and multilateral basis;
Must be implemented automated control mechanisms, information analysis monitoring,
forecasting situations. Integrated system it will be based on geographically distributed
principle and consisting of a single point of management, transport network, as well as
places of gathering, processing and analysis of information. [2]
The whole system it will consists of four phases.

Phase one: Software that helps in locating, guiding and directing the people;

Phase two: Flying drones that search and detect disasters and people;

Phase three: Specialized machines for helping people;

Phase four: human resources or specialized people working on field.
1st phase: Is to create a GIS software that will detect the crisis situation or disaster and to
classify it. (What sort of disaster (crisis situation) and the proportions of it).
Then it will be created an appropriate application for all types of smartphones, for all
types of operating systems (Android, IOS, Microsoft ....). The application it will have
access to the location of the smartphone, calls, messages, emails and the phone contacts.
This will allow locating phones in crisis areas and access to vital content on the phone
(name of the user, numbers of the closest or most used phone calls), for those phones that
are turned on (operational).[2]This simulations models need terrain representations, and
this project is looking at how existing, GIS-based terrain representations, such as those
available in the Commercial Joint Mapping Toolkit, can satisfy the modeling and
simulation requirements for embedded system. [3]
The application will consist of three main functions / tools:
• Prevention or procedures and actions what to do before the disaster,
• Instructions what to be done during the crisis and
• Instructions after the crisis, how to take un appropriate measures and procedures.
1. The first function of the application will inform the users about the possible
natural disaster, what to do and how to do it. Directions on how to protect, provide or
avoid possible situation (flood, fire, tsunamis, NHB pollution ...). It will inform the
consumers where to head, with the appropriate address, phone numbers and how to reach
the place with a particular map.
2. The second function it will be based on the morale and stability during the
disaster. How the users to remain calm and not to panic, but to think realistically and
rationally. Of course, the application will have all the previous functions, where, how and
what to do.
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3. The third tool will consist of basic survival manuals with pictures. And
measures where people to go and how to reach the most basic needs.
For all non-smart phones and cell phones that don’t have GPS, this will also be possible.
It can still be tracked. This is because a cell phone is basically an advanced two way radio
in which communication are made via cell towers. These cell towers are within a network
of cell towers which its main function is send and receive the radio signals emitting from
your phone. And cell phone is basically transmitting radio signal to the nearest cell tower.
The closer your phone to a cell tower, the stronger the signal that is emitted. So, by
measuring the signal strength and also through triangulation method with other cell tower;
that is by measuring how strong or weak signal emitted by your phone, your phone
location can be pinpointed almost accurately. However, there are some disadvantages to
this technique as big buildings or trees can affect the signal and therefore affect the signal
strength. [4] All users of these phones will receive SMS and MMS with instructions.
2ndphase: The second phase will be consisting of a series of little flying drones which it
will be equipped with a various sensors and cameras (video live stream, thermal scanning,
structural laser scanning, Wi-Fi hotspots servers, signal scanner and receiver). Sensors
for identifying the crisis and sensors for tracking and founding people. All flying drones
will be communicating with one HQ that will control the drones.

Figure 1. Parrot beob drone

3rdphase will be for those who cannot reach the emergency centers and basic needs. On
them will be sent help from ground and air with adequate machines (robots and drones)
in the form of food, water, first aid and medicinе. The machines will choose where to go
alone and where to deliver the packages.
4thphase will consist of specialized teams for different kind of disasters and teams
dedicated for managing crisis situations. Every team will be equipped with equipment
and tools for dealing with every situation on field and in every HQ. This phase will have
an option of including the Army of the country that has a crisis situation or every available
people.
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Figure 2. Structure of Geo HQ organization

CONCLUSION
This integrated system should allow:
- Ensure compatibility of existing and emerging information and technical systems to
improve the efficiency of management in the field of safety of life of the population;
- Increase the effectiveness of control objects with mass stay of people and critical
facilities;
- Improve the efficiency of solving the territorial problems;
- Increase the effectiveness of measures to eliminate the consequences of natural and manmade disasters;
- To reduce the loss of life in emergencies, fires, earthquakes
Every day, we are confronted with disasters of varying degrees. Those that have
adequately developed, maintained, and exercised their contingency plans will survive.
Yet many people continue to take the uninhibited operations of their lives for granted.
They remain complacent, assuming that the power will always be available, the telephone
system will not fail, there will be no fire or earthquake--everything will always be normal.
Very few people plan for their own, if we want to survive, organizational “strategic” and
“tactical” battle planning is essential. However, it is only as good as the foundation upon
which it was built. The foundation is, of course, the concept. This document is the means
by which a particular mission, program, or policy directive is translated into a
fundamental organizational and operational methodology. Once the system is developed,
and is sanctioned by both management and the operating elements, construction of the
contingency plan may commence. A fundamental premise of successful contingency
planning is that plans are developed by those who must actually carry them out in the
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event of an actual disaster. Disaster planning is truly a vital part of the overall business
plan. With every year rising disasters the people are more and more threatened. We are
hoping that with this software will help them all. The software is expected to decrees the
casualties all around the world, in the crisis areas. And also organize the management in
these situations. The low cost of the software is a big advantage in the development of
the system. [5]
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ABSTRACT
Information in 21st century represents power, and with that, safest and most legitimate
"machine for dominating". Consequences from the rapid growth of information
technologies and their usage for army purposes make information one of the key concepts
of the unconventional warfare. Application of GIS (Geographical Information System) in
the Army for getting information is wide used all over the world, but this paper gives an
overview and make particular ideas for further development in usage of GIS for georeconnaissance and C4IS. The main aim is getting specific information about objects,
buildings and devices on the battlefield through geo-location and plots field data (various
digital, video images), further management and planning strategies for ensuring proper
security, and also in other way, getting information from the intelligence services for
attacking and planning routes of movement, all that based on the information from the
GIS. In this paper, despite the overview of GIS usage for geo-reconnaissance in army, is
presented an application for the soldiers on the battlefield for live streaming (drones and
video camera) and live processing of the decisions from their commands, getting real time
track log with moving map (through a GPS signal), which displays their current
coordinate location, and their heading directions given by their commanders. The
development of this kind of application based on GIS, will make a breakthrough in
military reconnaissance, helping in the military decision making process.
Keywords: GIS, army, geo-reconnaissance, decision, battlefield.

INTRODUCTION
Armies in the 21st century have to manage with difficult operations in the field of
unconventional warfare. Today, battles are won in the middle of the big cities and on the
computers in the operational center where the information is the most powerful tool.
Buildings and streets are the new battlefield, in which every corner hides different type
of danger. Soldiers have very difficult task, to observe and save themselves from the
various attacks.
To eliminate these dangers and transform them in favorable role, armies must change
"old" topographic maps with new modern maps in which the main point won't be on how
steep is the ground, or is the following dense vegetation passable or not. These elements
are also important, but they are easy readable from the "old" maps. New modern maps
should allow to the armies in the world to be one step ahead of the enemy. They should
enable to the command unit to know exactly what lays behind the object, after the hill, or
in the deepest parts of the hole. The term “modern” map, covers, of course, not only the
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up-to-datedness, transparency (that is, being able to be used simply, from the user’s point
of view) and increasing precision, but also a higher-than- average information content
that supports military use to the greatest extent possible, considering special military
aspects. [1]
This is what GIS is about: to display special kind of information about specific area with
unlimited amount of essential mapping information (layers), used to display the
knowledge base of that area.

GIS IN GEO- RECONNAISSANCE
GIS is widely used in almost all the branches of the modern armies. Capabilities that use
GIS are following: Command and Control, Defense mapping organizations, Base
operations and facility management, Force protection and security, Military engineering,
Mine clearance and mapping, Mission planning, Terrain analysis etc. [2]
The term reconnaissance means preliminary observation or research of a specific field for
a mission to obtain information about the enemy or to locate it. Geo-reconnaissance
determine specific type of information gathered from the visual observation or other
detection methods, which give us information’s about the terrain, geographical elements
of it, objects on that specific area, that can help us to create a better picture for the enemy
and the resources they are using.
So, one of the ways of data gathering is by aerial photographs and space images.
Advantage of these kind of collecting data is the possibility of gaining information
without getting any contact with the earth surface directly, but with contacting a
mediatory unit carrying information about the surface. As that kind of mediatory unit
which carry an assessing equipment to gain information are today's popular unmanned
aerial vehicle (UAC) commonly known as a drone. With a proper equipment they can be
used to observe and make a live photographs of the enemy terrain. This method will
reduce the usage of people risking their life for the purpose of collecting information.

Figure 1. GIS Cloud mapping with UAV

From this point, knowing the terrain and selecting the required layers, commanding unit
can create attacking and planning routes of movement. Also based on the information
from the GIS, analyzing the area of defense, they can place mines, fortification objects,
and other obstacles for better assertion and defending the proper area.
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Using Arc-GIS Military Analyst, which maximize the use of standard suite of defense
data products by directly reading and rendering vector and raster products, line-of-sight
assessments, Military Grid Reference System (MGRS) conversion, and Digital Terrain
Elevation Data (DTED) analysis [2]. Using the coordinate tool, which supports MGRS
and coordinate conversion, commanders of artillery units can use it for fast and specific
directing and elevating of their artillery weapons, supporting the front rows of the
infantry.
But despite all that information from the GIS and the decisions made by the commanding
unit, work is done on the battlefield. So all the information’s are vain, if there is no one
to transfer the commands into a real action. Soldiers are the ones who do that. The
application tracks the movement of the soldiers and sent to the controlling unit. This
enables to check the progress of the mission. Also from the command unit, a planned
route is sent to every soldier particularly, which give the possibility to manage with the
mission even before it is started on the battlefield. Along the heading coordinate readout
and the current coordinates are written in the memory.[3]

Figure 2. Locus track log

Geo-Rover also allows to download track logs and waypoints from GIS receivers into
new or existing GIS data layers. This enable to analyze the movement and refer to the
mistakes made during the mission.
Other important feature is the Military Overlay Editor (MOLE) consisted in Arc-GIS
Military Analyst which supports MIL-STD 2525B and custom war-fighting symbols.
With this feature, commanders can: add geographical data in vector, raster, or other
supported formats for reference while composing and positioning unit symbols; Manually
or automatically add leader lines to multiple symbols that occur at the same location;
Stack symbols of identical units that occur at the same location; Print draft copies of your
map to any standard Windows output device; Use graphics generated by MOLE in
Windows-based Arc-GIS.
At the end, MOLE will definitely help the commanding units of making and sharing the
tactical presentation of their vision.
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Figure 3. Military Overlay Editor

GIS IN C4IS
C4IS defines a Command, Control, Communication, Computer and Information system.
The Arc-GIS platform is an enterprise information technology infrastructure, and as such,
provides a horizontal, crosscutting technology that is very different from GIS
technologies past niche usage [4]. One concept made a big step up in the usage of GIS
for military purposes, especially military affairs. That is NCO which represents concept
of Network-Centric Operations i.e. the use of the network to connect decision making
across multiple defense domains and beyond. Therefore, NCO is about far more then war
fighting. It connects war fighting to strategic intelligence, and with that to installation
management. This frame is way beyond from the traditional defense and intelligence
domain. Arc-GIS has a critical impact in each of the three concepts of NCO:

Intelligence, Surveillance, Reconnaissance - ISR;

Command, control, communications, computers, and intelligence - C4I;

Precision engagement - PE
The C4I domain supports timelier and better decisions by using a variety of tools to
analyze, assess, and plan actions. Arc-GIS bolsters C4I capabilities by providing a
common spatial context and the tools to provide decision makers, commanders, and war
fighters with a distributed, scalable, decision support environment.
The development of military commanding and management technique systems seen in
recent years has been made possible primarily by the development of microelectronics,
the rapid decrease in size of IT tools, the enormous increase of their capacity, and the
integration of their capabilities into a single system. This is applied by maneuvering robot
aircrafts, unmanned flying devices and by all other armament managing, deployment
managing systems, which are, on the one hand in an interactive contact with the
environment, and direct interactively the given object, on the other [4]. Nowadays all
elements of managing systems are integrated into a combat vehicle, which forward
commands to the managing staff of the vehicle and send back reports. Based on reports,
a close to real-time combat value can be worked out, which in the case of traditional tools
would be slow, cumbersome procedure full of uncertainties, requiring human resource.
In the US military, the Commercial Joint Mapping Toolkit (C/JMTK) provides the
Mapping, Charting, Geodesy, and Imagery (MCG&I) functionality for C4ISR mission
applications. The toolkit is being deployed to support both legacy mission applications
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and new systems being developed throughout the Department of Defense (DoD)
Command, Control, and Intelligence (C2I) Community. [5]

Figure 4: Integrated Communications C4I Systems For Security Applications

Advanced wireless communications integrated with command, control and computer
systems are combined with the IDF new Tactical Operational Command and Control
Headquarters system (TORC2H) deployed by the for border security was integrated
by Elbit Systems, unifying sensors, security forces and command centers into the regional
security C2 system. It is sharing situational picture and rapidly transferring reports and
decisions between commanders in Command Post and in the field, to and from forward
elements. between sensors and field units. Geographical Information Systems (GIS)
displayed relevant data with geographical features, over 3D or 2D digital maps. It also
supports virtual presentation of the target and situation, as viewed by each of the different
forces. TORC2H uses vehicular mounted as well as dismounted, units, facilitating
continuous monitoring of situations via sensors images, visualization of unit deployment,
location and status, rapid and transparent messaging of command, reports and situational
reports, etc. The system was selected by the IDF for border protection command and
control and is deployed along the lines separating the Israeli and Palestinian authority
controlled area. [6]

INFORMATION SYSTEM - GEO-RECONNAISSANCE AND COMMANDING
Composing two previous GIS concepts into one model of information system is the main
idea of this paper. Creating an appropriate application for portable devices based on the
model of the information system will ease the usage of these complex concepts. The Georeconnaissance and commanding (GRC) information system is based on the GIS usage
for both Geo-reconnaissance and C4IR - Command, Control, Communication, Computer,
Information and Reconnaissance. So through the wide utilization of GIS we want to create
one completely defined information system which will help soldiers, commanders and
strategic decision makers, for easily observation of their current situation, their future
actions and of course after the end of the mission, feedback and analyzing of the mistakes
and creating directions for further improvement.
1st step into creating of this kind of complex system is equipping the direct participants
i.e. soldiers with proper equipment for geo locating, and that will be an emitter which will
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constantly send signals. The receiving device, because sometimes the terrain is not
accessible for all kinds of vehicles, will be set on the drone and it will forward the signals
to commander. The device set on this drone also will be in a role as an emitter, so it will
sent various kind of signals to the soldiers on the battlefield.
2nd step is receiving the information about the location of the unit and the soldiers in the
commanding unit. In this unit, the commander with the help of the staff (headquarters)
based on the locations of the soldiers shown on the monitor using GIS software (Arc-GIS
and Geo-Rover), decides what actions will be taken. In this section, biggest impact on the
functioning of the information system has GIS usage for C4IS, described already in the
previous topic. Arc-GIS capabilities help in the decision making process, giving to
commanding unit various kind of information, from situational picture on the field, to
decisions made by other commanders, visualization of unit deployment, reports, and of
course information received from the geo-reconnaissance.
Geo-reconnaissance actually is the parallel step to the geo-location step. Georeconnaissance, in fact is the major element of this information system. With aerial
photography, infrared sensors, space images, the command gets data and information
about the situation on the enemy territory, about the enemy's soldiers, objects in the deep
of the enemy line, fortification obstacles, and other information that can be beneficial
later in the decision making process.
Geo-locating and Geo-reconnaissance give the input values in the information system.
Than human factor, make a decision, which represent an output from the system. This
output can be in a form: directions about the movement, usage of weapons, withdrawal,
locations of IED’s. The orders are transferred to lower instances, and at the end every
soldier has a specific task to finish. If the "output" represents specific directions about the
movement, that order via GPS is shown on the GPS navigator which is a part of the
equipment of every soldier.
As an integrated part of the information system is the recording and live streaming
section. A camera is set on the drone above the battlefield, so it records the real action.
The video is transferred to the command, which can help to make a better decision, if the
information received from other sources (geo-reconnaissance, geo-location, radio
devices). Also the video material can be used later for analyzing the mission or the battle.
Drones are controlled from the command, and their location and movement depends on
the requirements of the mission.
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Figure 5. Model of Geo-reconnaissance and commanding (GRC) information system

CONCLUSION
GIS has a fast growth in today world, but his capabilities are not explored completely.
The possibilities that are offered from GIS have a wide range of use, and because of it,
this information system nowadays is more and more used in various fields of study. Of
course that military industry discovers different ways of composing this information
system in manufacturing of new devices, vehicles and weapons and also in integrating of
the GIS in the existing technologies.
Some of the usage of GIS is for geo-reconnaissance and C4IS which was previously
described in this paper. These subjects are already explored and have application in
armies around the world for: tracking units or soldiers, reconnaissance of the enemy's
terrain, adding war-fighting symbols and tactical editing of the data from the battlefield,
rapid and massive transferring of messages and orders, coordinate conversion, digital
terrain elevation data information etc.
A military information system based on connecting of these two powerful usages of GIS,
will help the armies in the world and the decision makers for better observation on the
mission or battle and giving specific orders based on the information’s collected from
geo-reconnaissance and live-streaming of the situation on the battlefield. Input values for
the commanders represent the data from the geo-reconnaissance i.e. the situation on the
enemy's terrain and the geo-location of the own units and soldiers. The command make a
decision which represents an output value of the system, and it is send to the soldiers as
a voice order or as movement navigation.
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ABSTRACT
Vulnerability is a key element in the risk conception (risk = hazard + vulnerability),
representing the circumstances determined by ‘physical, social, economic, and ecologic
factors or processes, of a community, system or asset that make it susceptible to the
damaging effects of a hazard’ [11]. A crucial part of the policies for disaster risk reduction
is the reduction of vulnerability, which is related to the susceptibility of human
development: human life, economy, social organisation, and the physical aspects of the
environment. Although public and economic vulnerability are perceived as the most
important components of vulnerability, it is very important to take into account the
significance of the biophysical basis for human life - the environmental and physical
aspects of vulnerability and to deal with them in an integrated way.
The publication aims at analysis of the integrated vulnerability as a tool for disaster risk
reduction by reduction of the vulnerability itself. The publication presents the approaches
for integrated vulnerability analysis. The vulnerability is integrally analysed by its factors
(exposure, susceptibility and resilience) and dimensions (social, economic,
environmental and physical). The integrated vulnerability of a territory is measured as a
combination of the factors listed above. All of them can be represented by a set of
indicators, whose selection should be reasonable and well-grounded. The set of indicators
should allow measurement of the vulnerability factors for each of the vulnerability
dimensions. An integrated vulnerability analysis is developed and presented for a case
study from Republic of Bulgaria.
Key words: integrated vulnerability analysis, disaster risk reduction, Republic of
Bulgaria

INTRODUCTION
Natural hazards are nothing new to humanity. Floods, droughts, earthquakes, and others
have accompanied human development from its beginning. That is why disaster risk
reduction and enhancement of social sustainability remain key challenges for both
developing and developed countries. The main reason for that is the growing exposure of
humans and their assets in risk areas on the one hand, and on the other, the increased
frequency of extreme natural events due to climate change.
Scientists agree that the reduction of the natural hazards and threats to human security
cannot be achieved by putting efforts solely in natural hazards mitigation. Societies have
to continue living with the changing environment, thus they need to enhance sustainability
by reduction of their vulnerability to natural hazards as well. The first step in this process
is to measure vulnerability at different territorial levels and its spatial and temporal
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characteristics. Therefore, the aim of the current publication is to present an overall
approach for measurement of integrated vulnerability at different administrative
territorial levels as a tool for disaster risk reduction in Bulgaria.
Vulnerability is a key element of the risk conception (risk = hazard + vulnerability),
representing the circumstances determined by ‘physical, social, economic, and ecologic
factors or processes, of a community, system or asset that make it susceptible to the
damaging effects of a hazard’ [11] UN-ISDR. A crucial part of the policies for disaster
risk reduction is the reduction of vulnerability, which is related to the susceptibility of
human development: human life, economy, social organisation, and the physical
environmental aspects. Although public and economic vulnerability are perceived as the
most important components of vulnerability, it is very important to take into account the
significance of the biophysical basis for human life - the environmental and physical
aspects of vulnerability, and to deal with them in an integrated way. The ability to measure
vulnerability is increasingly being seen as a key step towards effective risk reduction and
the promotion of a culture of disaster resilience. In the light of increasing frequency of
disasters and continuing environmental degradation, measuring vulnerability is a crucial
task if science is to help support the transition to a more sustainable world [8] Kasperson
et al.

THEORETICAL BACKGROUND
The vulnerability concept - theoretical and conceptual issues
Four main approaches are related to the conceptualisation and measurement of risk and
its components – hazard and vulnerability. The Political Economy Approach is illustrated
with the so called Pressure and Release (PAR) model [2] Blaikie at al. and [12] Wisner
et al., and the related Sustainable Livelihood Framework [3] DFID. This framework
presents the organizational, institutional and political methods supporting local capacity
building for natural disasters risk reduction, and shows that these structures are
reproduced by the actions of individuals and households. The Social – Ecological
Approach underlines the necessity to put human - environmental systems in the centre of
risk assessment. This approach is presented by [10] Turner et al. where the transforming
abilities of the society with regards to natural circumstances are shown, as well as the
effects of the changing environment on social-economic systems. The framework also
stresses that the vulnerability elements – exposure and susceptibility of a certain system
(individuals, communities, etc.) can be rationally understood only if we address these
related approaches. The third approach is connected with Disaster Risk Management
(DRM) and aims at development of an integrated interpretation of risk. The approach
divides vulnerability into its component: exposure, susceptibility and societal-response
capacities or lack of resilience. The approach perceives vulnerability as intrinsically
dynamic and, therefore, its assessment should not be restrained only to identification of
the system’s shortcomings but also consider its potential feedback and intervention
instruments (existing and potentially developed) for reduction of the system’s
vulnerability. This approach also involves the sustainable development perspective of
vulnerability assessment. The approach of Climate Change Adaptation (CCA) is based
on the IPCC’s definition that vulnerability is a function of exposure, susceptibility and
adaptive capacities [7] IPCC. This approach takes into account the rate and magnitude of
climate change. Particularly, the magnitude and frequency of the potentially hazardous
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natural phenomena are included when calculating the vulnerability to climate changes.
Thus, the vulnerability concept changes into a definition of risk.
The current research adopts the recently developed holistic approach for disaster risk
assessment and management, and the ‘MOVE’ conceptual framework (figure 1).

Figure 1. The ‘MOVE’ conceptual framework - a holistic approach to disaster risk
assessment and management [4] European Commission.
This conceptual framework was developed within the ‘MOVE’ project (www.movenp7.eu) and joins the concepts of risk and risk management3. The first concept presents
risk as the result of the societies’ exposure to hazards in time and space and their
vulnerability. The hazards are presented as natural or socio-natural events, which are a
combination of society and environment. Risk management and adaptation aim to modify
the initial vulnerability conditions or hazards. Vulnerability is a combined result of the
exposure, susceptibility (fragility) and resilience (capacity to anticipate, cope and
recover).
Vulnerability = Exposure4 + Susceptibility5 – Resilience6
(1)
3

The term Disaster Risk management (DRM) also encompasses the concept of Disaster Risk Reduction
(DRR). Thus these terms are used almost synonymously. A/N
4
Exposure is defined as the predisposition of a system to be disrupted by a hazardous event due to its
location in the same area of influence [5] Florina.
5
Susceptibility will be defined as the elements exposed within the system, which influence the probabilities
of being harmed at times of hazardous events. A/N
6
The lack of resilience is another important vulnerability factor that reflects the capacity level of a society
to anticipate (to intervene proactively the risk conditions), to adapt (to be prepared to face future hazardous
events), as well to cope and recover effectively when such events occur. A lack of these capacities increases
the vulnerability of the society. A/N
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Hazard and vulnerability trigger risk, which is the potential impact of the hazard
occurrence on economic, social and environmental dimensions of society. The degree of
risk will depend both on the susceptibility (or fragility) and the lack of resilience of the
society (and of the environment, in some cases), as well as how they are related to the
exposure (from local to national and international scales). In addition to the key factors
which determine vulnerability, the following core vulnerability dimensions can be
addressed within the comprehensive holistic assessment process:
 The social dimension (component) represents the tendency of human welfare to
be damaged by disruption of the individual (physical and psychological health)
and collective (healthcare, education, services, etc.) social system and its
characteristics (gender, marginalisation of social groups, etc.);
 The economical dimension (component) represents the tendency for economic
loss from destruction of physical assets and/or disruption of the production
processes;
 The environmental dimension (component) represents the potential for destruction
of all ecological and biophysical systems and their functions. This component
involves basically all ecosystem functions and services [9] Renaud.
Vulnerability assessment
In recent years, an increasing number of global and local initiatives have been launched
to measure risk and vulnerability with a set of indicators and indices [1] Birkmann. In
general, indicators are management tools which describe and operationalise complex
system characteristics in a quantitative and transparent way. Therefore, indicator
frameworks tend to bridge the gap between theoretical concepts of complex systems and
decision making [6] Gallopin. This enables a comparative analysis, benchmarking and
support to decision makers in complex decision situations (e.g. in crisis management and
emergency planning).

INTEGRATED VULNERABILITY ASSESSMENT AND MAPPING - CASE
STUDY OF NORTH BULGARIA
Indicators for the three vulnerability dimensions (Exposure, Susceptibility, and
Resilience) are developed in compliance with the adopted vulnerability conceptual
framework. The indicators are bound to the particular vulnerability dimensions (Social,
Economic, and Environmental) (see table 1).
Vulnerability

Social
Component

Economic
component
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Таble 1. Relationship between vulnerability dimensions and factors
Exposure Geograph- Susceptibility
Geogra
Resilience
ic scale
phic
scale
Population L, R,N
Education
L, R,N
Transport
density
infrastructur
e
Urbanized L, R, N
Communicatio
L, R, N
Warning
territory
n penetration
system
rate
Population L, R, N
Health services L, R, N
Institutional
structure
capacity
L, R, N
Human health
L, R, N
Emergency
service
Land use
L, R, N
Economic
L, R, N
Amount of
development
investment

Geographic scale
L, R,N

L, R, N

L, R, N
L, R, N
L, R, N
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Vulnerability

Exposure

Geographic scale

Susceptibility

Geogra
phic
scale
L, R, N

Resilience

Geographic scale

Environmenta
l component

Ecosystem L, R, N
Protected
Amount of L, R, N
services
natural areas
investment
Key: L- Local level; R- Regional level; N- National level.
*The table is elaborated by the authors

Exposure indicators explain how social entities, such as individuals, households,
organizations, communities (Social dimensions), or economic activities, i.e. industries,
agriculture, etc. (Economic dimensions), or environment (Environmental dimensions) are
exposed to hazardous events. Susceptibility considers the indicators which evaluate the
sensitivity of an element at risk (Social system, Economic system and Environment) before
and during a hazardous event. They can be evaluated through levels of preparedness,
education, income, communication penetration rate, trust in institutions, etc. Resilience
indicators clarify the ability of a system to persist if exposed to a perturbation by recovering
during and after the hazardous event. The indicators used are warning system, evacuation
routes, institutional capacity, emergency service, etc. the description of sub-indicators, as
well as their connection with vulnerability are presented in table 2.
Name of the
indicator

Table 2. Description of natural disasters vulnerability indicators
Dimensions
Definition of sub -indicator
Units
Functional
of
relationship with
vulnerability
vulnerability

Exposure
Population
density

S

Provides information on the number
of people per unit of area.

people/k
m2

Urbanised
territory
Old people

S

%

Disabled
people

S

Land use

Ec

Relative share of the area which is
urbanized
Relative share of the population at 65
years and more
Population at 16 and more years with
long-term reduced ability to work or
degree of disability (from 50 to 90%)
Area used for industry, agriculture,
any types of economic activity

%

Higher %, higher
vulnerability

Ecosystem
services

En

Total value of the assessed
ecosystem services, including:
ecological integrity, provisioning
services, regulating services, and
cultural services (B. Burkhard, F.
Kroll, F. Müller & W. Windhorst et
al. 2009)

value

Higher
value,
higher
vulnerability

Susceptibility
Education

S

%

Hospitals

S

Human health

S

Population at 7 and more years with
high education (high and higher)
Number of beds in treatment hospital
facilities per 10000 people
Population per 1 doctor

Higher %, lower
vulnerability
Higher %, lower
vulnerability
Higher number,
higher
vulnerability

S

%
%

number
number

Higher number of
people,
higher
vulnerability
Higher %, higher
vulnerability
Higher %, higher
vulnerability
Higher %, higher
vulnerability
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Communicatio
n penetration
rate
GDP per capita

S

Relative share of occupied dwellings
with Internet access

%

Higher %, lower
vulnerability

Ec

value

Higher
value,
lower
vulnerability

Protected
natural areas

En

Measures the standard of living in the
region and the degree of development
of the local economy. The higher
GDP per capita the region has, the
stronger is the local economy and the
better the standard of living of the
local population are.
Protected zones under Art. 6 of the
BDA as part of the European ecologic
network ‘NATURA 2000’ for
protection of types of natural habitats
under Council Directive 92/43/EEC
of 21 May 1992 on the conservation
of natural habitats and of wild fauna
and flora and for the protection of
wild birds habitats under Council
Directive 79/409/EEC of 2 April
1979 on the conservation of wild
birds.
Number of bird species, reported to
the EC for the period 2007 – 2012
with regards to Directive 92/43/EEC

km2

Higher
km2,
higher
vulnerability

number

Higher number,
higher
vulnerability

Total length of highways and roads in
the region. The republican road
network is of crucial importance for
the transportation of passengers and
loads around the country. The
indicator does not include streets in
settlements.
Acquired long-term direct material
assets by construction (after putting
in operation) and purchase.
Investments (transactions) in longterm relations and interests of foreign
residents (direct foreign investor) in
investment enterprises, established in
Bulgaria.

km

Higher km, lower
vulnerability

value

Higher
value,
lower
vulnerability
Higher
value,
lower
vulnerability

Expenditure on acquisition of
tangible and intangible fixed assets
with ecological use.

value

Number
species

of

Resilience
Road network
per
1000
km2— km

En

S

Acquired
tangible fixed
assets
Foreign direct
investments in
non-financial
enterprises
with
accumulation

Ec

Availability of
the
tangible
fixed
assets
with ecological
use

En

Ес

value

Higher
value,
lower
vulnerability

*The table is elaborated by the authors
**Data source: Bulgarian National Statistical Institute (www.nsi.bg)

Calculation and mapping of integrated vulnerability index
As a first step, the system of indicators presented in table 2 is transformed in comparable
units by applying values 1, 2, 3, 4 or 5 depending on the category (very low, low, medium,
high or very high vulnerability). Next, since indicators have different meanings for
specific hazards, a hazard-specific weight has to be found and applied. Generalised
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classes of multi hazard from hydro-meteorological events are defined by the authors to
be used at regional level in North Bulgaria. The set of sub-indicators are applicable at all
governmental levels and the results can be compared. The weight of the vulnerability
factors was calculated using the entropy method. The total weight for each separate region
(municipality) for integrated exposure, susceptibility and resilience is determined
according to the following formula:
Integrated ExposureS+Ec+En / SusceptibilityS+,Ec+En / ResilienceS+Ec+En =
= Indicator Y * Weight of the indicator + Indicator Z * Weight of the indicator +
Indicator N * Weight of the indicator
(2)
The integrated vulnerability is calculated by the following correlation:
Vint = Eint+Sint – Rint
(3)
Thus, the calculated integrated exposure, susceptibility, resilience and vulnerability
indexes are classified in five classes (Very low, Low, Medium, High and Very high) and
mapped (figure 2).

Fig. 2a

Fig. 2b

Fig. 2c
Fig. 2d
Figure 2. Integrated exposure, susceptibility, resilience and vulnerability of the administrative districts in
North Bulgaria.
* The maps are elaborated by the authors.
**Data source: Bulgarian National Statistical Institute (www.nsi.bg)
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RESULTS AND DISCUSSIONS
Figure 2 visualises the spatial distribution of the integrated indices of the three
vulnerability factors – exposure, susceptibility and resilience for the administrative
districts in North Bulgaria. The analysis of the maps shows that: the results correspond to
the reality; and that the application of an integrated and multidisciplinary approach for
vulnerability assessment of natural-disaster risk accounts for the physical context, the
complexity and dynamics of the social and natural systems, and their interconnectedness.
The holistic approach will encourage more effective risk governance and management
through the development of prevention strategies to face risks and disasters. The result of
the holistic approach will help to formulate the problem and to give an answer, with
associated uncertainties and approximations, but taking into account the whole aspect of
risk.
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ABSTRACT
Outcrops of coarse grained fluvioglacial sediments, which originated in the conditions of
high-energy flows, have been investigated within the extent of the Saalian II (Warta
Stage) in Central Poland. They were accumulated during one of the recession phases of
glaciation.
The article presents examples of erosion and sedimentation in two zones of meltwater
activity, which differ as regards their relation to the ice margin. In the area of the Rzymsko
esker (Turek Upland Plain), record of high-energy flows, which occurred in a glacial
tunnel, often under hydrostatic pressure, has been documented. High water speed and
flow, allowed for boulders of considerable size (0.5–1 m) to be transported, which
resulted in great erosional force. High-energy flows in subglacial tunnels shaped vast
erosional forms, cut not only in older sediments of the Pleistocene, but also in Cretaceous
marls and limestones. Some forms were filled with esker sediments. Typical lithofacies
of the Rzymsko esker include massive gravels with boulders, and trough and tabular
cross-bedded gravels and sands. A characteristic feature of these sediments is the presence
of openwork texture.
High-energy flows also occurred in the foreland of the Warta ice-sheet during glacial
outburst floods. Sediments interpreted as an effect of such an event were analysed at the
Siedlątków site (Łask Upland Plain). They form a vast stratum of massive boulders with
sandy matrix.
Analyses of textural and lithological features of the sediments at the studied sites revealed
their close similarity. Coarse grained glacifluvial sediments were characterised by high
content of local rocks and significant rounding, which indicates considerable erosional
force during flows. The conducted research may imply a far greater impact of high-energy
flows on the shaping of landscape and sediment composition within the extent of the
Warta ice-sheet than it has been acknowledged so far.
Keywords: glacifluvial sediments, esker, Warta Glaciation, Central Poland

INTRODUCTION
High-energy flows are a very characteristic phenomenon in the glacial environment, both
in the areas of contemporary ice-sheets and glaciers and in the past geological epochs.
They occur in two zones of meltwater activity (within the ice body and in the proglacial
zone), and the sediments and forms originated as their result differ depending on the
relation to their orientation to the front of the ice-sheet. Within the ice body, high-energy
flows occur in subglacial, englacial and supraglacial channels, which are sometimes filled
with the transported sediments. When large amounts of meltwater are released to the
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foreland, glacial floods occur in which the flows may reach catastrophic discharges. The
article presents examples of sediments which might represent the aforementioned zones
in the area of Central Poland, within the extent of the Warta Glaciation. The research area
includes fragments of the Turek Upland Plain near Rzymsko and Łask Upland Plain near
Siedlątków (Fig. 1).

Figure 1. Location of the research sites in relation to the topographic conditions and physicogeographical
division of Poland according to Kondracki 2001 [1]
1 – research sites, 2 – major towns and villages, 3 – physicogeographical mesoregions

Sediments of high-energy glacifluvial flows in the area of Poland have been studied
mainly within the extent of the Weichselian Ice Sheet [2, 3, 4, 5] and they are considerably
less recognised within the extent of the Saalian II Ice Sheet (Warta Stage). Although
traces of glacial outburst floods in Wartanian sediments (compared to the jökulhlaup type
of floods) were reported by Rdzany [6, 7], they have not been the subject of more indepth research. For this reason, an attempt was made at indicating and analysing examples
of high-energy flows of glacifluvial waters, which were accumulated both within the icebody and in front of the ice sheet, during the Warta Glaciation.

170

Physical Geography; Cartography; Geographic Information Systems & Spatial Planing

METHODS
Research was conducted at two outcrops within the Rzymsko esker and the moraine
plateau near Siedlątków. Geomorphological and sedimentological methods were applied.
As part of sediment studies, lithofacies analysis was performed with the use of Miall’s
code [8] adapted to describing glacial outburst floods using the code modified by Maizels
[9] (Tab. 1). The description includes three stratification thickness classes: small-scale
units (< 6 cm), medium-scale units (6-30 cm) and large-scale units (> 30 cm).
Code
BGm
Gm
Go
Gp
Gxt
GSp
GSt

Table 1. Nomenclature of the lithofacies used in the article [8, 9]
Texture and structure
Code Texture and structure
massive boulders and gravels
SGh
horizontally bedded sands and gravels
massive gravels
SGt
trough cross-bedded sands and gravels
openwork gravels
SGp
planar cross-bedded sands and gravels
planar cross-bedded gravels
Sh
horizontally bedded sands
large-scale trough cross-bedded gravels
Sp
plane cross-bedded sands
planar cross-bedded gravels and sands
Sm
massive sands
trough cross-bedded gravels and sands
Sr
ripple cross-laminated sands

In coarse-grained sediments, the maximum particle size (MPS) was measured, as the
average length of the B-axis of ten largest clasts in a stratum. On the basis of clast and
stratum orientation in the conditions of cross-bedding, the course of palaeocurrents was
reconstructed. The content ratio of local material to Scandinavian material was
determined in sediments of the gravelly and boulder fractions.

RZYMSKO ESKER - SEDIMENTS OF HIGH-ENERGY FLOWS IN
SUBGLACIAL TUNNEL
The Rzymsko esker is located in the central and western part of the Turek Upland Plain.
It is an elongated form of approximately 8 km of length, whose highest point is at 147 m
a.s.l. The ridge is clearly noticeable in the landscape, and relative heights reach about 20
metres. The form starts to the south of Mikulice. Near Dobra, the esker is broken by the
valley of the Teleszyna river, and it continues further to Rzymsko. The form is roughly
meridional with a slight deviation from NNW to SSE. The outcrop where the research
was performed is found in the southern part of the esker (Fig. 1). The esker is the filling
of a tunnel valley [10], whose trace is the longitudinal depression along the form. The
structure of the esker was analysed by Jaksa [11], who distinguished four sediment
complexes: R1 – a 2-metre lithofacies complex consisting of Sp(Sh) lithofacies set and
Sr lithofacies, R2 – a 3-metre stratum of massive gravels and cobbles (Gm), with sizes
reaching 50 cm, R3 – a 1.8-metre complex consisting of Sh, GSp and SGt, R4 – a 5metre complex built of repeating Gp lithofacies separated by erosional surfaces and
fillings of shallow and vast erosional incisions – Gt. Due to considerable exploitation of
the analysed outcrop, the described profile is not visible at present.
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Sediments of high-energy flows
occurred
at
various
stages
of forming of the esker, which is
visible both in the profile of the
outcrop and in results of previous
research. The thickest and most
coarse sediments of the type occur in
the central part of the esker, forming
its core. It is built mainly of
lithofacies of trough and planar
cross-bedded gravels and sands of
medium and large scale (Fig. 2A)
Most gravels which form the esker
are characterised by clast-supported
texture. In part of fillings of the
trough structures, openwork texture
occurs, characterised by very good
sorting and the lack of matrix
(Fig. 2B). It is considered to be
a diagnostic
feature
of
the
environment of high-energy flows,
which must have been strong enough
to carry away finer fractions. The
texture is sometimes reported in
eskers and sandurs, when at certain
stages of their creation, the flow
discharge reached
catastrophic
values [2, 4, 9, 12]. Openwork
sediments show normal grading. In Figure. 2. Rzymsko esker. A – coarse-grained deposits
the upper part of the outcrop, a with large-scale trough cross-stratification; 1,25 m spade
for scale, B – Gravel with openwork texture,
stratum of massive gravels and
boulders with sandy matrix is C – Matrix-supported boulders and gravels with massive
distinguished (Fig. 2C). The size of structure in upper part of the outcrop; 0,3 m spade. Photo
by M. Frydrych, 2015
largest boulders visible in the
outcrop ranges from 0.5 to 1.0 m, and the MPS is 40 cm.
A characteristic feature of the gravelly sediments which form the esker is the very high
content of local rocks. In the gravelly layer with openwork texture, their content was
established at 84%. A similar trend is observed for boulders. Both gravels and boulders
are very well rounded, which was documented in earlier research [7, 11]. Orientation
of long axes of the clasts indicates the dominating direction to be NNW to SSE – in
accordance with the azimuth of the morphological axis of the esker.
SIEDLĄTKÓW SITE - SEDIMENTS OF GLACIAL OUTBURST FLOOD
The occurrence of coarse-grained glacifluvial sediments was observed in the exposed cliff
of the Jeziorsko Reservoir, which forms the edge of the Łask Upland Plain. The analysed
site is located in the northern part of the marginal zone of the reservoir, near Siedlątków
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village. It is a zone of significant activity of the Warta ice-sheet, particularly during its
recession [7].
The stratum of coarse-grained
fluvioglacial sediments is visible in
the outcrop along a section of several
dozen metres. It consists of
a lithofacies of massive boulders with
gravelly and sandy matrix (BGm)
(Fig. 3B) 0.8-m to 2-m thick, and an
overlying stratum of massive gravels
(Gm) (Fig. 3A). The floor and roof of
the bouldery stratum is clearly
distinguished (Fig. 4).
The lower part of the outcrop is built
of a complex of lithofacies: Sm, Sh
and SGh. The course of the bouldery
and gravelly stratum is not horizontal,
but clearly undulated. It is especially
noticeable in the northern part of the
outcrop, where sediments form a
vertical fold with a clayey core,
which results in a strong bending of
strata. The deformation might have
occurred as a result of tangential
pressures during oscillation of the
front of the Warta ice-sheet. The Figure 3. Jeziorsko site. A - massive gravels above BGm
facies; 0,3 m spade, B - matrix-supported massive
upper part of the outcrop lacks clayey
boulders and gravels.
sediments, which does not, however,
Photo by M. Frydrych, 2015
exclude such a genesis of the
deformation. Ascending neotectonic movements and the presence of rafts of an outcrop
of Mesozoic sediments – which is exposed on the abrasion platform of the cliff – in the
underlying clay might also have influenced the origins of deformation.
The upper part of the outcrop consists of a lithofacies complex of horizontally bedded
sands and gravels (Sh, SGh). The size of boulders in the BGm lithofacies sometimes
exceeds 60 cm, and the MPS is 51 cm. The boulders are closely packed and characterised
by good and very good rounding. High content of local rocks is noticeable, particularly
in the sediments of the largest fraction.
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Figure 4. Siedlątków site; coarse-grained deposits accumulated during high-energy meltwater flow.
Thickness of the BGm layer is about 2 m. Photo by M. Frydrych, 2015

DISCUSSION AND CONCLUSION
So far the area of Central Poland has been dominated by research into low-energy
sediments, which occur much more commonly and are more easily accessible, e.g. in
kames. Nevertheless, there are reasons to believe that high-energy flows played a much
more significant role in depositing sediments and creating landforms than it is indicated
by the current state of research. They are, however, more difficult to document as they
are often the fills of deep tunnel valley, present only in buried form. The presented
examples of sediments at the Rzymsko and Siedlątków sites represent sediments
deposited in the conditions of high-energy flows. Analogical records of such processes
with the participation of fluvioglacial waters are documented mostly in eskers and sandurs
e.g.: [2, 3, 5, 9, 12], but the outcrops reveal a record of different environmental features
of their accumulation. In the Rzymsko esker, accumulation occurred during subglacial
flows. The presence of a large tunnel valley proves that it is an esker which was formed
in an N-type channel. The transport took part mostly in hydraulic flow conditions in
channels of considerable depth, as it is indicated by the dominance of Gt, GSt, SGt, Gp,
SGp lithofacies of medium and large scale and normal grading. These flows were
characterised by high energy, sufficient for transporting coarse gravels and forming the
openwork texture. The flows might have occurred under full-pipe conditions. The
sediments were deposited very rapidly. The profile of the esker reveals a cycle of
subsequent floods, which are indicated by thickening of fractions, which is why it can
certainly be stated that it was not formed as a result of a single large flow. Flow directions
reconstructed on the basis of clast orientation (NNW-SSE) coincide with the orientation
of the entire form. The presence of sediments of the BGm facies with sandy matrix is a
record of periodical change of flow conditions from hydraulic flow to hyperconcentrated
flow. Such flows might have occurred sporadically during significant increases of icesheet ablation or releases of sub-, estożen- and supraglacial reservoirs. Different
sedimentation conditions were recorded at the Siedlątków site, where the BGm, Gm
stratum is found between sediments (Sh, SGh) which rather indicate accumulation during
sheetfloods. One may conclude that these sediments was acumulated in front of the ice174
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sheet, in shallow and fast current. The BGm lithofacies might have been formed during a
sudden and single flow of catastrophic dimensions during a glacial outburst flood.
Gravelly sediments which occur higher, were accumulated during the reduction in current
energy when the flood decreased.
Very close similarity of coarse-grained sediments at the analysed sites is also worth
noticing. The dimensions of largest clasts and MPS are similar. Both in the esker
sediments and in Siedlątków, the boulders are characterised by very good rounding and
high content of local rocks. In particular the latter feature may confirm fluvioglacial
genesis of the sediment in Siedlątków. Similarity of the sediments indicate a common
source of material. The sites are not very far from each other, which is why it is probable
that waters responsible for transport and accumulation of sediments in the esker and in
Siedlątków came from a the same drainage system of the Warta ice-sheet. Near the
analysed sites, the roof of Cretaceous carbonate rocks, which form the Pleistocene
bedrock, is relatively shallow, which is why subglacial waters could easily erode them.
Significant erosion of the bedrock, transport of bouldery material and very good rounding
of clasts indicate high transport energy in subglacial tunnels, occurring probably often
under hydrostatic pressure.
The research proved that catastrophic high-energy flows occurred during the recession
phase of the Warta Glaciation in the area of the Turek and Łask Upland Plains. Coarsegrained deposits in the Rzymsko esker were deposited as a result of cyclical high-energy
hydraulic and hyperconcentrated flows in a subglacial channel. The layer of boulders at
the Siedlątków site may be the record of a single flow during a glacial outburst flood,
which occurred in the marginal zone in front of the ice-sheet. Sediments which occur at
both sites are very similar lithologically and texturally. The close similarity of sediments
and short distance between the outcrops may indicate a connected drainage system, in
which the analysed sediments were accumulated. Its functioning led to the creation of a
complex of surface and buried landforms.
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ABSTRACT
Identifying the potential risk areas concerning the floods occurrence represent a
sustainable approach to the rational management of emergencies within the small
mountain catchments. The analysis focuses on the study of morphometric parameters and
the land-use that play an important role in the occurrence of hydrological risk phenomena
and check the formation of surface runoff. In this context, the work aims to identify the
major flooding-prone areas by calculating the Flood Potential Index (FPI). The
proportions of each analyzed factor were integrated within this index and they were
obtained by applying the Analytical Hierarchy Process (AHP). This methodology was
applied to the Suceviţa River catchment, located in the northern part of the Eastern
Carpathians (Romania). In the last decade, Suceviţa's catchment has been affected by
extreme hydrological events (in 2010, it was recorded a 467 m3/s flow, value that exceeds
the probability of 0.1%) that caused extensive damage by flooding large areas of land.
The analysis points out that the potential risk areas concerning the floods occurrence
correspond to the surface of the studied catchment in proportion of 6,43% (13 km2). The
result provides working material for the local decision-makers or a tool in promoting
some land-use policies in order to reduce the flood risk.
Keywords: flooding, risk, GIS, Sucevița catchment, analysis

INTRODUCTION
The frequency and the consequences of the extreme floods have recently increased
worldwide in view ofthe climate change, the population growth and the uncontrolled
territorial development [1].
The analysis of the triggering parameters and the application of certain methodologies to
quantify the flooding risk ofthe affected areas can provide to the concerned authorities
useful information in order to determine the right measures to reduce flood damages.
The Flash-Flood Potential Index (FFPI) has been proposed by Smith, 2006 [2] taking into
account certain physico-geographical factors which were favourable in identifying the
areas with a high flash-flood potential within the Colorado catchment.
This geographical indicator was adapted for Romania and it was applied on the
catchments considering some physico-geographical factors such as: land cover and land-
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use, hydro-physical characteristics of the soils (texture), lithology, slopes, rainfall, etc.
[3-5].
To identify the major flooding-prone areas, the weights of influence of the analyzed
factors were integrated into the flash-flood potential index, and they were obtained by
applying the Analytical Hierarchy Process method (AHP). This approachis often used
and applied in a wide range of scientific fields (social, economic, environmental sciences,
etc.) and it helps understanding an issue using a hierarchical framework [6].
The present paper deals with the current issue concerning the emergency situation
management caused by floods and it suggests methods for identifying the flood-prone
areas using the geographical information systems. The character of this study is practical
because it supports the implementation of the objectives of the Directive 2007/60/EC in
Romania, by proposing some models that could be included in the General Urban Plans
(GUP) or used as tools in planning and establishing measures for flood risk mitigation.

STUDY AREA
The Suceviţa catchment is located at the contact area of the Obcina Mare with the Rădăuți
Depression, in the north-eastern part of Romania (Fig. 1). The Suceviţa river springs from
the Obcina Mare, between Suceviţa and Poiana Micului localities, from the altitude of
1100 m and after a 41 km course, it flows down into the Suceava river [7].

Figure 1. Geographical location of the study area

In terms of administration, the Suceviţa catchment is located within the Suceava county
and it is considered a complex area, mostly rural. The spatial distribution of the localities
in the studied area is conditioned by the natural setting which helps them develop: slope
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relief, exposure and orientation of slopes, soils, large area covered with forests (58% of
the total area of the catchment in 2012) and hydrography.
Most of the localities of the Suceviţa catchment have expanded in the areas adjacent to
the river. Due to this expansion over the years, these localities have suffered extreme
hydrological events in which there have been significant damages. However, this
situation hasn't limited the expansion of the built-up area to the high flood-prone zones,
so that, in recent years, it was necessary to implement some flood protection policies.

MATERIALS AND METHODS
The assessment of the potential flood areas can be performed considering the main factors
in triggering flooding in the small catchments.
The methodology of the flash-flood potential index has been applied to the Suceviţa
catchment based on the weights of influence of the analyzed factors, obtained by applying
the analytical hierarchy process in order to identify and analyze the areas highly exposed
to flood events.
The data processing and the calculation of the final result was performed using ArcGis,
the spatial analysis software (ESRI, Redlands, CA, USA). The morphometric indices such
as the slope and the profile curvature were derived from the Numeric Model of the Terrain
1:5000 into the raster format (performed after vectoring the level curves on the
topographic plans) with a pixel size of 10x10 m. The geological and the soil maps were
obtained by polygon vectoring of the geological and pedological maps 1:200,000
(Rădăuți sheet). The land-use was extracted from Corine Land Cover 2012.
The applied methodology includes the main physico-geographical factors that may
influence the flood occurrence: slope, plan curvature, soil texture, land-use and lithology
(Fig. 2). After carrying out the necessary thematic layers, evaluation rates were granted
from 1 to 5 where, 1 corresponds to the characteristics that bring a minimum contribution
to the flood occurrence, and 5 is the maximum value (Table 1).
In order to determine the relative weights, information gathered from the specialty
literature and from the questionnaires applied to the local authorities of the studied
catchment were used.
The slope of the land was taken into account in order to identify the perimeters that have
a significant flooding potential. The values of the slopes follow the distribution of the
altitudinal steps, being higher in the western half and lower on the east side, revealing the
contact area between the Obcina Mare and the Rădăuți Depression. Evaluation rates were
given to these classes according to the impact they have on flooding occurrence. Thus,
the low slopes gradient (<50) were placed into the 5 class, while those with a slope greater
than 30˚ into the first class.

Figure 2. Methodologic scheme to identify the potential flood areas
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Table 1. Classification and Indexing of the physico-geographical factors used in the assessmentof the
flood-prone areas
Slope
Profile
Soil texture
Land-use
Lithology
Evaluation
(˚)
curvature
(hardness)
rate
(radians/m)
>30
sandy-clayey /
mixed forests,
Gravels and sands,
1
clayey-sandy,
coniferous
gravel terraces, sandssandy / sandy- forests, deciduous
diluvial proluvial
clayey,
forests
deposits
clayey-sandy
20 - 30
sandy-clayey /
shrubs transition
Grey loamy marls,
2
clayey
areas
gypsum and salt, loamy
clayey-sandy /
marls with sand
clayey,
intercalations,
clayey,
Sandstones, marlsand
varied texture
loams
10 - 20
0,9 – 8,33
clayey-sandy /
complex crops
Sandstone flysch with
3
clayey loamy
areas, unirrigated
shaly intercalations,
clayey / clayey
arable land
conglomerates with
loamy
green schists elements
5 - 10
0 – 0,9
clayey loamy
secondary
Chalky flyschwith
4
clayey loamy /
grasslands
sandstone intercalations
loamy
<5
- 7,55 – 0
watercourses,
Sandstone flysch
5
rural area,
(Tarcău) with shaly
industrial units
intercalations), striped
schistic flysch

The map relating to the profile curvature identifies the convex surfaces, showing an
accelerated runoff of water (represented on the map by negative values), the concave
surfaces presenting a decelerated runoff (positive values) and the horizontal surfaces [8].
The thematic layer was regrouped into three classes: a class with negative values (-7.55 0) represented by convex surfaces at a rate of 50.59%, the second class (0 - 0.9)
representing the flat surfaces and the concave surfaces class (0.9 - 8.33) with a percentage
of 47.43%.
The land-usehas been extracted from Corine Land Cover database of 2012 (European
Environmental Agency) in vector format. The evaluation rates were given after
rasterization depending on the impact of each class on the flood occurrence events [9].
Thus, the areas dominated by forests (58% of the Suceviţa catchment surface) received
the evaluation rate of 1, while the built-up space (11.12%), the watercourses (0.56%) and
the industrial or commercial units(0.13%) received the maximum evaluation rate.
The soil texture represents a determining factor in the runoff process and the flood
occurrence. Thus, the hydrological soil groups have been developed in the USDA (United
States of Agriculture, Natural Resources Conservation Service) and it resulted that the
proportion of clay, dust and sand, namely the soil texture, best defines their drainage
capacity [10]. Regarding the Suceviţa catchment, the predominant hydrological soil
groups are the A and B ones, with a percentage of 40.51% and 48.58%. The soils of the
A and B groups have a rough texture and also a low runoff potential. These type of soils
gives a good drainage of the surface water towards the bottom of the soil profile,
especially during significant precipitations [10].
In terms of lithology, the Suceviţa catchment is located at the contact area of the External
Flyschwith the Moldavian Platform and, in tectonic terms, two nappes overlap the studied
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region: the eastern limit of the Tarcău Nappe and the Vrancea Nappe up to the contact
with the Moldavian Platform. The lithology is represented by the external flysch which
is characterized by sandstones, sandy limestones, compacted marls and clays,and solid
rocks superior to those that form the platform deposits (loamy marlswith sand
intercalations, gravels).

RESULTS AND DISCUSSION
To identify the flooded-prone areas of the Suceviţa catchment, the analysis was based on
the study of the physico-geographical parameters (the morphometric ones and the landuse) which played an important role in the distribution of the hydrological risk events.
The methodologies [2; 11] have been adapted to identify areas of concern and to integrate
the results in order to achievethe flood management in the smallcatchments.
Based on the values set by Saaty, 1980 [11], the criteria are converted into numerical
values by simple comparisons related to previous studies, questionnaires applied to
decision-makers and personal opinions on the analyzed issue. The calculation matrix is
essential for obtaining the relative weight of each analyzed factor.
These weights can be automatically calculated by using some specialized software
products (Expert Choice, IDRISI) or Microsoft Excel, and they are considered tools called
Multi-Criteria Decision Analysis (MCDA) [12]. In the case of the present study, it was
performed a calculation software in Microsoft Excel in order to determine the weights
based on pairs.
The weights obtained by applying the analytical hierarchy process (AHP) have been
integrated into ArcGis to prepare the flood risk map.
The formula used in the analysis is the following:
FPI = 3.88*slope + 2.61*profile curvature + 1.03*texture + 1.75*land use +
0.73*lithology.
Thus, in order to prepare the map of the flood risk distribution areas,the above-mentioned
methodology was applied. The obtained values rangedbetween 12.2 to 44.1 and they were
grouped into five classes using the Natural Breaks classification of the ArcGis (table 2).
Evaluation rate
Classes

Table 2. The classes of values for the flash-flood potential index
1 (very low)
2 (low)
3 (medium)
4 (high)
12,2 – 19,7
19,7 – 24,2
24,2 – 30,7
30,7 – 37,8

5 (very high)
37,8 – 44,1

The areas with high slope values (>30°), those covered by forests or those that allow a
high infiltration of water having the appropriate soil texture and lithological substratum
are included within the first two classes. These areas are distributed both in the western
part of the studied catchment, with 90% corresponding to the Obcina Mare, and also in
the downstream of the Sucevița river (Fig. 3).
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Figure 3. Distribution of the flood risk areas in the Suceviţa catchment

The very high values of the index fall within 37.8 and 44.1 and correspond to the major
flood risk class. These values represent 6.43% (13 km2) of the Suceviţa catchment and
they are particularly present in the flood-prone areas. These areas are distributed along
the main watercourse of Suceviţa. They are characterized by slope values lower than 5°,
with a high water resistance due to the built-up space. Thus, the settlements located
alongside the Suceviţa river and its right tributary, Volovăţ, face a major risk of flooding.

CONCLUSIONS
The vulnerability of this area is determined by the spatial distribution of the settlements
in the floodplain or in the water drainage zones, and the recent years' floods were notable
for producing significant damage, revealing the weak capacity of the authorities to absorb
the effects of the phenomenon and to recover after it.
The analysis of the maps highlights that the areas with high index values are distributed
along the main watercourse of the Sucevita river and they represent 6.43% of the
catchment, and the very low values correspond to the western part areas, in the Obcina
Mare zone, with a percentage of 36.87%.
The result can be used as a guidelineforthe local councils and other interested parties in
order to prepare the population located in the flood risk areas, and to establish appropriate
measures to mitigate the damage or to promote a land-use policy of the flood-prone zones.
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ABSTRACT
Nowadays we are gradually running out of sedimentary basins to explore and the reserves
of conventional oil which can be produced easily are limited. This is the reason why many
of the petroleum companies look for other types of resources. Moreover, we are
increasingly investing in unconventional hydrocarbons including heavy oil.
The objects in this research are the heavy oil discoveries in North Bulgaria. The main
tasks include geological characterization of the discovered heavy hydrocarbons,
production and probable future of this natural resource. However, industrial and semiindustrial reserves of heavy and viscous crude oil are found only in carbonates of the
Lower Cretaceous Kaspichan Formation in Tjulenovo oilfield and Gigen accumulation.
Although, the accumulations are in considerable distance from one another they show a
number of common reservoir and chemical composition features.
The eroded and fractured reservoirs are located relatively in shallow depths and
represented by permeable carbonate rocks of Kaspichan Formation – mainly dolomites
and dolomitic limestones. The best reservoir horizons are primarily located in medium
grained and crystallinity dolomites. They are characterized by maximum effective
porosity of 15-20% and average permeability of 500 mD in Tjulenovo. The other
permeable carbonate types are defined by significantly lower qualities with open porosity
in the range of 1.1-7.3% for limestones in Gigen. The reservoirs are three types with
domination of fractured-porous-cavernous over porous and fractured-porous types.
The heavy oil in both accumulations is very viscous and with Naphtene-Aromatics
chemical composition. Except for the fractional composition their physical indicators are
similar as well. The past, present and presumably future use of Tjulenovo oil is for steamboiler fuel, water-proofing seals, technical bitumen and grease. Although, the Gigen
heavy oil has never been exploited it can be also useful. The natural resource was
experimentally processed by oxidation to obtain all brands of technical and special
bitumen. The problem with Gigen heavy hydrocarbons is the economic profitability and
need for enhanced oil recovery. The probable reserves of about 0.5x106 t and present price
of crude oil make production extremely questionable at the moment.
Keywords: North Bulgaria, heavy oil, Kaspichan Formation, permeable carbonates,
enhanced oil recovery

INTRODUCTION
Industrial and semi-industrial reserves of heavy and extra heavy oil are discovered only
in carbonates of the Lower Cretaceous (Kaspichan Formation) in Tjulenovo oil field and
Gigen accumulation, both in the Moesian Platform (Fig. 1).
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Figure 1. Tectonic map of the North Bulgaria with location of heavy oil accumulation (after [1]).

Both accumulations were found in 10 years period, respectively in 1951 for Tjulenovo
and 1961 for Gigen. Tectonic location of Tjulenovo and Gigen in North Bulgaria shows
that both accumulations are in the Moesian Platform, but in different subunits. Although,
both hydrocarbon deposits are quite distant from one another they are similar. In addition
to common features such as relatively small depth, lithology of the reservoir, chemical
composition of heavy oil and the age of the natural reservoir, there are number of
differences.
The main purpose of this research is a comprehensive review and analysis of specific
geological and geochemical features of hydrocarbons in the study area to show diversity
and application of heavy oil in Tjulenovo field and Gigen accumulation. Therefore, the
essential tasks include geological and reservoir characterization of the discovered
hydrocarbons, production, contemporary use and probable future of this natural resource.

GEOLOGY OF THE STUDY AREA
Tectonic division of the Moesian Platform is mainly based on regional structural
behaviour of Cretaceous, Jurassic and Triassic sediments. In North East Bulgaria the
Moesian platform, according Jurassic-Lower Cretaceous sediments, is divided into three
major parts. The eastern part is known as the Eastern slope of North Bulgarian arch (Fig.
1).
Tjulenovo field is located in the Shabla-Bulgarevo graben area of the Eastern slope of
North Bulgarian arch (Fig. 2). The Eastern slope of North Bulgarian arch occupies the
entire territory east of Venelin-Tolbouhin dislocation and south of the South Dobrogea
massif slope. The area most characteristic feature is pronounced block structuring by
Paleozoic and Triassic rocks. Shabla-Bulgarevo graben area has sub-meridional direction
and is characterized by thick about 2500 m sequence with mainly Triassic sediments.
Tjulenovo horst (in green), east of St. Nikola fault, can be easily delineated considering
the top of the Valanginian and younger (especially Oligocene) sediments (Fig. 2). The
eastern parts of the horst structurally extend to the Black Sea. The Tjulenovo oil field is
characterized by a complicated block structure with 33 north-south and 13 west-east
directed normal faults, broken into 32 or 36 blocks [3, 4]. The blocks are divided into
three zones - north (Shabla), Central (Tjulenovo) and southern (Nanevo).
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Figure 2. Main tectonic units in the Eastern slope of North Bulgarian arch (after [2]).
Tectonic units: г-Generaltoshevo saddle; д-Avren step; е-Kichevo block; ж-Balchik block; и-Vranino
block; к- Shabla-Bulgarevo graben.
Faults: 18-Silistra-Belgun; 19-Bezvoditsa-Selchen; 20-Venelin- Tolbouhin; 21-Batovo; 22-Kichevo; 23Bliznatsi; 24-Balchik; 25-Trigortsi; 26-Rakovski-Gorun; 27-Bulgarevo; 28-St. Nikola.

Gigen accumulation is located in Gigen-Korabiyska rise of Iskar-Yantra step (Fig. 1). The
Iskar-Yantra-step is a single morphostructural zone in the Upper Jurassic-Lower
Cretaceous structural floor [5]. The Triassic structural plan is much more differentiated.
The extra heavy oil deposits are localized in Gigen structure of extensive Brest-DabovanGigen block.
The southern part of Gigen-Korabiyska rise is in the highest contemporary hypsometric
level compared to adjacent zones [5]. There is notable monoclonal elevation of the
Triassic and Jurassic-Lower Cretaceous rocks here and to the north of Danube River.
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Upper Jurassic-Lower Cretaceous (Valanginian) sedimentary complex in the study area
shows the following lithostratigraphic units: Dobrich Formation, Yavorets Formation,
Provadia Formation, Chernookovo Formation, Drinovo Formation and Kaspichan
Formation (Fig. 3).

Figure 3. Spatial-temporal relationships of Upper Jurassic-Lower Cretaceous lithostratigraphic units
along profile line R-1 Dolni Dabnik – R-1 Tjulenovo in North Bulgaria (compiled after [6], [7]).

The Formations are in complex spatial relationships with each other. Their boundaries
are mostly clear, but there are also lateral transitions between lithostratigraphic units.
They result from the development of the sea basin inherited from Callovian and continued
its development during Late Jurassic and Early Cretaceous in entire North Bulgaria.
During that period there are areas with relatively different sedimentation regime. Their
existence determined subequatorial facial zoning and various facial environments. As a
consequence of widespread and continuous sedimentation the accumulated deposits have
substantial overall thickness that is growing rapidly from north to south.
Kaspichan Formation is main object of this study, because its carbonates are reservoir for
heavy oil in Tulenovo and extra heavy accumulation in Gigen. Kaspichan Formation [8]
has a wide distribution in Northeastern Bulgaria and covers southeastern part of the
Moesian Platform. The Formation continues to the west, but with larger
chronostratigraphic range and in many cases thicker (Fig. 3). There are carbonate rocks
of varied composition: dolomites, calcareous dolomites, limestones, dolomitic limestones
and rare single layers of marls and clays in bore holes C-30 Kardam and C-10
Chernookovo. Usually dolomites and dolomitic limestones build base and secondary
levels of Kaspichan Formation. Stratigraphic range varies and is connected primarily with
Cretaceous stages (Berriasian, Valanginian and lower Hauterivian substage partly). Its
thickness is from 500 to 900 m.

STRUCTURAL, RESERVOIR, PHYSICAL AND CHEMICAL FEATURES OF
HEAVY OIL IN TJULENOVO FIELD AND IN GIGEN ACCUMULATION
The Tjulenovo trap is structural (anticline), broken into blocks with tectonic and
stratigraphic features. The trap and oil deposits are formed in Neogene time. It is a
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massive type with heavy oil and initial gas part. The height of oil-gas deposits varied from
60 meters in the northern part of the field up to 38 meters in the central part.

Figure 4. Tjulenovo field with a) Structural map showing top of the productive horizon;
b) Lithological section with logs and hydrocarbons [9].

The reservoir is made of irregularly alternating fractured, cavernous limestones and
dolomites in the upper part of Valanginian (Kaspichan Formation) at a depth of 350-400
m. The reservoir is a complex one porous-fractured-cavernous. The higher reservoir
properties have middle crystalinne dolomites with effective porosity 15-20% and average
permeability of 500 mD.
Oil from Tjulenovo field is characterized by high density of 0.938 g/cm3 and API gravity
19.4 (heavy oil), viscous, low sulfur, low paraffin, high resin and asphaltene content.
Fractional oil composition includes light fractions (4%), kerosene (13%), oil (8%) and oil
fuel (75%). boiling point is +126oC and freezing temperature is -24oC.
Low-amplitude Gigen structure is formed in top Valanginian part of the section. The trap
is with an amplitude of 20-30 m and depth is approximately 800 m. The extra heavy oil
is accumulated in Valanginian dolomites and limestones in the upper parts of Kaspichan
Formation. The height of accumulation (trapped oil) is about 18 meters. The rocks are
intensely fractured and water-washed forming paleokarst with voids – pores, fractures,
vugs and caverns. Investigations of limestones in boreholes R-2 and R-3 Gigen show
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changes in open porosity of 1.1 to 7.3% or 3% on average. The reservoir is complex.
There are fractured-cavernous-porous, porous and rarely fractured-porous rocks.
Gigen heavy oil is with density 0.9889 g/cm3 and API gravity of 11.6. The chemical
composition is dominated by the high molecular weight aromatic (about 37%) and resin
- asphaltene components (about 30%). The main physical and chemical indicators show
high viscosity even at 100°C, sulfur 0.98 wt. %, pour point +12°C, paraffins 0.5 wt. %,
asphaltenes 8.07 wt.%, resins 88.4 wt.%. These data clearly suggest that the oil is very
heavy, low sulfur, high resins, practically without paraffins, highly viscous, without
gasoline-kerosene fractions.

DISCUSSION ON THE PROCESSING AND USE OF HEAVY OIL IN
TJULENOVO AND GIGEN
In the era of the energy and the likely end to the "oil age" interesting issue is the extraction
and use of heavy oil from Tjulenovo field and Gigen accumulation. The ability for a
prediction of the properties of bitumen in the early prospecting and exploration will lead
the exploitation to the right direction and determine their application. The developed
exploitation methods of heavy oil and unconventional hydrocarbon resources are very
diverse, but the most economically advantageous to extract bitumen is limited to the
traditional "destructive distillation." This is a relatively simple and easy to use method
using hot water or steam.
The industrial production of Tjulenovo oil began more than 50 years ago in September
1954. The field has been developed rapidly, creating a dense network of wells. More than
700 boreholes are drilled until now and the field is in the final stage of operation. Due to
the nature of the reservoir, the flow of oil in the individual wells was ranging widely, with
some amounted to 320 t/day. Since the field is in the final (exhausting) stage of operation,
then over 98% of the recoverable reserves are already produced. The production is over
3.2 mln. t. of oil until now. The application and technical use of the heavy oil, depending
on its chemical composition and so far is limited to the steam-boiler fuel, water-proofing
seals, lubricating oil, technical bitumen and grease.
Tjulenovo heavy oil belongs to the altered types of oil as the main reason is the secondary
migration and shallow depth conditions with oxidation and biochemical processes. It does
not contain any recognizable n-alkanes, indicating that is medium to highly biodegraded
and water washed. As Tjulenovo oil is discovered in small depth (350-400 m) it is almost
with normal pressure, but with a slightly elevated anomalous temperature of 37-38ºC.
This is proof that oil has migrated from deeper levels, as has retained some of its original
heat. Progressive water saturation has increased since 1964 and current water amount in
production is above 99 %.
Gigen heavy oil is completely degassed and objects of destruction under the influence of
formation water oxidation effect and bacteria. Therefore, oil is "dead" and completely
lacking of petroleum gas. The hydrocarbons in the accumulation are highly viscous with
consistence and chemical composition characteristics for transition between oil and
asphalt. Gigen heavy oil is not in operation and has not been exploited, because the small
probable reserves (about 0.5x106 tons) and the difficult conditions of production.
A few years after discovery of Gigen accumulation in 1961 there were several proposed
techniques for hydrocarbon processing [10]. The most important are 1) Oxidation for
obtaining of bitumen; 2) Processing for heavy types of oil; 3) Hydrogenation.
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Originally it was believed that the oxidation is the most effective for the preparation of
different brands of bitumen for technical use. Most suitable for the production of bitumen
are oil products such as the goudron (vacuum residue or asphalt) from residues and waste
from other industries. Very relevant are those with resin – asphaltene character like
hydrocarbons from Gigen. Experimental in the oxidation of such materials primarily
undergoing processes of conversion of available resins to asphaltenes, and the process of
formation of resins from hydrocarbons play a subordinate role. An advantage is that high
molecular weight oil turns into resins faster than low molecular weight constituents.
Gigen oil and its products differ from Tjulenovo goudron mainly to the significantly
higher content of asphaltenes [10]. On the other hand the content of oils and resins is
pretty close. They are also similar in the physico-chemical parameters (melting point,
viscosity, density, etc.). Good laboratory results from the oxidation of Tjulenovo goudron
for production of bitumen and insignificant amount fractions to 360ᴏC at 4 mm mercury
column are very optimistic for future technical use of heavy oils in Bulgaria. Therefore,
it is reasonable to expect production of various brands of bitumen by oxidation directly
on Gigen oil.
The exploitation of Gigen heavy oil from a depth of 800-900 m is possible by pumping
back hot water or steam (injection method). Its application to improve the viscosity of the
hydrocarbons is the most efficient and relatively inexpensive for the present conditions.
Alternatively aeration of oil (decreasing of density) with air through a compressor is also
good option, since no concomitant petroleum gas in Gigen accumulation. The problem
with heavy hydrocarbons there is the economic profitability and need for enhanced oil
recovery. The probable reserves of about 0.5x106 t and present price of crude oil make
production extremely questionable at the moment.
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ABSTRACT
Building proper velocity model for Prestack depth migration can bring significant
improvement of seismic data quality (both resolution and continuity) and proper spatial
structural positioning. For these reasons special attention is required on creating accurate
initial velocity model in time domain, as a starting point for building reliable updated
depth velocity field for Prestack depth migration.
Keywords: Depth migration, velocity field, tomography, structural changes

INTRODUCTION
Normal moveout, typically used to do velocity analysis in seismic data processing, is
robust when reflectors are flat and velocity is laterally invariant. However, this method
encounters difficulties when reflectors are dipping or velocity varies laterally. In areas of
rapid lateral and vertical velocity changes, energy is dispersed in such a way that
conventional stacking velocities cannot provide desired resolution of the data. A good
initial model limits ambiguity and increases convergence of tomographic solutions.
Therefore, an initial model plays key role in a process of migration velocity analysis for
complex structures. In the case of tomographic inversion, a wrong provisional velocity
distribution makes it impossible to obtain convergent results [1].

PRESTACK DEPTH MIGRATION WITH INITIAL VELOCITY MODEL
Nowadays, the requirements for obtaining high resolution seismic sections lead to
searching different approaches to process the observed data. Creating depth sections by
Pre-Stack Depth Migration (PSDM) is a key issue for obtaining more reliable and
informative seismic sections, which in turn enable more confident and more reliable
interpretation of seismic data.
Depth imaging of seismic data is used to map the complex subsurface geology in
areas that have steeply dipping structures, faults or in any areas with a rapidly changing
geological environment. The main aspect for achieving high quality depth imaging is the
ability to build detailed and accurate velocity model. The model building process involves
making an initial estimate of interval velocities, followed by iterative refinement of the
velocity field by residual moveout which has been minimized on depth migrated gathers.
Additionally, the velocity model created for PSDM carries direct knowledge about
geology. Still, our goal is to obtain a section which is as close as possible to a geological
cross-section. For these reasons, velocity estimation process is the main task in depth
imaging. Accurate velocity estimation and depth imaging provides the key to
understanding the subsurface.
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On figure 1 is shown PSDM workflow:

Figure 1. Prestack Kirchhoff Depth Migration (PSDM) workflow

The input data for initial prestack depth migration are processed CDP gathers in time
domain and initial RMS interval velocity model. For experimental purposes two velocity
models are defined and with every one of them is performed PSDM:
- Velocity model with no rapid changes in velocity trend – the original;
- Velocity model with rapid changes in velocity trend – artificially created.
The derived velocity fields are interpolated and smoothed using proprietary software.
This ensures that both the seismic data and velocity fields tie following the migration
process [2].

Figure 2. Initial velocity models: A – velocity model with no rapid changes in velocity trend;
B - velocity model with rapid changes in velocity trend
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In arias of complex geology sometimes it is difficult to follow general velocity trends and
it resulting as inhomogeneous and complicated velocity field with rapid changes in
velocity trend. The effect that it has on PSDM is shown on figure 3.

Figure 3. A – Prestack Time Migration; B – Preliminary PSDM with velocity model with no rapid
changes in velocity trend; C - Preliminary PSDM with velocity model with rapid changes in velocity
trend

On figure 3A is shown the result of Prestack Time Migration performed with the initial
velocity model. On the picture in time domain the slope of the reflection boundaries is
small in the middle of the image and it does not suppose that in depth domain could be
much different. Nevertheless these velocity fields are used for tomography inversion
process on the next stage of the work.

TOMOGRAPHIC INVERSION
The quality of initial velocity distribution has the greatest influence on tomographic
inversion process. Even small velocity variations can bring to significant structural
changes on the seismic section after PSDM within only several iterations of tomography.
For these reasons special attention is focus on this step.
Seismic tomography compares observed travel times, measured for each source-receiver
pair, with expected travel times, computed by ray tracing through an assumed velocity
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model [3]. This information is used as input to sophisticated tomography solution for
direct inversion into an updated interval velocity model.
In the first phase of the method the initial model is updated by tomographic inversions
and lateral velocity changes are defined.

Figure 4. A – velocity model with no rapid changes in velocity trend after tomography;
B - velocity model with rapid changes in velocity trend after tomography

Successive iterations are performed until the obtained structural model could be accepted
and tomographic inversion velocities updates reached limits of ±250 m/s [4]. The number
of iterations was data-dependent but usually 2-4 iterations were sufficient [1]. After
building velocity models corresponding to that limits PSDM is performed.

PRESTACK DEPTH MIGRATION USING TOMOGRAPH BASED VELOCITY
MODEL
The resulting depth images with velocity models performed by tomography inversion are
shown with on figure 5.

Figure 5. Final stack data after PSDM with: A – velocity model with no rapid changes in velocity trend
after tomography; B - velocity model with rapid changes in velocity trend after tomography
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Both depth migrations show improved structural features with better standouts of the
events than the first passes of the PSDM with the initial velocity models.
Comparing the two sections after PSDM with tomography based velocity fields, it is
obvious that the velocity model with rapid changes in velocity trend bring to artificial
slopes in the depth migrated section. Structural changes are observed in this model due to
lack of homogeneity in the initial velocity field.
Furthermore better definition and continuity of horizons were received on the PSDM
section with this final iteration of tomography inversion for the model without rapid
changes in velocity trend. This led to more reliable structural definition of the model.

CONCLUSION
Successful depth imaging requires careful attention on velocity model building process.
There is no doubt that PSDM provides informative and reliable results when it is
performed with accurate velocity model. Building velocity model for depth imaging is
tend to be great challenge. The main reason is the fact that the solution is non-unique and
both experience and dynamic model building procedures are required for fast, efficient
and accurate velocity model estimation. This study shows that variations in starting
velocity field can cause structural distortions of depth migrated images and make them
inadequate for accurate geological interpretation of subsurface structures.
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ABSTRACT
The aim of this scientific paper is the development of cartography within Macedonia and
regarding Macedonia. Comprised here, are subjects relating to geography and the
historical location of Macedonia throughout the ages, during the time of the Balkan wars
and the cartographical demonstrations, especially those after the great geographical
discoveries. In addition, particular attention is devoted to the appearance of the first
topographical maps of the territory of Macedonia and in that sense the organization and
production of these maps which is primarily under the jurisdiction of the VGI and
Belgrade. Besides the stated topics, a short summary of the development of cartography
in Macedonia as an educational and scientific discipline and her treatment within the
specialized geodesic and cartographic institutions is also provided.
The contribution of this article is to elaborate further into the historical cartography as a
separate field in cartography as well as in the sense to supplement the history, tradition
and culture of Macedonia in the sphere of this segment.
Keywords: cartography, cartographic presentation, topographic maps, gradus
measurements, cartographic european schools, geographic discoveries

THE GEOGRAPHICAL LOCATION OF THE REPUBLIC OF MACEDONIA
The territory located between the dried up Pazarsko lake and the lower reaches of Vardar
with the capital Pela, was called Macedonia. The new territories conquered by the
macedonian kings were naturally called Macedonia. During the time of Philip II and
Alexander III of Macedon (356-323), Macedonia has expanded to include three
continents but the name remained to refer to the homeland which today mean the
territories composed of catchment flows of Mesta, the river basin of Struma, from the
now known Blagoevgrad to the infusion, the Vardar basin, the upper basin of Crni Drim
with lake Ohrid and lake Prespa and the river basin of Bistrita. This name continued to
exist during the Roman empire as well as today. With this territory of 67741 km2 also are
equated the ethical boundaries of Macedonia which existed until 1913 (with the Balkan
wars she is divided so that 51% of the territory is annexed by Greece, 38% annexed by
Serbia, 10% by Bulgaria and 1% by Albania) [2]. The land which became annexed by
Serbia after the Second world war managed to gain status as an independent republic
which geographically encompases the central region of the Balkan peninsula with overall
surface of 25713 km2 and 2,000,000 citizens.
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MACEDONIA THROUGHOUT THE AGES
Macedonia’s achievements during the time of Philip II and his son Alexander III are
closely correlated to that of the most developed civilizations (Persia and Mesopotamia,
the Egyptian culture, Greek culture, the accomplishments of the Phoenicians, the
development of the Roman empire etc.) in that time, on the other hand, is the main reason
for the ongoing cartographical demonstration of Macedonia on the maps during this time
period. As most famously preserved maps on which the territories of Macedonia are
displayed are the Tabula Peutingeriana (IV century), the map of Beatus (776), the map of
the world called Cottoniana (X century), the map of the world by Matthaeus Parisiensis
(XII century) and other maps [7] created in principle of a circular or elliptic form.
During the Middle Ages characterized with the general cessation of science and culture
in this case in Macedonia as well. Even afterwards, after the Great geographical
discoveries nearing the end of the 15th century and the beginning of the 16th, starts the
general development of cartography, and in that sense the production of maps on which
the surface of Macedonia is displayed.
The discovery and print of Ptolemy’s book in the middle of the 15th century and the print
of Ptolemy’s map in 1477 (which is considered to be the first year of map printing) is
regarded as the first map on which the territories of Macedonia are presented. The always
present geostrategic positioning of the Balkan, and in that context that of Macedonia’s
(because of the proximity to the Aegean Sea and the other seas in the Mediterranean), is
the reason which numerous authors in European cartography school create maps on which
presented is also the territory of Macedonia (separately or as part of bigger territories).
By different standards, today these maps are kept in national libraries such as in France,
the United Kingdom, Russia, Austria and other countries. As most characteristic are the
maps of: C.Ptolomaios (1477), Castorius (Tabula Peutingeriana), Piri Reis (1521), G.
Gastaldi (1560), G. Merkator (1589), I. laurenbergio (1647), G. Canteli da Vignola
(1689), N. Sanson (1696), G. De L’Isle (1707), J. Harenberg (1741), S. Janvier (1750),
V. Robert (1775), P. Lapie (1810), J. Cary (1811), A. Lapie (1822 и 1843), G. Moller
(1828), D. Seljan (1847) and numerous other maps [7].
As the first map by a Macedonian is considered to be the map of Macedonia following
the program of the Macedonian nationalists, the first map was created by Dimitrie
Cupovski in Petrovgrad 1913 with a map proportion of 1:1000000 and dimensions 62 x
37 centimeters [8]. The map is featured before the “great powers” as proof of the
significance of the Macedonian territory, culture and tradition before the separation
governed by the Balkan countries.

MACEDONIA FEATURED ON TOPOGRAPHIC MAPS
The degree measurements and the positioning of the triangular net in France in the 17th
century represents a new epoch of progress and development of the cartographical
achievements in the world. They quickly spread to other countries, and with that, to the
Balkan as well, that is, within the borders of the Ottoman empire. Called upon or sent
professionals (because of different purposes) from France, Austria-Hungary and Russia
begin to design maps with a more modern approach, and in that sense, begins another
measuring of the land of Macedonia in the second half of the 14th century [6]. With these
activities, besides the other general geographical maps in 1900, are also features the first
ever topographical maps of the territory of Macedonia with proportion of 1:200000
designed by Austria-Hungary, and a map with scale of 1:210000 designed by Turkey [6].
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Based on these cartographical sources and the posed topographic example of the
geographic department of the main staff of the serbian army (founded in 1878) directly
before the Balkan wars is designed a topographic map of Serbia and Macedonia [10] with
a scale of 1:150000. After the territorial division of Macedonia in 1913 cartographical
activities regarding the territory of today’s Republic of Macedonia were under the
authority of the topographic department under sovereign command of the Serbian army
until 1920, afterwards under the geographic institute in Belgrade.
With regards to the general equality of the Republic of Macedonia in frame of the then
present country of Yugoslavia after the Second world war, by the Military geographic
institute of Belgrade were designed topographic maps with scale between 1:25000,
1:50000, 1:100000 and 1:200000 etc. [1] These maps, in accompaniment with the use of
decently modern technique and technology for the manufacturing exhibited a high degree
of accuracy and world-class cartographic standards.
Consciously or not, not foretelling any negative development of the events of the then
present Yugoslavia, the Republic of Macedonia after the Second world war did not create
an independant cartographical institution which’s main affiliation would be the general
production of maps. The reason for this situation on this plan might be that of diverse
nature, but without those regards, the Republic of Macedonia within the domain of
independant cartographic production in this aforementioned time period remained
handicapped on this objective.

CARTOGRAPHY IN THE LINES OF SCIENTIFIC AND PROFESSIONAL
INSTITUTIONS IN THE REPUBLIC OF MACEDONIA
As a necessity after the Second world war in the Republic of Macedonia in the field of
education of this branch are formed the Institute of geography and the group for geodesy
within the Faculty of Civil Engineering in Skopje from one and in service of the state
because of taxation needs is formed the then-present Republic geodetic management with
the Office of Aerophotogrammetry (now knows as the Agency of cadastre and real
estate).
Immediately after the Second world war within the Faculty of Philosophy (december
1946) as one of the first institutions is formed the first geographic department which today
holds rank as the institute of geography within the Faculty of Natural sciences and
mathematics in Skopje.
From the very beginning, the geography department, in its curriculum and program
cartography exists as a separate study with a tendency of permanent promotion of its
educational and scientific content [4,5]. In 1992 the first ever PhD student defended his
dissertation regarding certain problems in geography. Nearing the end of the nineties of
the 20th century, the Institute of geography made available postgraduate studies in
cartography, which later on were promoted to postgraduate studies in Geographical
Informational systems.
In 1977/78 in the field of education begins with the work of the Institute of geodesy within
the Faculty of Civil Engineering [3] where in the curriculum and program is present
mathematical cartography.
Because of the unavoidable management and organization of the cadastre of the land of
the Republic of Macedonia, immediately after the Second World War the Republic
geodetic administration was formed. In this institution the main scope of work consisted
of the preparation of topographic plans, stereo-constitucional treatment of
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aerophotographs, keeping records of the land according to cadastral cultures and
creditworthiness, inspectional work within the cadastres in municipalities and other
activities. After 2005 in this institution (named now as Agency of cadastre and real estate)
began development and production of topographic maps with proportions between
1:25000 and 1:50000.

THE CARTOGRAPHY IN THE SCIENTIFIC AND PROFESSIONAL
JOURNAL IN THE REPUBLIC OF MACEDONIA
Within reference to the aforementioned educational and scientific institutes, the problems
from the field of cartography are treated through numerous professional and scientific
papers by different authors [9]. They are mainly presented in the following journals:
Geographical Reviews, Annual Proceedings and Geodetic examination.
In the journal Geographical Reviews in 48 editions are published around 50 papers with
cartographic or similar content. In the Annual Proceedings there are no geographical
papers, but that is why, within this journal are moved an array of thematic maps with
different contents. The Geodetic examination mainly treats topics regarding the field of
geodesy, but with the tight correlation between this discipline with that of cartography
the presented papers hold remarkable importance for the discipline of geodesy as well.
In a kind of contribution to the papers in the different journal are published a great number
of historical and above all thematic maps.
Besides the aforementioned, of importance to mention is that the Republic of Macedonia
even though does not affiliate with the immanent production of maps by different bases,
it has also formed a certain fund of cartographic materials which are most frequently
discerned in the National and National and University Library "St. Kliment Ohridski" in
the Republic of Macedonia where there is a compilation of about 6000 maps, in the
Institute of geography in the Faculty of Natural sciences and mathematics in Skopje [5]
in the Republic geodetic management and at numerous other institutions (cadastres,
military services, museums, smaller urban and educational libraries) and individuals.
With the forming of the Republic of Macedonia as an independent and self-governing
state certain activities for organizing a separate cartographic productions were taken, so
that, that activity was taken under the jurisdiction of the Agency of cadastre and real estate
and today the cartographical production of topographics, plans and maps is in the
competence of this institution. In context to the privately-owned cartographic production,
especially orientated towards thematic cartographic production in the Republic of
Macedonia, also exist private companies such as Trimaks - cartography, Geomap DOO
and other firms where this activity is supported [5].
The overall activity with the reevaluation, inventorization, construction, reduction,
modification and production of the maps is mainly managed and realized in Macedonian
institutions, with Macedonian cartographic staff potential. In this sense, with the
introduction of computerized techniques and technology in tandem with modern reaches
in the field of cartography in the world and in the Republic of Macedonia there are already
present the newest techniques and technologies for electronic cartographical production
[5].
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CONCLUSION
The consideration of the development of the cartography in the Republic of Macedonia
is with a goal to see to the cartographic treatment of its territory in history. Besides that,
demonstrated are cartographic activities which are developed in newer times with a goal
of producing topographic maps. It is constituted that because of the geostrategic location
of the territory of the Republic of Macedonia is also demonstrated on a bigger number of
maps. Because of the same reasons numerous number of authors are called upon or sent
out to work on the geodesic reevaluation of the land and the production of maps. It is also
constituted that that in this century the inferences in relation to the cartographic
problematics in the Republic of Macedonia are held by the Military-geographic institute
in Belgrade. But, with the achievement of the independence the Republic of Macedonia
in lines of the educational institutions (the Institute for Geography in the Faculty of
Natural sciences and mathematics, the Department of geodesy within the Faculty of Civil
Engineering) a professional staff was formed in the field of cartography and a
cartographic production in the Agency of cadastre and real estate was organized as well
as in Trimaks - cartography, Geomap DOO and other firms.
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ABSTRACT
The contemporary geography didactics in Bulgaria is evolving through thorough study of
the theoretical foundations and best practices in the countries with well-developed
educational systems. Thus in our paper we examine the achievements of the German
school of didactics and present the didactical modeling as main prerequisite, condition
and factor for providing high quality planning, organization and implementation of the
geography educational process. We have also focused on the analysis of basic didactical
models and the opportunities to adapt them in the geography educational system in
Bulgaria.
Keywords: geography education, geography didactics, geography modeling, geography
training

Adherence to scientific criteria for quality is not only a necessary, but rather an obligatory
condition for the implementation of any training process in contemporary education. That
does not mean that a universal approach for carrying out training should or must be
applied as it is a well known fact that many pathways lead to the final goal. That’s why
we connect the quality criteria with targeted, objective and rational planning,
implementation and reflection of didactic activity as a whole and the process teachinglearning in particular. In relation with this, the role of didactic planning in reaching high
quality and effectiveness of training (including geography training) is quite clear.
Throughout the training process, the didactic models define requirements to the
participants for fulfillment of specific criteria. Models are a prerequisite for the training
process to be examined and explored from different scientific and theoretical point of
view i.e. to be viewed from different didactic perspective. In order to achieve didactic
competence for planning, reflection and activity/behavior model not only previous
teaching experience is needed but also consultation and substantiation using theoretical
concepts. Integrating theory and experience creates a precondition for the establishment
of didactic competence for activity i.e. for the set up of didactic behavior model of
trainers/teachers. But what makes training good? And how the learners and the teachers
achieve their goals while applying a better and more innovative training process? These
questions do not have a single and unequivocal answer. Furthermore, it is clear that
training validation based on didactic principles is absolutely necessarily. This is so
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because the didactic principles manage the training activities and determine the way in
which the training process should progress [1].
To proof our thesis in the current research we will examine in general the didactical
models relevant to geography training.
Didactic models are scientific-pedagogical and theoretical constructions for analysis and
modeling didactic activity in school and outside it [2], [3]. They explain and classify the
factors which determine training, its forms, as well as the sequence of planning activities,
training implementation and training analysis [4]. Didactic models are characterized by
certain features (reduction, emphasis, transparency, perspective, productivity) which
describe their capabilities but at the same time suggest the impossibility of a particular
model to encompass all aspects of didactic activity in its entirety [4]. Didactic models as
a result of scientific research of school reality represent different universal perceptions
and thus they have significant practical importance covering specific functions: to
structure and illustrate key factors in training; to outline the main nodes contributing for
systematic planning and implementation of training; to clarify the circumstances,
interrelations and impact of different behaviors of the teacher and the pupils [5]. As the
training process is quite complicated, it will be difficult to use only one approach from a
model or to combine several models. Simultaneous model usage is hardly possible due to
relative autonomy and specific laws of each model. This means that the teachers should
aim at continuous critical (problematic) review of the training process.
For the goals of our research we will refer to some didactic models which are of greater
importance for geography didactics and can be applied in geography training namely:
model of educational-theoretic didactics, model of critical-constructivist didactics, Berlin
and Hamburg model, model of constructivist didactics.
The educational-theoretical and critical-constructivist models are built on the main
concept of “education”. In these models the person is considered in the context of his
“educational activity”. This activity is considered individual and is based on “value of the
educated person” [5]. Educational-theoretical model is based on theory of “categorical
education”. According to it the person is able to make ratiocinations about the world using
his knowledge. He is open-minded to reality thanks to his “categorical” viewpoint,
experience and background [6]. Educational-theoretical didactics determines two
concepts for education. The first is based on curriculum content and general matters that
are of importance for the pupils’ life, and the second – refers to the search for relations
and competences with regard to activities that are considered important for the current
and future life of the pupils [6]. The theory of “categorical education” [6] combines these
two concepts and brings a new meaning to education. Education is envisaged as the
evolution of a person throughout material and spiritual reality. In the terms of geography
training this means searching for the answer of the question how the curriculum content
i.e. the spatial reality of our world influences the learning subject and how at the same
time the learning subject influences the world. Didactic analysis stands in the centre of
the educational-theoretical model. It is perceived as the “core of education” revealing the
educational content for a particular curriculum topic. Using didactic analysis we verify
what curriculum content is actually needed for the pupils’ everyday life nowadays and
what will be important for their everyday life tomorrow [1]. Main guideline didactic
questions for such analysis of the curriculum content and the training organization of a
specific topic are: significance for present, significance for future, structure of curriculum
content, “exemplar” value and accessibility [6]. These questions are the basis for
transforming education and materializing it into given curriculum content. This model
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relies on one hand on the changes in the understanding of educational values and on the
other hand – on the future opportunities for society and individual development that are
unforeseen from today’s standpoint. Insufficient bond with practice can be observed in
this model in the context of training. This is a result from the high degree of model
abstractedness, the relative negligence of the curriculum-methodical and organizational
aspects of training and also the lack of coordination with the learner’s starting point,
interests, capabilities, etc. These disadvantages are overcome using the model of criticalconstructivist didactics [7]. The concept “education” in this model is again in the central
position but at the same time it possesses a clear “emancipatory” direction. Following this
model, education is aiming at the improvement of three main capabilities of the learners
i.e. the ability for self-determination, co-association/affiliation and solidarity in all life
aspects [7]. So in this model education is perceived as general literacy which determines
the ability of a person to think critically, competently, consciously and jointly, to have
such behavior and to evolve in such way” [2]. Education is considered an interactive
process in which the pupils play the leading role, they communicate, interact, cooperate
and enhance their strong character traits. Key aim in their development is primarily to
develop the ability to communicate and cooperate, to creatively resolve problems and
build-up one’s humane attitude. It is suggested to achieve this goal by including (in
curriculum content) contemporary “key problems” typical for the current time which can
be considered as “hot spots” for the present and future social development on national
and global scale. The framework of didactic analysis is substantially expanded in the
critical-constructivist didactic and it is presented by “perspective scheme for training
construction” [7]. According to it the training is built on the basis of “analysis of
circumstances” and four complex questions – contextual rationale, themes structuring,
defining accessibility and possibilities for presentation, methodical structuring. Two new
aspects are added to these five didactic questions: possibility to verify/prove and structure
of the teaching-learning process. And while the first ones pursue observation and
ascertainment of training achievements, the second ones are looking at teaching methods
and also at “social learning”. The presented perspective framework is reduced according
to the “catalog” of key problems. The two didactic models could not be combined in one
universal “recipe” for didactic activity and are rather defined as “supporting reflection
and problematization” [2].
The emergence of a theoretical model for teaching and learning is result from the
criticism of the educational-theoretical didactics of Klafki [8]. The model has evolved
from the so-called “Berlin” to the so-called “Hamburg” model. The Berlin model is
based on the idea to encompass the so-called “skeleton” of every lesson i.e. to derive all
structural elements that can have influence and which are formal and constant and subject
them to scientific control. The goals, curriculum content, methods and sources of
information are all parts of these constant elements in every lesson/training process. For
the planning and implementation of every lesson, the teacher should always make
decisions on what is new in these four constants which constitute “area of decision
making”. As these constants are decision making factors for each lesson, they are
implicitly interrelated because every single decision taken by the teacher for a given
structural element has impact on all others. Therefore all the decisions of the teacher are
also interconnected. Since training is an “integral part of complex life reality” [1] it is
influenced by situational conditions (social-cultural) which influence the participants in
training activities (anthropological/psychological conditions). Psychological conditions
(primarily of pupils, teachers, parents) and social-cultural conditions (mainly
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social/family, economic, political, historical-cultural) build the so-called “circumstances
field”. The training activity in the area of decision making has impact on both the socialcultural and on the anthropological-psychological sphere. The situational conditions
which are changed as a result of training “overflow” again in a new circumstances
analysis. Whereas the decision factors and their interrelations are necessary for every
single lesson, the circumstances analysis is needed as a rule only in the beginning of a
new curriculum unit. The structural “building” of training is considered as a planning
instrument as well as an instrument for performing training analysis.
The Berlin model is criticized mainly for ignoring the basic goals for education and
upbringing, for the teacher-centered focus, as well as for ignoring the importance of
interpersonal relations in the training process (not only between teacher and pupils but
also among the pupils themselves). As a result of these criticisms, the Berlin model was
improved by focusing training to “emancipation” aims - competence, autonomy,
solidarity i.e. through activity orientation (Hamburg model). Unlike the Berlin model
which is considered as ”decision model”, the Hamburg one is perceived as an “activity
model”. The decisions related to the training process are not determined entirely by the
teacher’s overall competences any more, but the training planning is a result of the joint
work of all participants. Thus the pupils are no longer the mere object of education but
also become subjects in the process. Hence didactic activity focuses on the activity
component of training, on the interaction between teacher and pupils with regard to
curriculum goals; on the starting point and variables in the training process and the control
of training achievements. The process teaching-learning is influenced on one hand by the
institutional conditions (curriculum program, educational standards, specialized
conferences, school environment) and on the other hand – by society framework
conditions (business activity, official authorities’ attitude, self-understanding and
perception of the world of all participants of school-related activities) [9]. The model is
focused on answering the following four didactic questions:
 What must to be taught/learnt? This is related to the aims of training which, in turn,
are related not only to the general goals but also to topics/curriculum content.
 Who learns and from whom? Beginning with the participants’ starting point in
training (pupils and teacher), their motives, previous experience, knowledge and
opinions.
 How this is done, using which training options (methods, forms, sources of
information)?
 How to assess if training is successful – control of results? How we determine and
measure progress in training? Who will measure and verify? [3]
Another important feature and innovation in the Hamburg model is the four levels of
training planning:
 In perspective planning the training is constructed for a longer time period (one year
or one school term) compared to the course of teaching and study units;
 In general planning (sketching a general plan view) specific “didactic-methodical”
groups are structured and ordered in study units;
 In procedural planning the focus is centered on training in a particular training class;
 Corrective planning is carried out during particular events in the training process and
in case of unexpected development.
The referred levels express the variability respectively flexibility of training [2].
The educational-theoretical model of Klafki [6,7] and the Berlin model of Heimann, Otto
& Schulz [8] are based on different scientific and theoretical grounds. This is mainly due
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to the fact that the authors have created these models during times of continuous change
and divergence of the didactic concepts for training and lessons. The Hamburg and the
critical-constructivist models are examples of criticism to the above-mentioned models.
As they have been developed on the basis of almost the same scientific and theoretical
perspective, so that allows their integration [1]. The theoretical and practical differences
between the two improved models are gradually diminishing in past years and some
compatibility could be observed. The following common features could be pointed out:
 Primary importance of goal setting in comparison with the other factors for decision
making (curriculum content, methods, sources of information);
 The implicit interrelation between the factors that construct the process of training;
 The pupils as subject of training, their needs, interests, problems etc.
The educational-theoretical and theoretical model of teaching and learning could find
their application in planning as well as in analysis and reflection in the geography training
in Bulgaria. They could be especially useful for students, interns and young teachers when
they structure and methodically develop their lessons.
In comparison with other models, the constructivist didactic model is most focused on
the individual participation of the person in the training process. Learning is no longer
considered the mere consequence of teaching but the result of “individual constructive
achievement of the learner” [2]. Pupils are no longer passive receivers of information.
They are active, self-governing learners. They have the ability to plan their study, to
organize, implement and assess it. In turn, the teacher is less the mediator of knowledge
and more – the assistant supporting the training process [10]. Here the methodical variety,
individual approach, activity orientation are defined as the “backbone” supporting the
methodical construction of the training process. With reference to written above great
expectations are imposed to the mentioned didactic model for increasing the effectiveness
of the training process. We accept these notions but only in the framework of “moderate
constructivism.” The model can be criticized for the fact that the “moderate
constructivism” does not offer strict mechanisms for notion change. Nevertheless, this
concept for learning may clearly influence the organization of geography training process
as well as be considered in geo-didactic scientific researches.

TO SUMMARIZE: Do we need the presented didactical models of planning,
accomplishment and reflection in geography training and to what extend? To answer this
question we should look at each of them again.
The two educational-theoretical models developed by Klafki [6,7] provide geography
teachers with the necessary instrument and means to identify the geography topic of the
training and to revise the specifics of geography educational content. The proficiency in
such kind of competence is very important for two reasons. On one hand, geography
science constantly develops and improves dealing with new problem cases and questions
and generates new topics for geography training (curriculum content). On the other hand,
taking into consideration that geography syllabus is focused on acquiring competence,
the suggested topics in the curriculum content should provide opportunities for decision
making in the present as well as in the future, and for taking responsibility and achieving
higher levels of independent thinking and attitudes.
The theoretical models for teaching and learning provide the geography teacher with the
so-called “backbone” for every lesson. The model’s potential is primarily due to the fact
that they clearly outline implicit interrelations between the four factors for decision
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making (aims, curriculum content, methods and sources of information). Finding the
balance between the aim - curriculum content level and the methodical - information one
for each lesson has very high value for geography training because geography as
curriculum subject possesses significant informational and methodical dynamics. The
geography training process utilizes a variety of educational methods, traditional and
unconventional sources of information, modern digital information and communication
technologies. It is very difficult to deal with everyday situations/problems in
contemporary society without wide communication, information and methodical
competence nowadays and it will get harder in the future. Geography training contributes
to the formation and development of skills and abilities important for the learner’s
everyday life.
The widening of the scientific debate about constructivism leads to the wide-spread
concept that reaching proficiency in science is an individual process which occurs in a
different way for each person. Constructivism offers the theoretical framework for
analysis and encouragement of the process of acquiring scientific knowledge in different
social context [11]. A fundamental aim of geography training is to acquire knowledge
about the interrelations between the natural environment and the social activities in
different areas on Earth and on the basis of that knowledge to provide for the setup of
different activity competences and behavior models in geographical space. The space is
deliberately examined through four different perspectives [12]:
 In realistic sense – as container;
 As system of spatial interrelations of material objects;
 As perception category;
 According to the perspective of its social, technical and social constructiveness
[12].
With regard to the above, the geography training provides the opportunity for the pupils
to encounter different spatial perspectives, to perceive them, to reflect them critically, to
evaluate them and thus to construct their own individual view of the world. That is the
why constructivist didactics has no less importance for geography training than the
previously discussed models.
The integration of the three models, despite the underlying different viewpoints, will
guarantee the most precise goal setting in geography training and will allow the maximum
compliance with the level of knowledge in the learning process. The comprehensive
consideration of didactical models, as well as their implementation in practice will offer
to geography education in Bulgaria the so needed basis for the creation of a geography
specific didactical model as well as for its implementation in the process of teaching.
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ABSTRACT
Given the current policies of the Western European countries on the repatriation of Roma
population and subsidies granting to those who return to the country of origin,
increasingly more Romanian citizens of Roma ethnicity view migration as an economic
opportunity. The present study has at its basis the research conducted on Roma
immigrants of Romanian origin in the city of Rennes, France, between March and June
2015. The interview-based survey was conducted on a sample of 50 participants of Roma
ethnicity, originating from different areas of Romania, and is aimed at analyzing the
attitudes of Romanian Roma immigrants towards the local authorities: local
administration, school, hospital, NGOs.
The research results suggest a positive perception of Roma population directed towards
certain local stakeholders, such as the NGOs, hospital and school, as well as certain
reluctance towards the local administration. The problems faced by the Roma community
members in Rennes are linked to the attitude of local stakeholders towards immigrants,
the difficulties of insertion in the work environment and social exclusion issues.
Despite the difficulties they face, the most interviewees expressed no desire of return to
Romania, except for the situation in which they would be repatriated by the French State.
Their migration project is based upon the intention of remaining in France for a number
of years, or of migrating to another developed country in Western Europe.
The situation of Roma immigrants is highly sensitive, both for France and for the other
Western European countries. Since 2000, many NGOs have focused their work on
helping these communities illegally settled in France. This study represents a first
contribution to a larger research project, focused on the analysis of the Roma community
in the city of Rennes in particular and of Roma minorities of Romanian nationality in
France, and generally follows the causes that have contributed to increased migration,
migration experience and routes within the Roma population.
Keywords: migration, Roma communities, integration, insertion in the work
environment

INTRODUCTION
The fall of the communist regime at the end of the year 1989 has had as a main
consequence guaranteeing the right of free movement to Romanians, a situation which
has led to a marked rise in emigration [12]. Open borders and progressive democratization
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equally resulted in the increase of both freedom and unemployment rate, parallel with the
decrease in living standards, and diminishment of social protection. In the context of the
changes that have marked the Romanian post-Decembrist society, the Roma population
remained one of the most vulnerable social groups, characterized by poverty, lack of
education and training, which in turn have led to their social exclusion, long-term
unemployment, discrimination and even violence (Ringold et al., 2005). Lured by the
prospect of a better life, the number of Roma who have requested political asylum in the
developed countries of the Central and Western Europe increased markedly in the early
90s. In the major cities of France such as Lyon, Nanterre, Toulouse, Roubaix, true "nuclei
of Roma population" emerged [12]. Their presence on the streets, in subway stations and
as inhabitants of abandoned buildings made the Roma community members highly visible
in the public space. Consequently, certain acts of delinquency have resulted in an
excessive mobilization that fueled and amplified the fears of the local population [2].
After 2002, the onset of the free movement of Romanian citizens in the Schengen Area,
a new migration strategy was employed, i.e., the ‘false tourists', which was aimed to
circumventing the controls imposed by the European migration policy [12].
In the view of the EU accession, the successive Romanian governments improved the
laws concerning the rights of minorities. Although Romania declared the period 20052015 as the Decade of Roma Inclusion, the laws enacted in this regard have rarely been
followed by concrete actions, the effectiveness of Roma insertion programs depending
most often on the involvement of stakeholders. Lacking education and training, and
failing to integrate their illegal labor, Roma have resorted most often to beggary as a
viable alternative. For this reason, their migration to developed countries was often
interpreted as a "migration for failed work" [8]. Faced often with fear and unjustified
hostility by the local population, attitudes likely explained as pertaining to certain beliefs
and stigmatizing prejudices, the Roma were subject to forced evictions, violence and
discrimination by local people and political stakeholders. As such they were regarded as
the scapegoats and guinea pigs of the European security policy.
The aim of this paper is to identify the problems faced by the Roma community members
in the city of Rennes, France, in relation to local stakeholders represented by the local
administration, school, hospital and NGOs, as well as their attitude towards Roma
immigrants. The study addresses the difficulties related to the Roma insertion in the
French labor market and their social marginalization in the destination society, in
correlation with the possibility of a return migration to Romania.
International scientific literature focused on migration in general, and the migration of
Roma, in particular, is extremely abundant. However, there are very few contributions
that address issues related to the attitude of Roma immigrants to authorities and
stakeholders. Starting from the lifestyle and activities typical of the Roma population,
several studies analyzed Roma migration as compared to the movement of people who
are not members of the Roma community [3]. Although perceived as different, the Roma
migration phenomenon actually resembles the migration of non-Roma population from
the Eastern Europe [8] and Romania [9].
The movement of Roma population is analyzed firstly from a historical perspective, by
addressing this phenomenon in the context of the European 14th century, when the
presence of Roma communities was first noted [6], and during the following centuries
(15th-20th) [7]. Secondly, we assess Roma migration from the viewpoint of political,
social and economic changes of the recent decades in Europe [5]. Special attention was
paid to strategies and migration profiles of Roma communities from Bulgaria and
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Romania, to their migratory paths and policies concerning Roma population [6, 7], to the
role of ethnic minorities’ mass-media, including Roma, as a means of production and
representation of identity in the public space [10].
There are numerous studies focusing on the marginalization of Roma originating from
the Eastern Europe, on the economic status and precarious housing [1], the discrimination
to which they are subjected [6], the issues of health of Roma immigrants (Duprat, 2011),
or the aspects related to the education of Roma children whose parents have emigrated
[4].

MATERIALS AND METHODS
The present research, which is part of a wider research project focusing on the Roma
minority of Romanian nationality, developed in Rennes France, March - June 2015,
examines the complexity of social identity in terms of national identification of Roma
immigrants and their attitudes towards local French stakeholders.
The Roma community of Romanian nationality in Rennes is very small compared to other
Roma communities in France. It consists approximately of 80 people, of which 30 are
children aged up to 14 years, with only 13 of them enrolled in French schools. Although
the community is supported by non-governmental organizations (NGOs) which are aimed
to help minority ethnic groups throughout their inclusion in French society, the Roma
originating from Romania appear not to exhibit consistency in providing important data
for organizations. A good example is that of a Roma family of 14 members who, having
been supported by the MRAP organization with finding a home, refused to further
communicate with the organization and were subsequently expelled from the house and
later on from Rennes.
Within the present study, around 50 Roma representatives of Romanian nationality, over
15 years old, were interviewed. Although the interview involved a variety of questions,
we found that one of the major problems faced by the Roma community members, but
also by other Romanian immigrants, is related to discrimination by the host society.
The information obtained was included in a database for statistical analysis, using both
the SPSS (Statistical Package for the Social Sciences) and Microsoft Office / Excel / Data
Analyses.

MAIN RESULTS
Unlike other regions in France, the Roma community of Rennes began to settle with 2009.

Figure 1. Evolution of the number of Romanian Roma in Rennes , France
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An increase in their number was observed in 2012 and 2014. Their migration route is
complex, starting from Romania towards countries like Italy, Great Britain, Luxembourg
and even the United States, and implicitly France.

Fig.2. Roma population pyramid of Romanian nationality in Rennes, France,
registered in the period March-June 2015

Of the 50 Roma people interviewed between March and June 2015 in Rennes, 27 are aged
up to 30 years and are mainly men; the migration phenomenon among the Roma
communitie from Rennes generally characterizes the male population.
To determine whether there is a similarity between variables representing difficulties
faced by the Roma in Rennes and their desire to leave France in order to return to
Romania, we employed the ANOVA analysis.
Table 1. Results of the ANOVA tests – Descriptive part
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Table 2. Results of the ANOVA tests

Based on the value of the F statistics (0.613 to 3.056) we suggest that the Roma of
Romanian nationality, especially the younger ones aged up to 40 years, do not want to
return to the home country, despite the less favorable living conditions in Rennes.
However, the 0.038 Sig. value for the variable denominating the unfavorable perception
of the French population against Roma, further confirms that the interviewees consider
such attitudes as one of the methods used to coerce them to leave the area.
Equally relevant is the 0.056 Sig. value for the variable representing the difficulty of
finding a job in correlation with the desire to return home.

DISCUSSION
We note that the Roma members included in our study, have integrated themselves
socially very well, but the most important problem remains the lack of jobs for
immigrants. Although enrolled in the Employment services of Rennes, no more than two
Roma people have managed to find a stable job, while others perform seasonal or
temporary works, some even engaging in beggary or scrap metal gathering.
The support received from NGOs such as MRAP or from local authorities was a real help
for the Roma community in Rennes. One of the immigrant families, consisting of a total
of 18 members aged between 6 months and 48 years, was offered a house; currently all
the 8 minors are attending school in Rennes, while adults have been included in the
databases of the employment services in order to facilitate finding a job.
Unlike other large Roma communities in France, the one from Rennes is a quiet
community, with no particular situations in terms of violence and crime. Not a single
Roma person of Romanian nationality is in the criminal records of the regional police;
there are however hindrances resulting from activities such as beggary, especially in
women. An important point to remember is that French administrative institutions punish
severely the act of forcing underage children to beg, and likely because of this, in Rennes,
all Roma minors are attending French schools.
At the same time, the analysis also highlights the satisfaction of Roma community
members towards health services; although with no medical insurance, some Roma
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members have received healthcare in very good conditions. Among these, those
interviewed stated that they did not feel discriminated at all by the medical staff.
Equally, a satisfactory attitude could be observed from the teaching staff in the schools
where Roma children are enrolled; given that these children did not study French
intensively in Romania, they reported that they did not feel marginalized during school
hours, but on the contrary they were offered more attention.
The situation is becoming more critical, especially as the employment service in Rennes
does not generally have jobs for immigrants who do not speak French well or who do not
have specialized training in different fields. The majority of members of the Roma
community in Rennes have completed secondary school in Romania, whereas in France
they were not enrolled in any kind of specialty course.
Although living conditions of the Roma community in Rennes do not reach the normal
standards, not even a single member wishes to return to Romania sooner than 5 years.

CONCLUSIONS
The Roma population needs support for integration into the society, both in Romania and
in any other country; because of their struggle to survive, they become marginalized and
rarely included in society, thus becoming dependent on social and administrative system
of the host country. To help manage the situation in which these and many other Roma
families are encountered, we need to highlight particular problems they are current facing,
thus making the wider public more aware and sympathetic.
Social exclusion is found among various social categories, such as the unemployed, single
parent families, institutionalized children, minorities. Roma belong to this category
because they do not share an optimum level of social integration (some of them not having
even identity papers).
These social problems cause in turn other forms of social exclusion, as undocumented
Roma cannot benefit from certain rights granted by the Romanian state or the host state.
Furthermore not attending school also leads to social exclusion, because of the differences
in educational between Roma and non-Roma children. The hiring of undocumented Roma
leads as well to social exclusion and inability to get health insurance.
It is also likely that part of the Roma population, experiencing different forms of
discrimination, cultural traditions and undergoing problems related to daily existence,
chooses to self-marginalize, of which case we may speak of self-exclusion. These issues
are often encountered among Roma communities of Romanian nationality, both in
Romania and abroad.
Consequently, it is important that Romania enforces a series of measures in order to
prevent such cases of migration of Roma community members, which appear to have
been basically triggered by the financial situation in the home country.
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ABSTRACT
In the world where capitalism is getting stronger day by day, shopping malls, an element
of capitalism, have gained a very important share in commercial activity. Together with
the entrance of shopping malls to urban environments some of the local retailers in the
cities tried to merge so as to continue their commercial lives while others could not stand
against great capital and went bankrupt. Similarly to many of the Anatolian cities, it is
possible to find bazaars in Erzurum. These bazaars carry the traces of history with the
types of products sold and the places where trade is being made. These commercial spaces
which an important place in the urban pattern are important areas of attraction with the
products sold for shopping and the architectural properties they carry. Although majority
are small scaled retailers, they are commercially very active as they sell local and cultural
products, as they have been located in the same place for many years and as they have a
different spatial look. Most important ones among these are Rüstem Paşa Caravanserai
(Taş Han–Stone Inn), Jewelry Bazaar (Stone Stores), Spice Bazaar (Hacılar InnBaharatçılar), Shoemakers Bazaar (Kavaflar), Coppersmiths Bazaar (Bakırcılar), Wool
Bazaar (Kevelciler), Flea Market (Bat Bazaar), Dry Grains (Kuru Hapan) and Urbane
Bazaar (Nazik Çarşı). Almost all of the bazaars placed are spatially located around
Erzurum Castle and within the outer castle walls. The aim of this study is to analyze the
properties, economical area of impact and basic problems of these bazaars which carry
traces of Seljuk and Ottoman architecture.
Keywords: Bazaar, Commercial Space, Cultur, Erzurum, Turkey.

INTRODUCTION
“Çarşı” (Marketplace/Bazaar) (cihar-suk), is terminologically constituted by the
combination of the Persian word cihar which means “four” and the Arabic word suk
which means “alley, street”. Marketplace in Turkish culture is an important spatial factor
for the cities and also a public area being commonly used by all segments of the society.
Various social and economic activities take place in this place of the city.[1] Marketplaces
of the Ottoman era are located in specific areas of the cities which had been formed under
the influence of traditional Middle Asian Turkish and Islamic urbanism culture. The intracity locations of the marketplaces are not determined randomly. The factors such as
closeness to the castle or city walls, main roads and cultural areas had been crucial in the
selection of marketplace sites. Therefore, the city markets of the Ottoman era had
presented development in the areas effected by one or more of such factors. The
marketplaces are not the areas solely for commercial activities but also a system
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containing many social facilities in which the production activities were carried out.
Therefore they serve as the center of urban life.[2]
Most of the Anatolian cities bear the traces of Seljuk and Ottoman architecture. Moreover,
Seljuk architecture is more dominant in some cities while Ottoman architecture is more
dominant in some other cities. Therefore covered or open air trading environments such
as caravanserais, covered bazaars, inns, marketplaces and bazaars are very common
factors of the Anatolian cities.
The core of the artisan and craftsmen order is the marketplace with covered bazaar.
Covered bazaar is a place for trading valuable goods as well as for storing jewelry and
laundering money. The marketplace being the wide surrounding of this structure is known
as fondaco in Italy, as guildhall in England and as kaufhalle in Germany. Such place is
known as collegium publicum in Rome. Collegium is also known as colleague and bears
the meaning of brotherhood. The lodge within the marketplace is an economical order
which controls the order, production and consumption and the prices are set by means of
price fixing. In the languages of all Anatolian and Balkan people, the words of
marketplace-bazaar are synonymous in terms of being public and being open to everyone.
The heart of the Ottoman cities beat in the Central Marketplace. All social groups
containing both women and men can be found with all languages and dialects in this
place.[3] The small marketplaces in each neighborhood are established in accordance
with the same principle as the grand bazaars in the center and they contain all necessary
shops. In general, each marketplace is reserved only for one artisan or craftsmen group
(lodge) whereas the bakers, kebab makers, kitchens can be available amongst other lodges
due to their necessary nature.[4]
There is a settlement in the marketplaces within the city of Erzurum subject to the research
similar to the Seljuk and Ottoman urban texture and their distribution within the urban
area and their present importance will be underlined in the following sections.

PURPOSE AND METHOD
The objective of this study is ascertaining the basic features and spatial distribution and
examining the main problems of the marketplaces located within the commercial areas of
the city of Erzurum which bear cultural importance. In line with this objective, we will
try to find an answer to the question “Do the traditional marketplaces in Erzurum still
have an economic importance despite the shopping malls increasing in number?”
In order for the study to reach its goal, the individuals who performed as tradesmen in
traditional marketplaces have been interviewed and the functionalities and physical
conditions of the subject commercial areas have been observed on site and some
inferences have been made.

LOCATION OF STUDY AREA AND GENERAL FEATURES
Turkey has been established on a territory where the continents of Europe and Asia get
closer to each other the most and serves as an important bridge between Eastern and
Western civilizations. Having important land, sea, air and rail ways has made the country
become a strategic transit route in terms of both commercial facts and power transmission
lines. The field of study is the city of Erzurum located to the East of Turkey by the Eastern
Anatolian Region borders which had remained on the Silk Road for centuries (Figure 1).
The facts such as the long lasting winter season and the presence of Palandöken Mountain
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(3157 m) right to the south of the city create a rich potential in terms of winter tourism in
the city that has a severe continental climate. The city which remains within the winter
tourism corridor of Turkey has hosted the 25th Winter Universiade in 2011.[5]

Figure 1. Location of study area.

BAZAARS OF ERZURUM
The city of Erzurum had always been a center of commerce where the trade between Iran,
India and other Middle Asia countries and the Mediterranean was actively being carried
out since the ancient times due to the geopolitical and geographical location of the city.[6]
The city of Erzurum had developed in every respect when it was under the Ottoman rule.
Particularly, generating substantial income from the caravans passing by the city as a
result of the location being on the historical Silk Road had been effective in this sense.[7]
Evliya Çelebi in his Travelogue mentions that there are almost 70 merchant inns in
Erzurum in the XVII. Century and the customs of Erzurum is the busiest after the customs
of İstanbul and İzmir.[8] Such importance of the city has been maintained until present
and it has been an important service and trade city for the region. The city of Erzurum
with such feature has always had many inns and caravanserais within the surrounding of
the castle and its immediate vicinity. The caravans coming to the city used to carry out
commercial activities around such inns and take the road again. Such commercial places
all remain within the walls of the castle protecting the city.
The structures such as marketplace, bazaar, inn, covered bazaar within the city are
traditional trading areas. Besides these, the business centers and Shopping Malls
occupying wider areas and at many items are being sold together have substantial shares
in commerce. The Shopping Malls are important in terms of providing service by bringing
the world’s leading brands not only to the city but also to the entire region. Establishment
of the Shopping Malls in Erzurum was before the Winter Universiade in 2011.[9] The
first one of these is Forum Erzurum which was opened in 2009 at Dörtyol area. The
Shopping Mall which contains the stores of many national and international companies
is able to drag many local tourists from the surrounding provinces even just for shopping
by attracting them with the cinemas, restaurants, cafeterias, readymade clothing and
electronics stores. Another Shopping Mall is Palerium which was opened in the city
225

2nd International Scientific Conference GEOBALCANICA 2016

center in 2014 does not have a particular difference from Forum Erzurum in terms of
functional features whereas its most important feature is its location being on the most
crowded area of the city that is Cumhuriyet Street. Also there are two Shopping Mall
constructions in progress as one in Yenişehir neighborhood and the other one in the
former Coach Station area. Besides the abovementioned, there are stores and shops in
service in more than 10 business at various areas.
A vast amount of the historical marketplaces which effects the urbanization of Erzurum
in terms of commercial business places were constructed during the Ottoman era and in
the first years of the Republic. The historical marketplaces have been located spatially
around the Castle of Erzurum. However a substantial amount of them are located to the
North of the castle. In order to provide their security, the marketplaces were established
within the castle walls. There are gates between the castle walls providing the security
control of the access to the city. The names of such gates were being given according to
the directions where the caravans approach from or depending on the destinations of the
departing caravans. These gates which still remain in the city can be used for various
purposes in terms of functionality. Kavakkapı Gate opens to the North, Karskapı Gate
opens to the East and South, İstanbulkapı Gate opens to the West and Harputkapı Gate
opens to the Southwest. A very small portion of Harputkapı Gate and most of the other
three gates still remain standing and enlightens the historical mission of the city.
Only seven of the historical inns having importance in the commercial life of the city
could reach to the present. These inns are; Cennetzade Inn, Gümrük Inn, Hacılar Inn,
Hapan Inn, Kamburoğlu Inn, Komisli Inn and Taş Inn (Rüstem Paşa Caravanserai).[10]
Taş Inn is still functional, however some of them has become ruins due to lack of
maintenance and the rest are still being tried to be renovated within the scope of new
projects.
We can make a list of the bazaars in the city of Erzurum still culturally being used in an
active manner in the present day as below (Figure 2):
Rüstem Paşa Caravanserai (Taş Han – Stone Inn):
This structure is located on Menderes Street and was built by Sinan the Architect between
1554-1561 upon the order of Damat Rüstem Pasha the son-in-law and the grand vizier of
Suleiman the Magnificent. The structure was restored in 1970 by the General Directorate
for Foundations and the upper floor is reserved entirely for Oltu Stone production and
sales while the ground floor shops are distributed between Oltu Stone tradesmen and other
artisans and craftsmen. This market place referred to as Taşhan is the only two storey
specimen amongst the historical marketplaces of the city. In the marketplace which
attracts many local and foreign tourists, the rare examples of Oltu Stone works being one
of the important values of Erzurum are being sold (Figure 3).
This stone being mined from Oltu district of Erzurum has been being processed for 200
years, however it has gained importance by the introductions and marketing following
the foundation of the Republic. What makes this place cultural is the profession being
handed down from father to son and the craftsmen gaining their professional experience
by working at the workshops with their fathers. Generally the sons take over the sales
shops after their fathers and continue with the business.[11] Most of the products being
sold in Taşhan are the specimens of Erzurum handcrafts being mostly prayer beads,
necklaces, rings, earrings and bracelets. Majority of the products are plain Oltu Stone and
silver and gold inlaid Oltu Stone. This place is traditionally and culturally important
because of these features.
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Figure 2. Spatial distribution of bazaars in Erzurum city.

Jewelry Bazaar (Stone Stores):
The Stone Stores which have an important place in the texture of the city is a shopping
area closed to traffic which has stores and shops on both sides lying between Tebrizkapı
Gate and Tahtacılar Street to the North-South directions (Figure 3). It is a place mostly
for gold and silver trade and for trousseau marketing. In recent years readymade garments
and white appliances have also entered this area in a minor context. This historical area
is important in terms of production and marketing of gold handcrafts which is one the
handcrafts in Erzurum.

Figure 3. Rüstem Pasha Caravanserai and Jewelry Bazaar.

Spice Bazaar (Hacılar Inn)
The place located on the Gürcükapı Street proceeding from the end of the Jewelry Bazaar
to the Northwest is the area where former Hacılar Inn was located at (Figure 4). There are
shops which sell mainly spices and natural medicines as well as hardware, readymade
garments and white appliances on the outer front of the Hacılar Inn which was built in the
18th Century. This place has been the center of the spice trade being carried out in the city
located on the historical Silk Road.
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Shoemakers Bazaar:
The place is located along the street starting from the East of Hacılar Inn and reaching the
Ayaz Pasha Street to the South. Production and marketing of leather booties and a type
of shoe being used by the Dadaş is the extinguishing feature of this marketplace. In this
marketplace also the items with cultural values such as tea urns, stoves and braziers are
being manufactured. Tea urn is a kitchen equipment which allows the tea – which is a
popular beverage in Erzurum – to be steeped on wood fire and it is available almost in
every home.
Coppersmiths Bazaar
The marketplace which starts with the 2nd Bedendi Street right to the East of Ayazpaşa
Mosque meets the Bakırcılar Street and ends at the opposite side of the Habip Baba Tomb
by the end of the street. This is a place where mostly kitchenware made of copper are
being manufactured and marketed. It has a cultural importance since the products being
sold here are handcrafts.
Wool Bazaar
It is located on the street starting from the South part of the Stone Shops proceeding to
the North and ends at Tahtacılar slope. It was a marketplace where the products such as
scarves, beanies, vests and trousers made of wool were being manufactured and marketed.
However the people involved in such business has decreased in number at the present
time.
Flea Market
The markets most of the Anatolian cities under Ottoman rule where second hand items
were being sold and bartered are referred to as Bayat Pazarı (Aged Bazaar) or Bat Pazarı.
It is located on the street laying in parallel to the west of Stone Shops (Figure 4). The
marketplace currently contains the occupational groups such as curtain sellers, furniture
dealers, chest makers, tailors etc. and its initial function is vanished.

Figure 4. Flea Market (Bat Bazaar) and Spice Bazaar.

Dry Grains (Kuru Hapan)
It is located on Gölbaşı Street crosswise to the Kamburoğlu Inn. Even though it is
physically in bad conditions, it still remains as a center for dry food.
Nazik (Urbane) Bazaar
It had been one of the most important marketplaces in the history due to its location being
close to Gümrük, Kamburoğlu and Develer Inns established during the Ottoman era. It
starts from Kongre Street, proceeds towards Southeast and ends at Gölbaşı Street. It is
currently being used as a dry food marketplace.
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RESULTS
The following outcomes have been obtained as a result of the study:
• Increasing day by day, the competitive market takes its share from these marketplaces
where mostly the local tradesmen are carrying out their commercial activities. The trading
volumes of the stores selling garments, shoes and electronics in the city have substantially
decreased after the appearance of Shopping Malls in the city. However, most of the
marketplaces being mentioned still remain lively in terms of trading due to reasons such
as being historical marketplaces of the city, the items being available in these
marketplaces but not at the Shopping Malls (or being available on a minimum level), the
shopping manners of the people of Erzurum and the business being carried out with local
capital and by local tradesmen.
• The business places carrying out their activities in the marketplaces mentioned during
the study are important in terms of both being local tradesmen and most of them
marketing the local handcraft works.
• The entirety of the marketplaces is of historical nature and they bear the traces of
traditional and cultural values. In terms of urban landscaping, the marketplaces have the
features which create the identity of the city.
• The entirety of the marketplaces is located between the inner walls and the outer walls
of the castle. It appears that the seven of the marketplaces (Taşhan, Stone Shops, Spice
Bazaar, Coppersmiths, Shoe Makers, Wool Bazaar, Flea Market) are located within a
radius of 350 meters when the Castle of Erzurum is in the center of such circle.
• Rüstem Pasha Marketplace amongst the marketplaces is the most well-kept one. In
recent past, the Jewelry Bazaar (Stone Shops) has been closed to traffic and been made
more convenient for shopping. Flea Market has become more harmonious with the
traditional architecture of the city by means of the restoration works in 2015. The former
architecture has been preserved and the business places on the ground floor have been
furnished with a standard exterior, and the upper floors have been restored based on the
exteriors of traditional Erzurum houses in order to maintain the cultural features.
However, the physical conditions of the inns and marketplaces other than those are
observed to be rather unfavorable.

SUGGESTIONS
If we have to make suggestions as a result of the study:
• Some projects may be developed for the mentioned marketplaces to maintain their
commercial importance in the future as well. Some of the occupational groups in the
marketplaces (coppersmiths, woolen garment makers) are at the edge of extinction. Some
of the vocational high school students may be directed into such type of professions by
means of the trainings to be provided by the chamber of merchants and craftsmen. By this
way the traditional handcrafts of the city can be carried into future. For instance; as in the
example of Castle of Gaziantep and its vicinity, such occupational groups may carry out
manufacturing and sales in both covered and open air marketplaces which reflect the
identity of the city within a cultural texture.
• Hacılar Inn across Habip Baba Tomb and its vicinity must be restored faithfully. We are
of the opinion that the most proper action would be situating only the spice shops and the
shops selling natural medicines within this place.
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• We are of the opinion that the Flea Market Street will be a marketplace where the
features of the traditional architecture will be displayed the best by the completion of the
restoration works on the South half of the Flea Market.
• Dry Grains (Kuru Hapan) is physically in bad conditions. Kamburoğlu Inn is planned
to be restored by the Yakutiye Municipality. Together with such restoration, the
tradesmen of the Kuru Hapan (Dry Grains) are intended to be moved to this place.
Realizing this project will be accurate. Only in this manner we can hand down our cultural
values to the next generations.
• A substantial part of the inns which have been neglected unnoticeably (Gümrük, Hapan,
Cennetzade, Kamburoğlu, Hacılar, Komisli Inns) are being used as storehouses. In order
to meet these inns with their former missions in history, projects must be developed and
the restoration works must be accelerated by means of the studies to be carried out in
cooperation with Erzurum Metropolitan Municipality and Yakutiye Municipality,
Chamber of Merchants and Craftsmen, Provincial Directorate of Culture and Tourism,
and the concerning academicians of the Ataturk University. By this means, the incomes
of the city generated from tourism will increase and the identity of the city of Erzurum
will become clearer in the field of traditional commerce.
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ABSTRACT
Coffeehouses are special social places which take place in rooted cultural heritage of
Anatolia. Their existence, historical origins, sociological features and also their spatial
properties contain various elements which are worth examining. Their rural and urban
examples, their structural elements for different requirements and the functional
transformation they went through are very interesting. Coffeehouses with their sub-types
meeting various needs and the qualities which developed and changed during the long
time periods when they became popular have gained an important perspective as a cultural
place. The aim of this study is to evaluate the spatial properties of coffeehouses as well
as their historical and sociological dimensions. Their modern-day appearance,
distribution and the functional transformation process were roughly examined.
Accordingly, the aim was to analyze coffeehouses and the culture they formed
(coffeehouse culture) with a geographical perspective.
Key words: Culture, space, cultural geography, coffeehouse, coffeehouse culture.

INTRODUCTION
Due to its location, Anatolia has served as a cultural corridor between east and west. Many
works of art, institutions, and places surviving from past to present bear traces of east and
west and they attract attention because of these qualities. Some of the qualities which
make these places draw attention are their historical, cultural, and social features, and the
change and transformation they went through in time. One of these interesting places
which share these features is coffeehouses.
Increasing number of studies focusing on space in social studies in recent years has led to
an interpretation of geographical environment in cultural terms and variety in space [1].
It is without doubt that this rich style of approach will promote the importance of both
space and spatial understanding and also geographical view and analysis. In this
developing perspective, it will be correct to discuss coffeehouses as one of the places
supplementing identity and belonging in rural and urban areas and to evaluate them within
the framework of their interaction with the geographical environment.
Due to its deep rooted history, coffeehouses have attracted many local or foreigner
historians, men of letters, folklorists and sociologists’ attention and become the subject
of many research studies. Among these studies, many studies on history which examined
Ottoman coffeehouses in Istanbul and were prepared in different formats (book, article,
master’s thesis, and so on) are quite remarkable [2]. In addition to these historical studies
which pay ultimate attention to study the examples from the past with their different
aspects, it is understood that today’s coffeehouses, however, draw attention of
academicians like sociologists and folklorists. Although Turkish geographers have not
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paid a lot of attention to them till now, it seems possible that coffeehouses might become
the subject matter of geographical examinations as a socio-cultural place which meets
important social needs.
The first examples of coffeehouses were in the Ottoman capital city, Istanbul and they
were commercial places where coffee was brewed and served but over the centuries they
changed, transformed, and became popular. Moreover, coffeehouses which withstood the
test of time and gained function and variety according to the changing social needs
became an important part of the interaction between culture and space.
Today
coffeehouses find a place to themselves in the most important socio-cultural places of
rural and urban areas. In one sense, the mentioned sustainability causes coffeehouses to
become a social mirror and at the same time carries them to the field of interest of human
geography, a human based discipline.

PURPOSE AND METHOD
The purpose of this study is to examine the coffeehouses, a private social place and the
culture they create with a geographical perspective. Historical development of
coffeehouses and their present spatial distribution were analysed under different sub-titles
in this study which serves the purpose of general evaluation and a short discussion.
Considering the analysis, first of all, variety of studies obtained were evaluated with
survey method, and then observations and examinations were carried out about different
types of in situ coffeehouses. In addition to the interviews carried out with different
institutions (Turkish Coffeehouses Federation and Turkish Statistical Institute and so on)
for statistical distribution and evaluations, the data obtained from the Confederation of
Turkish Tradesmen and Craftsmen were used. Regarding the spatial distribution of
coffeehouses, the statistics were interpreted. The study was completed with a discussion
on the reviewability of coffeehouses specific to the cultural geography.

HISTORICAL BACKGROUND OF COFFEEHOUSES
The appearance and development of coffeehouses in Turkey naturally occurred at the
same time with its popularity and consumption in the country. Coffee is a tropical plant
and the most important and the most famous two coffee species are Arabica Coffee
(coffea arabica) and Liberian coffee (coffea liberica). Both of them are native to African
continent but it is known that Coffea Arabica, widely consumed in the world, is native
to highlands of Ethiopia [3]. Coffee spread from Yemen to Hejaz and Cairo in the first
quarter of the 16th century and most probably it reached to Syria with large groups of
pilgrims and it came to Istanbul in just ten years, about in 1550s [4].
With its appearance and consumption, the first examples of coffeehouses were introduced
to Istanbul during the reign of the Suleyman I in the 16th century. However, this new
beverage was questioned by the ulema and sometimes it was banned by the Sheikulislam
fatwas. Moreover, this new situation caused a discussion about the existence of the
coffeehouses [5]. Coffeehouses were public places where coffee was made and consumed
at the beginning of this period. But then, it is known that coffeehouses became places to
be distrusted. Despite the valid reasons for this mistrust like coffee being a new beverage
and not being able to estimate what type of functions coffeehouses would have, these
public places became widespread in a short time. However, during this proliferation
period, they received some prohibitions and complaints. Coffeehouses were closed
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sometimes because of political discussions, rumours, and fights between the opponents
of government and sometimes because of violating the bans on tobacco and alcoholic
drinks or various excuses. While the aforementioned complaints were sometimes very
simple subjects like the high volume of the gramophone or noise, there were sometimes
serious complaints which caused the coffeehouses to be closed such as gambling, selling
and consuming alcoholic beverages and drugs [6].
It was viewed that during the following centuries a traditional Turkish coffeehouse gained
the characteristic features which would be called as “Ottoman coffeehouse” in literature.
It is possible to state that until the 20th century, coffeehouses gained wide prevalence and
then variety with social adaptation. For example, as a result of political and economic
developments in the 18th century, it was found that even janissary, a military class, opened
and ran coffeehouses, known as “janissary coffeehouse”[7]. Even in the 19th century, it
was stated in a study which discussed coffeehouses in Istanbul that the coffeehouses
became a centre of communication for Istanbul in that period and for that reason, many
spies in search of secret information dwelled in these places [8].
Coffeehouses which appeared in the 16th century and became popular in the 17th and 18th
centuries met a lot of different social needs at that time. Moreover, some activities took
place in coffeehouses like the Turkish shadow theatre (Karagöz-Hacivat plays), the
storyteller, meddah, and light comedy and political satires. In that long period, a large
variety of coffeehouses emerged like neighbourhood coffeehouses, minstrel
coffeehouses, semai coffeehouses, tradesmen coffeehouses, fire brigade coffeehouses,
and meddah coffeehouses [9].
One of the social places which appeared with the transformation which coffeehouses went
through was “kıraathane” (reading-houses). The word “kıraathane” derived from the
Arabic words “kıraat” meaning reading and “hâne” meaning house and it is a name given
to the coffeehouses where there are books, magazines and they are read. It was stated that
kıraathane appeared as a result of journalism developing with Tanzimat reforms and the
need for reading [10], so it is possible to evaluate them as a result of cultural evolution of
coffeehouses due to their didactic format and being a popular place among the Ottoman
elites.
One of the most important changes experienced in the coffeehouses was the types of food
and beverages consumed in these places from the past to present. In addition to drinking
coffee in coffeehouses, lemonade and sherbet were drunk and water pipe was smoked.
Moreover, it was determined that snacks like Turkish delight, candies, and jam were
consumed there [11]. In the following periods, “tea”, the most common hot drink of
modern day coffeehouses, began to be served and in the 20th century tea competed with
coffee. The most important advantages of tea in this competition are that it is much
cheaper and it is grown in the Eastern Black Sea region and it has become widespread in
a very short time. Justifying its various reflections in literature, it is also stated that tea
has created its own addicts and it has ascended the throne of coffee [12].
As seen, coffeehouses has met different needs of the society since the 16th century and
meanwhile, the increasing quantity and popularity have brought variety of products and
change in quality and thus, a socio-cultural space which existed till today has appeared.

SPATIAL FEATURES OF COFFEHOUSES
Nearly 500 year old history of coffeehouses caused modern-day coffeehouses to acquire
a cultural heritage form and also they installed them a mission to continue their existence.
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Of course, this long period of time interval has brought with it a lot of changes and firstly,
it caused the concept of coffeehouse to be exposed to extension of meaning. Modern-day
coffeehouses have changed considering the needs of the society today and they have
become socio-cultural places. The first feature which attracts attention with the changing
spatial appearance is the functional change and extension of meaning. Today when you
say coffee, the places where coffee is made and served does not come to mind. Nowadays,
the term coffeehouse is used in such a way to include places which have functions like,
teahouse, coffeehouse, and kıraathane. Whichever of these places the person who leaves
his house goes to, he says, “I’m going to a coffeehouse” and the term “coffeehouse” is
used by the public to include places like teahouse, and kıraathane. In this study,
coffeehouse was used as an umbrella term compatible with its use in daily life.
Of course, the only change which appeared about coffeehouses is not extension of
meaning. In the meantime, it was observed that the number of coffeehouses increased
considerably and they became widespread from Istanbul to other regions of Anatolia. It
will be to the point to examine the spatial distribution of modern-day coffeehouses in
order to consider the increase in quantity and popularity.1 The register records belonging
to the Confederation of Turkish Tradesmen and Craftsmen were used as a comprehensive
and current source of statistical information. In these records, business organizations like,
teahouse, coffeehouse and kıraathane were grouped under two different titles.
Coffeehouse, kıraathane and Internet café are discussed in one group while businesses
like country coffeehouse, tea garden, teahouse, and picnic and recreation centres are
discussed in another group. These two sets of data which were evaluated together due to
their content involve business enterprises such as coffeehouse, kıraathane and teahouse.
However, it will be correct to evaluate these statistics for providing insights rather than
for having precision. It is certain that more detailed and clear statistics belonging to the
provinces will be created with field work based on physical site visit and observations.
When Table 1 and Figure 1 are examined carefully, it is seen that the first thing that
attracts the attention about these businesses is their widespread presence throughout the
country. In fact, the existence of mentioned business organizations in 81 provinces more
or less can be accepted as a signal for spatial dispersion. The second important feature
with these visuals is unequal distribution. Istanbul, at the top of the list, witnesses this
intensity because it is the first place where coffeehouses opened, it was the capital city of
Ottoman Empire, and today it is the biggest city in Turkey. İzmir, Bursa, Balıkesir,
Manisa, Aydın, Ankara, Mersin and the other provinces taking place on the top constitute
important population attraction centres in Turkey and in the geographical regions where
they are located. These businesses show parallel distribution with the distribution of
population and at the same time this refers to the correlation with geographical factors
which affect the distribution of population in the country. The population attraction
centres which compose the weighted work and employment areas draw attention because
they are the areas where businesses like coffeehouse, kıraathane, teahouse offering
services are densely located (Table 1-Figure 1).

1

Different statistical data were encountered in different sources about the number of coffeehouses.
For example, it was stated by the authorities from the Turkish Coffeehouses Federation that they
had 85.000 members throughout the country in the year 2016. According to the annual business
statistics published by Turkish Statistical Institute, there were total 120.367 business
organizations which gave “beverage services” across the country in 2014.
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Table 1. The distribution of business enterprises which offer services like
coffeehouse, kıraathane, teahouse, and so on in Turkey (15.02.2016).
Province
Number
Province
Number
1.854
İstanbul
7.651
Kocaeli
6.560
1.853
İzmir
Edirne
4.822
1.818
Bursa
Muğla
3.754
1.657
Balıkesir
Trabzon
3.685
1.428
Manisa
Zonguldak
2.969
1.391
Aydın
Kırklareli
2.715
1.340
Ankara
Ordu
2.702
1.263
Mersin
Gaziantep
2.341
1.239
Tekirdağ
Hatay
2.304
1.152
Antalya
Afyonkarahisar
2.187
1.094
Konya
Eskişehir
2.067
1.089
Denizli
Kütahya
1.951
1.087
Samsun
Diyarbakır
1.945
1.031
Çanakkale
Malatya
1.893
25.170
Adana
Other provinces
1.858
Sakarya
Total
95.870
Source: It was compiled from the records of the Confederation of Turkish Tradesmen and Craftsmen
(This data involves the businesses like coffeehouse, kıraathane, Internet café, country coffeehouses, tea
garden and picnic and recreation centres).

Differentiation can be stated as another spatial feature which is as important as
distribution. The most remarkable spatial differentiation and distinction about
coffeehouses are on the rural and urban examples. While “village coffeehouses” make
up the most distinct example in rural areas, neighbourhood or district coffeehouses
compose the most common examples in urban areas. Of course, apart from these two
popular examples; it is possible to mention other types of coffeehouses. Early riser
coffeehouses, minstrel coffeehouses, kıraathanes, country coffeehouses, labour and
worker coffeehouses, fellow countrymen coffeehouses, and coffeehouses called by the
public as “coffeehouses with games” where different card games are played can be
counted as the types of coffeehouses which come to mind. These examples of
coffeehouses are very important as each of them can be a research topic and also they
display the spatial diversity created by the modern day coffeehouses. Moreover, each type
of coffeehouse can meet different social needs.

Figure 1. The distribution of business enterprises which offer services like coffeehouse, kıraathane,
teahouse, and so on in Turkey (15.02.2016).
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Another remarkable feature about the coffeehouses is that their physical qualities are
compatible with the geographical environment. Especially the climate conditions of the
regions where these coffeehouses are located determine the rate of indoor or outdoor
places in coffeehouses. In the coastal regions with mild climate conditions, coffeehouses
use outdoor more whereas it is possible to observe in the interior regions with continental
climate conditions that the rate of enclosed space is higher. Naturally, more in-depth
evaluations related to this and similar correlations might be possible with field work.

DISCUSSION AND RESULTS
Coffeehouses today compete with their European similars like café or cafeteria or global
coffee chains like Starbucks or Gloria Jean’s or hybrid examples like the Internet café.
This competition causes traditional coffeehouses to make changes. Today a teenager
going to a coffeehouse asks for a password for wi-fi (wireless fidelity) before ordering
his drink or it is really difficult to distinguish coffeehouses which broadcast football
matches on large screens during the football league season from the stadiums. All these
things and more than this can be accepted as a reflection of change the coffeehouses went
through in time. However, no matter at what level this change occurs, it is viewed that
coffeehouses still maintain their existence as a socio-cultural place. From these aspects,
today coffeehouses are special social places which can contain within itself society’s
existing qualities and some cultural elements coming from the past. As stated in the
introduction, these features as well as other qualities make coffeehouses become field of
interest for human geography that deals with the people and also they make coffeehouses
a great place for the research studies of cultural geography. There are important
correlations between spatial distribution of coffeehouses and geographical factors such as
location, climate, population, migration, and economic activities. In-depth evaluation of
the aforementioned correlations will be possible with applied geographical examinations
based on in situ observations. Coffeehouses are an important research topic for research
fields like urban geography, rural geographical studies or historical geography. Moreover,
in our opinion, they are available places for cultural geography studies. Coffeehouses,
one of the places which reflect the Turkish identity best, exhibit physical diversity and
they are shaped in line with social needs. It is regarded that they have a quality which is
supplementary and enhancing the sense of belonging in rural and urban places, so they
are effective on identity with these aspects. Coffeehouses have a special position
regarding the culture-place interaction and within the framework of all these aspects, they
are the places which will be exposed to in-depth examination with a perspective of
cultural geography. They are like a laboratory for collecting data for the subjects like
culture-place interaction and identity-place relation. In parallel with the increasing
number of the studies to be carried out in time, opportunities will be provided to compare
the Anatolian examples and different examples. Thus, it can be anticipated that cultural
diffusion and the borders of cultural region will be examined with analytical studies. What
we expect from this short paper is that it attains its purpose by drawing the attention of
Turkish Geographers on the subject and thus increasing the number of geographical
studies on coffeehouses. Therefore, the continuity of living heritage will be ensured and
also more in-depth analysis about the spatial distribution of coffeehouses and their
interaction with geographical environment will be performed.
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ABSTRACT
The article makes an effort to assess tourism potentials of the Wine route region in
Macedonia. For that purpose, in the first line it investigates the current level of tourism
development by analyzing the major problems and obstacles which prevent this region
from becoming more developed in tourism manner. The results were obtained from a field
survey undertaken as a part of broader research conducted in 2014. The data were
collected by a self-administered questionnaire distributed among managers and
employees of 11 wineries located along the Povardarie region (Demir Kapija, Kavadarci,
Gradsko, Negotino and Veles). The overall conclusion is-the Wine region has numerous
weaknesses that need to be addressed and various profound limiting factors that prevent
its tourism development. Therefore, the current tourism strategy needs an improvement
in terms of overcoming the spotted obstacles generally by identifying and introducing a
unique tourist product.
Keywords: Tourism development; Wine route region; Macedonia.

INTRODUCTION
Many regions have realized the benefits for wine tourism development. Yet, wine regions
do not automatically transform into wine tourism destinations. What is required for a
successful wine tourism region is actually a significant investment of time, money and
efforts.
The objective of this paper is to evaluate the current stage of tourism development of the
Wine route region in Macedonia. In particular, the paper attempts to explore and identify
the major problems and weaknesses that need to be addressed. The focus is put on the
major opportunities for improvements, particularly formulating the sector vision of
change and the vision of change for products and services, as well as the possibility for
reaching the vision of change by the identified interventions. The paper is structured in
several parts. After the introductory part, Section 2 provides a brief overview on literature
addressing the issues of wine tourism, wine routes and tourism development. Section 3
provides some stylized facts for the Wine route region with elaborate regional and local
context. Section 4 presents the tourism market map of the wine route region, while
Section 5 encompasses the research methodology. The analysis, results and discussion
are noted in Section 6, while some future challenges and recommendations are presented
in the final section.
The general contribution of the study is the fact that it enriches the poorly developed
academic work in this issue regarding the wine route region development in Macedonia
with certain exceptions [11]. Furthermore, the study provides recommendations to the
key tourism players to introduce a new strategy and a vision of change in the line of
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facilitating the increased investment, income and employment in both the wine and
tourism sectors of the region. Its aim is also to encourage tourists to visit the investigated
wine region and to experience all it has to offer.

LITERATURE REVIEW
Academic research into wine tourism, wine routes and tourism development has
accelerated particularly over the last decade. So, now there is an extensive body of
knowledge on wine tourism phenomenon, wine tourism markets and products.
Wine tourism has been defined as ‘visitation to vineyards, wineries, wine festivals and
wine shows for which grape wine tasting and/or experiencing the attributes of a grape
wine region are the prime motivational factors for visitors’ [8]. This market-based
definition has informed a proliferation of many studies [1], [2], [3], [5], [6], [7], [9], [10]
and [12] whereas the accent is on the wine tourist products, wine activities, consumption,
as well as on the events and places that comprise wine tourism.
Generally, two major approaches have emerged in the literature related to framing wine
tourism [4]:
i. Macroeconomic approach, being framed at national level (marketing and
branding; export revenue; tourism trends; funding; etc.) and regional level
(regional identity; infrastructure; role of local government; etc.); and
ii. Microeconomic approach, being framed at the level where wine tourism takes
place (the winery and consumer).

WINE ROUTE REGION IN MACEDONIA
The wine tourism in Macedonia is relatively new type of tourism, which is identified in
several strategic documents. One of them is the up-dated National Strategy for Tourism
Development 2011-2015. Here the wine tourism is defined as a separate cluster for regional
tourism development. The reasons for such a delay, lays in the fact that the wine was not
observed as a possibility for economic development in terms of application as material and
spiritual cultural heritage. It is believed that side by side with France, Italy and Spain,
Macedonia belongs to the so called “old wine countries”.

Figure 1. Wine route region in Macedonia
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The “wine tourist product” of the Wine route region is generally offered to tourists as part of
some other tourism supply or as a day excursion. The offer consists of tasting different wines,
tours in the production area, some history lessons, stories, as well as good traditional catering
and shopping possibilities. Some of the wineries have accommodation facilities and some
provide just catering and wine tasting. The most visitor traffic is generated directly, rather
than through travel agencies and tour operators urging the need for more aggressive
promotion of the wine tourism product.
The wineries in Macedonia are dispersed in three main regions: (1) Povardarie - Vardar
Valley (central region); (2) Pcinja - Osogovo (east region); and (3) Pelagonisko Poloski (west region).
Povardarie is the largest and most famous vineyard region in Macedonia (Figure 1), known
as the Wine route region in Macedonia. The geographical representation of the wineries is
identical to the representation of the vineyards, where most companies are located in the
central region of the Vardar Valley. Hence, the potentials for development of wine tourism
are within Povardarie. The destination covers 16% of the national territory mostly spread over
rural municipalities. The population density is very low being only 38 inhabitants/km2. The
general unemployment rate is 43.9% (higher than the national rate of 29%), while the
unemployment in services is 47%. The positive light can be seen in people’s willingness to
set up their own businesses due to the governmental activities and support. However, the
absence of foreign language proficiency is an obstacle for further tourism development. The
climate is favorable for development of agriculture, especially viticulture. The region can be
reached by road, train or by nearby national airport in Skopje.
During the past, vast majority of the wineries produced wine that was sold as bulk without
any efforts to build a brand out of the Macedonian wine. The production of the bottled wine
was marginalized. Nowadays, the wineries are investing in equipment upgrade,
reconstruction and human resource development as the Macedonian wine industry makes the
switch from bulk to bottled wine production. They are investing in all aspects of marketing
and cooperate with the central government in order to promote the Macedonian wine. Yet,
despite the significant improvements, there is still much to do.

MARKET MAP OF THE WINE ROUTE REGION
Based on the Making Markets Work for the Poor (M4P) methodology, the market map for
the Wine route is given in Figure 2. It is noticeable that it is comprehensive since many of the
supporting functions may be used in the line of supporting and enhancing sustainable
development.
Generally, all tourism activities within the Wine route region are driven by the actors at
regional level. The Center for development of the Vardar Planning region makes efforts for
raising awareness and funds for developing wine tourism in this region. The intention is to
combine transit, cultural and wine tourism and to create a complex and unique tourism
product. The Chambers of Commerce undertakes activities for promoting the Macedonian
business environment and increasing sales of Macedonian products on the global market. The
“Tikves Foundation” plays crucial role in the line of initiating activities for organizing wine
trials that will be connected into a cohesive product. Although this foundation tries to
collaborate with the Tourism Cluster, the undertaken activities so far are modest due to
limited resources. In the frames of the Macedonian Competitiveness Activity Project a solid
base for future development of wine tourism in the region is set.
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Figure 2. Market map of the Wine route region

METHODOLOGY AND RESEARCH FRAME
In order to evaluate the current tourism development of the Wine route, a field survey
was undertaken as part of broader research conducted during the period 11-19 July, 2014.
A self-administered questionnaire was distributed among managers/owners and
employees of 11 wineries located along the Wine route region of Povardarie (Demir
Kapija, Kavadarci, Gradsko, Negotino and Veles). The respondents were well informed
about the aims of the survey ahead of time in order to avoid any attempt to manipulate
the survey process and possibly bias the results.
A total of 40 questionnaires were distributed, out of which 34 were usable (the rest were
incomplete), yielding an overall response rate of 85%. During the field research it was
detected that the winery “Grkov” was closed due to negative business results, and that the
same owner opened a new one (winery “Chateau Sopot”) in the near vicinity.
Furthermore, the winery “Tikves” was excluded from the field survey due to their
unwillingness to be part of the research. So the following wineries were surveyed:
o Demir Kapija: “Radevski”, “Elenov” and “Popova Kula”;
o Kavadarci: “Popov”, “Donov”, “Cekorovi”, “Iliev” and “Gligorovi”;
o Gradsko: “Stobi”;
o Negotino: “Bovin”; and
o Veles: “Chateau Sopot”.
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According to the working position of the respondents, the structure is 71% employees,
23% managers, and 6% winery owners. Due to the fact that the majority of the employees
in the wineries are men, the gender structure of the respondents was 88% male and 12%
female. All respondents were Macedonians with an average age of 38.

ANALYSIS, FINDINGS AND DISCUSSION
Supporting functions/services
Only half of the investigated wineries in the destination have accommodation capacities with
an average of 26 rooms per facility. Almost 60% of the wineries which offer accommodation
services do not have a star classification of the facility, although are fully aware that it helps
in attracting guests and their number increase. This means, it is under a four-star classification
providing good quality of accommodation service. The restaurant facilities offer food and
beverage services with an average of 122 seats. Besides enjoying the stay and good wine, the
visitors may use additional services in the nearby vicinity (Negotino, Kavadarci, Veles or
Demir Kapija), like pharmacy, emergency healthcare, a car-mechanic, police and fire fighting
department. According to the suppliers, the tourist attractions and locations in the destination
are easily accessible for tourists, but are not well marked. There are also numerous services
missing in the supply chain in terms of tourists’ satisfaction. The destination requires regular
public buses or van transportation to/from the wineries. There are no public parking plots,
public toilets nor public waste disposal. The wine region is missing a tourist information
office as well.
Problems and underlying causes
The field survey revealed several problems, which could be considered to be large obstacles
for tourism development of the Wine route. The average price of the most common service
per person that the facilities sell is up to 50 EUR, which initiates a necessity of improving the
services in terms of “better served-better paid”. There is an absence of accommodating
opportunities within half of the facilities. Domestic travel agencies and foreign tour-operators
are not sufficiently used as intermediaries in the line of increasing the market. Despite the
fact that half of the surveyed wineries receive subsidies from the state and thus support their
business performance, the access to finance is identified as one of the top-3 limitations to the
facilities development. The second limiting factor refers to their promotion onto foreign
markets and cooperation with foreign partners. This is another limitation mutually identified
by the managers and the employees of the wineries. Yet, a slight difference is noted
concerning the third limitation. According to the managers, the economic situation in the
country is a strong limiting factor in the facility development. This is not the case with the
employees, who disregarded the economic situation and omit it from the ranking in favor of
the specialization at the workplace.
The number of visitors to the facilities in the last two years is very unsatisfactory (3
persons/day in small wineries, and 14 persons/day in large wineries). Only 50-60% of the
visitors are foreign tourists, which leads to a very modest multiplier effect. Generally, the
foreign tourists come from neighboring countries (Greece, Serbia, Bulgaria, Albania and
Kosovo), although there are also foreigners from other European countries and worldwide.
One may find Macedonians from the diaspora as visitors to the destination, as well. All in all,
the visitors stay up to 1 day and very rarely 2-3 days. They visit the facilities by car and bus,
and occasioanlly by train and plane.
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The unfavorable economic situation in Macedonia in general, particularly in this region, leads
to low payment in tourism. An interesting note may be underlined concerning the issue that
working in tourism is safe and secure. Namely, the male respondents have dilemma whether
to agree or disagree, while the female employees do not perceive it as safe and secure.
According to the working position, the managers of the wineries disagree unlike the surveyed
owners who find it safe and secure the same as the majority of the employees. This leads to
conclusion of having unclear picture referring this issue.
Despite the unavailability of funding resources especially if a woman-enterpreneur runs the
winery, some overall obstacles for tourism businesses are detected. Yet, there are slight
differences in the perception among different target groups. While the owners are neutral, the
managers agree. On the other hand the employees have a dilemma whether to agree or to be
neutral. In case when making a gender cross-tabulation, one may note that neither men nor
women can decide either to be neutral or to agree. However, there is no dilemma for the youth
who disagree that this can be an obstacle. Furthermore, closely linked to the previous
statement is the one regarding the membership of women in the Tourism Committee.
Namely, the overall perception is that by supporting women’s involvement in a tourism
institution, one may improve the position of women entrepreneurs in tourism. Both genders,
agree to strongly agree with this statement, as well as the youth and the employees. Only
owners/managers are neutral and are not convinced in the potentially positive reflection
concerning this issue.
Core Value Chain
The supply side of the destination is consisted of continuous growing number of officially
registered wineries (from 54 in 2008, to 81 in 2013). Yet, some of them stopped their
production due to the negative business results such as the winery “Grkov” from Kavadarci.
Today, the following wineries are among the most active within the Wine route region:
“Tikves”, “Popov”, “Trajkovski”, “Popova Kula”, “Elenov”, “Stobi”, “Bovin”and “Chateau
Sopot” (opened by the same owner of the winery “Grkov”, but on other location). These
wineries produce 85% of the total wine production of Macedonia with different annual
production. 5% of the surveyed wineries produce up to 50,000 liters, 35% produce up to
75,000 liters, 25% produce up to 1,300,000 liters, and 35% produce up to 7,000,000 liters of
wine per year.
The wineries are affiliated in a cluster and make joint offer. The small wineries export abroad
up to 40% of the annual production, while large wineries export up to 70-85%. All wineries
that are active within the Wine route region possess an appropriate working certificate. Some
of them are fresh to the market, but some have 10 even 15 years of experience. The smaller
wineries have an approximate annual income up to 50,000 EUR in the last two years, but the
larger ones have earned more than 600,000 EUR. The number of employees ranges from few
to over 40 employees and in most cases the employees have secondary education. Half of the
investigated wineries receive subsidies from the state, share good opinion on its impacts on
the business performance and relatively satisfactory distribution among tourism actors. The
facilities use various different marketing channels for promotion of their offer, like: Internet,
social networks, print media, TV and radio advertising, billboards, direct communication and
sponsorship. Yet, the tourism supply of the Wine route region as a destination is not well
promoted via Internet.
The surveyed respondents perceive that the good ‘seasons’ for destination’s development in
terms of tourism is summer (due to the mobility of tourists transiting the region) and autumn
(due to the “grape period”). The utilization of the capacity within the season is estimated from
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80-100%, while out the season the wineries work approximately with 20-30% of the capacity.
Being aware of the negative effects of seasonality on tourism business, they take measures
and activities for overcoming it, but with modest and limited results.

CONCLUSIONS AND RECOMMENDATIONS
Upon detailed field survey and literature review related to the destination’s tourism
development, it may be concluded that the Wine route region of Povardarie has very modest
tourism results. The region is faced with many challenges since the lists of weaknesses and
threats for tourism development are long and substantial. Yet, some competitive advantages
may be found in quality of services, low service prices and natural beauties. As a good starting
point for further improvement of the destination in tourism manner, one may take in
consideration several elements, prioritized to their importance for tourists visiting the
destination. Natural beauties, cultural events and traditional food are detected as items for
enhancing current tourism supply of the Wine route region. Furthermore, being affiliated in
a cluster gives a positive light for improvements of the current joint supply with other wineries
from the wider region. What is worth noticing here is the export data-up to 45% of the annual
production for small wineries, and up to 70-85% for large wineries. This presents a solid
initial base for strengthening the wine entities in a broader foreign market. The “Tikves
Foundation”, along with the initiatives of the Center for development of Vardar Planning
region and the isolated private initiatives, may have crucial role in promotion of the necessity
of introducing wine tourism to the destination in more effective manner.
There is a need to identify measures and activities that will contribute to create more
competitive tourism sector, as well as to enable systematic change in terms of improving
tourism services offered in the Wine route region. Namely, there is a necessity of promoting
the “wine tourism product” and the region in general to the specific groups of visitors (winelovers, adventure-tourists etc.). The solution may be found in creation of sophisticated
software modules for wine tourism promotion. Furthermore, the market players should
contribute much more in terms of coordinating the wine tourism activities. In this line,
improvement of tourism competitiveness may be found in strengthening the coordination
with the local government, cooperation with foreign partners, and presence of political will
as well as raising the awareness of local inhabitants concerning the positive effects of wine
tourism development.
The vision of change of services perceives interventions in more systematic approach.
Therefore, the priority strategic action is seen in improvement of the knowledge and behavior
of employees in tourism sector of the region. Despite the overall unfavorable economic
situation in the country and the low payments in tourism, one may create an environment for
stable and high performance employment. Developed complex and unique “wine tourism
product” is the final vision of change perceived for the Wine route region.
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ABSTRACT
The County system of Hungary dates back to the first millennium, and Hungarian nobility
insisted on it over centuries; whenever the rationalization of the system was attempted by
Vienna, these efforts lasted only for a short time. Every county had several districts to
make administration easier, and leaders of the given county were allowed to delimit the
borders of these districts. It seems that the more stable the borders of the Counties were,
the more unstable the borders of the districts happened to be.
Our examined area consists of Zemplén, Ung, and Bereg Counties with around 900
settlements. We attempted to reconstruct the borders of the districts in 1773, in the early
19th century, in 1880 and 1910. We used four different sources, e.g. registers of
settlements, or censuses, all of them issued in the 19th century or around the World War
I, in order to create maps about these districts. These administrative units changed many
times during the examined period. It seems, natural features, e.g. rivers, or mountains
were the main determinative factors of these borders. The first examined year, 1773,
represents the (unreasonable) persistence of a late mediaeval system, and 1910 shows the
more complex system, in which the decision-makers tried to work out a ‘centre–attraction
zone’ scheme.
Keywords: North-East Hungary, districts, registers of settlements, censuses
INTRODUCTION
The County system of Hungary is dated back to the first millennium, and Hungarian
nobility insisted on it over centuries; although the rationalization of the system was
attempted by Vienna, these lasted only for a short time. The counties were the most
important elements of the public administration (medium level). Every county had several
districts as the lower-medium level of the public administration, to make administration
easier and collecting taxes easily. The districts became important territorial units in the
Dualistic Era, the first Law voted about it in 1870 (Law of Municipals). The districts did
not have local governments, but they had a principal to rule the settlements. Borders of
these districts were designated by the leaders of the given county.[1] We have sources
from the 18th century about these classifications in settlement registers. All these
documents were issued: by the state or in some rarely cases by the Churches. We have
several source types from the 19th century, made by official state institutions, e. g. the
Hungarian Central Statistical Office which executed a census once in every decade in
Dualism Era and published the results. Hungary had 672 districts in 1873.[2] Also some
researchers collected data about the Hungarian settlements and the results were published
on County and district-scale. All documents preserved a different classification of
districts during the ‘the long 19th century’ and our aim is to present these frequent
modifications from four periods based on original sources. The former Zemplén, Bereg
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and Ung Counties from historical North-Hungary are proper selections to the show the
variety of changing classifications, because plains and mountains (natural borders) also
characterized the physical environment.
Zemplén, Ung and Bereg Counties expanded from the northern border of the Hungarian
Kingdom to the south, to the River Tisza. Borders of the Counties were determined
mainly by the physical environment, e. g. the watershed of Carpathian Mountains (6001200 m) separated the counties from the Polish (later Austrian) territories to the north.
Zemplén County was bordered by the Eperjes-Tokaj Mts. (600-1100 m) westwards. The
boundary between Zemplén and Ung was partly dominated by the Vihorlát (1074 m), the
only mountain chain that hindered the North-South connections, turning them into EastWest direction. The fluvial system was centripetal, rivers from north flow towards River
Tisza to the south with the exception of the streams of Ung County flowing towards
Zemplén County to the west. The direction of the main routes clearly matched the
direction of water flows. The three Counties cannot be regarded as a homogeneous
landscape since they included a series of transitional and contact zones from high
mountains with sometimes large, in other cases characteristically small but isolated
settlements in the north, through sparsely populated hilly regions with many but small
settlements, to densely populated plains in the south with larger settlements.

SOURCES AND METHODS
Our first examined source originated from 1773 entitled Lexicon locorum regni Hungarae
populosorum anno 1773 officiose confectum, but was published only in 1920.[3] This
document is a Register of Settlements, which contains the most important data about the
population of the given settlement. The document gives information about 8742
settlements of the Hungarian Kingdom, arranged primarily by Counties, second by
districts in alphabetic order. Names of the settlements were published and ranked in Latin
language, but Hungarian and – if existed – other name variants can also be found in this
document (e.g. German, Slovakian, Romanian, Ukrainian, Serbian or Croatian). Some
information can be found about the legal status, so the Latin word ‘oppidum’ means
‘town’, while the note ‘pagus’ equal with ‘village’. The most important denomination of
the settlements is also given in Latin (Catholicae, Craeci ritus, Augustanae, Helveticae,
Acatholici, Schismaticae) such as the spoken language – with some generalizations
regarding Slavic dialects (i.e. Slavonica).
Elek, Fényes worked as a statistician, who spent more than 10 years during the 1820’s
and 1830’s with visiting the villages in the countryside to collect data about the local
population from birth and martial registers. He also grouped the collected data in his work
first by counties in alphabetic order, second by districts. Ha assessed the number of
population, the most common spoken languages, the dominant denominations for each
settlement, and a short description about the local life of the residents. He published the
results between 1836 and 1840 in six volumes with more than 4.000 pages. However, the
level of his work remained uneven, some Counties did not provide enough or reliable
data, sometimes older data (1790s or 1828 from Ludovicus Nagy were repeated instead
of refreshing them. The data of the three investigated counties can be found in the 3 rd
volume.[4]
The source of the third classification is the second organized census of the Dual Monarchy
from 1880, which was also published, containing information about settlements in
districts order. The importance of this census is that data were published at settlements-
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scale in contrast the previous one (1869), which published the results at only districtlevel, thus it was impossible to reconstruct the exact borders of the original districts. We
know only the names of these districts (from 1869), and all data added up in every district
and only the last results are published. The census of 1880 contains data about the mothertongue as well (beyond religion, literacy, etc.).[5]
The names of the settlements did not change until the last decade of the 19th century.
According of the Law IV/1898 the names of the settlements had to receive an official
registration certificate. Every settlement was assigned an official (mostly new) name,
which marks them off from other ones, and these registered names were compulsory to
use. All counties except four received new, registered (and often ‘Magyarized’)
settlement-names between 1900 and 1912. The former Hungarian Kingdom had around
12 thousand settlements, and more than the half of them got new names (with new
orthographies, new attribute nouns, new translated forms or sometimes new given
‘Magyarized’ names, etc.). Zemplén, Ung and Bereg Counties had new settlement names
in 1904, so the published results of the last census from 1910 contains the new names. [6]
The division of the settlements among districts was also modified a bit between 1880 and
1910; new districts were established, or villages were replaced from one to another.
To show the four different classifications of the districts in the examined three counties
on maps we needed to identify every village before and after the official registration
certificate in the investigated documents (see Ulič/Ulics in Zemlén County which was
called Utcás after 1904 by translating the Slavic-Rutnenian name to Hungarian).
However, districts were also modified so we need to identify all of the 900 settlements
one-by-one, to determine in which districts we can find them.
Reconstructing the former divisions is not a popular theme in Hungary. Only János Barta
tried to identify every settlement in Zemplén County in the year of 1787, this
classification ordered by Joseph II, but it was Robert Bagdi who compiled the maps in
his published book in 2009.[7] Other researchers examined mainly the economic
characters of districts.[8]

DISTRICTS IN NORTH-EAST HUNGARY BETWEEN 1773 AND 1910
An ‘archaic’ form in the district-system persisted and survived in every examined County
at the end of the 18th century. Zemplén had only 4 (Hegyalja, Bodrogköz, and district of
Varannó and Nagymihály), Ung only 3, while Bereg also only 4 districts. See Map 1 The
southern parts of these Counties were a bit more densely inhabited area mostly with
inhabitants of Hungarian mother tongue. The northern part of these Counties was mostly
mountainous with sparsely populated Slavic speaking villages among mountains. Borders
of the districts were determined by rivers and streams in Zemplén, for example
Bodrogköz is a territory which consisted of all the settlements extending between the
Tisza River and Bodrog River. Hegyalja is also a natural unit, dominated by wine-yards
on the southern slopes of the present day Zemplén Mountain (before World War I it was
called Eperjes-Tokaj Mountain). The Ondava River formed the border between Varannó
and Nagymihály district, which seemed to be the most stable border in Zemplén County.
None of the modifying of district-borders referred to the Valley of Ondava River before
World War I.
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Map 1. Districts in North-East Hungary in 1773
Source: Own edition, data based on Lexicon Locorum [3]

Ung County had only 3 districts, it seems that the western part of the county was the most
important territory, because the smaller two districts, Szobránc and Nagykapos could be
found here (higher density of population). The centre of the county, Ungvár was the key
settlement in the county; two third of its territory belonged to it. This county did not have
as clear natural district-borders as Zemplén County. The territory of the Szobránc district
was composed of the southern slopes of the Vihorlát Mountain, and the lowlands between
the Ung and Laborc Streams, the Greek Catholic church was the most popular
denomination here. Bereg County had only four districts, the central and the northern
parts composed the Munkács district. The eastern parts of the county belonged to Felvidék
(‘Uplands’) district, all the villages along the Borzsa and Borzsava Stream belonged to
this district. Most of the villages along the River Tisza belonged to Tiszahát (the word
means ‘the Back of Tisza River’) district. Mezőkaszony district was also a small one;
dominantly Hungarian speaking settlements were incorporated into this territorial unit.
See Map 1
Examining all districts, it seems that only the densely populated southern parts of the
counties were classified into different districts. The northern parts of the examined
counties were connected with the central parts. The main reason could be that the
mentioned districts functioned as territorial units of collecting taxes. It seems without a
doubt that not a high amount of taxes was collected from the northern parts (lower density
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of population), thus there was not demand for other districts along the Hungarian-Austrian
border.

Map 2. Districts in North-East Hungary at the first half of 19th century
Source: Own edition, data based on Fényes, Elek [4]

There were some changes in the districts’ classification system during the early 19 th
century. Elek, Fényes enumerated a few new districts. See Map 2 Two districts in
Zemplén were divided into two parts; the southern part of the previous Varannó district
became Újhely district; while the northern part named after Sztropkó town, whereas the
name of Varannó disappeared. The huge Nagymihály district was also divided into two
parts, Göröginye and Homonna. The Homonna district was organized along the Ciróka
Stream, and the Laborc River. The Göröginye district was organised from the former
north-western part of the previous Nagymihály district along the Olyka Stream. The
Szerednye district was formed in Ung County from the villages of the mountainous southeast parts, and all the banks of the River Tisza belonged to it. In Ung and Bereg County,
the two county seats lost the central territories, and only the northern parts remained
within their districts. The Felvidék district (Bereg County) also was enlarged by villages
from the central territories. Mezőkaszony district was moved to the northern direction, it
lost the banks of the River Tisza, but some villages from the northern mountainous
territories were annexed to it. See Map 2

251

2nd International Scientific Conference GEOBALCANICA 2016

Map 3. Districts in North-East Hungary in 1880
Source: Own edition, data based on census of 1880 [5

The modernization of the Hungarian state had a new impulse after establishing the Dual
Monarchy of Austria and Hungary in 1867. Many new districts appeared by 1880. See
Map 3 Only Bodrogköz was the only district, which remained the same unit as in the
previous examined periods. Hegyalja was divided into Szerencs and Tokaj districts;
Újhely was divided into Újhely and Gálszécs districts, while Sztropkó was divided into
Varannó and Sztropkó districts. The name of Nagymihály appeared again among districts
and the eastern part of Middle-Zemplén belonged to it. A new administration unit was
established at the eastern part of the Homonna district, and named after Szinna village,
which had the highest population number (2197) in this area. Only one district,
Nagyberezna was organized in Ung County by 1880 with all the northern territories.
Szerednye district was divided between Nagykapos and Munkács district. See Map 3 A
new district was organized at the northern part of Bereg County with the name of Verecke
(a mountain pass in the Carpathians). The mountainous parts of Mezőkaszony were
annexed to Munkács. The bank of the River Tisza was divided between Mezőkaszony
and Tiszahát district. See Map 3
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Map 4. Districts in North-East Hungary in 1910
Source: Own edition, data based on census of 1910 [6]

Few changes occurred by 1910 in the three examined Counties. The Sárospatak district
was formed from south-west parts of Újhely district, but only 9 settlements belonged to
it. Homonna lost its northern parts and thus the Mezőlaborc district was organized with
49 settlements. In Ung and Bereg County the two northern districts was cut in half and
Perecsény (Ung) and Szolyva (Bereg) districts were organized. Two new administrative
units were established on the mountainous territory between Ungvár and Munkács,
Szerednye (Ung) and Latorca (Bereg). The name of Latorca referred to a river.

SUMMARY
We illustrated the changes in the administration system in North-East Hungary for four
different periods. The first one was equal with a ‘medieval’ system having only a few
districts. The second one shows that decision makers tried to find a better classification.
The weak point of this classification is that, in many cases, the most important settlements
laid along the district-borders. Many new districts were organized by 1880, because the
counties tried to work out an efficient system. During the next three decades only small
corrections were made, with establishing new districts at the mountainous area. The
system of districts in 1910 shows the most complex system, in which the decision-makers
tried to work out a ‘centre–attraction zone’ scheme. Around 40-50 settlements could be
found in each district, each one had a ‘centre’, which had at least a bit higher population
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number. Physical environment also played an important role to determine the borders of
these districts during the 19th century up to 1910.
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ABSTRACT
Topics of sustainable urban development and environmental sustainability are worldwide
considered as fundamental for every strategy of urban transformation, renewal and
regeneration. In particular, urban regenerations are urban re-development programs
involving the rebirth or renewal of selected urban areas or district that have faced periods
of decline due to compounding and intersecting pressures. The programs cover many
aspects of the area to be re-generated such as physical, social and environmental contexts.
Re-use of already built up areas and buildings, reduction of the demand for new soils to
be developed, increasing of appealing of dense city areas, increasing of social and spatial
resilience are among the positive consequences of these programs.
However, in the current debate about urban regeneration, few studies have evaluated the
real environmental outcomes and effectiveness of regeneration programs in terms of
physical variables such as new provided greenspaces, accessibility to public
transportation, climate change or seismic risk reduction. This paper proposes a method to
quantify the real outcomes and effectiveness of urban regeneration programs with
reference to the above mentioned variables.
As a real experience of urban planning, the new Local Spatial Plan for the Municipality
of Catania, a medium sized city in Southern Italy, is presented. The city is characterised
by a high density urban fabric, a general lack of urban greenspaces and high levels of
traffic congestion due to a massive use of private transportation. The urban fabric is also
very vulnerable to seismic and climate change risks. Among the transformation tools, the
new Local spatial plan proposes regeneration actions aimed at the complete regeneration
of old and dilapidated areas, not classified as historical heritage and heavily vulnerable to
seismic risk. These actions include the complete demolition and reconstruction of these
areas within clearly defined boundaries, contributing to minimise soil consumption,
maintaining as open public spaces the majority of existing non urbanised areas within
the densely built-up settlement. The program of regeneration can dramatically contributes
to the reduction of seismic and climate change risk and achieve a general requalification
of the urban environment.
Starting from this planning experience, this paper focus on the evaluation of the
regenerations programs included in the Local Spatial Plan. Regeneration Areas (RAs)
have been identified by the municipality as characterized by high level of seismic
vulnerability, urban degradation, lack of public services and urban environment quality.
For the chosen areas, this study proposes the evaluation of the transformations potentially
occurring in the urban context by the proposed regeneration program. The following
aspects are evaluated:
- reduction of risks (in terms of exposition and vulnerability to seismic and climate
change related risks)
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-

mobility (concerning the presence of public means of transports, distance to the transit
stops, roads, pedestrian and cycling lanes)
- accessibility increase (in terms of access to trip attractions)
- land-use diversity (in terms of number and distribution of different land uses)
- public spaces and services (in terms of extension and functions)
Each of the aforementioned aspects are evaluated by spatial indicators calculated by GIS.
All indicators are calculated at different and size increasing units, in order to understand
the effect of a single regeneration project and of a number of concurrent projects within
the considered geographical units. The geographical units are the RAs and districts.
Different combinations of regeneration projects will be thus evaluated to highlight which
projects produce the most relevant effects, calculated with the proposed indicators.
This will allow the municipality to define scenarios of regeneration priority, in terms of
which projects might be financed and implemented firstly because of their higher positive
effect on the urban environment. Such scenarios will generate positive effects not only to
the single areas to be regenerated but also to wider urban contexts, significantly reducing
the urban vulnerability to seismic and climate change risks and at the same time producing
more livable and healthy urban environment.
Keywords: urban regeneration, sustainability, urban planning, urban vulnerability, risk
reduction.

URBAN REGENERATION AND SUSTAINABILITY. A NEW APPROACH FOR
DESIGNING CITIES
An increasing body of literature highlights the role of sustainability approaches for the
definition of policies for urban transformation [1]. Particularly, urban regeneration is
often considered as one of the most effective mechanism for the delivery of sustainable
urban development. Examples of planning strategies for the contemporary sustainable
city include the re-use of urban dismissed land and abandoned buildings. As a direct
consequence, this can reduce soil sealing, decrease the demand of new developments in
periurban areas and increase the appealing of urban centers [2].
Urban regeneration programs have been recently developed across Europe as a holistic
strategy to achieve urban quality through challenging social inequity and blight of urban
spaces. These programs are characterized by a very high level of complexity of economic,
social, political and environmental processes and are based on urban development
policies involving the re-building or re-configuration of urban spaces [3].
In this respect, urban regeneration is different from urban renewal, because the latter
refers to the physical aspects of urban transformations, without any attempt of addressing
the physical, social and economics inequalities of disadvantaged neighborhoods.
Due to the different options in terms of types of interventions on built-up areas,
regeneration policies need to be specified according to the physical, social, cultural and
economic features of the urban areas [4], as well as the urban development model adopted
by local administrations.
Particularly, urban regeneration programs oriented to urban sustainability and energy
efficiency must be implemented at local urban or regional scale. The objectives of this
kind of programs are aimed at increasing the energy performance and anti-seismic
response of existing urban fabric, enhancing the provision of public services and the
related ecosystem services [5]. The scale of regeneration programs is a fundamental issue
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for their effectiveness: at urban scale, interrelations among different components of urban
fabric can be taken into account in order to achieve high levels of urban environment
quality. Built-up areas density, land-use types, and mobility represent some of the features
that should be considered when developing sustainable planning strategies [6].
However, most of the European and Italian urban regeneration practices have showed a
sectorial approach. They are often planned with little relation to municipality local spatial
plans, involve limited areas at neighborhood or district level and are not developed
according to sustainable planning models [7]. Considering urban regenerations as a part
of a broader urban development plan could help to overcome such a sectorial approach
and provide benefits for the entire urban context and lead to a new approach for designing
cities aimed at dealing with regeneration programs as an opportunity to sustainable
implement urban transformation strategies.
Despite the consolidated and central role of urban regenerations programs for planning
sustainable cities, few studies have evaluated the real environmental outcomes and
effectiveness of regeneration programs in terms of physical variables such as new
provided greenspaces, accessibility to public transportation, climate change or seismic
risk reduction. For these reason, this paper argues on the efficacy of regenerations
programs and proposes a method to quantify the related outcomes with reference to the
abovementioned environmental and urban variables. The work focuses on a real planning
practice, the new Local Spatial Plan of the city of Catania (Italy). Among the different
land transformation mechanisms provided by the Local Spatial Plan, several regeneration
programs are included, especially in peripheral areas of the city, mainly characterized by
environmental, urban and social forms of blight. For these areas, this study proposes the
evaluation of the transformations potentially occurring in the urban context by the
proposed regeneration program. The following aspects are evaluated:
- reduction of seismic risk (in terms of exposition to seismic risk);
- accessibility increase (in terms of access to trip attractions);
- land-use diversity (in terms of number and distribution of different land uses)
Each of the aforementioned aspects is evaluated by spatial indicators calculated by GIS.
All indicators are calculated at different and size increasing units, in order to understand
the effect of a single regeneration project and of a number of concurrent projects within
the considered geographical units.

METHOD AND RESULTS
As previously, this study evaluates the transformations potentially occurring in the urban
context by the proposed regeneration program. The chosen model is based on spatial
indicators calculated by GIS that allow to evaluate the main regeneration actions in terms
of benefits on specific urban areas. Six RAs have been chosen among the total 49 RAs
provided by the program. These areas are located at the west urban periphery of the
municipality of Catania. The selected district is mainly characterized by residential land
uses, buildings with low levels of performance in terms of energy efficiency and antiseismic response, and lack of public greenspaces and services (fig. 1).
The effects of regeneration program have been evaluated within geographic units that
include buffers of 500 m, 1000 m and 2000 m generated from the geometrical centroid of
the set of the 6 RAs (Fig. 1). The increasing distance buffers aim at understanding how
the effects of the 6 RAs change when larger territorial units are taken into account. The
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widest buffer covers an area of 12 km2 that represents about a sixth of the total
municipality area.
Within these buffers the following urban regeneration positive effects are evaluated, as
anticipated in previous section:
- reduction of seismic risk (in terms of exposition);
- increase of accessibility (in terms of access to urban functions);
- increase of the mix of land uses (in terms of number and diversity of land-use types).
One GIS-based indicator has been introduced for each of the three effects.

Figure 1 – Selected regeneration areas and buffer areas in the municipality of Catania
Reduction of seismic risk exposition

This indicator evaluates the reduction of the population exposition to seismic risk as a
positive effect of the regeneration actions [8]. It is calculated for each of the three
considered buffers as the population that is not exposed to seismic risk with the following
formula:
1 - (PopE0-PopEr)/PopT,
where PopE0 represents the current population under potential risk, PopEr represents the
new population exposed after the implementation of the regeneration actions and PopT is
the total population of the RA.
The indicator is calculated by GIS taking into account the number of residents of the
census tracts that are within the buffers (as showed in Fig. 2 for the 500 m radius buffer).
Tab. 1 shows as the percentage of the population under risk exposition linearly decreases
with the increasing of buffer area. Moreover, the indicator score does not change
substantially when moving from the 500 buffer to the 1000 m buffer: this means that
population not exposed to seismic risk after the regeneration action does not vary until
the considered buffer size of 1000 m.
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Table 1. – Reduction of population exposed to seismic risk after the RA
Buffer-Area
PopE0
PopEr
PopT
RSRE
Buffer 500 m
5002
201
5166
0.07
Buffer 1000 m
21416
1836
22164
0.12
Buffer 2000 m
72353
3332
73354
0.06

Figure 2. – Selected census tracts within the study area.

Increase of accessibility to urban functions
The indicator evaluates the number of residents that can access to the urban functions
introduced by the regeneration program within each RA. It is calculated by taking into
account two different accessibility conditions: a 300 meter radius for pedestrian trips and
a 1500 meter radius for bicycle trips (Fig. 3). Census tracts that are located within these
units are selected with a geographical query and then intersected with the 3 buffers of
different size (Fig. 3). This allows to evaluate the number of residents in the census tracts
that could access to the RAs that are within 300 m and 1500 m distance and are present
at the same time within one of the three buffers [9]. Fig. 3 shows an example of the
method referred to the case of 300 m unit (pedestrian mobility-walking distance) within
the 500 m buffer. Results are showed in Tab. 2.
Table 2. Population with accessibility to new urban functions in RA, for the 3 buffer and travel behavior
Buffer Areas
Pop in 300 m buffer (walking distance) Pop in 1500 m buffer (bike distance)
Buffer 500 m
3397
4553
Buffer 1000 m
9579
17394
Buffer 2000 m
23438
65234
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Figure 3. Accessibility modeling for pedestrian mobility

Increase of mixed land uses
Regeneration actions take place in urban fabrics mainly characterized by residential land
uses. The increase of the mix of land uses provided by the regeneration program has been
quantified within the three buffers either in terms of total number of land-use types and
diversity. The latter evaluates using the Shannon-Weaver entropy index [10], that is
widely applied in spatial analysis of land uses distribution and diversity assessment [11].
Table 4. - Increase of mixed land uses
Shannon
Shannon
# land uses (after
Diversity
Diversity (after
regenerations)
(current)
regenerations)

Buffer

# land uses
(current)

Shannon's
increase (%)

Buffer 500 m

5

1.114

7

1.170

0.05

Buffer 1000 m
Buffer 2000 m

6
7

1.293
1.450

8
10

1.412
1.497

0.08
0.03

Fig. 4 shows land uses configuration before and after the regeneration program. As shown
by indicators’ scores in Tab. 3, the wider the geographic unit is the higher is the diversity
value (the highest increase of diversity score can be seen for the 1000 m radius buffer).

260

Socio economic geography; Teachnig & Education in Geography

Figure 4. Land uses configurations before and after regenerations

DISCUSSIONS AND CONCLUSIONS
Overcoming the traditional development strategy, urban regeneration programs are a
promising approach to re-think blighted urban areas through actions aimed reducing
exposition to seismic risk, energy consumption of the buildings, mitigating climate
change effects and safeguarding existing non urbanized areas within urban fabric. Urban
regeneration programs strictly intertwined to the municipality local spatial plan at urban
scale ensures the public control of the development process and high urban quality levels
of the interventions. However, the positive effects of these programs involve areas that
are wider than the Regeneration Areas and have an influence in a relevant portion of the
city. This means that these effects need to be evaluated with proper tools and indicators
in order to understand which of the RAs produce the most relevant effects on the entire
urban context.
First results of the proposed indicators confirm that urban regeneration benefits provided
by RAs are extended to contiguous areas, proxied in the method by increasing size
buffers. Indicators’ scores show how these benefits do not decrease substantially when
increasing the area of the buffer from 500 to 1000 m and remain significant even when
the wider buffer of 2 km is taken into account. In order to have a more detailed evaluation
of the benefits of Regeneration Programs, other indicators can be added in the method
such as mobility indicators concerning the presence of public means of transports,
distance to the transit stops, roads, pedestrian and cycling lanes, and socio-economic
factors influencing residents’ behavior [12]. Furthermore, the method can also be
improved by evaluating the concurrent effects of different combinations of RAs: this will
allow the municipality to define scenarios of regeneration priority, in terms of which
projects might be financed and implemented firstly because of their higher positive effect
on the urban environment. Such scenarios will generate positive effects not only to the
single areas to be regenerated but also to wider urban contexts [8], significantly reducing
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the urban exposure to seismic and climate change risks and at the same time producing
more livable and healthy urban environment.
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APSTRACT
This paper explores the pattern of parity of liveborn children with respect to the women's
educational level. Cohort method of demographic analysis based on data from Census of
Population and Households (2011) is used in this research.The analysis includes all
women who were above reproductive age and those who aged between 40 and 49 years
at the moment of conducting of the Census 2011. The indicators which are used in this
analysis are: percent of childless, share of women by order of birth and probabilities of
an increasing of family. The educational structure of women includes three modalities:
low-educated, secondary-educated and high-educated women. Results show that pattern
of parity of liveborn children has differed with regard to the women's educational level.
Keywords: fertility, women's educational level, parity of children, Serbia, Census 2011.

INTRODUCTION
Serbia has faced with the problem of low fertility for longer than half of century. The total
fertility rate (TFR) has ranged from 2.12 children per woman during the 60s of XX
century to 1.4 children per woman during the 2000s. According to the latest data, TFR is
30% below replacement level. Parallel with declining of fertility below replacement level,
Serbia has been a witness of changing of socio-economic position of women in the past
few decades. The expansion of education has influenced on the transformation of the
educational structure of women which can be express by the fact that high-educated
women have been the most growing educational category of population. The date of
Census 1961 indicated that 1.3% of women was high-educated, while the lastest Census
2011 showed that 16,3% of women was high-educated (Graph 1). Therefore, negative
association between fertility and education has been evident in Serbia, i.e. an increasing
of the share of high-educated women has been accompanied by declining of fertility.
Therefore, an expansion of education can be consider as important determinant of
insufficient reproduction in Serbia.
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Graph 1: Total fertility rate and share of high-educated women
in total female population in Serbia, 1961-2011.
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Source: Census of Population and Households and Demographic Yearbooks 1961-2011.

Education as determinant of fertility has been analyzed in more complex studies of
empirical nature, either as one of the independent variables [3], [9], [10], [12], or as a
segment of population policy towards fertility [5] and a significant factor in reproductive
health. The goal of this paper is to point to the parity of liveborn children with regard to
women's educational level in Serbia. Determining of differentiation of the reproductive
behavior between women of the different levels of education is very important regarding
to divergent trends of fertility and female educational structure.

THEORETICAL BACKGROUND
The link between education and fertility has occupied a very important place in the
scientific literature. Kravdala & Rindfussa (2008) have stated that education and fertility
have been two fundamental processes in the social metabolism. In the literature, the
increasing of education has been associated with the expansion of post-materialist values
and norms that shape the low fertility preferences [8], as well as an increasing of an
opportunity costs of childbearnig [1],[2]. Thus, both theoretical approaches, culturally
and economically, suggest that an increasing of education has been an important factor
of the declining of fertility, i.e. its assume that women's educational level and fertility
have negatively correlated.
In the context of the Second Demographic Transition Theory, high-educated women have
left traditional norms and they are "less prone" to family life which result in fewer
children or childlessness. So, they can be considered as pioneers of socio-economic
change which include reproductive behavior. Van de Kaa (2001) has indicated that the
„higher-order needs“ have been appeared by the expansion of post-materialist values
which has reflected in the postponement of family and lower fertility.
It should be noted that motivation for parenthood differentiates depending on the women's
education. The survey research, which was conducted at the end XX century in Serbia,
has shown the differences in motivation for parenthood between high-educated women
and other women [3]. On the one side, less educated women have cited motives of
parenthood which are close to the instrumentalization of children, while on the other side,
individualistic motives of parenthood that provide better life through leaving of
traditional norms, have been typical for high-educated women. Respectively, motherhood
is seen as one of the ways of satisfaction of emotional needs among high-educated
women.
Economic Theory of fertility connects education and fertility through two mechanisms
[2]. First, "income effect" suggests a positive correlation between education and fertility,
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given that high-educated women generally perform more high paying jobs which
facilitate the starting and maintenance of family. However, this positive effect can be
weakened by investing of income in the quality rather than in the quantity of children.
Second mechanism is the "price effect" that points to negative correlation between
education and fertility through higher opportunity costs of childbearing among higheducated women. On the one hand, the increasing of women's education affects to their
activation on the labor market and higher income, but on the other hand it causes the
increasing of costs of time which woman spends on "non-market" activities and costs of
children. Thus, the "price effect" implies that the need for children is reduced by
increasing of opportunity costs among high-educated women.

METHODOLOGY AND SOURCE OF DATE
Cohort (longitudinal) method of demographic analysis based on the data from Census of
Population and Households 2011 has been used in this research. The completed fertility
has been in the focus of this research, therefore the analysis has included women who
were above reproductive age (cohort born at 1951 and earlier) and women who aged
between 40 and 49 years (cohort born between 1962 and 1971) at the moment of
conducting of the Census 2011. The educational structure of women has included three
modalities: low-educated, secondary-educated and high-educated women (Appendix).
The indicators of parity of live born children that have been used in the analysis are:
percent of childless, share of women by order of birth and probabilities of increasing of
family (probabilities of increase in the number of children). The calculation of these
indicators is based on the Census's question "Number of live born children" which has
been an integral part of all post-war censuses in Serbia. The mentioned probabilities have
the following meanings: a0 - the probability of childless women to born at least one child;
a1 - the probability of women with one child to born at least two children, etc. The values
of probabilities a0, a1, a2 ... a9 are obtained in the following way [4]:
9+
a0 = ∑9+
⋁s,x etc.
1 ⋁s ,x / ∑0
9+
∑9+
⋁s,x etc. are cumulants which are calculated based on a distribution of
1 ⋁s ,x , ∑0
women by number of liveborn children and age: ⋁𝑠,0 - number of women without
children; ⋁𝑠,1 - number of women with one child etc. (s - symbol to marking the group).
The paper has been devided into two segments. The first part indicates to the educational
pattern of structure of women by number of liveborn children. The second segment
presents the educational pattern of probabilities of increasing of family.

RESULTS
EDUCATIONAL PATTERN OF STRUCTURE OF WOMEN BY NUMBER OF
LIVEBORN CHILDREN
Distribution of women by number of liveborn children enables analysis of childlessness
as one of the direct causes of fertility. The results have shown that childlessness and
female education have been positively correlated in Serbia, i.e. permanent childlessness
has been characteristic primarily of high-educated women. Almost double higher
proportion of high-educated women has been childless in compared to the less educated
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women in all age cohorts. Comparison of age cohorts points to rising trend of permanent
childlessness among high-educated women in Serbia. Specifically, every the fourth higheducated woman aged 40-44, and every the fifth high-educated woman aged 45-49, has
been childless. In contrast, the percent of childlessness has been fairly stagnant among
secondary-educated and low-educated women (Graph 2).
The fact is that the percent of childlessness can be partly explained by a certain level of
infertility and possibilities of medicine and pharmacology in the treatment and diagnosis
of infertility, as well as the "sensitivity" of women to these achievements. This is
particularly important in explaining of differences in childlessness among women above
reproductive age with respect to their education. On the one hand, the percent of childless
among less educated women has been higher among the oldest in compared to younger
cohorts above reproductive age, on the other hand, this difference is negligible among
high-educated women. This points to the fact that high-educated women have been "more
sensitive" to medical developments which have resulted in the elimination of this factor
in the creation of difference in the percent of childless between age cohorts. In general,
higher level of childlessness among high-educated women in compared to other women
has been expression of factors, both economic and socio-cultural nature, which contribute
to self-willed abandonment from the motherhood. Also, it should be noted that the largest
share of childlessness among high-educated women aged 40-44 can be explained by the
social-economic conditions in the Serbia during the period when this generation was in
the optimal reproductive age. This generation of women (and partially generation 45-49)
was in the optimal reproductive age at the 90s of the XX century, i.e. a period which was
marked by the destruction of the country, economic collapse and inflation. The difficult
social-economic climate in Serbia in this period was reflected in the poor perception of
the future. In addition to the factors which through increasing of opportunity costs and
post-materialist values have contributed to childlessness among high-educated women,
should be considered this "specific factors" which have been important in a deterministic
basis of fertility in Serbia.
Graph 2. Percent of childless by women's educational level in Serbia, 2011. (%)
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If we observed women who have had child/children, propensity to two-children families
has been dominant among women of all levels of education. On average over 60% of
women in Serbia have lived in two-children families, regardless of their education.
However, the data have shown that the propensity towards bigger families has been more
pronounced among less educated women than high-educated women. The share of low-
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educated women who have given birth to three or more children has been double higher
in relation to high-educated and secondary-educated women. On average for analysed age
cohorts, 12.6% of low-educated women have lived in three or more-children families in
compared to 6% of secondary-educated and 4.5% of high-educated women. On the other
hand, the high prevalence of first-birth has been characteristic of high-educated woman.
Almost double higher proportion of high-educated women have lived in one-child
families in relation to less educated categories of women. Precisely, every the third higheducated woman has given to one child (30.5%), in compared to 22.6% of secondaryeducated and 16.2% of low-educated women.
Graph 3: Distribution of women who gave birth by age, educational level and number of
live born children in Serbia, 2011. (%)
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Comparison of age cohorts enables analysis of parity progression. Pattern of parity
progression is different with regard to the women's educational level. The negative
progression to first-birth and second-birth and positive progression to higher order of birth
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have been characteristic of low-educated and secondary-educated women. Pattern of
parity progression among high-educated women has been implied a positive progression
to first-birth and third-birth and negative progression to second-birth. Although the
positive progression to higher order of birth (third and more) has been evident among all
women regardless to their education, however, the share of women who have given birth
to three or more children has been significantly lower among high-educated than less
educated women in Serbia in all age cohorts.
EDUCATIONAL PATTERN OF PROBABILITIES OF
AN INCREASING OF FAMILY
In general, the models of probabilities of an increasing of family have a similar shape “U”
regardless of women's educational level. The probability of a woman with a one child to
gives the second-birth (a1) has been lower than the probability of a woman without
children to gives the first-birth (a0). Also, the probability of a woman with two children
to gives the third-birth (a2) has been markedly lower than the probability of a woman
with a one child to gives the second-birth (a1). The lowest value of the probabilities of an
incresing of family is for women who have had two (a2) or three children (a3). Then, the
probabilities of increasing of family for women with four and more children (a4…) have
grown. Can be said that the duality of reproductive norms is characteristic of women in
Serbia regardless of their education. However, keeping in mind that the absolute number
of women who have had six and more children has been very small (Appendix), it can be
concluded that women in Serbia have been characterized by the dominance of low
reproductive norms.
Graph 4. The probabilities of an increasing of family for women
above reproductive age (50+) by education level, Serbia, 2011.
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We can concluded that motherhood has an important in the life of women in Serbia
regardless of their education. All analysed women have been characterized by a high
probability to entering into parenthood (a0), as well as the probability to the second-birth
(a1). Thus, "be a mother" has been highly valued by women of all levels of education in
Serbia. However, the model of probabilities to higher order of birth shows an interesting
pattern with regard to the women's educational level. The probabilities of woman to gives
the third-birth (a2), the fourth-birth (a3), the fifth-birth (a4) and the sixth-birth (a5) have
been triple higher among low-educated than high-educated women. Then, turn has been
observed, i.e. the probabilities to the seventh-birth (a6), the eighth-birth (a7), the ninth268
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birth (a8) and the tenth-birth (a9) have been higher among high-educated than loweducated and secondary-educated women. Thus, the results indicate the duality of
reproductive norms has been more pronounced among high-educated than less educated
women. Nevertheless, it should be noted that the number of high-educated women who
have lived in families with a large number of children are small (Appendix).

CONCLUSION
The analysis, based on the date from the Census 2011, has indicated the negative
association between fertility and women's educational level in Serbia, i.e. an increasing
of the share of high-educated women has been accompanied by declining of fertility. The
fact is that the analysis has shown that motherhood is very important in the life of women
of all educational levels. This has been confirmed by the value of the probabilities of entry
into parenthood which are close to 1 for women of all education categories. „Achieve
yourself as a mother“ for majority of women means a two-children family which can be
considered as a universal characteristic regardless of their education. However,
reproductive behavior has differentiated with respect to the women's educational level.
On the one hand, more frequent childlessness and one-child families is characteristic of
high-educated women, and on the other hand, more frequent families with three or more
children is characteristic of less educated women. In accordance to theoretical
strongholds, socio-cultural explanation of these findings implies that the tertiary
education leads to greater autonomy and individualization of women which is reflected
in the non-acceptance of traditional norms according to which a woman is viewed solely
as a mother. Motherhood - one of the ways of satisfaction of emotional needs among
high-educated woman, but which does not necessarily mean "have a lots of kids".
Economic explanation is that tertiary education implies, on the one hand, preferably
invest in quality (eg. education) than the quantity of children, and on the other hand, the
increasing of the cost (unpaid) of time that a woman "spent" on the childbearing.
Explaining of these findings should be taken into consideration unfavorable socialeconomic context in Serbia. In the context of the economic theory of fertility, education
is seen as an investment in human capital in which women invest a lot of time, effort and
material resources. So, economic obstacles of parenthood have been most pronounced
among high-educated women. The realization of their desires for a career and stability on
the labor market which will provide more investment in the „quality“ of their children in
the future, has been impeded in terms of the poor economic situation. This has been
confirmed by finding about high level of childlessness among high-educated women who
were in optimal reproductive age during the 90s of XX century. This period was
characterized by social, economic and political crisis which has affected on the
reproductive behavior of women through a poor perception of the future.
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APPENDIX
Age cohorts of women by educational level and number of live born children, 2011.
Age
Total
Women by number of live born children
Women's
cohorts
number
educational
of
of
0
1
2
3
4
5
6
7
8
9 10+
level
women
women
Low
47162 4035 6107 23591 8817 2899 944 371 171 110 55 62
40-44 Secondary 138372 15172 27906 76764 15777 2191 379 111 35 10 14 13
High
49297 11092 12888 21438 3503 307
48
12
5
1
2
1
Low
54242 4118 6648 29117 9828 2778 924 407 174 113 60 75
45-49 Secondary 141801 12787 26271 84253 15834 2110 359 100 43 20 14 10
High
48570 8807 12185 23576 3601 330
51
8
6
1
4
1
Low
80652 5402 10342 46655 12928 3336 1123 443 194 102 62 65
50-54 Secondary 137289 10819 24685 86242 13517 1602 286
66
43 16 8
5
High
46947 7140 11244 24735 3441 327
41
5
3
2
5
4
Low
128372 7942 18833 77396 17562 4202 1342 554 249 123 72 97
55-59 Secondary 131411 10673 25166 83688 10425 1151 194
56
31 10 8
9
High
45800 6550 10837 25157 2950 246
42
7
6
1
1
3
Low
670916 56854 149284 327546 91221 27653 10187 4166 1986 998 538 483
60+
Secondary 227112 24152 60061 126020 14404 1905 365 103 44 21 23 14
High
97941 14894 26862 50875 4782 429
65
18
6
3
5
2
Source: Census of Population and Households (2011)
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ABSTRACT
Symbols are among the most important facts and can be evaluated topic in cultural
geography studies. This topic is a special research area which is named symbolism or
symbolic. And also this phenomenon took attention from cultural geographers in these
days. Especially, former and today's communities which were lived in the research area;
religious faiths, social classifications, economic functions, sexual attitudes, individual
assessments and many different aspects of people can be transferred to current society
and future communities by symbols more comfortably.
Erzurum City is a historical settlement which is back dates to 4000 (BC). The city was
administrated by 24 different states and civilizations that has been identified in
approximately 6000 years historical processes. Study area controlled Muslim and Turkish
communities in last thousand year’s processes, rarely it can be possible to see symbolic
sign from different religions. This study aims to explain the symbols with cultural
geography research principles.
Keywords: Cultural Geography, Symbolism, Erzurum City.

INTRODUCTION
ICONOGRAPHY
Everything that are produced by humankind as they struggle to survive from past to
present are evaluated in the phenomenon of culture. Intangible assets must be evaluated
as a cultural production as well as the material culture elements. Considering the aspects
people dream about are delivered in various ways of material dimensions and brought
into production, the fact that intangible elements are also part of cultural production gains
more significance.
The function of delivering the dreams and emotions of humankind to material dimensions
can manifest itself in different ways. For example, while some emotions can be delivered
to a material dimension with words and sounds, some emotions can come into existence
via music, painting, sculpture and other branches of art.
Another way of distinctively conveying the emotions, dreams or a message needs to be
conveyed is use of the symbols. By means of symbols, daily life rules are defined in the
same form as it is used in traffic signs, and also religious messages can be delivered via
the symbols such as cross, crescent or Star of David etc.
One of the most striking details of the cultural heritage values is the symbolic meanings
they contain in themselves. Thanks to the narratives that express them, these meanings
carry great importance in terms of cultural tourism. Historical love stories, religious
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patterns, roads leading to eternity or metaphysical entities believed to protect people can
be obtain from stone or marble dressings via symbols. [1]
The amount of evidence used by geographers to interpret cultural landscape and
symbolism is much broader than in the past. [2] Therefore, the increase in the work done
in relation to the symbolism provides various conveniences for the researchers.
On the other hand, the aim is to maintain national consciousness by keeping collective
memory alive via symbols or sculptures representing historical events or persons who
made the history. Also, by means of flags which are considered the most important sign
of national independence, freedom of state and people is symbolized in effort to constitute
a social cohesion system.
PURPOSE AND METHOD
In this study, origins and mythological meanings of the symbols located in the city of
Erzurum as well as how they are positioned in the cultural landscape and the messages
intended to convey are evaluated. Qualitative research methods were used during the
performance of the work.
First, visual materials were compiled using field trip observation method which followed
by scanning necessary literature to obtain the sources needed. After obtaining the written
and visual materials, writing process was completed evaluating them within distributionlink- cause-effect relationship.

RESEARCH AREA AND GENERAL GEOGRAPHICAL FEATURES
Erzurum City is located in the Erzurum-Kars region of Eastern Anatolia. Surrounded by
the mountains Dumlu on north, Palandöken on south and Kargapazarı on east Erzurum
City is established on the south and east sides of Erzurum Plain in the elevation of
approximately 1750-2000 m. [1]
There are three metropolitan districts are located within the research field that are called
Yakutiye, Palandöken and Aziziye [2]. Within the administrative boundaries there are a
total settlements of 62 villages and 113 quarters of which Yakutiye district contains 10
villages and 42 quarters, Palandöken district 3 villages and 36 quarters, and Aziziye
district 49 villages and 35 quarter.[3] (Map 1)

Map 1. Location of Erzurum City

Despite the change and evolvement of cultural values as a result of human activities, the
role of physical geographical properties of living location in the emergence of culture and
progress can not be overlooked. Consequently, examining the geological and
geomorphological features of the research field that are effective in the formation of the
cultural properties, has a great importance in terms of determining the type of geography
where the cultural values are developed.[4]
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Jeologically, Erzurum-Kars Region shows a formation that particularly consists of outer
igneous rocks such as andesite and basalt creating a very wide cover expanding in the
north-east direction. This cover is composed of partially Neogene lava and partially of
young explosion of the quaternary period. Mountainous areas surrounding Erzurum Plain
that includes Erzurum City in its entirety consist of volcanic formations. In Erzurum
Basin and surrounding areas there are Upper Miocene and Plio-Quaternary sediments.
Based on the distribution of the rocks in the region the frequency of people’s benefiting
from it increases. Abundant usage of basalt, exclusively in residence constructions, is one
of the most obvious signs of this.
Situated in approximately in 40o (39o57ɪ) north latitude Erzurum City there are significant
differences throughout the year in terms of both angle of incident of sun’s rays and
sunshine duration. Accordingly, the angle of incidence of the sun's rays on December 21
26o36ı, on June 21 73o30ı, on March 21st and September 23rd varies between 60o30ı.
Accordingly, the angle of incidence of the sun's rays in Erzurum City, in comparison of
summer and winter months, emerges with the value of higher than twofold. [5]
The temperature change originating from the features due to the fact that mathematical
positioning of Erzurum city located in the middle latitudes and high elevation caused by
its special position has a great impact on people's daily lives. People residing in the city
have to struggle with adverse conditions of winter season and continue living under
difficult circumstances in snow-covered days with duration of 113 days.

SYMBOLISM IN ERZURUM CITY
While evaluating Erzurum city from past to present a period emerges that attains to four
thousands B.C. Therefore, there must be an evaluation of a very old settlement unit and
twenty-four ruling states and civilizations in the area. However, for realization of it there
must be monuments from those states standing remained. But as the remaining
monuments examined there is possibility to encounter with the monuments from
Byzantine, Seljuks, Saltuks, Ilhans, Ottomans and Turkish Republic. For that reason, the
symbols on the monuments of these 6 states can be evaluated. From Erzurum Castle that
built by Byzantine Empire there is only Inner Castle that remained to our times. But,
because the epigraph of this castle is destroyed and no symbol of Byzantine found on it
no evaluation was conducted.
Twin Minaret Madrasa as one of the most important monuments built during the Seljuk
Empire has a great importance in terms of symbolism both with its symbolic importance
as a whole and with the samples of stone carvings. In Erzurum city as well as in many of
Anatolian settlements janus-headed eagle symbol is used widely in the structures built by
the Seljuks. This symbol can be seen in two separate monuments of Erzurum city one of
which is Twin Minarets Theology School also known as Hatuniye Medresa and the other
Yakutiye Theology School also known as Ahmediye Medresa.
Janus-headed eagle icon that engraved in both monuments which were built after
acceptance of Islam by Turks were evaluated attributing different meanings. One is the
idea that having mythological meanings, it would enrich the power of the community
with its double head and beaks. On the other hand there is another mythological
interpretation of hand janus-headed eagle that being the symbol of sun and power as well
as guardian spirit and justice it is characterizing sovereigns or beys. However, the artists
who state that it could be regarded merely as an artistic icon interpret it as it was
materialized with double head for the exigency of symmetry. The widespread opinion in
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our days is that double-headed eagle meant to be the symbol of the eastern and western
domination of the Seljuks. (Picture 1)

Figure 1: Above janus-headed eagle with tree of life below and two dragon icons on the bottom that
engraved on the wall of Double Minaret Theology School.

One of the most notable aspects of Erzurum on historical monuments is that animal
patterns are used excessively. It was determined that animal patterns were applied in
particular form of Central Asian Turkish culture which is executed either using reciprocal
animal patterns or using only animal head patterns. [6]
One of the monuments where the animal patterns used the most is the niches on octagonal
pulley of Emir Saltuk Mausoleum in Three Tombs. Although the figures in these niches
said to be representing the 12-animal-calendar that is common in Far East, Turkish and
Chinese cultures, the number of these animals being only 5 is weakening the relation to
this calendar. However, it is certain that these compositions are reflecting the
mythological themes related to Central Asian Turkish believe systems and life style.[7]
(Picture 2)
Interlocking dragon pattern is thought to be used for its meaning of guarding of the harm’s
way.[8] The bull symbol that one of the most important symbols Turks used is known as
the symbol of valiantness, sovereignty, power and strength. However, human head placed
on the horns of a bull is thought to be the symbol of evil trying to destroy the valiantness.
Rabbit pattern has become the symbol of abundance, artfulness and good luck in Turkish
believe system after acceptance of Islam.[9]

Figure 2. Bull and human head, two eagle with lion body lion, rabbit with dorsa of sun and who dragon
icons on Emir Saltuk Shrine.

One of the most important symbolic elements of Anatolian mythology is the myth of
fertility. The fertility myth, in some cases, is indicated with a depiction of a woman and
in other cases it is reflected with the plant patterns.[10] In Erzurum city the fertility
symbols in form of grapes is often found on tombstones. Grapevine and grapes that are
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used rather as an ornamental pattern in Ottoman Period were precious to early cultures of
Anatolia. We can say that grapes, both in the mythological sense and in categories such
as legends, tales etc. is the source of fertility, vibrancy, interminableness and symbol of
love. The use of grapes or grapevines on tombstones is attributed particularly to the
second life after death and eternity. (Picture 3)

Figure 3: A sample of a grapevine on the tombstone in Murat Pasha Mosque cemetery.

RESULTS AND DISCUSSION
Aiming to analyses the cultural meanings and values of the symbols in Erzurum city, this
research was focused on culture and civilization of their origin, religious and
mythological connections as well as the structures generated from cultural interactions
and the ways they are expressed at the present time.
The fact that the city of Erzurum and its regions were ruled by Muslim Turks for
approximately a thousand years can be understood easily from the heritage elements
obtainable in the area. Accept for Inner Castle of Erzurum no monument from the
Byzantine Period was found and no iconographic data was reached in prehistoric
tumulus’s. Therefore, in this study, symbols of Islamic culture have been evaluated
extensively.
While examining the iconographic sources, there was an encounter with the fact that the
most notable phenomenon is the referrals that made to the supernatural forces. It is
understood that especially the fear of humankind felt against the obscurity manifested
itself expressively in the icons. Eternity, the second life after death, the fertile period
required to live a second life, the need for protection against evil spirits and mythical
creatures can be seen in line with these needs as often reflected through icons.
Eternity, the second life after death, the fertile period desired to live in second life, the
need for protection against evil spirits and mythical creatures in line with these needs are
often reflected via icons.
The study is intended to be conducted in a more comprehensive way. However, due to its
nature as a symposium assertion not all the icons obtained in the city are placed into the
text. Therefore, it is necessary to give this information which may be limiting to the
readers.
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ABSTRACT
Turkish Folk Music pieces taking their names from the people, containing the value
judgment adopted by the people and mostly based on the true stories throughout the
history of a region are one of the constituents of the culture which ensures the conveyance
of culture from generation to generation in a spoken or written manner as a part of the
tradition and allows the new generation to maintain the culture. The Folk Songs which is
a substantial constituent of our spoken cultural heritage are the works of art which let us
to comprehend the interaction between the physical and social conditions of the region
and the people and which describe the people.
In this study, 98 Folk Songs taken in the repertoire of TRT (Turkish Radio and Television
Association of the State) those compiled from the settlements in Western Black Sea
Region have been reviewed. Initially, the songs have been classified in accordance with
their themes and the geographical features they contain. Afterwards, the reflection of the
natural, socio-cultural and economical features on 98 Western Black Sea Region folk
songs has been construed with a geographical point of view. The literature with regard to
the subject in this context has been examined in details and also the cultural background
of the locals.
In the Western Black Sea Region incorporating various cultural features, the folk songs
contain local geographical features to a considerable extent. In addition, they constitute
integrity with the local and national culture. In the Western Black Sea Region folk songs;
geographical formations, climate, vegetation cover, wildlife, hydrographic features,
migration, absence from home, transportation, traditional apparel elements, housing
features and means of living come to the fore as the story line. Moreover, the lifestyle,
customs and traditions of the locals differ from region to region and it can be observed
that such fact is reflected in the lyrics of folk songs to a considerable extent.
Keywords: Cultural Geography; music geography; Western Black Sea Region; Folk
Songs; local folk culture.

INTRODUCTION
Geography in the Folk Songs of Western Black Sea Region is a cultural geography study.
In 1952, the American anthropologists, Kroeber and Kluckhohn, critically reviewed
concepts and definitions of culture, and compiled a list of 164 different definitions [1].
The initial definition about the culture has been made in 1971 by the British
anthropologist Sir Edward Burnett Tylor. Tylor’s definition of culture is “Culture is that
complex whole which includes knowledge, beliefs, arts, morals, law, customs, and any
other capabilities and habits acquired by an individual as a member of the society” [2].
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Culture, comprising material and moral values, is one of the key facts constituting the
nations. Language, manners and customs, beliefs, arts and literature are the cultural values
of a society flowing from past centuries [3].
Each generation causes changes on the culture taken over as heritage and adds new
constituents into it. Cultural geography, therefore, examines the spatial varieties in terms
of the spatial functioning of the cultural groups and the society; it lays emphasis on the
description and analysis of the ways of modulation or preservation of the language,
religion, economy, administration and other cultural facts depending on geography. The
facts having a wide variety such as non-material cultures including folklore, cultures, folk
songs, fairy tales, beliefs-superstitions, habits, linguistic features are being passed from
one generation to another as a part of the tradition. Those also have a geographical
distribution and they are being examined by the geographers [4].
Carrying out researches on the reasons and results of geographical distribution and spatial
differences of cultural activities or the similarities they represent in different places is
amongst the subjects of study of cultural geography. Compiled folk songs being a
substantial element of our intangible cultural heritage can also be considered within the
music geography which comes into sight as a sub-field of the cultural geography.
Music geography has started developing as a sub-field of the cultural geography trying to
understand the environment by means of the harmonious sounds. Folk songs are
influenced by the cultural and social factors of the originating geographical environment.
When such feature of the folk songs is taken into consideration; it becomes apparent that
there is a connection between the physical and social events and the geography subjecting
the interaction inter se. In fact the folk songs; along with the social realities, historical
events, and personal love stories; is not a fact other than the sound of thoughts of the
people who are influenced by different features of the geographical environment and
accordingly gain experience. The sounds, along with the tangible cultural heritage,
occupy an important place in understanding the environment. However the sounds in
music geography are being used as a tool for defining the environment [5].
The people who develop a spatial perception in line with their manners, knowledge,
beliefs, experiences, etc. give meanings to the physical and social factors in their minds.
By that means, they develop an identity for the natural environment they live in and create
the cultural landscape. Each society can form its environment to the extent of its
experiences. Therefore, different civilizations have been formed in similar environments.
Compiled folk songs telling the true folktales are important tools in understanding the
spatial perception of the people and the reflection of such perception on the landscape.
The main constituents of folk songs are lyrics and music. The events experienced by the
people, the influences of such events and their traces in the society are mentioned in the
lyrics of folk songs. Such events may either be historical events or natural disasters such
as flood, fire and earthquake. Those are told within specific rules and extents. Various
rhythms and music patterns are preferred depending on the contents of the lyrics
expressing the event or the emotions [6]. Subject facts add emotional intensity to the folk
song which is constituted with verbal expressions.
The folk songs, with regard to their themes, may mention emotions or situations between
a few individuals such as love, homesickness, separation, longing for meeting, reproach,
etc. they may as well mention the social matters which concern the majority such as
migration, making sail, war, social injustice, bride wealth etc. Therefore, it is possible to
find out the socio-economic features of a society and their reflections on the socio-cultural
life by means of folk songs.
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Turkish folk music, as is evident from its name, is a widely esteemed music genre
originating from the society which depicts the public and defines the public whereas it is
influenced substantially by the physical and social features of the originating region.
Turkish folk music is closely associated with the physical geographic features and the
social life whereas there is a close relation between the terms of Turkish folk music and
geography. This relationship becomes more evident when we consider both the
distribution of the geographic words and the similarities and difference in musical
features depending on districts and regions. It is believed that the differences arising from
spatial (geographical) features lie at the bottom of such similarities and differences [7].
The folk songs reflecting various examples of folklife and cultural heritage of the people
have emerged as products which represents the people’s reactions against various natural
and social events. In this respect, Folklore has a multidisciplinary structure which may be
discussed by branches such as music, folk literature, geography and sociology.

RESERCH AREA
Western Black Sea Region defined at the First Turkish Geography Congress which was
held in 1941 constitutes the research area. That part has different land structures varying
in short distances. The rugged topography of Northern Anatolian Mountains forming
several mountain chains running parallel along the coast line of Black Sea from North to
South and the tectonic sourced depressions between those mountains, deep valleys,
ridges, slopes constitute the characteristic morphology of the area. This circumstance
causes the natural environment constituents such as climate, flora, soil structure and
stream features as well as the socio-cultural and economic features to differentiate in short
distances.
There have been substantial local similarities, differences and interactions between the
contents of 98 pieces of works which have been taken into the repertoire of TRT (Turkish
Radio and Television Association) from 9 different districts within the subject area and
the geographical conditions of the area.

MATERIALS AND METHODS
In this study, 98 pieces of works originating from the settlements within Western Black
Sea and taken into the repertoire of TRT have been analyzed. Initially, the works have
been sorted according to their themes, then the geographical patterns they contain have
been listed on a table created by using Microsoft Office Excel 2013 and they have been
categorized according to their natural and social subjects after the words used in the works
and their frequencies of use are determined. Finally the reflection of natural, sociocultural and economical features on 98 Western Black Sea folk songs in total has been
interpreted from a geographical point of view. In this context, the literature with regard
to the subject has been searched and the experiences of the locals have been referred to
when necessary.

FINDINGS
In the folk songs, it is possible to come across several natural and social geographical
features of the originating districts or regions. Just as the cultures have emerged as a
consequence of the geographical living environment, the folk songs being a constituent
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of that culture have been formed and emerged under the influence of the geographical
environment [8].
The folk songs being one of the common memories of the society and being sung with
particular melodies are unique sources for having an idea about the spatial interaction,
value judgments, perceptions, joys, longings, valor, etc. of a society in a random
environment.
In this study subjecting the compiled folk songs of Western Black Sea region, 12 of the
98 folk songs being analyzed are quite common at the present time. There is a large
audience familiar with such songs throughout the country. One of them is a folk song of
Kastamonu called “Çanakkale İçinde Aynalı Çarşı (In Çanakkale stands the Mirror
Bazaar)” which tells the story of the defense of motherland. As can be understood from
the lyrics of the song as:
Çanakkale İçinde Aynalı Çarsı,
Ana Ben Gidiyom Düşmana Karsı.
Of Gençliğim Eyvah.

In Çanakkale stands the Mirror Bazaar,
Mother I set forth against the enemy,
Oh, my youth, alas!

Kimimiz Nişanlı Kimimiz Evli,
Kimimiz Nişanlı Kimimiz Evli,
Of Gençliğim Eyvah,

In Çanakkale there is a cypress tree,
Some of us are engaged, some of us married,
Oh, my youth, alas!

the ones going away for the defense of motherland were formed by engaged and married
individuals who left behind their beloved ones expecting their come backs. The song
called “Sivastopol Önünde Yatan Gemiler (The Ships Laying Before Sevastopol)” which
also belongs to Kastamonu district treats the subject of war.
One of the common folk songs in the region treating the subject of imprisonment is
“Mapushane Çeşmesi Yandan Akıyor (The Fountain of Prison Flows Sidewise)” which
belongs to Kastamonu district and another one is “Mapushane İçinde Yanıyor Gazlar (The
Gasses Burn in Prison)” which belongs to Bartın district. The mentioned folk songs
address the longings of the ones serving their sentences.
The countrywide known piece which addresses bravery and has become an identification
of Bolu called “Benden Selam Olsun Bolu Beyine (My Salutations to the Governor of
Bolu)” also belongs to Kastamonu district. The line “Valor has been lost whence guns
were invented” has become a common phrase.
One of the famous folk songs compiled in Western Black Sea which address longing for
meeting is the work called as “Beyaz Giyme Toz Olur ( Don’t You Wear White, Dust
Stains the White)”. Again the folk song called “Kiraz Aldım Dikmeden (I Collected
Cherries from Saplings)” which belongs to Bolu district also addresses love and
homesickness. In that folk song, the following lines provides clues about the places where
this particular area is in socio-economical interaction with;
Tütün Aldım Hendekten,
Halime'm Hekim Gelir Devrek'ten,
Hekim Buna Neylesin,
Halime'm Yangınımız Yürekten,

I bought tobacco from Hendek
My Halime, the doctor is on the way from Devrek
What would the doctor do about this,
My Halime, the fire is on its way from the heart

“Karadır Kaşların Ferman Yazdırır (Those Dark Eyebrows of Yours)” is a very wellknown work which belongs to Zonguldak district. The following lines of that folk song
allow us to make inference about the dominant vegetation of the region;
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Ormanlardan Aşağı Aşar Gezerim,
Nazlı Yari Kaybettim Ağlar Gezerim.
Ormanların Gümbürtüsü Başıma Vurur,
Nazlı Yarin Hayali Karşımda Durur,

I stroll down the forests,
I lost my delicate love I cry and I wander.
The rumble of the forests hit me in the head,
The vision of my delicate love stands before me.

In this study, the folk songs of Western Black Sea Region are initially sorted according
to their main themes (Table 1). As a consequence, it has become apparent that 43 of the
works directly adopt the theme of love. In addition to this, there are 24 more works which
are indirectly about love. Accordingly, 68,4% of the folk songs are gathered around the
subject of love. In the folk songs analyzed within the research area, there are also
examples of subjects directly about the social life and engraved in the society such as
imprisonment, divorce, forced marriage, drowning, etc. The number of works compiled
about the subjects such as patriotism, homesickness and bravery are rather limited.
Table 1. Main themes in the folk songs
Themes
Love
f Social
Love
43 Divorce
Love and Reproach
2 Story of the Bride
Separation and Longing
8 Difficulties in Life during Youth
Secret Love
1 Henna Ceremony
Impossible Love
2 Imprisonment
Unrequited Love
3 Forced Marriage
Longing for Meeting
4 Marriage of the Lover with Someone Else
Desire for a Lover
1 The Worries Gotten for the Beloved
Addressing to the Lover
1 Drowning
Forbidden Love
2 Social Life
Total
67 Fury Against the Tax Collector
Patriotism/Homesickness/Bravery
f Satire
Military Service/ Defense of Motherland
2 Lullaby
Requiem for the War Goers
1 Fun/Joy
Homesickness
1 Desire to Get Married
Homesickness and Being Apart from the Lover 1 Religious
Bravery
1 Total
Total
6 Grand Total

f
1
1
1
1
3
1
1
1
1
2
1
1
2
2
2
4
25
98

As is known, the interaction between human and environment constitutes the subject of
study of geography. Such interaction reveals itself in some folk songs. Human is a social
creature, however lives in a physical environment. Humans get influenced by such
environment to an extent and mostly form it in accordance with their own needs and
desires based on experiences. Humans try to alter the nature within their capacity and to
customize it on one hand while complying with the nature on the other hand. Such
interaction forms the cultural landscape.
In Western Black Sea having a rugged and mountainous terrain structure, the terms
expressing the morphologic structure such as mountain, mountain top, peak, rath, cliff
edge etc. have found a place for themselves in the folk songs. Amongst such terms, the
word mountain is in the first place with a frequency value of 8. In the folk songs, the
mountain has sometimes formed an obstacle against reaching home and/or beloved ones
and sometimes formed a shelter against hazards.
Beyond any doubt, the plants take the most important place in the relationship of human
beings with the natural environment. Because the plants are being subjects to direct or
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indirect consumption by humans with their roots, bodies, branches, leaves, flowers and
fruits. Therefore, humans have tried to know as many plants as possible within the natural
environment they are living in. The most common physical elements available in the folk
songs of the research area being plants (82 f) is a substantial indicator of that fac. Just as
the plants, one of the natural environment elements available in the life of humans is
animals. Even though its importance is diminished by the agricultural way of living,
hunting has always been available in every period. Besides, breeding animals and making
use of the products derived from them such as meat, milk, wool, honey, etc. have created
an important place for animals in human life. The animal species has a frequency value
of 33 in the folk songs. The horse being the most important mount which contributes to
reaching the beloved ones by means of its speed is the animal species which is mentioned
the most (7 f) in folk songs (Table 2).

Plant
Tree
Hemlock
Hawthorn
Pear
Quince
Almond
Pepper
Nightingale
Pine
Meadow
Flower
Grass
Branch
Walnut
Thorn
Mulberry
Apple
Plum
Hazelnut
Rose
Fig
Squash
Carnation
Straw
Violet
Currant

f
1
2
3
1
1
2
1
5
1
4
3
3
4
1
2
1
4
1
1
8
1
1
2
1
1
1

Table 2. Physical geography elements in the folk songs
Physical Elements
Plant
f Climate
f
Animal
Poplar
2 Hail
1 Lion
Celery
1 Frost
1 Horse
Chestnut
1 Smoke
3 Quail
Cherry
1 Snow
1 Ovine
Rosehip
1 Cloud
1 Pigeon
Oak gall
2 Ice
1 Rooster
Violet
1 Dead of Winter
1 Scorpion
Oak
3 Dry Land
1 Crow
Yellow Rose
1 Wind
1 Eagle
Willow
3 Dust
1 Calf
Forest
1 Total
12 Water Buffalo
Grass
2 Geographical Formations
Goose
f
Cotton
1 Mountain
8 Cat
Apricot
2 Mountain Top
1 White Horse
Cypress
2 Lowlands
1 Sheep
Fruit
1 Plane
2 Bird
Leaf
1 Cave
1 Lamb
3 Herd
Total
82 Rock
2 Ox
Hydrography
f Sand
Brook
2 Black Stone
1 Fly
Sea
1 Alluvium
1 Sparrow
Creak
3 Peak
1 Crane
Flood
1 Rath
1 Total
Turbid Water
1 Slope
1 Physical Others
Water
6 Cliff Edge
1 Physical Total
Total
14 Total
24

f
1
7
1
1
1
1
1
1
1
1
1
1
2
1
1
3
2
2
1
1
1
1
33
37
202

In the folk songs, the hydrographic elements such as water, creek, brook, streams and
springs (14 f) and climate elements such as snow, dead of winter, hail, dry lands, wind
and clouds (12 f) have been mentioned as well.
In the folk songs, the constituents of the social environment such as social issues, clothing,
furniture, professions, environment and road draw attention. Belongings or tools amongst
such elements constitute the most common group with a frequency value of 76. Axe,
bowl, music instrument, cradle and chest are the prominent terms. It is also possible to
have an impression from the folk songs about the food culture within the research area.
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As a matter of fact the food and drinks group finds a place with a frequency value of 30
and the terms such as honey, clotted cream and milk come to the fore. Similarly the terms
about apparels (28 f) present important data about the clothing culture within the region
(Table 3).

Belongings
Axe
Vessel
Instrument
Cradle
Chest
Rope
Jug
Cup
Handkerchief
Dower
Carpet
Dagger
Others
Total
Road/Distance
Road
Foreigner
Far
Passenger
Far
Wire Road
Migration
Total
Mine

Table 3. Physical geography elements in the folk songs
Social and Economic Elements
Profession /
f Situation
f Apparels
f
Status
8 Plateau
6 Loose Robe (Shirt)
3 Soldier
7 Earth
4 Kilt
3 Bride
5 Foreign Land
4 Baggy Trousers
2 Enemy
3 Prison
4 Shoes
2 Shepherd
3 Village
3 Kerchief
2 Hunter
2 Mill
2 Gabardine
1 Barber
2 Bridge
2 Others
15 Guardian
2 Home
2 Total
28 Militia
2 School
2 Eating/Drinking
f Others
2 Bazaar
2 Honey
5 Total
1 Docks
2 Clotted Cream
4 Domestic Life
1 Grave
2 Milk
4 House
38 Sub-district
1 Food
2 Garden
2 Chimney
76 Bucak (Settlement) 1 Pastry
1 Salt
2 Door
f Mosque
8 Bazaar
1 Yogurt Drink
1 Pedavra House
3 Others
24 Baklava
1 Quilt
2 Total
9 Shelf
63 Others
1 Mine/Energy
f Total
30 Window
1 Iron
1 Jewelry
f Roof
1 Tin
1 Gold
4 Fireside
1 Coal
1 Silver
3 Others
3 Coral
2 Total
17 Others
2 Social Others
6 Total
7 Others
Total
11 Social Total

f
2
2
2
2
1
1
1
1
11
23
f
6
4
3
3
2
2
2
2
1
1
9
35
34
330

The environments mentioned in the folk songs may help with comprehending the spatial
perception of the locals. The type of environments coming to the fore must be examined
from a geographical point of view. Transhumance activities having an important place in
the Turkish socio-economic life from Middle Asia to Anatolia have found an important
place in Western Black Sea (12 f) just as in the whole country. The term “gurbet (being
away from home)” which has emerged as a cognitive equivalent of the far away
environments where the individuals need to live in by being away from their homelands
due to various reasons and the term of “road” as a symbol of disengagement from the
homeland draw attention as the other terms being mentioned in the folk songs. When the
Western Black Sea folk songs are analyzed in terms of geographical closeness and
interaction, the folk songs which belong to Kastamonu and Safranbolu districts have
similarities both in terms of chorus and in terms of contents. Besides, Kastamonu district
having a work compiled about an event in Bolu district is an evidence of the interaction
between these two districts. From the folk songs of Bartın, it is understood that the region
is in interaction with Kastamonu and Ankara. As a matter of fact, Bartın being the exports
pier of the close by districts was able to develop socio-cultural and economic relationships
with such districts.
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DISCUSSION AND CONCLUSION
Turkish Folk Music which take its name after the public, includes the value judgment of
the people and generally compiled from true folktales is one of the elements which allow
the culture to be maintained by the new generations by being passed down from one
generation to another as a part of the tradition either in writing or orally. The folk songs
being one of the substantial elements of our oral cultural heritage; are the works which
allow us to comprehend the interaction between the physical and social conditions of the
originating district and the people and also which tell about the people.
Western Black Sea folk songs are formed around the subject of love at the rate of 68,4%.
The values such as imprisonment, divorce, forced marriage, drowning, patriotism,
homesickness, bravery and religion are the other themes. In the folk songs, the
morphologic elements with regard to the natural environment are the factors such as plant
and animal species and water sources while the elements with regard to the social
environment are the terms about eating-drinking, clothing, environment, domestic
utensils as well as the tools and devices being used in daily life.
In Western Black Sea region having a rugged and sectional structure in terms of
geography, it is understood that the folk songs have similarities in the general sense,
however such similarities become even stronger in the districts which interact with each
other in a greater extent.
As a consequence human being as a part of the environment he lives in; actualizes the
subjects such as his good manners, knowledge, joy, sadness, enthusiasm, love, bravery,
etc. within a certain environment. In other words, a bond is formed between the human
and the environment. People give meanings to the environment within the frame of what
has been experienced and verbalize what they have in mind by means of the folk songs.
The folk songs being an important part of the cultural accumulation of a district from this
aspect, may provide the geographers with important tips in reading the cultural landscape.
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ABSTRACT
Tourism is one of the sectors composed of versatile and complex relations, whose
response and influence level is the most powerful one. One or two other sectors may
barely have the intense interaction apart from tourism. It is possible to say that as a sector,
absence of tourism cannot be bearable in today’s world. This is the case for countries
which both send and welcome tourists; because in most of the countries which send
tourist, travelling and tourism have become a requirement; it is perceived as a primary
requirement that cannot be postponed. On the other hand, in countries which accept
considerable number of tourists, this sector has become indispensable due to its
reproductive effects. Therefore sustainability is quite an important subject for this group
of countries. However, everyone accepts that tourism is one of the fragile and sensitive
sectors by nature. In spite of that, tourism is one of the most skillful sectors in overcoming
problems and directing towards new expansions. Apart from marginal types of tourism,
processes such as positive international relations and peace environment have always
influenced tourism in positive way. However, global economic crises, regional instability,
wars, political tensions have had negative effect. In this study, it will be analyzed
quantitatively whether tension experienced between Turkey and Russian Federation in
November 2015 has reflected on tourism or not.
Keywords: Turkey, Russian Federation, Tourism, Tourism geography, International
relations

INTRODUCTION
Tourism is one of the most important fields which help countries to interact with each
other. Especially after the World War II, tourism showed a rapid development and it has
become a component of globalisation, maybe the most important one. The development
it went thorough captivated not only the individuals who met it but also the countries.
Nearly all countries which either earn profits or lose foreign currency due to tourism
approach this sector from positive perspectives apart from a few exceptions in the past. It
is possible to say similar things regarding individuals because increased urbanization and
being urbanized caused by urbanization have established a close relation with tourism.
Today, tourism has become a need which can not be delayed for most of them. Travelling
and joining international tourism have become a routine for the citizens of many countries
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who do not have any problems related to their health and economic conditions. Due to
these reasons, tourism still continues to be one of the fastest growing sectors of the world
and its participants have been increasing more in number than ever before. [1]
Tourism is a system which is composed of multidimensional relations. Due to its
structure, it both affects and is affected. With its multiplying effects, it is possible to see
tourism and a branch of an activity which interacts with tourism in any field in life. State
economies which are mainly dominated by tourism in the world are not few in number.
In addition to this, there are some countries in the world which do not rely on tourism but
tourism makes itself felt in economic fields. Tourism is not a subject which can be
explained with only its economic dimensions.
Besides economic effects of tourism, it has got cultural, social, environmental, political,
and psychological effects. Thus, it is possible to state that it is one of the most effective
tools of our century. Tourism has local, regional, national and increasingly international
importance. [2] By year 2015, the number of tourists involved in tourism has reached 1.2
billion. The contribution of this sector in the total services sector in the world is about
30% and its share in the world export market is 6%.
It is the biggest sector after energy, chemistry, and food sector. Tourism surged ahead of
a giant sector like automotive industry. [3] Tourism has its unique structure just like every
sector. Tourism’s most obvious feature is its fragile structure. Tourism sector interacts
nearly with every sector and benefits from them and also it is affected positively or
negatively with the events and processes occurring at global, national, and local scale.
This study examines whether the “downing jet crisis” between Turkey and Russian
Federation in 2015 had qualitative reflections on Turkish tourism or not. Within this
context, the qualitative data were scanned and evaluations and recommendations were
made considering this data. As known, Turkey is one of the countries that host many
tourists. Turkey has become one of the ten countries which has been visited over the last
decade, so Turkey has proved its ambition and strength. Thus, Turkey was ranked 6th in
this field in the world in 2015. If it sustains its performance over the next decade, it can
move up in the list because Turkey has lots of potential tourist attractions which have not
been introduced into tourism both culturally and naturally yet. However, this
performance is not only about using this potential but also at the same time it is about
managing positive and negative factors which can have an effect on tourism. Turkey’s
experience up till now reveals that Turkey has done a good job.
Rank
1
2
3
4
5
6
7
8
9
10

Table 1. Most visited countries in the World [4]
Country
International visitors (million)
France
83,7
USA
74,8
Spain
65,0
China
55,6
Italy
48,6
Turkey
39,8
Germany
33,0
United Kingdom
32,6
Russia Fed.
29,8
Mexico
29,1

Major tourism destinations in the world have been generally characterized with one or a
few types of tourism like Egypt with historical sites, Greek Islands and Ancient Greece
with their works of architecture, Austria and Switzerland with their winter tourism, the
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Caribbean with their sea and yacht tourism and so on. Turkey’s tourism has triggering
types of tourism, too such as coastal tourism, cultural tourism, belief tourism, thermal
tourism, sports tourism and so on. These are the strengths of Turkey which make it so
special when compared to other tourist destinations. In other words, Turkey has a wide
range of tourism products. In parallel with this, tourism markets which prefer Turkey
have been varied. That’s to say, Turkey is not a tourism destination which depends on
only one market or lives on single source. Any social, economic, and political problems
experienced in any of the countries whose citizens visit Turkey as tourists reflect on
Turkey directly. However, because Turkey is a tourism country which lives on different
sources and appeals to different markets, it can tolerate the demand instability in one of
the countries where tourists come from. For example, After the Gaza crisis with Israel,
the number of Israeli tourists coming to Turkey decreased; on the other hand, the number
of Arab tourists visiting Turkey increased.
Rank
1
2
3
4
5
6
7
8
9
10

Table 2. Countries that send most tourist in Turkey (2015) [5]
Countries
Tourist (million)
%
Germany
5580792
15.0
Russia
3649003
10.07
England
2512139
6.93
Georgia
1911832
5.27
Bulgaria
1821480
5.03
Iran
1700385
4.69
Netherland
1232487
3.40
Iraq
1094144
3.02
France
847259
2.34
USA
798787
2.20

PLACE OF RUSSIAN FEDERATION IN TURKEY TOURISM
Turkey hosted visitors that settled in many continents and countries in the world last year.
However, some regions are responsible for a large proportion of total number. For
example, 53% of the visitors came from Europe and OECD countries. Common Wealth
of Independent States (CIS) accounted to 22.5% after Europe. The visitors from Asian
countries make up 16%, from African countries 2.4% and from the USA 0.7%.
Table 3. The distribution of tourists in Turkey according to the regions they come from [6]
Rank
Regions
%
1
Europe and OECD
53,01
2
CIS (Commonwealth of Independent States)
22,58
3
Asia
16,60
4
Africa
2,39
5
America
0,77
6
Others
4,65

48% of the tourists visiting Turkey come from only 7 countries. These are Germany,
Russian Federation, England, Georgia, Bulgaria, Iran, and the Netherlands, respectively.
Out of these seven countries, three of them are Turkey’s border neighbours. Over the last
decade, the countries sending tourists to Turkey have not changed. These countries are
Germany and Russian Federation. These two countries are the countries which send a
great majority of tourists not only to Turkey but also to the other tourism countries in the
world. Turkey, due to its geographical location, receive tourist from surrounding regions
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and countries. Because Turkey is located at the crossroads of some regions like Europe,
Eurasia, Africa, and the Middle East, it provides advantages regarding tourism. It is
possible to reach Turkey from European countries and Russia with trips which are not too
long. Being close to Europe, the continent which sends the largest number of tourists in
the world, is a big advantage for Turkey. In addition to this, it is possible to say similar
things for Russia which is a country that has a big share in tourism propensity. [7] Russian
Federation has been one of the most important tourism markets for tourism in Turkey for
nearly 20 years. In the meantime, Russia’s share in Turkish tourism began to surpass
Germany which was Turkey’s biggest market without question. It can be clearly
understood from the numerical values. Russian tourists generally visit Turkey to take part
in tourism activities based on sea and beach in the southwest of Turkey, so they have an
important role in Turkey’s tourism performance in recent years. Although they rarely
visit the other tourist attractions in Turkey apart from the hotels located in the coastal
regions, Russian tourists and the economy they create become indispensable for some
major tourism fields. Even some tourism fields are designed and equipped considering
Russian tourists in Turkey. Thousands of people speaking Russian and most of whom
come from Turkic Republics were recruited in some tourism centres, mainly in Antalya.
Unquestionably, Russian tourists mainly prefer Antalya and its surroundings in Turkey.
Antalya is a centre of attraction not only for Russians but also for millions of tourists from
other nationalities. Germans made up the largest number of tourist groups which Antalya
hosted for long years. However, in recent years the number of Russian tourists visiting
Antalya approached Germans and even surpassed them in some years. For example, 3.5
million Russian tourists visited Antalya in 2014. This value makes up 30% of all the
tourists vacationing in Antalya. In the same year, German tourists ranked second (26%),
following the Russians. The number of Russian tourists decreased dramatically in 2015.
The number of Russian tourists visiting Antalya in 2015 decreased to 2.8 millions, a
decrease of 26%. 18% drop was observed between 2014 and 2015. On the other hand, in
the same period, an increase of 10% with Ukrainian tourists and 8% with American
tourists was observed. The number of German tourists increased 8%, Hungarian tourists
37%, Israeli tourists 15%, and Romanian tourists 16%. In the mentioned time period,
Russian Federation was not the only country with a decreased in the number of tourists.
A dramatic decrease was also observed with other countries like France (37%), Sweden
(10%), Norway (15%), Austria (13%), and Italy (13%) compared to the previous year.
Therefore, Antalya an important tourism region, hosted nearly 12 million tourists last year
and 2.8 millions of these tourists were the Russian. Despite the dramatic decrease in the
number of Russian tourists, they still top the ranking both numerically and proportionally.
Russian tourists travel to Istanbul, following Antalya. 3.9% of the tourists visiting
Istanbul were from Russian Federation in 2015 (5% in 2014). In that period Istanbul
hosted nearly 12 million tourists. [8] Russian market for Istanbul is not as vital as it is for
Antalya. Moreover, it is possible to understand this from the proportional values.
Arabic countries have become one of the important markets for tourism in Turkey. For
example, while 1.6 million Arabic tourists visited Istanbul, one of the two cities which
attract the largest number of tourists, in 2013, this number amounted to 2.5 million
tourists. This number makes up 20% of the total tourists travelling to Istanbul. In the same
period, the number of tourists travelling to Istanbul from Russian Federation was 573.000
in 2013 and 589.000 in 2014 but in 2015 a sharp decrease was observed with the number
of Russian tourists in Istanbul and the number decreased to 489.000. This regression was
not due to the downing jet crisis, the subject of our paper, but the war which caused a

288

Socio economic geography; Teachnig & Education in Geography

crisis between Russia and Ukraine was considered to be responsible for this regression
because the jet crisis between Turkey and Russia broke out through the end of 2015. The
months after the crisis are the seasonal period when the tourist arrivals decline in number.
It is so clear that the shooting down a Russian jet in last months of 2015 has some negative
effects on Turkish tourism. In order to state these effects numerically, it is important that
the last month of 2015 and the data of 2016 must be compared to previous years. As this
study was carried out at the beginning of 2016, an evaluation was made considering a
very short period without regarding a long term qualitative data. For instance, the number
of tourists visiting Turkey declined dramatically compared to the same month of the year
in December, 2015, the first month after the jet crisis. In fact, the decline in the number
of Russian tourists visiting Turkey started in last months of 2014 and the decrease
continued within the year of 2015. Thus, the number of Russian tourists visiting Turkey
decreased from 4.4 million in 2014 to 3.6 million in 2015. We have the belief that the
drastic decrease in the number of Russian tourists in 2015 is thought not to be the result
of relationship between two the countries but this decrease is due to the economic
recession Russia experienced after it invaded some regions of Ukraine.
In addition to this, despite economic decline in Russia and the jet crisis with Turkey,
Russian tourists still vacation in Turkey. Although Russian government’s
recommendation that Russian citizens do not visit Turkey at all has an important effect,
some Russian still buy holiday individually and continue to travel to Turkey.
Table 4. Distribution of Russian tourists visiting Turkey according to the months and years [9]
Months
2010
2013
2014
2015
January
36638
57616
65412
51058
February
39715
62910
60593
41444
March
43342
74861
81868
58338
April
104672
200740
215761
149879
May
454369
608716
694886
501196
June
578527
690287
805291
652703
July
535722
674353
805631
686256
August
547059
735386
776494
638469
September
478019
710031
637768
528960
October
178497
316187
224430
229125
November
65417
77210
62961
86090
December
45066
61009
47954
25485
Total
3107043
4269306
4479049
3649003

CONCLUSION AND DISCUSSION
The tension which began between Turkey and Russia when Turkey shot down a Russian
jet in November is still heating up in 2016 because Russia still stray into Turkish airspace
with new violation at the end of January, 2016. During the Soviet Union period, the two
countries were border neighbours with each other and after the collapse of the union, they
established quite good relations in social, cultural, economic, and political fields. There
are very strong relations between the two countries regarding the fields of energy,
agricultural products, some industrials branches, and tourism. Fifteen cooperation
agreements were signed between 1992 and 1996. [10] The sustainability of these
relationships is directly proportionate to the course of the intergovernmental political
relations. As known, not only tourism but also other economic and cultural cooperation
live on positive political relations. The tension called as the jet crisis undoubtedly affected
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the sectors mentioned above directly. The crisis had distinct effects on both countries,
especially in economic field. Not only Turkey but also Russian Federation were affected
because the history of relation between the two countries continued for 500 years and
these relations had deep impacts regarding political, economic, and cultural fields. [11]
Besides the historical depth of the relations, there are strong connections between Turkey
and Russia. For example, a considerable number of Russian expats reside in Turkey,
especially in Antalya and its surroundings. Moreover, a large number of them (87%)
work in tourism sector. [12] The tension between the two countries still continues to
escalate in 2016. Thus, the year 2016 seems to continue with negative values in many
sectors, but mainly in tourism sector. Because this crisis has possible effects on Turkish
tourism, we can list some evaluations like that:
Because this crisis occurs with Russia, one of the two countries which Turkey sells most
of its tourism products, it will certainly have an effect on Turkey. However, Turkey is
not a country of tourism with a small market which host tourists from a few countries in
the world. Turkey has a large potential market to compensate this. As one of the
experienced tourism countries in the world, Turkey has an experience to manage such a
crisis. This tension which we hope to turn to normal in a very short time can be regarded
as a crisis experience and an advantage for Turkey to deal with it. Thus, it is known that
Turkey has been looking for new markets for a long time and it is after involving countries
like China, the USA, and Gulf countries, and India in tourism market. The numbers
demonstrate that Turkey is partially successful with it.
In the first months of 2016, the institutions which organize tourism in private and public
sector in Turkey act as if no Russian tourists will visit Turkey. Most probably, despite the
suggestions of Russian government, thousands of tourists will travel to Turkey without
taking these into consideration and via acting independently. However, it is predicted
that the number of tourists will not reach the previous years. Turkey is in search of going
towards from quantity to quality so this crisis can be a turning point. It is most likely that
fewer tourists will visit Turkey next year. But focusing on the targets related to quality
values instead of qualitative values in tourism might speed up this search via this crisis
because the complaints from mass tourism and package tours have reached its peak
because there are countries in the world which have fewer number of tourists than Turkey
but gain more tourism revenue than Turkey. These examples cause motivation for Turkey
to focus on new targets.
In conclusion, Turkey, one of the most visited countries in the world, has had many
experiences which would have a negative effect on tourism over the last two decades.
Due to its location, the conflicts and wars in the neighbouring countries and instable
regions had a negative effect on tourist preferences towards Turkey. Gulf War, invasion
of Iraq, War between Russia and Georgia, security problems originating from Syria are
only some of them. In other words, you will see when you look at the world map that
Turkey is surrounded with neighbouring regions where there are political problems and
unrest. In spite of these big problems, Turkey has broken records in tourism and has had
a top place in the World Tourism Rankings. In addition to this, Turkey has fought with
bird flu for some time and also Turkey has been fighting with the activities of separatist
terrorist organization in the southeast. The two terror attacks which occurred only in 2015
are like a summary of these long years. As it can be remembered, one of them is Ankara
bombing, the bloodiest and the deadliest terror attack in Turkey’s history and the other
one is a terror attack which aimed at a group of German visitors in the Sultanahmet area
of Istanbul. It is so clear that these terror attacks have negative effects on Turkey’s
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tourism. On the other hand, Turkey is not the only tourism country which is faced with
such problems. Even France, world’s leading tourist nation, faces terrorist attacks. The
leading countries of tourism know the nature and fragile structure of tourism very well.
That’s why they have plan B against the crisis
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ABSTRACT
Bucovina is a part of the Moldavian Principality, which is now a unique region of multiethnic cohabitation situated “between East and West”. From a geographic point of view,
Bucovina belongs to the eastern part of Europe. From a geopolitical point of view,
Bucovina played for a long time the role of a region situated at the crossroads of the
influence areas of the Austrian, Russian and Ottoman Empire. Ethnically speaking, it
was substantially modified because of the influences in time of the German and Jewish
Kulturträger who spoke German or Yiddish in the period 1775-1918, of the Slav and
Soviet in the post-war period. Nowadays, the Historical province Bucovina is divided into
two parts: the southern part occupies an important part of Suceava County (Romania),
and the northern part belongs to the present Czernowitz region from Ukraine. As a
consequence of the cultural, political and economic development, the south of Bucovina
is currently inhabited by Romanians, Ukrainians, Polish, Ruthenians, Hutsuls and
gypsies, their number changing depending on the historical period and the influences of
the geographic position.
Keywords: Bucovina, demography, religion, ethnic structure.

INTRODUCTION
The territory of present day Bucovina was, before the year 1774, an integral part of the
Principality of Moldavia, a state which existed in Eastern Europe for almost five
centuries. A toponym of Slavic origins, Bucovina (Beech country) was attested for the
first time, in a document issued by the princely office of Moldavia, during the reign of
Roman I, on the 30th of March 1392. In the year 1775, this region of the Moldavian state
was annexed by the Habsburg Empire and with it, also its name, which had the same
meaning: Buchenland. From a juridical point of view the region became an Austrian
province. In the year 1918, Bucovina splits from Austria and reunites with the Kingdom
of Romania, in its historical borders. In summary, Bucovina’s situation can be reproduced
as follows:
-1359-1775 – Integral part of the Principality of Moldavia;
-775-1918 – Integral part of the Habsburg Empire;
-1918-1940 and 1941-1944 – Integral part of the Kingdom of Romania;
-1940-1941 and 1944-1991 – the northern part of the region is occupied by the
USSR with the southern part remaining in the borders of Romania.

293

2nd International Scientific Conference GEOBALCANICA 2016

-After 1991, northern Bucovina, occupied by the USSR, remains a component
part of the Czernowitz region of Ukraine.
The special history and the geographical location of Bucovina, has determined a peaceful
coexistence between a great number of different ethnic minorities, Bucovina itself being
considered a region of cultural interactions, situated “Between the Orient and the West”
[1], an expression publicized by the renowned German scientist Erich Beck (1963) [2].

GEOGRAPHICAL LOCATION
After the occupation of Bucovina by the Habsburgs, Moldavia loses its borders with
Poland. Now Bucovina had clear and precise borders; borders which would be ratified
only in 1887 (Fig. 1). Bucovina was presented as Austrian territory, the northernmost
point being the turning of the Dnister river, near Repujinet commune and the
southernmost being the tip of the Red Stones Mountain near Dorna Candrenilor
commune. In the east, it stretched to the mouth of the Racova stream, which flows into
Suceava River near Chiliseni, while in the west it went all the way to the bend of the
Ceremus river, south of the Iablonita commune. Thus, the borders of Bucovina are formed
in the North by the Dnister River, starting from Babin commune and all the way to the
point in which it joins with Black Creek. In the East they are formed by the jonction of
the Rachitna stream with the Prut river, near Noua Sulita, the very same point also
marking the borders between Bucovina, Russia and Romania. The rest of the border
which separates Bucovina from the Kingdom of Romania is formed by the river Prut,
Lucavita stream and then by Molnita stream until the latter’s junction with Siret river,
Rusterba creek an finally with Suceava river.

Figure 1. Bucovina after the year 1940 and the geographical position of historic Bucovina

In the south, the border with Romania is formed by the Racova, Somuzul Mare, Somuzul
Mic, Hranita and Saca creeks, by the mountains peak of Obcina Isaccii, Baiesescul,
Grebenul and Obcina Chiril, then by the Bistrita river, until its junction with Black Creek,
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the tributary Sarisor and Obcina Vanatorului. From this point on, Bucovina’s western
border begins: the top of the Red Stones mountain, which constitutes the border between
Bucovina, Romania and Transylvania. From here, the border towards Transylvania is
formed by the Tesna Imputita, Cosna and Deaca creeks, and Bistrita Aurie river. Then,
near Carlibaba commune, the border reaches the point of separation between Bucovina,
Transylvania and Hungary. The border with Hungary is formed by the Tibaului river, all
the way to the foot of Sarata were we find another point of separation, this time between
Bucovina, Hungary and Galicia. Further east, the border is formed by the Parcalab creek
and the waters of Ceremus river until its junction with the Prut; then by the Prut itself,
and then Turetchi creek, all the way to the Dnister, near Babin commune [3].

MATERIALS AND METHODS
The specialty literature (human geography, demography, theology, history, economy
etc...), dealing with Bucovina is extremely rich, because it makes a special reference on
that which is called a multiethnic, multicultural and multiconfessional convergence.
Many of the materials regarding Bucovina’s history, regarding the demographic and
confessional characteristics have been taken from the speciality literature, from census
and from the field. On top of that, documents from the State Archive of Czernowitz
Region and the Suceava National Archives have also been consulted. Field research has
been limited to the gathering of statistic data. The whole activity took place during the
summer of 2015.

RESULTS
The explanations for the evolution of geo-demographic and ethnical changes of the
population between the years 1775 – 1918, can be found in a relatively large number of
publications, the data presented there, being as usual, just estimates. The ethnical structure
of the population of Bucovina was in a permanent process of modification, depending on
the historical period in which the province found itself. In this context we will analyze
the modifications in question on certain historical periods, because of the different
geopolitical, economical and social circumstances.
Until the annexation of Bucovina in 1774, the population was mostly Romanian [4], the
author, invoking the fact that Austria did not cite as a reason for annexation the national
character of the territory, which would have been different from the rest of Moldavia. In
the period of time just prior to the annexation of Bucovina to the Habsburg Empire, the
population was sparse, and the census taken between the years 1772 – 1773 by Rimsky
Korsakov notes a figure of 84.514 people which were assigned in 266 settlements and
three market towns. From an ethnical standpoint, the population structure presented itself
like this: Romanians – 64,23%, Ruthenians – 20,26%, Hutsuls – 7,06%, Gypsies – 3,14%,
Jews – 2,86%, Russians – 0,54%, Polish and Germans.
For these reasons, the population number in Bucovina at the beginning of the Habsburg
dominance is very differently evaluated by the scientists and varies from 11,421 families
for the year 1774 [5] to 17,047 families for the years 1775-1776 [6]. For an objective
evaluation of the character of the ethno-confessional changes during the period which
follows, the necessity of a reference point becomes obvious. In this sense, as a reference
point we can consider the population census, taken in the second half of 1774 and in the
first months of 1775. According to this census, in Bucovina, there were 290 settlements
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with 62 hamlets, in which there lived 17,047 families or around 85,000 people [6].
According to the same sources, we can even invoke a certain ethnic structure, because the
statistical data presented here, also refer to the other ethnic groups inhabiting the
province: 58 Armenians, 526 Jews and 294 nomadic gypsies. It’s much more difficult to
establish however, the true number of the Slavic population in the territory.
Therefore Klun (1876) [7] claimed that at the beginning of the Austrian colonization, in
Bucovina there were some 50,000 Romanians and around 20,000 Ruthenians. Mikulicz
(1878) observed that “at the moment of the union with Austria, there were in Bucovina
75 thousand people... The main base of the region’s population were 55 thousand
Romanians and 12 thousand Ruthenians; outside of these, there lived, dispersed among
various settlements around 8 thousand people of other nationalities, mostly Jews,
Armenians, gypsies and in three cities a few Germans”. According to Werenka (1895)
[8] in 1774, all across Bucovina’s territory, there were three cities and 330 villages, in
which there lived 12,443 families or around 62,2015 people, and Joseph Rohrer (1804)
claimed that “when Austria occupied Bucovina, the population in those first years was
around 11-12 thousand families”.
According to Roman (1995) [9] the population in 1774 was around 146,000 – 149,000
people, the Romanians representing 86-69% or 124,910 people (Table 1). The
comparative analysis of the diverse number of sources relating to the number of people
living in Bucovina before the beginning of the Habsburg administration makes us
conclude that the number was between 56,000 – 85,000 [10] and 67,000 – 73,000 [4].
Total
68704
100%

Table 1 National composition of Bucovina in 1774
Romanians Ruthenians Hutsuls Russians Jews Gypsies Armenians Others
40924
15690
5715
1405
2375
2100
275
220
59.56
22.84
8.32
2.04
3.46
3.06
0.4
0.32
Source: Data compiled on basis of the anthroponomical analysis of the Russian census [4].

From a confessional standpoint, at the beginning of the Austrian domination, the majority
of the population was orthodox. Both the Romanian majority and other national
minorities were part of it, such as the Ukrainians (Ruthenians and Hutsuls), the sedentary
and nomadic gypsies and the Armenian community. Alongside the orthodox, a significant
part was constituted by the mosaic minority, which in 1774 represented around 3-3.5%
[4]. Only a few German and Polish families were catholic or protestant.
In the following period, the population of Bucovina greatly increases, even explosively
so, following the massive colonization program organized by the Austrian authorities,
particularly on economic grounds; the living conditions here being much more favourable
than in the neighbouring regions. Thus, in 1869, Bucovina’s population reaches 511,964
people [11], the last census from 1910 providing 798,355 people, and the ethnic structure
presents itself like so(Table 2) [12]:
Total
798,355
100%

Romanians
273,354
34.24

Table 2 National composition of Bucovina in 1910
Ruthenians
Germans
Jews
Polish
305,101
73,073
95,778
36,211
38.22
9.15
12.00
4.54

Others
14,838
1.85

From a geographical point of view, the distribution of the two largest communities, the
Romanians and the Ruthenians was thus: the Ukrainians were the majority in the northern
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side of Bucovina, and the Romanians in the south of it. The Germans and Jews lived
mainly in urban environments.

Figure 2. The ethnographic map of Bucovina (author I. Nistor)
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Figure 3. The ethnographic map of Bucovin (author A. Zukovski)

Figure 4. The national structure of population in Bucovina in 1774 and the national structure of
population in Bucovina in 1910
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Figure 5. The confessional structure of the population in Bucovina
Table 3. The evolution of the confessional structure of the populatian of Bucovina (%)
Year
1880
1890
1900
1910
Orthodox
70.7
69.71
68.51
68.44
Armenian-gregorian
0.12
0.08
0.05
0.04
Greek-catholic
3.1
3.06
3.20
3.27
Roman-catholic
11.27
11.31
11.92
12.40
Evangelic-lutheran
2.49
2.53
2.64
2.56
Mosaic
11.79
12.79
13.17
12.86
Lipovans
0.49
0.50
0.48
0.40
Other confessions
0.01
0.01
0.012
0.01
Total
100
100
100
100
Source: Mitteilungen des statistischen

The results of the 1910 census are reflected differently from a cartographical point of
view by the leading representatives of both the Romanian and Ukrainian communities
(Table 3) [13]. Thus, on the ethnographic map of Bucovina, composed by the Romanian
historian I. Nistor we find highlighted 8 ethnic groups (Fig. 2) while on the map composed
by A. Zukovsky (Fig. 3) we find highlighted only 6 groups, the Hutsuls and Lipovans
being absent because they were assigned to the Ukrainians. During this time, the
confessional structure of the population of Bucovina modifies considerably (Fig. 4, 5).

CONCLUSIONS
Presently, Bucovina is divided between two states, its south forming the largest part of
Suceava County in Romania, its north being included in the Czernowitz region of
Ukraine. From a cultural standpoint, because its inclusion into the Austrian state,
Bucovina, between 1775 – 1918 was part of the area of influence of the central European
culture, slightly faded in the years between 1918 – 1944, and in the period between 1944
– 1984, because of the Soviet occupation and the communist regime completely absent.
After 1989, both the Czernowitz region and Suceava County became gradually and
partially reconnected with the central-European cultural area, the process continuing even
today.
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Bucovina represents a unique region within Romania from several points of view. Firstly,
it’s the only region of the historical Moldova that was a part of the central-European
cultural area.
Secondly, Bucovina became a model of peaceful co-existence, being inhabited by 11
ethnic groups which were themselves part of 9 religious confessions. Bucovina became
an example of inter-ethnic collaboration, giving birth to the famous expression “Homo
bucovinensis”, the prototype of the tolerant individual, one that speaks at least two
languages, and which offers a model of inter-ethnic cohabitation.
Thirdly, Bucovina is the only region of Romania which still constantly maintains the
attention of foreign academic circles, even though no significant number of German or
Hungarian ethnics still lives here, compared to Transylvania. The focus of Bucovina
towards the models of central-European culture and civilization was accomplished mainly
through the influence of the Germans. The first German colonists were mostly farmers
and craftsmen, a large number of officials arriving soon after. The Bucovinean Germans
founded many cultural societies, which continued their activity during the interwar
period. A significant part of the Bucovinean Germans emigrated in Germany during the
period of the Second World War. Nowadays, the Germans have a reduced demographic
share.
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ABSTRACT
Rusyns or Ruthenians reside on the territory of Vojvodina since the mid-eighteenth
century. They have always distinguished themselves from the population among whom
they lived there - Serbs, Hungarians, Germans and Slovaks – they were a separate ethnic
community; and as they are also Greek-Catholics they have distinguished themselves
from the community of Orthodox, Roman Catholics and Protestants. At the end of the
eighteenth century there were about 3,500 Ruthenians in Vojvodina, while in the midnineteenth century there were around 8,500 of them. During the twentieth century there
were about 20 thousand Ruthenians, and in the last fifty years, their number gradually
decreased. The largest number of Ruthenians in Vojvodina live in four municipalities:
Kula, Vrbas, Šid and Žabalj. Analysis of demographic processes during the twentieth and
early twenty-first century, indicate changes in the Ruthenian minority in Serbia, which is
characterized by a total reduction of population, aging population, emigration,
assimilation. This work aims to improve the knowledge about the demographic
characteristics of Ruthenians in Vojvodina, and that they, like most ethnic minorities in
Vojvodina, share the fate of the major ity of Serbian people, with the unavoidable process
of silent assimilation and integration with Serbian majority.
Keywords: Vojvodina, Ruthenians/Rusyns, Ruthenian language, censuses of population,
depopulation
INTRODUCTION
The Vojvodina region is the north region of Serbia. It covers only 21.506 square
kilometers. This region is situated in the southeast part of Pannonia plain, on the contact
point of the Balkan and Middle Europe. Vojvodina region consists of three sub regions:
Bačka, Banat, and Srem. Today, Vojvodina region represents a multiethnic,
multiconfessional and multicultural space. In addition to Serbs, there is a large number
of national minorities in Vojvodina. According to their origin, tradition, culture, mother
tongue, religion and demographic characteristics, they are extremely diversified. Good
inter ethnical relationships, ethnic and confessional tolerance, respecting the rules and
protection of the rights of minorities are very important for stability, demographic and
democratic development of Vojvodina [2]. This paper attempts to explain the
demographic process in the Ruthenian national minority in Vojvodina.

301

2nd International Scientific Conference GEOBALCANICA 2016

METHODS
The facts given in this paper are the result of consulting a lot of sources. Data was taken
from different yearbook statistics, received in the form of internal documents from the
Statistical Office of the Republic of Serbia or calculated by using different mathematical
and statistical methods. The sources of the National Council of the Ruthenian national
minority and the Institute for Culture of Vojvodina’s Ruthenians were used, as well as
demographic monography "The Ruthenians of Bačka and Srem in their homeland and in
the world, 1745-1991", which includes data from the registers of the first two Ruthenian
villages - Ruski Krstur and Kucura, where most of Ruthenian national minority in
Vojvodina still lives.
HISTORY
The Ruthenians/Rusyns live more than 260 years on the territory of present Serbia. The
year 1751 was signed the first official document – Contract concerning the settlement of
200 Ruthenian Greek-Catholic families on the heath named Big Krstur. It was the official
beginning of present Ruski Krstur, the oldest, the biggest and the most familiar place of
the Ruthenians in Vojvodina and Serbia. After the end of the Austria-Turkey war period,
in 1739 Habsburg Monarchy got possession of fertile but almost deserted territories of
South Hungary. Then it was decided to colonize and economically renew them. Among
the people that came and settled on the fertile Vojvodina plain there were the Ruthenians.
They came from north-eastern counties of former Hungary, from the regions which are
nowadays in East Slovakia, Transcarpathian region of Ukraine and Hungary. Under
similar circumstances, in 1763 in Sombor, a document concerning settlement of another
Ruthenian centre − Kucura was signed. According to regulations of these contracts the
colonists should have been of the Rusyn/Ruthenian nationality, in the status of free
people, confessionally Greek-Catholics (Uniates). Out of diligent inhabitants of these two
villages, both out of the first 350 families mentioned in the contract and out of the new
settlers from homeland called Hornjica (Горнїца, the Upper lands of Austria-Hungary),
the national community of the Ruthenians in Vojvodina was developed in time. During
the second half of the 18TH century the population of the mentioned settlements was
constantly growing. Since there was not enough land, the whole 19TH century and the
beginning of the 20TH century were marked by migration of the Ruthenians from Ruski
Krstur and Kucura to the Bačka and Srem plains where symbolically around ten new
Ruthenian colonies were sown [4].
After Krstur and Kucura the oldest Ruthenian colony was founded in a city environment,
in Novi Sad, where the third Ruthenian parish in Bačka was established in 1780. The
Ruthenians began to settle the property of the Križevci bishop in Šid in 1803. After the
1848 revolution several new colonies in Berkasovo and Vrbas were founded, and since
the eighties of the 19TH century the number of the Ruthenians in Đurđevo and Gospođinci
had been growing. The Ruthenian colonies in Bačinci, Bikić Do and Sremska Mitrovica
were founded, too. The Ruthenians moved to Novo Orahovo after the Second World War
and a larger number of members of our community began to appear in Subotica as well
[4].
At the 2011 census 14,246 citizens declared their nationality as Ruthenian which is 0,2%
of the population of the Republic of Serbia. Out of all the settlements where the
Ruthenians live, Ruski Krstur and Kucura have remained the biggest and the most
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important Ruthenian centres. Krstur, with its educational, cultural and church institutions
represents the main centre of the Ruthenians in Serbia [4].
As far as historical origin is concerned the Ruthenians belong to Eastern Slavs. All
inhabitants of the Kievan Rus were called Rusyns in the Middle Ages. During the
centuries borders and states changed. The ethnonym defined all the subjects of the
Habsburg Monarchy who lived in the 19TH century in Galicia and North East Hungary.
The Ruthenians themselves say that they are Rusnaks (Руснаци), they call their language
ruski (руски), and they write in Cyrillic. The language of the Ruthenians in Serbia is
considered to be the youngest literary Slavonic language [4].
Since the time of the settlement of the Ruthenians in Bačka the Greek-Catholic Church
has played a special role. Greek-Catholics recognize Roman Pope to be their spiritual
Sovereign Pontiff, but they cherish the Eastern rite, they use Church Slavonic books, and
their priests are allowed to get married. A bishopric with its seat in Križevci was founded
for all Greek-Catholics in this part of Habsburg Monarchy in 1777 Nowadays, with regard
to church organization, the Ruthenians belong to the Apostolic Exarchate for GreekCatholics in Serbia and Montenegro which was established in 2003. Its seat is in Ruski
Krstur [4].
THE NUMBER OF RUTHENIANS IN VOJVODINA
Ruthenians in Vojvodina were small and isolated denominational community that is at the
end of the eighteenth century numbered up to 3,500 inhabitants, in the middle of the
nineteenth century in Backa and Srem there were about 8,500, according to the census of
1921 in the Kingdom of Serbs, Croats and Slovenes there were is about 21,000 [6].
View of the number of Ruthenians, as well as their share in the total population in Serbia
and Vojvodina in the period 1948-2011, is given in Table 1.
Table 1. Changes in the number of Ruthenians in Serbia and Vojvodina 1948-2011
Censuses
Number of Ruthenians
Share in
Number of
Share in population
in Serbia
population
Ruthenianas in
of Vojvodina
of Serbia (%)
Vojvodina
(%)
1948
22,667
0.35
22,083
1.32
1953
23,720
0.34
23,043
1.35
1961
25,658
0.34
24,548
1.32
1971
20,608
0.24
20,109
1.03
1981
19,757
0.21
19,305
0.96
1991
18,052
0.23
17,652
0.88
2002
15,905
0.21
15,626
0.77
2011
14,246
0.20
13,.928
0.72
Source: Statistical Office of the Republic of Serbia [10]

Frequent changes in census methodology of ethno-statistical parameters and changes in
statistical classification, which implied the introduction of new or omission of the earlier
question, led to certain instability in comparison of ethno-statistical data for the Ruthenian
national minority in censuses from 1948 to 2011. Up to Census 1971 summary are
grouped Russians and Ukranians, so that the difference in the number of listed Ruthenians
1961 and 1971 mainly caused by this phenomenon. According to Census 1971, there were
5,643 Ukrainians what the sum was 26.251 Ruthenians and Ukrainians. If we look at the
territory of the Republic of Serbia, it is observed that the concentration of Ruthenians in
Vojvodina, which has around 98% of Ruthenians in Republic of Serbia. [1]. In the period
from 1971 to 2011, the number of Ruthenians in Vojvodina decreased from 20,109 to
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13,928, and their proportion in the total population of the 1.03% to 0.72%.
Of the total number of Ruthenians in Vojvodina according to Census 2011, 49.13% of
them were male and 50.87% female.
According to the 2002 census, 38.47% lived in urban, and 61.53% in rural areas,
according to Census 2011; 40.68% Ruthenians lived in urban, and 59.32% in rural areas.
Members of the Ruthenian national minority living mainly in Bačka, and to a lesser extent
in Srem, mixed with the Serbs and other ethnic groups. Ruthenians in any municipality
do not make the majority population, and their participation is notable in the structure of
the population in the municipalities of Kula, Vrbas and Žabalj in Bačka, and Šid in Srem.
In these four municipalities there are about 73% (2011) of Ruthenians in Vojvodina.
Table 2. The number of Ruthenians in the municipalities of Vojvodina,
according to Census between 1971-2011
Censuses
1971
1991
2002
2011
Number
%
Number
%
Number
%
Number
%
Vojvodina
20,109
1.03
17,652
0.88
15,626
0.77
13,928
0.72
Kula
6,812 13.98
6,055 12.28
5,398 11.16
4,588 10.64
Vrbas
4,732 10.88
4,221
9.10
3,765
8.21
3,375
8.02
Žabalj
2,229
8.78
1,610
6.23
1,407
5.11
1,198
4.58
Novi Sad
2,194
1.03
2,300
0.87
2,032
0.68
2,160
0.63
S.Mitrovica.
905
1.15
819
0.96
691
0.80
620
0.78
Šid
2,139
5.52
1,515
4.17
1,318
3.38
1,027
3.00
B.Topola
357
0.82
301
0.74
292
0.76
254
0.76
Source: Statistical Office of the Republic of Serbia

In table 2. there is an obvious reduction in the number of Ruthenians in all these
municipalities, as well as reduction of the share of Ruthenians in their total population.
The percentage of Ruthenians who live in these four municipalities (from 79% to 73%),
is also reduced, which is explained by their relocation to Novi Sad.
Тable 3. The number of Ruthenians in the settlements of Vojvodina,
according to Census between 1971-2002
Censuses
1953
1991
2002
Number
%
Number
%
Number
%
Ruski Krstur
6,021
98.46
5,026
89.18
4,483
86.00
Kula
912
7.77
824
4.27
725
3.76
Kucura
3,052
63.81
2,413
51.20
2,200
47.18
Vrbas
1,655
10.70
1,716
6.63
1,478
5.70
Đurđevo
2,298
47.68
1,395
30.88
1,198
23.31
Gospođinci
370
11.20
186
5.23
172
4.41
Novi Sad
1,038
1.25
1,809
1.01
1,556
0.81
S.Mitrovica
937
6.06
732
1.88
620
1.59
Bačinci
764
42.09
288
22.18
215
15.64
Berkasovo
531
43.00
220
19.94
184
14.98
Bikić Do
289
38.64
183
61.20
160
47.62
Šid
1,048
14.42
735
5.14
681
4.18
Novo Orahovo
494
17.28
216
9.54
181
8.92
Source: Statistical Office of the Republic of Serbia

From the settlements in which members of the Ruthenian nationality have significant
share in the population or in which lives the largest percentage of the Ruthenian
population of Vojvodina, Ruski Krstur and Kucura stand out in particular with about 42%
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of all Ruthenians in Vojvodina, Vrbas, Đurđevo and the city of Novi Sad in Bačka and
villages in Srem in the municipality of Šid.
The number of settlements in which Ruthenians are the majority population also
decreseasea; during the half of 20TH century these were Ruski Krstur, Kucura and Bikić
Do, but according to the results of Census 2002, the population of Ruthenians in Kucura
dropped below 50%. There is a noticeable decline in Ruthenian population in Đurđevo
(from 47.68% to 23.31%). The data from the settlements according to Census 2011 have
not been published.
NATURAL MOVEMENT OF RUTHENIANS IN VOJVODINA
Natural change of Ruthenians is not much different from other ethnic groups in the
province. In the future we should expect a further reduction in the number of Ruthenians
primarily due to the negative population growth rate, which is due to unfavorable age
structure.
The age structure and the old age index with Ruthenians are less favorable than the
average for the entire population of Serbia. Comparing the results of the Census 2002 and
2011, the average age of Ruthenians increased from 42.98 to 45.1 years; while the overall
average age of the population in Serbia increased from 40.25 to 45.53 years. This is also
reflected at the old age index that has increased from 1.36 to 1.82 with Ruthenians; while
the aging index for the Republic of Serbia rose from 1.01 to 1.22. If the old age index
(ratio of the population aged 60 years and over population from 0 to 19 years) is less than
0.4 - the population is young, and if it is above 0.4, then the population is showing signs
of aging. Woman fertile population with the Ruthenian national minority in 2002 was
represented with 22.54%, which is below the national average (24.13%) [3].
There is no data migration of Ruthenian national minority, but if you compare the number
of citizens with the values of natural increase, you can observe the basic trends. Between
1971 and 1981 the number of Ruthenians in Vojvodina decreased by 804, while the
negative effect of natural increase was 420 people, and the remaining 384 people were
the result of assimilation, change in ethnic affiliation, but also a negative migration
balance. In the next decade 1981-1991, this trend was even more obvious in the reduction
of the total number of Ruthenians in Vojvodina for 1,653 people, a negative natural
increase was accounted for 620 people, and the other factors decreased for 1,033 people
[11]. In the last decade of the twentieth century, after the collapse of Yugoslavia, the
migration balance of Ruthenians has increased as a result of immigration from the former
Yugoslav republics to the traditional center of their concentration - Vojvodina, or is
expressed emigration of younger, educated population, mostly in Canada (even 21.7%
with higher education), but not more pronounced than in other ethnicities.
RUTHENIAN MOTHER TONGUE AND EDUCATION IN VOJVODINA
The usual method in the ethno-demographic studies is the statistical analysis of the
difference between subjective and objective ethnic characteristics. Therefore, in order to
obtain more precise results, we use an intersected answer about their nationality and about
their mother tongue.
Ruthenians are among the ethnic communities with the highest level of ethnophony,
although there is the declining degree of congruence of national identity and mother
tongue (from 93% to below 80%). Among those whose native language does not match
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the ethnicity is mostly the offspring of mixed marriages of parents with different native
languages, and also the change of the ethnic affiliation to another linguistic group usually, and most rarely the language acquisition of the prevailing ethnic environment for
the members of other nationalities. The average age of Ruthenians who have ruthenian
mother tongue is 47.0; and those who have another mother tongue is 36.9, which is a
significant difference of nearly 10 years [7].
Table 4. Number of members of the Ruthenian national minorities and people whose mother tongue is
Ruthenian in the Republic of Serbia, according to the Census from 1953 to 2011
Censuses
1953
1961
1971
1981
1991
2002
2011
Ruthenians
23,720
25,658
20,608
19,757
18,052
15,905
14,246
Ruth.tongue 22,111
23,944
19,209
16,215
16,095
13,458
11,340
%
93.21
93.32
93.21
82.07
89.16
84.61
79.60
Source: Statistical Office of the Republic of Serbia, 2011 Census of Population
in the Republic of Serbia, Religion, mother tongue and ethnicity, Belgrade 2013

Ruthenian is in official use in both the provincial authorities of Vojvodina, and the six
municipalities where Ruthenians live in the greatest number.

Figure 1. Municipalities of Vojvodina where Ruthenian language is in official use

The first Ruthenian, then denominational school, opened in Ruski Krstur in 1753. and
today there is an education vertical in the Ruthenian language generated from preschool
to university education. Department of Ruthenian Language and Literature, now called
the Department of Ruthenian Studies, was established in 1992 at the Faculty of
Philosophy in Novi Sad. Classes in Ruthenian are organized in three municipalities in
three elementary schools (municipality of Kula - school in Ruski Krstur, municipality
Vrbas - Kucura school, and in the municipality Žabalj - school in Đurđevo). Coverage of
the Ruthenian nationality students who attend elementary school in their native language
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in the period 1989-2001 was between 43.4% (1989/90.) and 50.9% (2000/01. years). This
is significantly less than that of other national minorities in the same period, the coverage
of the Hungarian national minority education in their mother tongue in Vojvodina is 79.2
to 81.2%; Slovak minority from 72.9 to 76.5%, a Romanian national minority from 56.9
to 63.9%. The total number of first grade students of Ruthenian nationality in the school
year of 2012/13 was 101, of which 33 or 32.7% included teaching in the mother tongue.
This is a significant reduction, especially in relation to the previous school year when the
coverage was 41.4% [9].
Students who are not covered by tuition in their mother tongue have the right to learn
their mother tongue with elements of national culture. Thus, in the 2000/01 school year,
out of 608 students of Ruthenian nationality who do not attend classes in their mother
tongue, 298 of them (49.2%) had learned Ruthenian, which is at the level of other national
minorities (Hungarians 52.3%, Slovaks 56.6%, Romanians 24.5%). In the school year
2012/13, elective courses from the subject of Ruthenian language with elements of
national culture with two hours per week are carried out in eight municipalities - in 18
elementary schools [5].
High school classes in the Ruthenian language are carried out in one school, in high
school in Ruski Krstur, and in the period from 1993 to 2001 between 10.4% and 14, 9%
of pupils of Ruthenian nationality were included [7].
Illiterate population Ruthenian ethnicity is about 0.4% (far below the national average),
over 50% have secondary education and 15% have higher education [3].
ANALYSIS
In the last decade of the twentieth century and on the threshold of the third millennium,
the globalization process leaves all the important clues in the Ruthenian national
community. Most of the ethnic communities share the fate of Serbs in terms of reducing
their population size. Disturbances in the age structure of the population caused by
decades of low fertility rates are the main reason for the decrease in the population size
of a large number of ethnic communities. The process of migration of younger people to
the cities is another process that is affecting the residents of the municipality in which
Ruthenians live. In these areas, primarily in Novi Sad, where there is a significant
concentration, the attitude of the young generation to issues of national life and national
identity Ruthenians changes. In urban areas, the process of acculturation is more
emphasized than in rural areas, where established practice and tradition preserve the
illusion that there is no significant shift in the direction of latent withering away of the
national community [6].
A significant part of the young generation who were growing up in the last decade of the
twentieth century are hard to be included in mainstream public life of this national
community awareness, and there is not a small percentage of those who see their future
in non-national company or abroad. Very negative consequences for the future life of the
Ruthenian national community has the the outflow of young staff, and the consequences
of this process will be more emphasized in the years and decades to come[6]
CONCLUSION
In the Republic of Serbia and Vojvodina the Ruthenians today are not numerous, but their
tradition and their cultural characteristics make a distinct national community. Thanks to
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over two and half centuries of existence in this area, Ruthenians consider the Republic of
Serbia as their homeland. They are also the mediators in relations of Serbia with the
regions and countries of Central and Eastern Europe, where they have historical roots.
At the end there is a statement that Ruthenian community in Vojvodina on the threshold
of the third millennium has very good perspective for further development in all areas of
their social and public life, it has a good infrastructure and human resources, but it must
be mentioned that there is a sentient tendency of decreasing the number of members of
the community, that the process of acculturation or assimilation is more emphasized in
urban areas, that religion is now a less important element of national identity, that the
young generation does not see itself as future actors in the field of cultural, educational
and national life of the community, all of which leads to sad statement that there is a more
apparent prospect of its silent decay.
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ABSTRACT
The study investigates the current level of tourism development in Macedonia by
applying the Tourism Area Life Cycle (TALC) model. Moreover, it assesses the validity
and applicability of this model with regard to the evolution of tourism expansion. The
article explores several areas of government’s role in the process of tourism growth at
each TALC stage. The analysis is based on secondary data sources. The results point that
tourism in Macedonia is in the development stage. The general findings indicate
insufficiently developed tourist supply which is a must in tourism development. Finally,
the study recommends practical remarks aimed at motivating key players in the tourism
arena to focus their attention on identifying an effective framework for improving their
current modest results and formulating sound economic and tourism policies.
Keywords: TALC model; Tourism development; Tourism policy; Macedonia.

INTRODUCTION
Countries around the world today are designing and adopting strategies, methods, and
tools aimed at attracting tourists and achieving a competitive position in the global
tourism arena. Tourism, however, is influenced by a large number of social, economic,
political and environmental factors resulting with extremely diversified character, which
urges application of tourism planning process.
The article employs Butler’s [1] Tourism Area Life Cycle (TALC) model as a framework
of analysis, but pays particular attention to the role of government influence during each
stage of tourism development in Macedonia. Its main contribution lies in its highlighting
of the connection between the government’s role in policy-making on the one hand, and
each TALC stage on the other hand, in an effort to provide a better understanding of the
complexity of tourism development at its different stages.
The study has two goals: (1) To ascertain Macedonia’s tourism life cycle and to identify
country’s current stage of development; and (2) To explore the government’s role in
policy-making and planning regarding tourism development. To achieve these goals, the
article assesses the validity and applicability of the TALC model with regard to the
evolution of tourism development in Macedonia and attempts to disentangle the
involvement of government in shaping tourism development in the country. The next
section offers a brief overview of the literature on TALC model and tourism development,
and section three provides selected stylized facts on the current state of tourism
development in Macedonia. Section four addresses the study’s methodology and research
frame, and section five presents our main research findings and discussion. The article’s
final section offers practical remarks aimed at motivating key players in the tourism arena
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to focus their attention on identifying an effective framework for improving their current
modest results and formulating sound tourism policy.
LITERATURE REVIEW
The literature contains a large body of work exploring the TALC model, which was first
advanced by Butler [1] and explains the evolution of tourism, breaks the process down
into the phases of exploration, involvement, development, consolidation, and stagnation,
followed alternatively by either decline or rejuvenation, resulting in a logistic S-curve.
This classical model it is fully applicable to already established destinations with long life
spans [2] and is often understood as an ideal model of evolution [12]. It helps to assess
the evolving character of tourism areas and assists in explaining and addressing cycles of
economic growth in tourism-dependent areas with environmental constraints [8];
marketing perspectives [9]; economic, social, and environmental issues [6]; different
types of entrepreneurs [10]; and spatial interaction [5].
Tourism development has been greatly influenced by government involvement [4] and
[7]. Some studies explore the impact of the context of economic and social renewal in the
aftermath of political conflict on tourism development by exploring the case of Bosnia
and Herzegovina [3].
CURRENT TOURISM DEVELOPMENT IN MACEDONIA
Macedonian authorities identified tourism sector as a possible means of micro and macroeconomic impact of various kinds, with potential to promote important economic goals,
such as enhancing the foreign export demand for domestic goods and services, generating
foreign currency earnings and new employment opportunities, contributing to the
repayment of foreign debt, and increasing national revenue.
The total number of tourists in the country has continued to rise. Of the 735,650 tourists
in Macedonia in 2014, 310,336 (42%) were domestic and 425,314 (58%) were foreign.
The year 2014 recorded a total of 2,195,883 overnight stays, with 1,273,370 (58%)
accounted for by domestic tourists and 922,513 (42%) by foreign tourists. The third
quarter of the year (July–September) was clearly dominant in terms of arrivals,
accounting for 43.3% of all recorded arrivals in the country in 2014. The general average
length of stay was 3 days (4.1 days for domestic tourists and 2.2 days for foreign tourists).
In addition to the increased interest of tourists from Turkey, the Netherlands, and Poland,
Macedonia’s foreign tourists generally come from neighboring countries such as Greece,
Serbia, Bulgaria, and Albania.
METHODOLOGY AND RESEARCH FRAME
The research applied qualitative analysis based on reviewing and investigating the
relevant secondary sources (statistical data, historical and contemporary written sources,
and scientific publications). The total annual tourist arrivals constitute the primary unit of
measure for tourism development. The data set covers the period 1956-2013. However,
in order to enhance the understanding of the topic at hand, we broke down this overall
period into two sub-periods, each with its own Tourism Area Life Cycle:
Sub-Period I (1956-1990), when Macedonia was still an integral part of Yugoslavia; and
Sub-Period II (1991-2013) covers more than two decades following independence.
Throughout both periods, we conducted a detailed assessment of several key areas of
government influence on tourism, such as privatization, legislation and tourism
promotion.
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ANALYSIS, FINDINGS AND DISCUSSION
The analysis starts with identifying Macedonia’s tourism life cycle (Figure 1). The visual
impression allows us to reach an important conclusion that Macedonia’s life cycle curve
exhibits a double cycle sequence known as a cycle-recycle pattern [11].

Figure 1. Macedonia’s Tourism Life Cycle, 1956-2013

To acquire additional in-depth knowledge on the research question, we divided the sample
period into two sub-periods and determined TALC curves for each. The period 19912001 can be considered a transitional stage in that it reflects both the decline of the first
cycle and, as the period following the independence of Macedonia, the beginning of the
second cycle. It was during this period that the previous cycle was discontinued by serious
events that had profound negative effects on Macedonia’s economy (such as wars in
neighboring Serbia, bomb attacks on Kosovo, a refugee crisis, the establishment of a new
monetary system and currency, the transformation from a planned to a free-market
economy, ethnic-conflicts, political crisis, etc.). This interval was deliberately excluded
from the analysis due to fact that during these years, as a result of the above noted
circumstances, Macedonia was not perceived as a safe tourist destination. As a result, it
was extremely difficult if not impossible to acquire reliable statistics for this period.
Figure 2 reflects that the life cycle for the sub-period I (1956-1990) fully conforms to the
classic TALC model and consists of all the phases (exploration, involvement,
development, consolidation, stagnation, and decline).
Before 1956, Macedonia was characterized by an administrative and central planning
system of management, and the goals, aims and objectives of tourism development were
focused on domestic tourism. During this period, the government played an active role,
and the investment policy generally focused on increasing the capacities of public hotels
and establishing catering services and restaurants for the working class. In an effort to
support domestic tourism, the government introduced certain reductions in
communication taxes.
The first exploration stage (1956-1960) is characterized by a workers’ self-government
management system characterized primarily by the absence of private ownership. The
resulting reduced labor productivity had a spill-over effect on overall socioeconomic
activity. The main focus was on individual mass tourists attracted as individuals for
independently organized visits. Local residents were not involved and the effects on the
national economy were minimal. The total number of tourists was low and there were no
public facilities, resulting in a tourism demand that was 30 to 50% lower than in the
involvement stage.
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Figure 2. Macedonia’s Tourism Life Cycle, Sub-Period I (1956-1990)

During the involvement stage (1961-1968), the number of tourists grew primarily due to
the government’s initiation of various measures and activities for introducing an “opendoor” and “good-neighbor” policy. The government also built many new accommodation
facilities, educated and trained personnel for the tourism industry, invested in tourism
infrastructure, allowed free market price policy, offered domestic tourist discounts,
introduced subsidies to hospitality, granted capital tourism investments, invested in the
enhancement of international tourism flow, and other such measures. In 1963 a
catastrophic earthquake destroyed the Macedonian capital city of Skopje, which explains
the decline in the number of total tourist arrivals. During this period, the government
lacked a clearly defined long-term tourism policy and addressed tourism obstacles in a
partial and unsynchronized manner by means of short-term ad-hoc measures.
During the development stage (1969-1980), tourism was identified as a priority sector and
the government began to engage in significant intervention, including the introduction of
tax incentives for stimulating the construction of new tourism facilities, loans, credits,
funds for regional development, and other such measures. The main goal during this stage
was to initiate and stimulate positive tourism development outcomes which resulted in
significant increase in tourist arrivals.
During the consolidation stage (1981-1985) the total number of tourists grew by 30% in
comparison to the development phase, indicating the full development of tourism
functions. This period is characterized by activities and measures aimed at encouraging
the development of foreign tourism, such as the provision of financing for promotion
expenses; favorable credit for the construction of accommodation facilities for less
developed municipalities; the stimulation of foreign exchange earnings; and enrichment
of the tourism supply.
The short period spanning the years 1986-1988 marked the stagnation stage when tourism
reached its height of 1.2 million tourists before entering into decline stage (1989-1990),
which marked the final stage of the TALC experienced by Macedonia prior to
independence. It was characterized by a decline in the total number of tourists (an average
of 6.4%), decreasing tourist expenditures, a drop in the quality of tourist product, social
problems, instability in the surrounding region, negative political conditions (national and
regional), and threats posed by numerous other exogenous factors. The decline in this
case was the result of the beginning of the armed conflict among the components of the
state of Yugoslavia which ended in its disintegration.
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Figure 3. Macedonia’s Tourism Life Cycle, Sub-Period II (1991-2013)

Figure 3 illustrates the life cycle of Macedonia for the second sub-period (1991-2013),
which represented more than twenty years of independence. As earlier discussed, the
interval 1991-2001 is deliberately excluded from the analysis due to the destructive effect
of a large number of major destabilizing events that discontinued the cycle (collapse of
former Yugoslavia, the transition process, various reforms, political instability, armed
conflicts in neighboring countries, economic crisis, sanctions, blockades, internal ethnic
conflicts, socioeconomic restructuring, etc.). For this reason, the second cycle curve for
this sub-period begins only after 2001. In contrast to the previous sub-period I in which
Macedonia’s life cycle fully conformed to all the stages of the classic TALC model, this
second sub-period contained only three stages: exploration, involvement, and
development (Figure 3).
During the exploration stage (2001-2003), tourism was characterized by low publicity,
resulting in scarce visitation. Tourism infrastructure and facilities were inadequate,
advertising was unconvincing, and the tourist activity growth rate was low and based
chiefly on individual trips. The country also suffered from a lack of specific tourismoriented services. Overall, tourism had no substantial impact on the lives of residents.
During the involvement stage (2004-2005), tourism awareness increased significantly
among the local population and tourism actors, helping shape the tourism market in the
first line by increasing the international tourist arrivals. The local environment also
improved significantly, which also contributed to the expansion and enhancement of the
tourism facility.
The development stage (2005-2013) was characterized by a progressive increase in the
number of tourists, attracted by persuasive advertising and increased promotion.
Auxiliary tourism facilities and services also improved and investments were made in
new ventures. Tourism services and activities began to grow at a quicker pace, new
services were provided in the form of organized trips, and tourism in the country began
to have an impact on local residents. Addressing this situation has required the creation
of a comprehensive and well-designed supply of diversified tourism products by
including various events associated with culture and tradition, which has also served to
promote the country as an attractive tourism destination for the surrounding region. This
enhancement of the tourism supply has contributed to increases in the number of total
tourists and overnights, the average length of stay, reduced seasonality, and the promotion
of sustainable development. In particular, the increased number of foreign tourists has
helped introduce various events of local, regional, and national character, with an eye
toward their international expansion. Also during the development stage, the government
313

2nd International Scientific Conference GEOBALCANICA 2016

significantly changed its role in a qualitative manner, by continuing intervention but
limiting it only to certain high priority areas such as funding tourism promotion, crediting
capital tourism capacities, stimulating tourism income, enhancing tourism supply, and
initiating tourism networking.
Macedonia has not reached the consolidation stage and is therefore yet to experience
stagnation. However, this may begin when the rate of tourists’ visits starts to decrease,
despite growing in absolute figures. During this phase, the number of tourists may exceed
the number of inhabitants, at least at some times of the year, pointing to the presence of
a tourism-based economy. This would also mean that tourism is economically important
for the destination, but that the growth rates are low. Generally, in these final stages, the
tourism market is saturated and the introduction of innovative itineraries is a priority for
the promotion of diversified tourist products. The national tourism system, therefore, is
in need of strengthening supported by reminder-oriented advertising and the
implementation of new strategies for tourism development through the involvement of
local stakeholders.

CONCLUSIONS AND RECOMMENDATIONS
Supporting and sustaining the current development stage will require government
intervention in a number of ways, particularly by fostering the evolution of a more
competitive tourism sector and by facilitating systematic change through the
improvement of the tourist product and the strengthening of the role of the private tourism
and hospitality sector. In order to make tourism more competitive, the following
fundamental strategic improvements should be instituted:
First, efforts should be made to make tourism fully recognizable and to improve the
current marketing strategy. The focus should be on promotion, mainly through the
introduction of new innovative approaches;
The second strategic measure recommended for improving tourism competitiveness is to
strengthen the coordination between the central and local governments, in addition to
other tourism players from the private sector. The objectives and aims delineated by the
tourism development plans and programs must be fully implemented, regardless of the
level of implementation. The expectations of all tourism suppliers must conform to the
expectations of tourists and travelers who visit Macedonia. To this end, it is recommended
to launch a series of Tourism Awareness Program Activities (forums and debates) to raise
awareness of the importance of tourism for Macedonia’s development.
Despite the indicators of positive tourism development, our findings suggest that the keyplayers must nonetheless pay close attention to overcoming the potential threats posed by
the unfavorable attributes of the Macedonian tourism industry. In this way, analysis in
accordance with the TALC model can help management take appropriate measures to
achieve better balanced tourism development in the country.
This article underscores the importance of continuous, systematic analysis of the tourism
sector as a factor to be considered by all tourism actors responsible for creating
development strategies in Macedonia. The primary conclusions reflect the urgent need to
undertake serious measures–including strategic planning for tourism improvement–to
enhance tourism development in Macedonia in order to avert such an eventuality.
Notwithstanding the difficulties involved with using the TALC model to assess the
evolution of tourism in Macedonia, this article assists in better understand the symptoms
and indicators upon which the serious redesigning of the national tourism development
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strategy should be based. Overall, the research generated useful findings and points to
valuable directions for further work.
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ABSTRACT
The importance of education and the educational structure of the population to overall
socio-economic development has set their inclusion as structure-item in the Human
Development Index used in the United Nations Development Programme. Quality
education is one of the main prerequisites for the development of each society. Amid
general negative quantitative and qualitative changes in our population keeps some
positive trends relating to its educational level. Raising the education of the population of
Bulgaria in XX century remains a trend at the beginning of the present century.
Keywords: vocational education, labor market, workforce, illiterates

INTRODUCTION
Quality education is one of the main prerequisites for the development of each society.
Over the last decade, however Bulgarian government did not put the necessary focusing
on its development and many units remained in school education unreformed and kept its
kind since the end of the socialist period. The level of education is crucial to the successful
implementation of population in the labor market. The availability of education and
training for certain work activities contribute to personal fulfillment and provide a higher
standard and quality of life. Increasing the educational level of the people is an
opportunity for the optimal exploitation of the workforce and for more active involvement
in society of marginalized segments of the population. The importance of education and
the educational structure of the population to overall socio-economic development has set
their inclusion as structure-item in the Human Development Index used in the United
Nations Development Programme. According to the methodology, adopted by the
National Statistical Institute of Bulgaria, education statistically evaluated by the structure
of the adult population (or separate contingents of it) as the highest level of education.
Changes in educational status is monitored carried out over a period censuses. The
education structure includes the population of 7 years and above.
Amid general negative quantitative and qualitative changes in our population keeps some
positive trends relating to its educational level. Raising the education of the population of
Bulgaria in XX century remains a trend at the beginning of the present century. Data from
the last census in 2011 showed an increase in the relative share of persons with higher
and secondary education of the population of 7 years and above. Compared with the
previous census (2001) the increase in graduates it’s from 14.1% to 19.6%, while those
with secondary education - from 37.9 % to 43.4 %.
Meanwhile, has a significant reduction in the share of persons with completed primary
and primary education. Between the last two censuses, the mentioned decrease is from
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39.9% to 30.9%. It should be noted that achieving higher levels of education in recent
decades is mainly due to the increase in the education of the population in younger age
groups. This feature combined with a change in immigration attitudes of young people
can have a positive impact on the general state of the labor market in Bulgaria. Reducing
the emigration of young people with secondary and higher education is possible only
when creating greater opportunities for their implementation and refinement of the
requirements for professional expertise and experience. Positive attitudes in this direction
create changes in the so-called youth unemployment. According to Eurostat youth
unemployment in Bulgaria decreased from 28% in 2012 to 20% in 2015. This is
associated with measures for youth employment and moderate economic growth recorded
in 2015. The successful management of the European Social Fund also has a positive
influence. According to the European Commission by October 2015 Bulgaria in the
absorption of funds under projects financed by this fund is 94% - with an average of 87%
for the EU.
Vocational education can directly connect knowledge and skills of young people to the
needs of the labor market. Vocational education is still less attractive to people than
ordinary secondary education, despite its proven efficiency of the labor market. People
with acquired professional qualification represent 37% of the workforce in Bulgaria and
are nearly twice more than those with only secondary education. Although interest in
mainstream schools is higher and vocational education suffers from a number of
imperfections vocational training graduates realize better labor market to the total
realization of high school graduates.
Table 1. Wokrforce by level of education, 2014

Labor market workforce with acquired professional qualifications of indicators which it
is ranked at the highest level then those with a secondary education and after these with
higher education. Workforce with professional qualifications is occupied mainly in
industry, where is the highest labor productivity.
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Table 2. Employment and unemployment rate and education level of population 15+
years, 2014

The optimal use of available human resources in our country requires a full account of
the differences in the levels of education of the population by place of residence, gender,
ethnicity or other structural characteristics. Notwithstanding the overall positive changes
in the educational structure of the population in Bulgaria, there are a number of problems.
They are related to differences in the educational attainment of different groups and strata
of the population. For example, there are significant differences in the educational
structure of the population in towns and villages. The persons graduated higher and
secondary education among urban populations represent 71.6%, while the rural
population with such education is only 40.3%. Maintaining a significantly lower
educational level of rural population is a result of its stronger aging, and the emigration
of young people with higher education to cities. There they find greater opportunities for
professional development. The proportion of graduates in rural areas is only 5.8% and
that creates problems in finding qualified specialists for agriculture and forestry,
education, health and social activities. Similar problems are typical for smaller populous
cities and even some regional centers such as Smolyan, Kardzhali, Targovishte, Silistra
and others.
In the analysis of the changes in the educational structure of the population it is necessary
to note the differences in individual age groups. In comparison, the proportion of
graduates people aged 20-39 is 25.6%, while the population of 65 and above it has
decreased to 15.3%. Meanwhile graduates only primary education in the population of
over working age was 12.4% versus 3.8% in 20-39 year age group. As the most
problematic in terms of aging and lack of qualified staff of working age are the regions
and municipalities in northwestern Bulgaria, The Balkan Mountains, Strandzha-Sakar
and border areas of West Bulgaria. The last census data show relatively similar values in
terms of overall education of men and women. For example, the share of men with
secondary and higher education is 63.6%, while for women it was 62.4%. However, there
are significant differences in different ethnic groups. 70.3% of persons of Bulgarian
ethnic group are higher and secondary education. Meanwhile, persons of Turkish ethnic
group with such educational level are only 30.0%, of which the share of graduates is only
4.1%. Values in the Roma ethnic group are even lower – only 0.3% of the people in this
group have higher education. The differences in education levels and determine
differences in employment among the three largest ethnic groups in Bulgaria. The highest
employment has Bulgarians (between 80 and 90%). They are followed by Turkish
ethnicity (70-80%) and Roma (60-65%). The existing distribution level of education
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determines a significantly smaller number of qualified specialists among Turkish and
Roma population and this is an obstacle for their active involvement in society.
The existence of a compact communities among Turkish and Roma ethnic group in some
districts and municipalities in the country is the main reason for more expressive
differences in education levels between male and female population. Influence in this
direction have traditionally lower female education by Roma and Turkish ethnic group.
Certain influence for that have traditional lifestyle, a large number of children in the
family and their cultivation activities. In the Turkish ethnic group Bulgarians Muslims
influenced by higher employment of the population including women in agricultural
labor. And now more than half of the Turkish population in the country still lives in the
villages. Typical examples in this regard are some of the municipalities in the Eastern
Balkan Mountains, Ludogorie, Eastern Rhodopes and others parts of the country. There
are differences in the literacy score or the ability of people to read and write in separate
population groups. The data of the last census showed 1.7% share of the illiterate
population of 9 and above. And in this case remain differences among the representatives
of both sexes. In women, the proportion of illiterates is 2.0% and for men 1.3%. The
differences in favor of the male population are more pronounced in regions with mixed
ethno-confessional structure where the total proportion of illiterates is higher than the
national average. As examples can be mentioned Kardzhali, Razgrad, Targovishte and
others. A higher proportion of illiterate have among the elderly in retirement. This is the
reason in the aforementioned areas with strong aging population to observe and higher
share illiterate.
The realization of experts with different educational degrees depends on the demand and
supply of labor. After the beginning of the economic crisis in 2009, the National
Statistical Institute of Bulgaria reported an increase in the economic development of the
country in late 2015. According to analysts, the reasons for positive change are certain
external and internal factors. Among the external factors are the changes in the
international situation. Such changes are the processes of recovery of the European
economy, the change in the exchange rate euro-dollar and significant falls in fuel prices
on the international market. An important internal factor in Bulgaria is better absorption
in recent times of EU funds. This and the increasing investment in some sectors of the
economy, has contributing to employment growth and recovery in the labor market.
Reducing unemployment in 2015 led to increased consumer confidence and lead to an
increase in individual consumption. According to the Institute for Market Economics the
main reason for the increase in consumption has the growth of public spending at the end
of 2015 compared to the previous year. One cause of this is the timely disbursement of
European projects at the end of last year due to the completion of the deadline for
payments under the previous programming period (2007-2013.).
Economic recovery after the crisis in 2009-2013, led to improvement in the labor market
in the country in general and the separate regions. Best indicators have regions with better
availability of skilled labor - a prerequisite for attracting more investment. According to
a research the Institute for Market Economics in 2015 the improvement of the labor
market is a fact for over than half of the districts in the country. Sofia (capital) remains
the only area ahead of many others 27 districts. Besides Sofia (district) employment grew
more noticeable in Plovdiv, Blagoevgrad, Burgas and Pazardzhik. Notwithstanding the
overall positive trends still remain differences in the state of the labor market in Northern
and Southern Bulgaria. As an exception to the general decline in North Bulgaria are the
good results reported in regional centers Varna and Veliko Tarnovo. As a result of
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positive developments in the labor market, the number of employed in Varna exceeded
200 000 people. Contribution to this growth is reported in the traditional town industries,
including tourism. Activities related to tourism are crucial for the rising employment in
Veliko Tarnovo. In comparison, the number of employees in the city has reached and
even surpassed the number of employees in Rousse. The main factor for the economic
recovery and improving employment is foreign investment. The latter are typical of major
regional centers in Southern Bulgaria - Burgas, Sofia, Plovdiv, Stara Zagora and
Pazardzhik. At the other extreme are the areas with a strong worsening of demographic
situation - Vidin, Vratsa, Montana, Kyustendil, Lovech, Pernik and others. Declining
population, including the working age, makes their territory unattractive for long-term
investment and leading to maintain lower than the national average employment. An
exception is the Lovech region. In some municipalities in its territory lack of investment
is offset by better absorption of funds under various EU programs.
Reducing disparities in economic development of the different regions of Bulgaria
requires a comprehensive strategy based on the principles of cohesion policy. Investments
should be oriented and to the less developed regions and municipalities in order to avoid
their backlog. One of the possible measures in this direction is the implementation of
decentralization. With its use possible part of direct taxes to be collected and managed by
local authorities, but it must function in the current levels, without additional charges.
This would provide more funds for the needs of municipalities, including the
implementation of programs of economic and social purpose.
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ABSTRACT
The period of transition in the Republic of Macedonia was followed by a number of
reforms and intensive changes in all society spheres, as economy, science, health, and
other, including education. The effect of these reforms in education was mostly felt in the
changes of the number of primary schools and the number of students, especially in the
number of students enrolled in first grade in the now days, nine-year primary education.
The permanent trend of reduction in the number of pupils in primary schools, especially
in schools that are within the territory of rural municipalities, caused a decrease in the
number of classes, which often was the reason for the complete closure of schools. The
total number of primary schools in the country, which in the school year 1998/99 was
1040, decreased to 986 primary schools in the school year 2014/15, while the number of
students decreased by 64467 in the same period.
This is due to the declining number of children that are forming the school contingent, as
a result of the lower birth rates and the migratory movements of the population, primarily
from rural to urban areas, but also, outside the country.
Following the number of pupils and the number of primary schools in terms of space is
of great importance because that way we can plan future activities that would contribute
to the demographic and overall development in a particular area.
Keywords: primary schools, students, rural municipalities, territorial distribution.
INTRODUCTION
Education is of the utmost importance in achieving sustainable development of the
country, as it provides professional training and advancement of individuals as well as
raising the quality of life and well-being of the whole society [10].
Considering the trends in the natural and population migration movement in the Republic
of Macedonia, in a state of social, economic and political transition, we are witnessing
the emergence of a separate phenomenon which refers to one of the main population
contingents, and that is the population of school age. In circumstances when the education
is compulsory and one of the basic guaranteed human rights, processes that suggest major
changes and far-reaching consequences exactly in the number of persons who form this
population contingent are occurring. What is notable is that year after year the extensive
contingent in the past, gradually gets smaller and the available data indicate a worrying
change in the scope of students who enroll in primary schools, from one school year into
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another. All this certainly has an impact on the socio-economic development of the
country [6].
After the stabile state in the past that lasted until the 80s of the last century, when there
were periods of increasing in the number of students despite the increase in the number
of the total population in the country and the change in school-compulsory contingent, a
few decades ago, there was a slowdown in the increase of the number of students, and in
the last 17 years, a decrease in the number of students enrolled in primary schools.
About the importance of education, school contingent and generally, about the
importance of researching on this issue, it has been discussed in the broader geographical
literature. In fact, as fundamental geographic issues of the XXIst century, Newbold B.,
lists the environmental degradation, ethnic conflicts, health care, global climate change,
the availability and level of education [9].
During the research on this issue from demogeographical aspect, it is not sufficient to
take into account only the population and the number of students, but also the institutions
in which the education is realized, the number and quality of staff participating in the
educational process and the conditions in which this process occurs. For achieving greater
access to education and a higher level of quality, very significant is the number and spatial
distribution of schools, the number of professional staff, its workload and other. The
research is focused on understanding the dynamic relationship that exists between the
number of school-age population, the number of students, schools, classes and teachers
especially in the rural municipalities. The aim of the research is to recognize the
seriousness of this issue, to recognize the causes that lead to this situation and to point out
what this means for the development of geospace, by analyzing the change in the size of
the contingent of pupils in primary schools, especially in purely rural municipalities. It is
very important to perceive the intensity with which changes are taking place, the
development trends and their spatial differences, in which municipalities the problem is
most pronounced, if somewhere do exist opportunities to improve the condition and so
on.

Figure 1. The connection between students, schools, teachers and classes
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WORKING METHODS
The studies that were done in order to prepare this paper are based on the modest
researches done so far that come from professional elaboration in this area, which are
mainly an integral part of a complex geographic research. Also, to form the basis of the
statistical data on which is relying the detailed analysis of students, schools, classes and
teachers were used official data from relevant institutions. The State Statistical Office of
the Republic of Macedonia, through annual statistical surveys at the beginning and end
of the school year, monitors the quantity of schools, students and teachers, as well as the
completion of compulsory schooling for students [1]. The data are published regularly,
every year in the publications titled "Primary and secondary schools at the beginning of
the school year". The aim is to provide information on the status of regular primary
education and all its characteristics and specificities [12].
In circumstances when we do not have recent census data on the number and structure of
the population in order to find a contingent of the population that is or should be included
in primary school are used data from publications about the "Estimates of the population
by sex and age, by municipalities and statistical regions". From a methodological point
of view, the differentiation of the municipalities as "rural" and "urban" is made depending
on the status that the settlement has and which is determined as the head office of the
municipality, depending on whether it is an urban or rural settlement. All of this is done
on the basis of the territorial division from 2004 and the changes in the territorial
organization applied in 2013, when four rural municipalities become part of the
municipality of Kichevo with a head office in the city of Kichevo. These amendments
directly reduce the number of rural municipalities. Taking into consideration the
administrative-territorial organization of the country, we should mention that 37 out of
now existing 80 municipalities have the head office set in a rural settlement which is
46.2%, while in the period when the territory was divided into 123 municipalities, 68.3%
were considered as rural [4].
In order to provide detailed analysis is used data from vital statistics and migration.
According to the 2002 census in these municipalities lived 20.4% of the population in the
country. In 16 pure rural municipalities, the number of births is equal to or less than the
number of deaths and in 2014 in only 6 municipalities was registered a positive migration
balance which reflected the overall demographic development.
Through the application of mathematical and statistical methods was made an analysis of
the dynamics in the number of schools, students, teachers and classes and the trend of
development of the municipalities in the Republic of Macedonia, but especially rural
municipalities. The data for the rural municipalities refer to municipalities that during the
analyzed year were included in the group of rural municipalities.
The application of the comparative method allows to compare the conditions of temporal
and spatial terms, during the last 17 years, and to make mutual comparison of the situation
in rural municipalities. As a limiting element occurs the lack of information on the number
of students, according to certain marks such as the trend of students enrolled in the rural
and urban area. Because of this, it is necessary required the collection and analysis of
many data that by a mutual comparison would enable us to get a realistic image of the
number and reallocation of students, teachers and schools within the rural area, ie outside
the rural area. This condition is confirmed by the large number of teachers involved in
the education system that due to the small number of students and classes, have to give
lectures in several schools.
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RESULTS AND DISCUSSION
DINAMICS AND DISTRIBUTION OF SCHOOLS AND STUDENTS
The social, demographic, economic and political events in the late XX and the early XXI
century resulted in changes in several areas of society and its development. As a special
phenomenon that stands out for its importance is manifested in most parts of the country,
and of course the consequences caused by the trend in the number of students who enroll
in primary schools. The declining in the numbers of students intensifies and in the last 17
years, it can be felt in the whole republic, but it is particularly evident in the rural
municipalities and smaller settlements. The change in the number of students is connected
with elements that comprise the complex educational system and determines the number
and distribution of schools, number and size of classes, etc. In Table 1 it can be noted that
in the last period, the number of schools in the country decreased by 5.2%, but worrying
is the situation in rural areas where this reduction amounted to 34.2%.
Table 1: Total number of schools and schools in the rural municipalities
Index
Index
Schools/School year
1998/99
2002/03
2007/08
2014/15
14/15 - 98/99
14/15 - 07/08
1040
1015
996
986
94.8
98.9
Total
539
518
393
355
65.8
90.3
Rural municipalities
Percentage share
51.8
51
39.5
36
Source: SSO (1999-2015): Primary and secondary schools
at the beginning of the school year 1998/99 - 2014/15

Because of the smaller number of students, especially in rural areas, many schools in the
rural areas are closed. All of them were gradually closed due to emigration and the small
number of children and because they could not be any activity in these areas without
residents [8].
Table 2: Total number of students and students in the rural municipalities
Index
Index
Students/School year
1998/99
2002/03
2007/08
2014/15
14/15 - 98/99 14/15 - 07/08
256632
237581
222359
192165
74.9
86.4
Total
72636
52487
49289
37972
52.3
77
Rural municipalities
Percentage share
28.3
22.1
22.2
19.7
Source: SSO (1999-2015): Primary and secondary schools
at the beginning of the school year 1998/99 - 2014/15

Figure 2. Total number of students and students in
the rural municipalities
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The reduction is followed by a change in the territorial distribution of schools so if they
contained more than half of the schools at the end of last century, today their percentage
share declined to 36%. The number of schools in the rural municipalities was reduced and
on average, 10.8 schools were closed in each of the school years. This condition is
associated with a reduction in the number of students and lower inflow of students of the
new generations. The number of students in the rural municipalities decreases very
quickly, ie 47.7%, compared to those in the total number of municipalities where the
number decreased by 25.1%. This process does not stop even after 2007 when the new,
nine year primary education was introduced2, which means one generation of students
plus enrolled the primary school. Especially emphasized is the reduction in the number
of first grade students, which is further reflected in the number of students in the coming
years. With this problem are especially facing the municipalities in the Eastern, Vardar
and Northeast region. The reasons for the decline in the number of students it can be
clearly identified in the components that dictate the population dynamics, i.e. the natural
and mechanical population movement. The transition of the population natural
movement, with the dominant feature of the declining birth rate, it is one of the key
moments that modifies the number of students, especially those enrolled in first grade,
and it is still present in the remaining years of higher education.
THE SIZE OF THE CLASSES AND THE NUMBER OF TEACHERS
IN PRIMARY SCHOOLS
According to the methodological normative for monitoring, a class is a group of students
who are trained in the same room during the school year with one or more teachers,
successively [1].
Table 3. Total number of classes and classes in the rural municipalities
Index
Index
Classes/School year
1998/99
2002/03
2007/08
2014/15
14/15 - 98/99
14/15 - 07/08
10291
10062
10647
10887
105.8
102.2
Total
3343
3297
2742
2585
77.3
94.7
Rural municipalities
Percentage share
32.5
32.8
25.7
23.7
Source: SSO (1999-2015): Primary and secondary schools
at the beginning of the school year 1998/99 - 2014/15

Figure 4. Total number of classes and classes in
the rural municipalities

Figure 5. Total number of teachers and teachers in
the rural municipalities

2

Law Amending the Law on Primary Education, Official Gazette 63/2004 and 51/2007, Skopje pp 4-6 and
pp 1-8
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The presented state of changes in the number of students is followed by corresponding
changes in the number and size of classes. The trend of declining numbers of students
contributes to reduce the number of classes in primary education and their average size
now amounts 17.6 students and 14.7 students in the classes in rural municipalities.
The only positive change can be seen in the number of teachers who realize the
educational programs by subjects. Because of the reforms in the educational system in
the Republic of Macedonia and the new educational programs with an increased number
of subjects there was a need of committing a higher number of teachers.
Table 4. Total number of teachers and teachers in the rural municipalities
Index
Index
Teachers/School year
1998/99
2002/03
2007/08
2014/15
14/15 - 98/99 14/15 - 07/08
13548
13590
15330
17628
130.1
114.9
Total
4524
4520
4054
4295
94.9
105.9
Rural municipalities
Percentage share
33.4
33.3
26.4
24.4
Source: SSO (1999-2015): Primary and secondary schools
at the beginning of the school year 1998/99 - 2014/15

The reasons for the changes in the number of students are distinct and generally associated
with changes in the demographic structure of the population, the aging process and
declining fertility, migration of younger population that is leaving rural area and moves
towards urban centers in the country or abroad, etc. After all, one of the reasons for
moving is exactly the small number of children who have not been enough for the
sustainability of primary schools especially in peripheral rural areas. Back in the middle
of the last century, when the migration from rural to urban areas become more intensive,
start the closure of schools and for one part of the population, that was one of the reasons
for resettlement and for another part of the population it was the reason that motivated
them to move. The consequences of the spatial and demogeographical development are
enormous. They directly affect the function of the educational institution's network, most
of all, on those in elementary education. First, the size of the classes is reduced, the
lectures for the students are held in combined classes and over time, the school fades
away.
There is a need for additional efforts and financial resources due to a necessity for
transporting students to schools in other settlements. The main characteristic is that the
declineing number of students does not affect only subjects related to education, but it is
in direct or indirect connection with other segments of society, such as the use and
distribution of goods and services which are designed to meet the needs of students. They
still need to be taken into account when making a detailed analysis of the situation in
education and planning of specific activities related to students and other actors in the
educational system [5].
The incomplete coverage of rural areas with schools mean different conditions for
education. The survival of school it can be an element of settlement sustainability and
retaining of the population. The contingent of the population aged 10 years and over in
this century is quite stable and in rural areas does not exceed one-fifth of the total
population. In the last decade in rural municipalities it can be observed a decrease of
3.6%, which is partly due to the territorial administrative changes of 2013. The size of the
population contingent aged 5-14 years is important because it directly forms the
contingent of the population in the primary education and determines the number of
enrolled students. Among this population the situation is worrying. The total number of
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this population at the state level for the period 2002-2014 was estimated to have decreased
by 23.8% and in the municipalities that are designated as purely rural the population
number decreased by 53.1%. This condition to a certain extent was affected by the
administrative changes, but certainly by the trend in the components of the population
dynamics. Interesting is the situation of the population under the age of 4 years because
it is the population that in the coming years will form the influx of students in primary
education. In the period 2002-2014, the contingent in the total number of population
decreased by 5.4% and in rural areas 10.8%. In the period 2007-2014 this contingent
shows stabilization among of the overall population and among those living in rural
municipalities.
The research shows the close relationship that exists between elements of the geographic
system in which the population system through its subsystems can be separated from other
geographical systems. The rural area with serious change is an example of how one part
of the geographical system responds to changes occurring in the population.
CONCLUSION
For the purpose of fast and successful development of towns, regions and countries the
educational level of the population is the matter of utmost importance. Monitoring the
educational structure of the population enables timely, relatively simple planned and
successfully conducted activities by which is possible to influence the development of the
total population in a particular area. An educational background in one of the most
important demographic factors of the overall development of a region. It can be concluded
that despite the obvious progress in respect of the educational level of the population, this
level is still not satisfactory. This is particularly true of smaller municipalities where there
are no big cities, and which are far from major road links, and without any profitable
industries [7].
In this paper are studied the number of children enrolled in primary education. The
emphasis is given to the period from the beginning of the XXI century, and the data
analysis suggests major changes in the contingent of students attending primary and
secondary schools. The obtained information about this research shows the dynamic
relationship between the age structure of the population, the number of students, classes
and schools. The aim of the research is by analyzing the change in the size of the
contingent of pupils in primary schools in the purely rural municipalities to see the
dynamic interaction between them and the number of schools, teachers and classes and
to recognize the seriousness of this issue and it further means for the spatial development
as well as in which rural municipalities this problem is the most eloquent. They should
find a practical application and have their place in creating policies directly related to the
education of the population in rural areas, to contribute to the understanding of the
relationship between population and geospace but also to the strengthening of
demogeographical research methods on different territorial levels.
Rural settlements in modern conditions of development are facing numerous problems
such as social, demographic, economic, infrastructural equipment, environmental
protection, etc. The negative demographic development over the years has contributed to
the decrease in total human potential in the County, as well as to the decrease in the
number of pupils in classes and in the number of classes, which implies changes in the
number and status of primary school units. Due to negative demographic trends that
primarily took hold of rural areas in the Republic of Macedonia, as early as at the end of
the XXIth century, a decline in the birth-rate and migrations from rural to urban areas,
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the question of ever growing number of combined classes and their organization is being
raised [3].
Therefore, it is necessary to implement a series of measures that would have taken place
in coordination with the population, local self government and relevant ministries.
Among the priority measures we would count the renovation of school buildings and the
return of teachers. This measure is for the reason that the importance of the teacher in the
rural environment is multiple: improving the educational level of the rural population,
preventing the process of outflow of young people who later returned to the rural lifestyle,
the teacher in the rural area indirectly educates older and also introduces innovations in
terms of contemporary and cultural lifestyle [2].
The achieved level of education is an important element that is closely related to and
conditioned by the development of a country. In the paper is presented the development
path of this extremely important process, thus highlighted its main features and
specifications.
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ABSTRACT
Internal migrations are interesting to be researched in function of creating a sustainable
policy for population balanced, economic and spatial development.
These migratory movements in the 21st century record a constant pace of progress.
Focused mainly towards the urban municipalities and mainly towards the Skopje region,
they are causing a basis for the analysis of the possible problems that occur due to the
unequal distribution of population, disadvantages in the gender and age structure of the
population in particular regions, which by itself dictates the biodynamics and the
population basis of space. At the same time calls into the question for the possibilities of
spatial and economic development of individual regions and especially the problem of
overcoming the optimal opportunities for living in the city and the negative consequences
on the environmental quality.
The paper aims to draw upon the opportunities and (no) opportunities for the sustainable
development in different parts of the Republic of Macedonia in direct correlation with the
impact of internal migration.
Keywords: migratory movements, Republic of Macedonia, sustainable development.

INTRODUCTION
Man is an eternal seeker and traveler in order to reach its self-realization in space. What
has not been found, experienced or realized in one space, it seeks into another. That
primordial power he carries in himself since the beginning of its existence until today.
Only the motives, standards, requirements and ways of movement change.
The migration is a powerful strategy for people to overcome difficulties and continue to
a better life, even when it comes to internal migration. Movement of the population from
one space to another within a state is a normal phenomenon. There are always a pull and
push factors that coordinate such movements. A leading motive is the search for a better
quality of life, defined according the personal definition, life shaped to personally set
standards.
The Republic of Macedonia within its area of 25713 km², features an array of natural,
socioeconomic and demographic spatial differences. It is these different natural
geographic features, uneven economic development, various regional development
potentials, different demographic characteristics of the space that dictate the pace, routes
and type of internal migration flows.
The history remembers migratory flows from a plain area towards mountain areas for the
purpose of protection from attacks and looting of road banditry, displacement due to
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disasters, the migrations of the population towards plain parts of the mountains due to a
better access to roads and modern life. In the first half of the 19th century and the creation
of the Chiflik system, because of the difficult life of the peasants, the emigration to the
city increased, etc. [12].
The emphasized volume of internal migration flows from the villages to the cities took
place in the sixties and seventies years of the last century as a result of the rapid
socioeconomic development [5] and the mismatches between industrialization, deagrarization, migration and urbanization. Expressed migratory movements are recorded
towards Skopje Valley and mainly to the capital Skopje. The most intensive immigration
flow towards Skopje took place in the period 1960-1970 [4]. Specifically, in this area, in
the sixties of the last century was located one third of the industrial plants in Macedonia
which was a great appealing factor for the settlement of young and working population.
This tends has stabilized around the eighties of the last century, mainly due to the
weakened population strength of the villages.
During the period from 1981 to 1994 as a result of changes in the administrative-territorial
division in the country, it is not possible to recognize changes in the volume of various
types of internal migration, but based on several indications it has noted an increase of
migrations between municipalities, particularly from city to city and within the area of
the city of Skopje. Migration from rural to urban areas continued to unfold with reduced
intensity, primarily due to the reduced population strength of the villages [10].
Significant internal displacement is recorded at the beginning of the 21st century as a
result of the war conflict in 2001. Specifically, the tensions between ethnic Macedonians
and ethnic Albanians living in Macedonia grew into a war conflict in 2001 [9], whereas
76046 persons from areas affected by the conflict have moved to other parts of the country
[6].

METHODOLOGY AND DATA SOURCE
Under the term internal migration is understood migration within a country and they may
be voluntary or may have forced character.
Due to the changes in the administrative-territorial organization of the country, a special
attention is given to the migration movements in the period 2000-2014. In the Republic
of Macedonia, according to administrative-territorial organization from 2004 year, a total
number of 84 municipalities are determined, and with the changes in 2013 their number
was reduced to 80 municipalities. The reviewing of data by regions, it was, according to
the NUTS 3 classifications, where eight statistical–planning regions were singled out.
In the paper are used database of the State Statistical Office, by census periods,
publications and highlighted series data. In the analysis of internal migration are taken
into account internal migration within a municipality (local) and from one municipality
to another (between municipalities), while among regions, it is not covered the
displacement from one municipality towards another within the region.
The paper takes into account net migration represented as the difference between
immigration in a certain area and emigration of the same area during a specified time
interval [7].
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RESULTS AND DISCUSSION
During the 21st century internal migration had continued development pace, although
their volume decreased mainly due to the intensification of emigration abroad as a result
of the unfavourable socioeconomic situation in the country. In the period from 2000 to
2014 in the internal migration movements were involved 144245 persons, or an average
of nearly 9616 persons per year. In local migrations were involved 27217 or 18.9%, while
81.1% were involved in the migrations between municipalities.
In 2014 compared to 2000 internal migration dropped by 33.5%. The reduction of 16.3%
was recorded from 2000 to 2001, then -12,1% in 2006-2007 and in the period of recession
from 2008 to 2009 they decreased by 13.2%. Followed in the fifteen year long period of
analysis, the participation of local migrants and migrants involved in the migration
between municipalities in the immigrated population decreases i.e. increases.
The main direction is from the underdeveloped and economically less developed areas to
economically more developed.
Over 80% of all migrants are aged between 20 and 59 years. The figures show a
pronounced feminization in these migrations because over 70% of all internal migrants
are women and 80% of them are aged from 20 to 59 years. Over 40% of internal migrants
moved because of marriage, and 30% have done so, for family reasons. From other
causes, an important meaning is given to the economic factor.

Figure 1. Internal migration movement in urban
and rural municipalities in the Republic of
Macedonia, 2000-2014

Figure 2. The structure of internal migration in the
Republic of Macedonia, 2000-2014 (in %)

Despite the increase in the share of local migrants in total internal migrations, compared
to data from the nineties of the last century, it is evident that their participation reduces
especially from rural to urban areas. It is certainly a consequence of the reduced
population potential of the villages, as well as the pronounced migration from the rural
area abroad [4]. In the period between 2000 and 2014 over 80% of the internal imigration
took place in urban municipalities, although the number of internal imigrants in urban
municipalities in 2014 compared to 2000 decreased by 26.4%. In rural municipalities this
reduction is more than 50%. In the period from 2005 to 2014, 53028 persons moved from
the villages to the cities and from the cities to new urban settlements. Of the total number
of migrants, 64.5% were moving from one city to another city, while 35.5% were moving
from the villages to the city. From a total number of 18820 persons that moved from the
villages to urban areas in the country, 51% were aged between 15 and 29 years, while
42% persons were aged 30 to 64 years. Only from 2013 to 2014 the number of people
who migrated from rural to urban areas increased by 14.2% and the increase in those aged
between 15 and 29 years was 12.8% and even 21.4% of migrants aged between 30 and
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64 years. In the period 2005-2014, for even 48.4% of all migrants involved in the internal
migrations, Skopje was the new major living destination.
The main reason is the privilege of urban living, in particular, the rapid development of
the secondary and service sectors in the city which enables an easy approach to a range
of services and simplicity in carrying certain activities (education of children, health care,
marriage, family issues, recreation, entertainment, culture).
A large part of rural municipalities confronted with a range of particularities due to its
natural characteristics, problems of infrastructure modelling, economic marginalisation
are not attractive for living and keeping the population, mostly, population in its fertile
period, which puts into question the demographic sustainability of these areas.
An exception represents the rural municipalities in areas around major cities, that due to
the proximity of the city and its contents are retained in the place of residence. Also, the
proximity to the workplace in the city and the possession of agricultural land is an
excellent opportunity to achieve double-income households. At the same time these areas
are also attractive for the location of various other activities of commercial and non-profit
sector, which changes the mono-functionality of space and keeps the workforce.

Year
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

Table 1. Net migration of internal migration in the Republic of Macedonia
in the period 2000-2014, by region
Skopje
Polog Southwest Pelagonia Vardar Northeast
East Southeast
642
-65
-27
-36
-122
-164
-141
-87
578
-144
-41
24
-134
-102
-115
-66
668
-230
-30
64
-174
-124
-119
-55
577
-206
12
0
-62
-167
-97
-57
650
-210
-10
-30
-86
-191
-73
-50
614
-112
-54
-26
161
-152
-102
-7
567
-114
-4
-33
-135
-172
-106
-3
650
-123
-15
-31
-140
-167
-129
-45
389
-38
18
-48
-115
-51
-127
-28
596
-88
3
-74
-117
-111
-158
-51
251
50
38
-79
-81
-145
-44
10
596
-58
-6
-131
-69
-138
-191
-3
788
-63
46
-167
-199
-170
-197
-38
682
-34
-37
-127
-60
-151
-209
-64
851
-86
-115
-159
-95
-145
-200
-51
Data source: Own calculations according to the State Statistical Office data; www.stat.gov.mk

On average, towards the Skopje region, from the territory of other regions are moving
about 200 male and 407 female persons every year. Other regions are facing population
loss through internal migrations, which is particularly emphasized by the negative values
in the East and Northeast Region. Other regions vary with the values of net migration.
Net migration among the female population has a more pronounced negative value in
comparison to the male population, with the exception of the Polog region.
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Figure 3: Structure of internal migrants by sex, in the period 2000-2014, in %
Table 2. Net migration in internal migration in the Republic of Macedonia by sex,
in the period 2000-2014, by regions
year
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

Vardar

East

Southwest

Southeast

Pelagonia

Polog

Northeast

Skopje

male female male female male female male female male female male female male female male female
-42
-80
-32
-109
-20
-7
6
-93
-35
-1
-53
-12
-43
-121
219
423
-35
-99
-20
-95
-7
-34
-1
-65
0
24
-67
-77
-33
-69
163
415
-46
-128
-34
-85
-7
-23
-5
-50
21
43
-116
-114
-52
-72
239
429
-23
-39
-18
-79
5
7
2
-59
-4
4
-109
-97
-40
-127
187
390
-26
-60
-19
-54
6
-16
20
-70
-7
-23
-114
-96
-56
-135
196
454
-30
-131
-9
-93
-29
-25
25
-32
-30
4
-73
-39
-37
-115
183
431
-43
-92
-30
-76
5
-9
14
-17
-10
-23
-70
-44
-43
-129
177
390
-46
-94
-22
-107
10
-25
2
-47
-37
6
-91
-32
-45
-122
229
421
-32
-83
-31
-96
-8
26
22
-50
-8
-40
-70
32
-17
-34
144
245
-43
-74
-55
-103
-11
14
20
-71
-34
-40
-43
-45
-30
-81
196
400
-18
-63
-3
-41
16
22
23
-13
-35
-44
-14
64
-25
-120
56
195
-30
-39
-36
-155
7
-13
7
-10
-53
-78
-47
-11
-15
-123
167
429
-34
-165
-82
-115
41
5
1
-39
-67
-100
-68
5
-57
-113
266
522
-2
-58
-84
-125
-4
-33
-9
-55
-35
-92
-52
18
-55
-96
241
441
-41
-54
-81
-119
-52
-63
-16
-35
-34
-125
-48
-38
-52
-93
324
527

Data source: Own calculations according to the State Statistical Office data; www.stat.gov.mk

Figure 4. Total female fertile population involved
in the internal migrations,
by regions

Figure 5. Optimal female fertile contingent (from
20-34 years), involved in the internal
migrations,by regions

335

2nd International Scientific Conference GEOBALCANICA 2016

Of the total female population, participating in internal migration movements, 81% are in
their fertile period, of which 84% are at the optimal fertile age from 20 to 34 years.
Especially alarming is the fact that the displacement of the female population at the fertile
age dominates in all regions, although in some regions such as the East and Vardar region,
this phenomenon is more pronounced.
Skopje and its surroundings according to its location, infrastructure equipment has all the
necessary conditions for an economically sustainable development. Indicators suggest
that in the first years of the 21st century, nearly half of the total investment in fixed assets
in the industry was realized in Skopje Valley, while in the industry were employed one
third of the total number of industry workers in the Republic of Macedonia [1].
In 2010, half of the total gross fixed capital formation, and nearly 40% of the total
business entities are recorded in the Skopje region (half of the medium – sized and over
70% of large enterprises). That is more than 3.5 times in comparison to the Pelagonija
region, as a second in the number of business subjects, or nearly 7 times more than the
Northeast region. At the same time, оver 1/3 from the total investments in the industrial
sector in the Republic of Macedonia are in this region [8]. In 2012 the Skopje Region had
the highest GDP per capita (327989 denars) compared to the other regions, and it
participated with 42.8% in the total GDP of the Republic of Macedonia.
In 2014 the highest average monthly net wage paid per employee, compared to the overall
average in the Republic of Macedonia, was observed in the Skopje Region (18.1%), while
the lowest average monthly net wage paid per employee in the same year, compared to
the overall average in the Republic of Macedonia, was recorded in the East Region
(26.2%).
Accompanied with the largest share of vacant positions compared to other regions, and
the shape of the area, including the contents of the social and cultural life is an argument
more in favour of the attractiveness of the region for settlement and not preventing its
demographic and sustainable economic development. The highest frequency in the
migratory movements is recorded in the Skopje city municipalities such as Aerodrom,
Kisela Voda, Karposh and Center. In the analysed period in these municipalities took
place over half of the total internal migrations between municipalities. Specifically, the
intensive residential construction in certain parts of the city as Aerodrom, Kisela Voda,
Karposh and Centre, combined with favourable conditions offered for buying its own
home, contributed to the greater concentration of young reproductive population. In the
past few years, banks in the country for the customers presented a more favourable credit
terms when buying a home. At the same time, this coincided with the measures taken by
the Government for the project "Buy a House, Buy a Flat", where young couples were
offered financial assistance, favourable interest rates and generally favourable repayment
terms.
On the other hand, Skopje region on a daily basis faces problems because of the functional
changes in land use, which in part represented an agricultural land with solid pedological
characteristics, as well as problems regarding the quality of the environment. In the period
from 2008 to 2014, 29% of all construction approvals, a third of all business entity
approvals and a quarter of all individuals have been recorded in the Skopje region. At the
same time in this region are realized over one third of all completed dwellings in the
country. The over adjusted residential construction contributed density of 339.7
inhabitants per km² in 2014, which is over 4 times higher compared to the average
population density in the country, and about 10 times higher compared to the Vardar
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region. In 2014, at only 7% of the territory of the Republic of Macedonia lived nearly
30% of the population in the country.
This type of demographic polarization significantly affects the sustainable quality of the
environment in this area.
Skopje Valley, which already applies to be the valley with the highest number of foggy
days, now faces an even greater problem with the appearance of fog. Concentrations of
carbon monoxide, nitrogen dioxide, and concentrations of suspended particles in the
ambient air in Skopje, are several times above the maximum limit mainly in the winter
period due to the weather conditions and the occurrence of stable weather.

CONCLUSION
Internal migration in collaboration with emigration abroad of course, significantly affects
their ability for sustainable development. The uneven distribution of population
complicates the intention for spatial, economic and demographic development planning,
while also causes environmental pollution. The problems are present in urban and rural
areas. The fact that nearly half of all internal migration movements are directed towards
Skopje, opened a number of new effects examined from the angle of the quality of life
and optimal capacity for the quality of life in the capital and in the Skopje region. Skopje
city municipalities have been inhabited over the optimum limit for a long time. All their
spatial and population strengthening, reflects the quality of the environment and citizens
health.
On the other hand, a large part of rural municipalities are facing marginal development
and untapped resources, which of course has an effect on the overall economy.
Certainly there are many conceptual designs and suggestions that can contribute to the
strengthening of the pull factors in rural municipalities. Primarily, it should be approached
to improve the infrastructural base, changing the monofunctional character of functional
development (introduction of modern and intensive agricultural and livestock production,
locating commercial facilities, non-profit facilities and accommodation capacities for the
tourism needs). This list of contents will absorb the surplus of labour force in the
agriculture. The greater concentration of functions and population mass, would allow an
increase in the attractive force of the settlement and the sphere of influence of local
character [2]. It can all then take place according to the gravitational model because "the
greater the centre is, the greater its attractive force is; its attractive force is weakening
with the growing distance between them and other population centres" [11]. The organs
of the state and local authority should act simulative and preventive in the affected areas
in order to provide appropriate demographic and economic growth and balance. The
processes that are going on these recent years emphasize the need for changes in the
territorial – administrative organization of the area. This will strengthen the hierarchical
status of the individual settlements and their competence in organizing and planning the
space to meet the needs of the individual and the society [3]. At the same time, a positive
"brake" on internal migration movements to the city and especially in the city of Skopje
are the measures on subsidies in agriculture as well as the announced designs for changing
the course of internal migration movements from the city to the countryside by
subsidizing young people who will decide to live in the village.
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ABSTRACT
Natura 2000 sites were created for the protection of different habitat types and species of
plants and animals which are considered valuable and endangered in the whole Europe.
A great variety of species leads to high natural values necessary for nature tourism. Their
conservation
status
doesn’t
limit
the
possibilities
of
using
them
for tourism. Obviously it is necessary to adhere regulations and take care of the natural
environment. The effectiveness of the protection depends on the character of tourism
infrastructure. It includes: accommodation, food and beverage, transport and supporting
facilities.
The purpose of this article is to discuss condition of tourist development within Special
Protection Areas for birds Natura 2000 in the Voivodeship of Lublin. The tourist facilities
were evaluated using both qualitative (literature analysis, field observations, author’s
participation in nature tours) and quantitative (databases of Central Statistical Office of
Poland, Nature 2000 Standard Data Form, digital and paper maps analysis) methods.
Using two types of methods allows to see how area suitable are facilities
for both tourist use and nature protection. This is very important because appropriate
development crucial for proper contact with nature.
Keywords: Voivodeship of Lublin, Natura 2000, tourism infrastructure, nature tourism

INTRODUCTION
Nature protection according to The Act of 16 April 2004 on Nature
Protection [1] means the maintenance, proper use, restoration of natural ecosystems
and their components, especially: wild plants, animals and natural habitats.
The aim of conservation is to protect biodiversity, to maintain ecological processes,
to restore the proper state of natural components and also to develop people’s
commitment to nature.
In the European Union these goals are implemented by Natura 2000 network. In Poland
it is the youngest form of environmental protection introduced to the state legislation. The
first areas were created in 2004 year, followed by the network expansion in 2007, 2008
and 2011. The legal basis of Natura 2000 are two European Union directives commonly
called the Birds Directive3 and the Habitats Directive4. Basing on them
the Natura 2000 sites include two types of areas: Special Areas of Conservation (SACs)
and Special Protection Areas for birds (SPAs). Currently, the both types occupy

3
4

Directive 2009/147/EC on the conservation of wild birds
Directive 92/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and flora
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about 20% of the terrestrial area of Poland (more then 68 000 km2). The Nature 2000
network in Poland consists of 849 SACs and 145 SPAs.
Distinguish Natura 200 from such forms of protection as national parks or strict reserves,
are the possibilities of their economic use. According to the article 33, point 1 The Act of
16 April 2004 on Nature Protection [1], within the Natura 2000 areas only activities that
destroy protected habitats and species forbidden. One way of using
these areas is tourism and recreation [2].
One of the most environmentally friendly forms of tourism is nature tourism.
It is also known as green tourism, alternative tourism, soft tourism, sustainable tourism,
responsible tourism or ecological tourism [3][4][5]. Various definitions of this
phenomenon can be found. Kowalczyk [5] describe nature tourism as the type
of tourism, where tourists focus on the exploration of abiotic (geotourism) and biotic
(plants and animals). According to some authors, this activity should take place
in the highly natural environment [6] or almost exclusively in the protected areas [4].
Areas visited by tourists should be properly developed in order to avoid the of negative
impact of tourism on protected plants, animals and habitats. For this reason
the Natura 2000 areas require eco-friendly tourist infrastructure. It includes:
accommodation, food and beverage, transport and supporting facilities.
This way tourism within they Natura 2000 can be controlled. Moreover, the appropriate
infrastructure facilitate contact with nature and makes the place more attractive [7].
The aim of this study is to describe infrastructure for nature tourism within SPAs, taking
as the example one of Polish administrative regions.

RESEARCH AREA
The Voivodeship of Lublin is one of the 16 voivodeships in Poland. Geographical
diversity of the region is reflected by the fact, that it is situated on the border of three
European megaregions: Eastern European Lowland, Non-Alpine Central Europa
and Carpathian Region [8]. For this reason the Voivodeship of Lublin is characterised by
high natural values associated with bio- and geodiversity.
69 the Natura 2000 areas exist in the voivodeship, including 23 SPAs. They cover
an area 334 162 ha, which constitutes 13,3% of the total area of the voivodeship.
Some of them are located on the territory of more than one voivodeship. In this study the
SPAs that are located within the Voivodeship of Lublin in at least 50%
are considered. These are 20 SPAs (Figure 1).
The research areas are located unevenly, mainly in the southern part of the voivodeship.
The Natura 2000 areas differ in their area (ha), habitat types present on the site,
site protection status and relation with other sites and nature value. Most of them interfere
with the national parks (Poleski and Roztoczański National Park),
landscape parks, nature reserves, protected landscape areas and ecological sites.
All selected areas are characterized by high ornithological values. For example Chełm
Calcareous Marshes are the third and the most numerous breeding area of Aquatic
Warbler in Poland. Tyśmienica Valley with the complex of fish ponds is recognised
as one the most important refugees of wetland birds. Furthermore in selected areas
we can see the spotted souslik and also the European pond turtle.
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Figure 1. Map of the research area

METHODS
Both quantitative and qualitative methods were implemented. Such a mix allows
to describe tourism infrastructure of SPAs precisely. Quantitative methods included
analysis of statistical databases obtained from: Central Statistical Office of Poland,
Provincial Agriculture Advisory Centre in Lublin and Polish Tourist Organisation. Basic
information about SPAs such as site’s area (ha), ecological information,
site protection status and relation with other sites came from Standard Data Forms Natura
2000. All available digital and paper maps that cover SPAs in the Voivodeship of Lublin
were also used (Table 1).
As existing statistical datasets lack information on food and beverage, these data
were collected personally in the field. The same applies to information signboards
and signposts. The fieldworks were conducted in 2014, only for selected areas (8 SPAs).
Inventarisation include both the areas and adjacent villages.
The existing materials and planning documents on the researched areas, including
informational and promotional materials were also reviewed. In addition, the author have
participated in nature tours within SPAs of the Voivodeship of Lublin.
The following indicators has been used in the study: the density of food and beverage
facilities (number of restaurants, bars, food stores), the density of transport facilities
(length of basic transport routes and hiking trails, number of car parks), the density
of supporting facilities (field information and specialized facilities) per 1000 ha.
Due lack of detailed data on accommodation facilities of some areas,
the accommodation density was calculated not for SPA’s themselves, but
for municipalities that cover the area. The same applies to tourist information centers.
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Table 1. Source of data occurring in the area of research
Tourist infrastructure
accommodation

food and beverage facilities
transport

supporting facilities

Inventirized objects
collective tourist
accommodation
establishments
farm tourism household
restaurants, bars, food stores
basic transport routes
length of tourist trails
car parks
tourist information center
marking areas
infrastructure specialist

Source of the data
Central Statistical Office of Poland

Provincial Agriculture Advisory
Centre
fieldwork ( inventarisation)
Central Statistical Office of Poland
digital and paper maps
digital and paper maps
Polish Tourist Organisation
fieldwork (inventorisation)
digital and paper maps

RESULTS
Accommodation facilities
Only collective tourist accommodation establishments and farm tourism households have
been included due to lack of other data. According to the data of Central Statistical Office
of Poland and Provincial Agriculture Advisory Centre 252 objects
of accommodation exist in municipalities that cover SPAs of the Voivodeship of Lublin.
These were 214 collective tourist accommodation establishments and 38 farm tourism
households of various standards. According to Central Statistical Office of Poland
some of the researched municipalities don’t have accommodation facilities.
Upper Łabuńka Valley (0,61 objects of accommodation/1000ha) and Roztocze
(0,46 objects of accommodation/1000ha) have well developed accommodation facilities.
In the first case this phenomenon is spatially conditioned, because the SPA
is situated next to one of the main tourist attractions of the Voivodeship of Lublin,
the town of Zamość. It should be taken in mind, that the accommodation facilities
in Zamość are mainly used by people that visit the city, not the protected natural area.
The majority of visitors in Zamość is likely to remain unconscious of its presence.
A different situation can be observed in Roztocze. As the SPA is at the same time
the national park, the accommodation that is widely used by nature tourists developed
well before establishing of SPA. The areas has the biggest number of farm tourism
households (21 objects of accommodation) among research municipalities.
This type of accommodation is well suited to natural tourism, because the owners
of farm tourism households connect agricultural business with work in tourism
and respect local traditions.
In terms of accommodation, the third developed Natura 2000 area is the Middle Bug River
Valley (0,24 objects of accommodation/1000ha). Collective tourist accommodation
establishments
as
hotels,
campings,
and
tourists
resorts
dominate
in the area, which is popular leisure destination. Beautiful and wild Bug River offers
wonderful conditions for canoeing and rafting hence collective tourist accommodation
establishments are numerous, they can be used by organized groups of canoeists.
It the other research municipalities number of accommodation facilities is smaller
(from 0,01 to 0,19 objects of accommodation/1000ha). According to the Central
Statistical Office of Poland, nine municipalities that cover two SPAs areas (Uroczysko
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Bridges-Zahajki and Upper Huczwa River Catchment) don’t have accommodation
facilities.
Food and beverage facilities
Food and beverage facilities complete tourist accommodation and they are used directly
by tourists. They include typical eating places (restaurants, bars and permanent
gastronomic point) but also food stores. In Poland, the restaurant facilities are relatively
underdeveloped, especially in rural areas. This is cause by the lack of tradition of eating
out, complicated legislation and relatively high maintenance costs. Consequently
the majority of restaurants and bars are the part of the accommodation facilities.
The most popular food and beverage facilities are chains of grocery shops and small
supermarkets. On the selected 8 SPAs 66 objects of food and beverage were identified.
They belong to three categories: restaurants (7), bars (7) and food stores (52) (Table 2).
Despite the scarcity of gastronomic points, wide availability of food stores makes food
and beverages facilities satisfactory for nature tourists. An important aspect of nature
tourism are often long and all-day trips when bringing a packed lunch is necessary.
Besides, farm tourism households and other objects of accommodation are equipped with
a kitchen or kitchen annexe where it is possible to prepare a meal. It is sufficient for
individual tourists. In the summer season tourists flow is followed by opening seasonal
food stalls, sales counters and foodtrucks, especially in towns of near
the “mainstream” tourism attractions, including some beaches adjacent to water areas that
are protected as SPAs (Nieliska Refuge).
Table 2. Density of food and beverage facilities on the selected 8 SPAs
Name of Special Protection
Restaurants
Bars
Food stores
Area for birds
Podedwórze Reservoir
1
1
8
Szyszła Valley
0
1
6
Upper Łabuńka Valley
1
0
4
Nieliska Refuge
2
2
3
Tyśmienica Valley
0
1
11
Sołokija Valley
2
2
13
Tyszowiecka Refuge
1
0
5
Uroczysko Bridges-Zahajki
0
0
2

Density of food and
beverage/ 1000 ha
35,2
2,7
2,6
2,2
1,6
1,2
0,5
0,4

Transport facilities
The transport facilities enable the comfort of travel to destination and make visiting
Natura 2000 areas more simple. In this study transport facilities include basic transport
routes (roads, railways) and hiking trails, including educational trail and car parks.
The general transport network of the region is quite good but the Voivodeship of Lublin
lacks of highways. The public transport is widely available. A tourist can travel by bus to
all SPAs areas and by train to some of them. However, the journey can be long
and exhausted because some buses run infrequently. Within the studied areas local roads
dominate. They are usually rough, with some remaining unpaved.
The accessibility of SPAs is improved by the complex network of tourist trails: hiking,
bike, horse and water trails (including canoe trails). Their main function is to facilitate
hiking and at the same time to keep the tourists away from the areas that should remain
untouched. They aim to reduce tourists’ activity in the most valuable areas
and to distribute them to less popular locations. 2587,5 km of trails is marked within
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SPAs, including 1183,5 km of bike trails, 936 km of hiking trails, 364 km of water trails
and 104 km of horse trails.
The greatest density of tourist trails were identified within SPAs: Podedwórze Reservoir,
Middle Bug River Valley, Roztocze, Polesie, Parczew Forest and Solska Backwoods.
High rates of trails density in SPA Podedwórze Reservoir results from the small size of
the area (283,7 ha), the reservoir is surrounded by the bike trail.
Other mentioned SPAs are much bigger (from 15 000 to 100 000 ha) and they are
well-known tourist attractions of the Voivodeship of Lublin. As in the case
of accommodation, the interference with National Parks (Roztocze and Polesie SPAs)
result in well-developed infrastructure.
The rest of the analysed areas characterizes themselves by low density of tourist trails.
Here, bike trails dominate (Figure 2), but hiking trails are nor very common.
There are no horse and water trails. The poor development of trails can be associated
with: low natural or cultural values and lack of famous tourist attractions nearby
Natura 2000 area. Moreover, some SPAs include the private breeding pond
which impede development of tourism infrastructure (Upper Łabuńka Valley, Sołokija
Valley and Tyśmienica Valley). Three research areas (Szyszła Valley, Storks Pond,
Upper Huczwa River Catchment) don’t have designated trails.
The educational trails complement the network of tourist trails. They can partly
or completely double as tourist trails, or they can be marked separately. 117,5 km
of educational trails has been identified within SPAs Polesie (0,92km educational
trails/1000ha) and Roztocze (0,87km educational trails/1000ha), thus National Parks,
mark out with their highest density.
Transport facilities include also car parks. Their inventorisation is difficult because
car parks are poorly marked on the tourist maps and on site. Furthermore,
it is problematic to assess the scale of their use by tourists and local people. Nieliska
Refuge stands out with the numerous
car parks, where one car park accounts
for 1500 ha. In other research areas
the situation is as follow: in Parczew Forest
one car park accounts for 2700 ha,
but in Polesie one car park accounts
for 3500 ha. Tourists visiting the Natura
2000 areas often used informal car parks.
Some trails are equipped with additional
tourist
infrastructure
(viewpoints,
watchtowers, fireplaces), which are describe
Figure 2. Marking of cycling and hiking trails in
in the next part of the article.
Nieliska Refuge,
M. Kordowska)

May

2015

(Photo

by

Supporting facilities
The supporting facilities include information infrastructure (tourist information centers,
signboards), specialized facilities (watchtowers, tourist sheds, viewpoints) and rental
place (bikes, canoes).
The tourist information centers are located in several municipalities which cover
the researched SPAs. Tourists can find them only in the major tourist destinations.
Moreover, the tourist information only offer the information about popular sights
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and places. There is a significant lack of information about the nearby protected areas
except the tourist information in the region of Roztocze.
The Natura 2000 areas are equipped with signboards and signposts. They inform
on trail’s length, number of stops and level of difficulty, often a map is provided.
The signposts usually show the direction of futher visit (Figure 3). The best marked areas
are Nieliska Refuge (1,91 information infrastructure/1000ha), Szyszła Valley (0,78
information infrastructure/1000ha) and Tyśmienica Valley (0,68 information
infrastructure /1000ha).
The specialize facilities are used by nature tourist depending on their needs.
Bird-watchers find the watchtowers to be useful, but plant lovers are interested
in footbridges that facilitate exploring species-rich wetlands. The watchtowers
are usually several meters high wooden constructions (Figure 4). Within 20 SPAs
22 watchtowers were inventoried. Additionally the birds, other animals
and the landscape can be admired from the marked viewpoints. According to the paper
maps 17 such a points exist within researched SPAs. These place can be developed
developed by installation of benches and stationary binoculars. Along hiking trails tourist
sheds are located 51 objects in total.
8 SPAs don’t have specialized facilities. These are areas which have never been protected
and are remoted from tourist attractions. They are well-known of their rich avifauna and
development of birdwatching and related infrastructure is advisable.
The described objects are usually made of wood. Changing environmental factors leads
to their damage, so they require regular maintenance. Sometimes these objects
are devastated by hooligans. Additionally, rental places (bikes, canoes, pedalos)
are located within SPAs, particularly around lakes and water reservoirs. They occur
in small numbers Roztocze, Nieliska Refuge and in the Middle Bug River Valley.

Figure 3. Singnpost in the region of Podedwórze
Reservoir, September 2015
(Photos by M. Kordowska)

Figure 4. Watchtowers on the edge Chełm
Calcareous Marshes, July 2014

CONCLUSIONS
High environmental values of SPAs favour nature tourism development. However,
the resources are not used efficiently. It is manifested by the scarcity of agrotourism, low
quantity of gastronomy facilities and bad technical state of some specialized facilities.
The main reason of such a situation is the lack of knowledge on values
of Natura 2000 area. Their economic development is commonly perceived
as impossible. The system of management of protected areas in Poland is also pretty
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complicated, as it is dispersed on several administrative levels. This causes additional
communication problems between local government officials, tourists and owners.
The best way of sustainable development of tourism in protected areas is proper
management. The development of equipped natural trails should be supported.
Even the best idea for development and planning of tourism infrastructure could be not
totally safe for environment. High number of tourist would increase degradation
of breeding birds areas. The good idea is to prepare special educational stops
with pictures and drawings on tourists trails. This option affect people attitude to nature
more efficiently simple information on prohibited activities [9].
Moreover, it is important to plan tourism development and infrastructure having in mind
tourists behaviour, spatial conditions and natural carrying capacity. The situation
where one area is overexploited and other underdeveloped should not occur.
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ABSTRACT
The aim of this article is to determine the influence of the relations between historic and
political cores on the evolution of the conceptions of national ideologies of South Slavs.
The methodological framework of the research consists of the combination of using the
historical and comparative methods in determining the conclusions for each of the South
Slavic ethnic groups. Various theoretical approaches in the field of ethnic and national
studies, as well as in the field of geopolitical terminology, were used as a theoretical
framework in drafting the article. By highlighting the key terms, the article defines the
meaning of terms of the historic and political cores, and ethnic and territorial conception
of nation. In addition, through separate analysis of the relations between historic and
political cores and their impact on the conceptions of national ideologies, article
confirmed the basic hypothesis that overlapping of the historic and political cores
generally causes the development of the territorial conception of South Slavic nations,
while spatial deviation of these two cores usually leads to the development of ethnic
conception of the nation. Also, in the case of the South Slavic nations with predominant
ethnic conception of the nation, there are noticeable tendencies to territorial revisionism,
while in the case of the territorial nations, the tendencies to reductionist identity and
detention in their own historic and political cores can be noticed.
Key words: historic core, political core, ethno-nationalism, territorialisation, South Slavs

INTRODUCTION
The area of the Southeast Europe is usually viewed as a space of great ethnical and
religious heterogeneity which caused a high level of territorial fragmentation of this area,
in the literature highlighted by the term of balkanization. Since the balkanization of
contemporary political map of Southeast Europe is more obvious in the western part of
the region, or in the so-called western Balkans which largely spatially coincides with the
territory of the former Yugoslavia, it is necessary to devote more attention to the causes
of such political-geographical configuration of this part of Europe, whose roots can be
found in the prevailing national conceptions of the ethnicities who live here, and on the
historical and geographical conditionality of these conceptions, taking into account the
spatial correlation of their historic and political core. Therefore, this article deals with
national conceptions of the South Slavs, whereby the article is limited to the nations of
the former Yugoslavia, and therefore the Bulgarian nation is not included in the scope of
the present article.
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THE AIMS AND THE RESEARCH METHODOLOGY
The aim of this article is to determine the influence of the relations between historic and
political cores on the evolution of the conceptions of national ideologies of South Slavs.
More specifically, the aim of this research is to determine the existence of a correlation
between the territorial deviation and geographical distances between historic and political
core of the concrete nation on one hand, and predominant of the ethnic or territorial
conception of national ideology on the other.
In terms of methodology, by using the historical method the article tries to identify and
to interpret the relationship of historic and political core of each of researched nations
cartographically. Furthermore, by using the same method, as well as the theoretical
framework of the theorists in the field of ethnic and national studies, the article tries to
present a predominant conceptual framework of the interpretations of each of South
Slavic nations. Finally, by using the methods of comparison and synthesis of each of the
analysis results, the article is going to determine the fundamental aim of the research –
the applicability of generalizing of the correlation between the relations of historic and
political cores and the predominant national conceptions among the South Slavs.
DEFINITIONS AND THE THEORETICAL FRAMEWORK OF RESEARCH
Based on theoretical assumptions of American author Saul B. Cohen, the article delves
into the scientific area of political geography by naming and interpreting the meaning of
concepts of historic and political core, and also, by applying of Cohen's theoretical
approaches to the interpretation of political and geographical realities in the area of former
Yugoslavia. On the other hand, the article also relies on theoretical perspectives of
modern authors in the interpretation of the origin and forms of contemporary South Slavic
nations. Moreover, the article contrasts ethnic (ethno-religious) and the territorial
conception of nation as the two basic models of constructing the nation in this area.
HISTORIC AND POLITICAL CORE
According to Saul B. Cohen, historic and political cores are just two of geopolitical
features of geopolitical structures. This author defines historic or nuclear core as “the
area in which a state originates, and out of which the state-idea has developed”. Cohen
adds that “the relationship between the physical environment of the core and the politicalcultural system that evolves may become embedded and persist as an important element
of national or regional identity and ideology”. According to Cohen, capitals or political
core “serves as the political and symbolic focus of activities that govern the behaviour of
people in a politically defined territory” with “considerable symbolic value in mobilizing
support for the state” [1].
ETHNIC AND TERRITORIAL CONCEPTIONS OF THE NATION
In simplified terms, territorial and ethnic model are two basic models of forming a nation.
According to the classical modernist Hans Kohn and his theory on the eastern and western
nationalisms, separated by the river Rhine, the western nationalism (usually territorial) is
rational and voluntary type, while the eastern one (mostly ethnic) is organic type. Along
with civil territorial type of nation developed in France and ethnic type of genealogical
approach originated in Germany, Anthony D. Smith adds the plural type in immigrant
societies [2]. Therefore, this article is going to accept a theoretical discourse of these
authors as the leading representatives of earlier and recent researchers of nations and
nationalism, with no intention of entering into a theoretical discussion of the genesis of
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the nation as a phenomenon. Thus, the article distinguishes the territorial conception
based on ius solis and ethnic conception based on ius sanguinis.
THE RELATION AMONG THE HISTORIC CORES AND THE NATIONAL
CONCEPTIONS IN EUROPE
Historical experiences show that the territorially conceived nations are less disposed to
expansionism, while at the same time this kind of nation is more disposed to denial of
pluralism of identities within the boundaries of the nation-state. On the other hand, the
ethnically conceived nations are usually disposed to observe national borders in the
broadest possible form, so they are traditionally disposed to revisionist and expansionist
policy. Let we consider a few examples nations in Europe and worldwide and their
position within the presented scheme.
France is a typical example of territorially conceived nation. In fact, despite numerous
regional identities, France is an excellent example of constituting of a unified nation on a
territorial basis (ius solis), while the high level of centralization of the state and the
continuous spatial coincidence of historic and political cores have certainly contributed
to that fact.
On the other hand, the German ethnic area is characterized by polycentrism of historic
cores, while the location of the political core in Berlin was mainly caused by elimination
of Vienna from the race for dominance among the German states in the 19th century.
Therefore, in the German case, we cannot find the historic and political core at the same
location, except in the case of Prussia, but not in Germany as a whole. Also, the lack of
traditional territorialisation of identity makes predominant ethnic conception of the
German nation (ius sanguinis) more than understandable.
In the case of Italy, the lack of unique historic core has been successfully overcome by
the use of Rome and its role in ancient times as a cohesive element of all Italians, despite
the fact that Piedmont had enough reasons to emphasize its own role in the unification
and formation of the Italian nation. Therefore, as the Italian nation makes an atypical
exception regarding the correlation of historic and political core, in a similar way, it
makes the conceptual exception in national terms. Specifically, while the territorial
conception of the nation dominates on inner plane based on Italy as a geographical and
regional term, Italian territorial claims were based on the ethnic principle (and
questionable historical right) on external plane.
The United States present an interesting example of correlation of the historic and
political core in the formation of the nation in which the foundation of the country, the
formation of the nation and the foundation of the new capital were the parallel processes.
Here we cannot talk about any other American urban centre, or even about Boston, as a
kind of alternative historic or political core, especially if we keep in mind, for American
conditions, the minimum spatial distance and similar historical and political context of
Boston and Washington. Besides that, as an immigrant nation with a strong need for
assimilation (melting pot), Americans are a typical example of territorial conceived
nation.

THE RELATION AMONG THE HISTORIC CORES AND THE NATIONAL
CONCEPTIONS OF THE SOUTH SLAVS
Specific circumstances of development of the South Slavic nations caused specific types
of modification of the classical understanding of ethnic and territorial nationalism among
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them. In fact, the circumstances of historical reterritorialization of the South Slavic ethnic
areas within the administrative-territorial framework of Austro-Hungarian and Ottoman
empires, as well as the equalization of meaning of ethnic and religious identities of the
population, caused the great national and political fragmentation called balkanization.
Since that the same or similar conditions in various South Slavic peoples haven't
obligatory caused the same national conceptions, it is necessary to compare the role of
historic and political cores in the formation of these conceptions.
SLOVENES
The historic core of Slovenia is located almost entirely outside of the political space of
modern Slovenia, and covers the historical Carantania in the area of today's federal state
of Carinthia (Kärnten) in Austria and southern slopes of the Alps in the Slovenian
Carinthia (Koroška) [3]. Despite the systematic reduction of the Slovenian ethnic
territory, especially under the influence of strong Germanization, Slovenes were able to
retain their ethnic and linguistic particularity and develop their own national identity
exclusively on ethnic basis with a national name based on the general Slavic ethnic name.

According to the fact that a large part of Slovenes remained outside of their national state,
it should be noted that in period of formation of the Slovenian nation in the 19th century,
Klagenfurt in today’s Austria and Trieste in today’s Italy were important centres of
Slovenian national revival. This extreme example, where historic core is completely
absent from contemporary national territory, and thus crucial deviates from contemporary
political core, fully confirms the hypothesis of overcoming ethnic conception of the nation
in the circumstances of deviations of political from the historic core.
CROATS
Croatian historic core is located in the area of northern and central Dalmatia [4], about
300-350 km to the south in relation to contemporary political core. The political centre of
the Croatian state through the centuries gradually moved northward as a result of
reduction of Croatian territory caused by invasions of foreign conquerors. Because of the
territorial limitation of Croatian political space as part of the Austro-Hungarian Empire,
concentrated in the area of contemporary political core of Croatia in the wider region of
the city of Zagreb in Central Croatia, Croats gradually totally rejected territorial
conception of nation and opted exclusively for ethnic one. Specifically, despite the fact
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that the Croatian ethnic area until the beginning of the 20th century was entirely under the
rule of the Dual Monarchy, the same space was not unique in administrative-territorial
sense, but was divided between Vienna and Budapest.

Despite strong regional identities within the Croatian ethnic space, ethnic affiliation is
maintained as a strong cohesive element through the past, so thus ethnic identity more
effectively enable the development of national identity of Croats. By including religious
affiliation as a national differentia specifica, Croatian identity was gradually strongly
established among Catholics in Bosnia and Herzegovina that in some periods included
the territorial revisionism. Finally, in the case of Croats, the ethnic conception of the
nation in the case of the spatial deviation of political from the historic core has also been
found.
BOSNIAKS
The historic core of the medieval Bosnia largely spatially overlaps with the area of
contemporary political core of Bosnia and Herzegovina, and covers an area of the upper
course of the river Bosna, nowadays mostly bordered within the limits of the Sarajevo
Canton in the entity of the Federation of Bosnia and Herzegovina. Although the territorial
conception of the nation in this land exclusively characterizes the Bosniaks, it is easy to
conclude that spatial coincidence of historic and political core of Bosnia and Herzegovina
confirms an initial assumption that such circumstances produce exactly the territorial
conception of the nation. It is also important to highlight that, due to Dayton Peace
Agreement, within this country exist a kind of secondary political core with the centre in
Banja Luka in the entity of Republic of Srpska.
However, previous extensively and in state-sense integrative interpreted territorial
conception of the Bosniak identity gradually adopts a reduced form of identity on a strong
ethno-religious basis which includes exclusively Muslim population of Bosnia and
Herzegovina, but also the Slavic Muslim population outside the borders of this country,
especially in the Sandžak region in Serbia and Montenegro [5].
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Therefore, the Bosniak national identity is an example in which, due to the reduction of
territorial identity, the ethnicization of identity, with the possibility of territorial
revisionism, takes an initiative.
SERBS
Much like in the case of Croats, Serbian political core moved about 400 km to the north
in relation to the historic core, so Serbian ethnically conceived nation in a similar way
confirms the hypothesis of the article.

However, in the case of Serbs, the ethnic conception of the nation did not replace previous
territorial one, but due to ethno-religious differentiation preserved thanks to the strong
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role of the Serbian Orthodox Church, this conception was dominant among the Serbs
from the beginning of national forming. In addition, the lack of their own autonomous
territorial-political organization within the Ottoman Empire before the Serbian uprisings
in the 19th century, necessary led the Serbian national ideology to the ethnicization of
identity with a strong need of territorial expansion on the territory of Bosnia and
Herzegovina, Montenegro, Macedonia and parts of Croatia with significant Orthodox
community [6].
However, in the contemporary circumstances of the declaration of independence of
Kosovo, in which Serbia de facto lost control over much of its historic core, the formation
of a new territorial identity in the Republic of Srpska, as a part of Bosnia and Herzegovina
with Serbian majority, creates a sense of symbolic compensation for lost territory, while
this identity is in the subordinate position in relation to the Serbian national identity in
whole designed on ethno-religious basis.
MONTENEGRINS
Initially territorially conceived the Montenegrin nation, also without significant
deviations between the historic and political core, gradually, much like the Bosniak
nation, adopted a reduced ethnic model of interpretation of the nation, but with two
important differences.

First, the Montenegrin nation, in relation to the neighbouring Serbs, is not conceived on
ethno-religious but exclusively on the ethnic level, despite that the re-actualization of
autocephaly Montenegrin Orthodox Church tries to ensure this kind of distinction, and
even linguistic one. Second, in contrast to the Bosniaks, the Montenegrins have no ability
to compensate the loss of potential members of their own nation within the country with
ethnic Montenegrins outside the country.
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MACEDONIANS
Due to the fact that the area of Macedonia in the medieval Samuel’s Empire had an
important role and that in this time Ohrid represented an important political, spiritual and
scientific centre, this analysis accepts the area of southwestern Macedonia as the historic
core of this country [7]. Since that the deviation of the political core of modern Macedonia
in relation to the historic core makes less than 200 km, such deviation is going to be
considered as minimal in comparison to the general scheme of the article, so it does not
represent a significant exception from the hypothetical point of view that territorial
conception of nation prevails in circumstances with no or minimal spatial deviation
between the two cores.

However, for Macedonian occasions this deviation is not completely negligible, but it is
not considered as an important for overcoming of certain national conception. Indeed, the
territorial conception of the Macedonian nation is primarily based on a strong regional
identity and the lack of strong ethnic, linguistic and religious differences in relation to the
neighbouring Slavic nations.

CONCLUSION
On the basis of separate analysis, article confirmed the basic hypothesis that overlapping
of the historic and political cores generally causes the development of the territorial
conception of South Slavic nations, with the partial exception of the Macedonians, while
spatial deviation of these cores in all cases produces the ethnic conception of the nation.
Also, in the case of the South Slavic nations with predominant ethnic national conception,
there are noticeable past or present tendencies to territorial revisionism, while in the case
of the territorial nations, the tendencies to reductionist identity and detention in their own
historic and political cores, with the exception of Bosniaks’ relations to Sandžak, can be
noticed.
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MAPS
Map 1. The position of historic and political core of Slovenia
Map 2. The position of historic and political core of Croatia
Map 3. The position of historic and political core of Bosnia and Herzegovina
Map 4. The position of historic and political core of Serbia
Map 5. The position of historic and political core of Montenegro
Map 6. The position of historic and political core of Macedonia
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ABSTRACT
Recent years have revitalized debates about territorial amalgamation reforms in many
European countries. Proponents of the reforms usually expect significant savings due to
economy of scale and increased capacity for service delivery due to better human
resources. But opponents claim that amalgamation deteriorates local democracy and some
academic analysis suggest that predicted gains of territorial consolidation are
exaggerated. Convincing, methodologically sound, empirical evidences are relatively
scare. We use observations of actual territorial reforms as an opportunity for “semilaboratory experiment” allowing to assess the impact of change, through the Synthetic
Control methodology. So far similar approach (using difference-in-difference method)
has been applied to some territorial consolidation reforms in Europe (e.g. Denmark,
Sweden). The paper studies Polish case. Paper analysis cases of 6 splits of county
governments in 2002. The methodology is based on comparing trends of selected
variables before and after the split. The “case counties” are compared with the control
groups (or control unit), consisting of “the most similar cases” selected on the basis of
multiple criteria. The dependent variables are spending on administration and operating
surplus. Paper is based on results of the “Impact of Size on Efficiency of Local
Governments” project financed by the grant from National Science Centre (grant number
236388, UMO-2013/11/B/HS4/01695).
Keywords: Local government, territorial reforms, economy of scale, local democracy.

INTRODUCTION
The issue of optimal territorial organization belongs to the most frequently discussed in
academic literature on local governments [1]. But in spite of those numbers there is still
far from univocal conclusions. But if we take into account the dominant tune of the
debate, the “reform theory” arguing for territorial consolidation stresses first of all
economy of scale and capacity to deliver wider scope of local public functions. On the
other hand public choice theory advocating territorial fragmentation refers competition
among local jurisdictions („voting by feet”) and arguments related to local democracy.
The classic, comprehensive summary of the debate may be found in M. Keating’s study
[11], who discusses four dimensions: efficiency of service delivery, local democracy,
capacity to support local economic development and challenges of redistribution issues.
This article focuses mostly on the first of this dimensions.
The issue of relationship between the size of local government and efficiency and
effectiveness of its functioning met so far surprisingly low interest of empirical studies in
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Poland. The opinions on the number of municipalities or counties are usually based either
on intuition (sometimes based on individual case study evidences) or very superficial
analysis of statistical data. There is a lack of theoretically grounded and methodologically
sound empirical studies. This paper attempts at contributing at filling this gap.
SIZE OF LOCAL GOVERNMENTS AND COSTS – REVIEW OF LITERATURE
The conclusions of empirical study on the relationship between size and costs of service
delivery are not fully univocal. One of the newest review of empirical evidence [12]
covers 490 conducted studies (mainly American, but also several European and a few
from other continents). The review summarizes that nearly half of studies could not find
statistically significant relationship, but the remaining group confirmed existence of
economy of scale, although relationship was often non-linear. But the impact of size on
quality of delivered services is more doubtful.
The similar skepticism may be found in some World Bank reports, which state that
population size is not a decisive factor. In particular, they argue that in case of sparsely
populated areas territorial consolidation rarely leads to gains from economy of scale [6].
More sophisticated models conducted by Houlberg on Denmark [9] come to the
conclusions that limited economy of scale effect can be seen in relation to schools, roads
maintenance, daily care centres and administrative services, but in two latter cases effect
is seen only below certain threshold (30 and 50 thousand respectively), while diseconomies of scale are seen for larger jurisdictions.
What is known from earlier research in Poland? Evidences are mostly limited to
municipal level, sound researches on the county level are scarce. The study of Kachniarz
[10] who – using very complex methodology - tries to compare effectiveness of counties
in Lower Silesia region, is perhaps the only exception to this rule. Kachniarz comes to
the conclusion that size of county does not matter for its performance, and relates it to the
low role of constant in the total costs of public services. Hypothesis related to costs are
included in the 2011 report prepared by the Ministry of Public Administration. The report
argues that costs in small municipalities and counties are high and recommends territorial
consolidation. But the conclusion is based on very simplistic data, single-dimensional
analysis of the impact of size. E.g. it disregards that jurisdictions with the low number of
residents are usually sparsely populated, which pushes-up costs regardless of the size of
the unit5.
An important complicating factor may be also „internal outsourcing” of some cost
categories, which is more frequent in larger cities which provide several functions through
municipal companies and other institutions, which spending is not reflected in the local
budget [9]. On the other hand there are some functions which are financed by mid-size
and large cities, but absent in the spending of most of small local governments (e.g. local
public transportation systems). Kachniarz [10] demonstrates that even data related to the
single and relatively simple service, as spending on administrative functions, have to be
interpreted much more cautiously than it is usually done in Polish literature.
Testing economy of scale hypothesis is even more complex in relation to other local
public functions. Reliable empirical studies are relatively scarce. Drew et al. [5] on the
basis of their studies in Australia claim to confirm economy of scale in management of
5

Similarly, in my recent study of Albanian municipalities I have discovered that variation of costs may be
statistically better explained by population density, then by the size factor itself.
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parks, but not in local roads neither waste management6. Czako et al. [4] in research on
Hungary confirm economy of scale in waste management and to a lower extent (only for
jurisdictions below 5,000 population) in water-sewage services and central heating. But
that study raises methodological doubts, in particular it concentrates on the mere
relationship between size and costs, ignoring variation of outcomes as well as intervening
factors, such as population density.
The review of literature confirms that verification of economy of scale hypothesis in
relations to local public services is methodologically very complex. Complications are
related to multiple intervening variables (such as population density, peripheral location,
affluence of local communities) as well as to the method measurement of outcome (which
should take into account not only costs, but also quality and impact of organizational
solutions). Results of studies differ dependently on the scope of analysed services and
methodological assumptions. In Poland there is a lack of in-depth studies, and popular
opinions are weakly rooted in methodologically sophisticated analysis.
METHODOLOGY – TERRITORIAL REFORMS AS RESEARCH
LABORATORIES?
Territorial reforms provide unique opportunity for empirical studies on the issues in focus
of this paper. They may be treated as – rare in social sciences – laboratories enabling
observation of the impact of independent variable (population size) on the dependent
variable (cost of local services), which may be extracted from the impact of other,
intervening variables. Recent years brought examples of similar analysis. A few of them
concerned Australian reforms (e.g. [5]), but they do not utilize “laboratory conditions” in
full, since they rely on regression analysis conducted on data concerning before and after
territorial change. Analysis of historical data concerning territorial consolidation reforms
in Sweden in 1950th and 1970th comes to the conclusions that amalgamation reform
brought saving, but only in small municipalities (below 12,800 population) [7]. But the
most interesting are perhaps studies of Danish 2007 reform, during which number of
counties was reduced from 19 to 5 and municipalities from almost 300 to nearly 100 [3],
[8]. In those researches sophisticated difference-in-difference method allows to compare
changes in amalgamated local governments, with the “control group” of not affected
units. Authors of analysis conclude that consolidation resulted in saving in administrative
costs (but visible only after few years) and increase of operating surplus. At the same time
they note loses in functioning of local democracy.
Is applying similar methods possible? Since 1975 Poland have not implemented any
major consolidation reform neither on municipal (gmina) nor on county (powiat) level.
Individual cases of mergers were extremely rare. But it is possible to investigate
individual, but sufficiently numerous, opposite cases of territorial fragmentation. In
particular in 1995-2010 there were 16 cases of splits of existing municipalities. But our
paper concentrates on county level, which is easier to analyse since all splits occurred in
the same moment.

6

The last finding is surprising taking into account that waste management belongs to typical examples of
scale economy in the European context. But one should remember that the environmental context,
especially extremely low population density, is in Australia very different than in Europe, and that
difference may influence the variation of costs of this service.
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Polish county government in its current from was created at the beginning of 1999.
Initially there were 308 counties (plus 65 cities of county status). In 2002 seven new
counties were created by split from existing units. Our research focuses on 6 out of those
7 cases (we omit case of Łobez county, which is the most complex since the new unit was
created from parts of three earlier existing counties). The mean population size just before
the change was slightly over 100,000 and the median size was 78.8 thousand. Four out of
six counties divided in 2002 were smaller than the mean population size, and three of
them were below median size (see table 1). The split led to creation new units being
among smallest counties in Poland. 11 out of 12 new counties were in 2002 below median
population size, and 11 out of 12 were in the first decile.
Table 1. Names and size of new counties created in 2002.
Name of the county before 2002 Population size Name of the county from Population size
2001 (in ,000)
2002
in 2002 (,000)
Bieszczady
22.34
Bieszczady
48.86
Lesko
26.60
Giżycko
57.05
Giżycko
85.22
Węgorzewo
23.93
Łódź East
62.80
Łódż East
93.39
Brzeziny
30.79
Malbork
63.17
Malbork
105.03
Sztum
42.04
Nowa Sól
86.88
Nowa Sól
125.66
Wschowa
38.76
Olecko
34.38
Olecko-Gołdap
57.41
Gołdap
27.18
Source: own calculations based on Main Statistical Office data (www.stat.gov.pl).

In our experiment we look at new units from the point of view of two variables illustrating
changes in costs of service delivery: per capita spending on local administration and per
capita operating surplus of the budget. We analyse not only spending just before and just
after the change, but we look at longer trends. Taking into account longer period before
the reform is justified by the Blom-Hansen [2] observation of untypical spending
behaviour just before the reform (e.g. higher spending, less conservative borrowing
policies), which is related to the fact that long-term consequences would be carried-out
by the local governments of newly created units (so called common pool problem)7.
Analysing longer period after reform might be explained by transaction costs of the
reform itself, which may distort short-term trends (in our experiment we cover 2002-2014
period, i.e. 13 years after the reform).
Instead of difference-in-difference (as in Danish experiments) we use Synthetic Control
method. The essence of the method is finding for each case of the „reformed county” the
“control group” (or “control unit”) – for each treated county the method construct one
synthetic control unit, an abstract construct built on the basis of value of few counties
which used to be the most similar before the change. The more similar to our “treated
case” is a county the higher its weight is in the value of dependent variables in the
synthetic control unit. The criteria of similarity include our dependent variables as well

In our case the „pre-reform period” is limited to relatively short 1999-2001 time-span, since county
governments did not exist before that date. The analysis for municipal level would allow to follow longer
time series.
7
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as population size, population density, wealth of local community (per capita local tax
base) and location in the same (NUTS-1) region. We compare the trend of dependent
variables in the counties which experienced territorial change with the “control unit” of
the most similar cases. That should allow us to extract the impact of size change, assuming
that other factors (such as wealth of local community, population density etc.) remain the
same.

RESULTS
Not surprisingly, in none of analysed cases, the split of counties resulted in saving on
administrative costs (which would be a sign of diseconomy of scale). Just opposite, in all
cases the reduced size of counties resulted in higher per capita spending on local
administration. However investigated cases differ from each other. In three of them
(reforms resulting in creation of Gołdap, Wschowa, Węgorzewo counties) the effect is
long-lasting, visible throughout the whole 2002-2014 period. The more dramatic seem to
be consequences of division of Nowa Sól county (creation of a new Wschowa unit) – the
cost became visibly higher than in the control unit immediately and the gap has been
gradually growing throughout next years. In two other cases (creation of Brzeziny and
Sztum counties) the effect is very clear immediately after reform, but it slowly disappears
during following ca. 10 years. The case of Lesko (separated from the Bieszczady county)
is a bit more complex. The negative effect is not very clear for first two years but then the
gap (comparing to the control unit) appears and sustains for another few years. In Sztum
the difference from the control unit becomes minimal already in 2008 (six years after the
changes), while in Brzeziny and Lesko it evaporates about 2012 (ten years after reform).
But it is very striking that in the short and medium term the cost paid by local communities
(in the form of increased spending on administration) could be seen in all analysed cases.
The summary picture (based on mean for all six analysed cases) is presented on figure 1.
The picture is a bit more complex in case of changes in operating surplus. The changes
are more dramatic and sometimes the trend line looks a bit chaotic8. Nevertheless, the
summary picture (see fig. 2) shows clearly that the financial standing of divided counties
was worsening, comparing to the control unit, especially in the first two years after the
change, and it had been continuously worse for another at least five years. In 2003 (two
years after the fragmentation reform) typical of new units ran in red (operating deficit)
which was never a case of the control unit.

8

Fluctuations of the operating surplus (deficit) may be to a large extent explained by changing economic
situation in Poland as well as by the evolution of the both public finance system (e.g. tax policies) and
precise allocation of tasks among tiers of public administration. But these issues go beyond the scope of
this paper and therefore are not discussed in details.
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Figure 1. Per capita spending for administration – mean for 6 counties fragmented in 2002 (constant
prices, 2001=100)
Source: own calculations based on budget execution data (provided by Ministry of Finance)

Figure 2. Per capita operating surplus – mean for 6 counties fragmented in 2002 (2001=100)
Source: own calculations based on budget execution data (provided by Ministry of Finance)

But once again the picture is more diversified if we look at individual cases. In two out
of six analysed splits (leading to creation of Gołdap and Lesko counties) the negative
impact on operating surplus sustained in the mid-term of about 8 years (and is especially
strong in case of division of Olecko-Gołdap into Olecko and Gołdap counties). In three
other (leading to establishment of Brzeziny, Malbork and Węgorzewo counties) the
negative effect was weaker (perhaps with exception for Węgorzewo) and lasting shorter
period of about 5 years. In one case of division of Nowa Sól county (creation of a new
Wschowa county government) there is no visible impact of change on the size of
operating surplus (but no positive impact either, which – as proponents of territorial
fragmentation might argue – would be result of either diseconomy of scale or better
policies of smaller, more homogenous and closer to people jurisdictions). It is striking
that the only case with no clear effect on operating surplus concerns the largest of six
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divided counties, and the newly created units are not so small as in most of other analysed
cases. It suggests non-linear economy of scale relationship, but it would be premature to
formulate far going conclusions on the basis of a single case among limited number of
analysed splits. The issue should be studied more thoroughly in the future.

CONCLUSIONS
The results presented in this paper clearly confirm, contested in some of earlier studies
(in Poland studies of Kachniarz, e.g. [10], but also some publications related to other
countries) economy of scale effect in the conduct of Polish county financial management.
It is true at least in relationship to costs of local government administration, and operating
surplus of the budget which to a large extent is a derivative of the general costs of
provided services.
But we should be aware of the limits in with generalization of these results. First, we do
not think that it is justified to directly extrapolate that conclusion to municipal level as
well. There are several reason for that reservation. First, the size of municipalities is
usually much smaller, so the shape of the scale effect may be different. Second, Polish
municipalities are much more autonomous in the management of their finance than
counties, so the policy outcomes might be different. Last but not least, municipalities are
responsible for different set of functions, and – as discussed in the initial sections of the
paper – the size impact might be different depending on the nature of the service.
Therefore, the municipal size issue requires a separate investigation9.
Finally, the importance of our conclusions for policy recommendations on the optimal
territorial organization is meaningful, but also limited. We would not argue that results
presented in this case provide already sufficient arguments for territorial consolidation of
the county tier or even and argument against individual cases of territorial fragmentation.
There might be other gains related to the small size of local governments, which have not
been covered by our study so far, such as gains related to better functioning of local
democracy. That has to be investigated separately in the future. But identified negative
effects of fragmentation (and of the small-size of the counties in general) should be clearly
communicated to national and local level policy makers and to local communities
debating number and size of their territorial jurisdictions.
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ABSTRACT:
Poland as a member state of the EU has a possibility of obtaining assistance funds
supporting socio-economic development. It is currently the most important instrument
of the regional and local development policy. The possibility of obtaining resources
from the EU frequently determines the choice of types of investment implemented by
SGU.
Self-governments have so far shown great mobilisation in obtaining EU funds. 78% of
communes in Poland obtained support from EU funds for implemented projects. The
amount of support obtained by JST in comparison to other groups of recipients makes
them the largest recipient of EU assistance.
The activity and efficiency of communes is varied, and so is the scale of obtained
financial resources for the implementation of investment projects co-financed from the
EU.
Reasons for differences in reaching for European resources are associated with among
others varied activity and determination of the authorities of communes for obtaining
EU resources.
The social activity of residents is also important. They choose their representatives in
the authorities of the commune. Their attitude has an effect on the activity of SGU.
The article attempts to analyse correlations between the social activity of communities
in the analysed communes and the amount of obtained support from the EU funds for
the implementation of infrastructural investments.
The analysis was performed for three study objects: communes located in three
provinces: Warmińsko-Mazurskie, Podlaskie, and Zachodniopomorskie.
The research was conducted with the application of qualitative methods, in particular
the analysis and logical construction, including the identification.
Keywords: European Union, structural Funds, rural commune, social activity

INTRODUCTION:
Poland’s accession to the European Union permitted self-government units obtaining
resources supporting the socio-economic development and increasing their
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competitiveness [8]. Assistance funds constitute a chance for self-government units for
the implementation of both infrastructural undertakings and projects related to the
development of local communities [11]. Owing to EU funds, self-government units are
able to implement investments considerably exceeding their financial possibilities
limited by the level of obtained income. This particularly concerns rural communes. The
possibility of obtaining resources from the EU determines the type of investment
implemented by communes [2]. In spite of many critical opinions regarding the
importance of aid measures of the EU and their amount (with consideration of the
amount of the member contribution paid by Poland), in the current financial situation of
the country it is the most important instrument of the regional and local development
policy. Cohesion policy funds constitute a specific type of instrument of resources
concentration contributing to the implementation of investments increasing the
development potential [10].
So far, self-governments showed very high mobilisation in obtaining EU funds. Each of
the provinces, 98% of districts, and 78% of all communes in Poland obtained support
from EU funds for implemented projects [6].
The amount of the support obtained by Self-Government Units (SGU) in comparison to
other groups of recipients makes them the largest recipient of EU assistance.
Communes, however, show varied activity and efficiency, and therefore scale of
obtained financial resources for the implementation of investment projects co-financed
from EU [1]. Many researchers investigate the causes of such a situation. According to
Kutkowska [5], the reasons for reaching for EU resources are associated with financial
restrictions related to the necessary own contribution and varied experience of
commune officials in obtaining EU support. It is possible that also commune authorities
attempted to obtain EU resources with varied activity and determination.
The authors of the study believe that the social activity of residents is also of
importance. They choose their representatives in the commune’s authorities, and
influence the functioning of SGU with their attitude.

OBJECTIVES AND METHODS
The article analysed correlations between the social activity of communities in the
analysed communes and the amount of obtained support from EU resources for the
implementation of infrastructure investments.
The analysis was performed for three study objects: communes located in three
provinces: Warmińsko-Mazurskie, Podlaskie, and Zachodniopomorskie, located in three
NUTS 1 regions of Poland (northern, eastern, and north-western, respectively) (Fig. 1).
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Figure 1. Division of Poland into 6 regions (NUTS 1) with marked study objects
Source : www.funduszeeuropejskie.gov.pl

Additionally to the determination of correlations between the obtained support and
social activity, a synthetic measure of social activity was applied for the communes.
Values of particular features of social activity were ascribed point assessments at a 3degree scale (simultaneously changing destimulants to stimulants). Then, a synthetic
assessment of the social activity measure was performed for the commune. The above
order was determined based on the qualitative assessment of a given feature (from small
potential, through medium, to high potential). The classification was performed due to
the type of the available indices, as well as the quality of data available for the analysis.
The indices were normalised according to the following algorithm:
1) development of an ordered number sequence for the value of each analysed feature,
where: x1 = min. < x2 < x3 < … < xn = max.
2) determination of the length of class intervals according to the analysis of the
literature on the subject and statistical data, e.g. statistics from the Local Data Bank,
from ARIMR.
3) construction of class intervals → threshold values for intervals are calculated from
subsequent elements of the arithmetic sequence in which the first element (a1)
corresponds to the lowest value of the numerical series (x1 = min.), and subsequent
elements of the sequence are higher than the preceding ones by intervals determined
based on the literature and experts. The last element is the highest value of the series
(xn = max);
4) point bonitation of objects → elements of the numerical series xj are included to
respective classes (intervals) determined by sequence ai based on their value.
Therefore, each element xj belonging to interval <(ai, ai+1) adopts a point value
equal to i, i.e. range value ascribed to the class.
The point assessment employed a 3-degree class interval for each feature (partial index),
where the most beneficial value of a feature obtained 3 points, and the least beneficial –
1 point. Based on the mean value of points obtained for four features of the assessment
and adopted weights, communes with varied social activity were distinguished. The
assessment of social activity for the analysed communes was performed according to
the scale (Tab. 1).
Table 1. Value of the synthetic measure of social activity in points.
Value of the synthetic measure of Small
Medium
Big
social activity in points
Point worth of indicator
1-1,6
1,7-2,3
2,4-3,0
Source: own elaboration

The research was divided into the following stages:
At stage I of the research, the quantitative analysis was presented of the analysed
investment projects co-financed from the EU resources, implemented in the area of the
analysed communes. At stage II, the synthetic measure of social activity was determined
for the analysed communes, and correlations were identified between the synthetic
measure of social activity and amount of support obtained from the EU for the
implementation of infrastructure investments.
The final stage of the research involves drawing conclusions based on the performed
research.
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STUDY AREA
The study objects are rural communes Raczki (Podlaskie province), Prostki
(Warmińsko-Mazurskie province), and Banie (Zachodniopomorskie province).
The communes are located in rural areas where the majority of residents support
themselves from agriculture, and in communes Prostki and Banie additionally from
forestry. Communes Raczki and Prostki are located in the north-eastern part of Poland,
and commune Banie in its north-western part (Tab. 2).
Table 2. The comparison of the analysed communes
Municipality
Municipality
Raczki
Prostki

Lp.

The attribute name

1

Voivodship

Podlaskie
province

2
3
4
5

Province
Type of municipality
Surface
The number of municipal subdivision /
number of villages
The number of people
Density of population (people / km2 )
Farmland in %
The number of registered unemployed %
The number of Working on the 1000
population
The working age population
Expenditure municipalities per capita
(PLN)
Total revenue of the municipality
(thousand PLN)
Own income of the commune and
income per resident (thousand PLN)
Subsidies per capita (thousand PLN)
Resources from the national budget or
other granted as co-financing of
programmes and projects implemented
with the participation of resources from
structural finds and the EU Cohesion
find (thousand PLN)

6
7
8
9
10
11
12
13
14
15
16

Municipality
Banie
Zachodniopomo
rskie province

suwalski
wiejska
142,25km2
34/36

WarmińskoMazurskie
province
ełcki
wiejska
230,47km2
40/44

6027
42
73
3,6
75

7505
32
66
13,9
87

6442
31
60
9,3
51

3767
3236

4820
3656

4184
3430

18616

28217

20929

5467

8946

8252

8806
655

10833
1628

6997
374

gryfiński
wiejska
205,81 km2
15/19

Source: Own compilation by Dudzińska (2015)

STAGE I. QUANTITATIVE ANALYSIS OF IMPLEMENTED INVESTMENT
PROJECTS CO-FINANCED FROM EU RESOURCES, IMPLEMENTED IN
THE AREA OF THE ANALYSED COMMUNES.
The analysis was based on two periods of absorption of EU resources, i.e. years: 20042006 – the first financial period of Poland’s membership in the EU, and 2007-2013 –
the second financial period (Tab. 3).
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In commune Raczki in the analysed period, 12 projects co-financed with EU resources
were implemented. Three projects were implemented in the first, and nine in the second
programming period (Tab. 3). In the years 2004-2006, the analysed commune obtained
co-financing of projects with a total value of 1 228 thousand, and the subsidy amounted
to 768 thousand, constituting 62% of the costs of the implemented investments. In the
second programming period in commune Raczki, co-financed projects were
implemented with a value of 14617 thousand. The subsidy constituted 75% of the
amount.
In commune Prostki, the lowest number of projects co-financed from the EU was
implemented among all of the analysed communes. In the first programming period, no
project was implemented. In the years 2007-2013 – eight projects (Tab. 3). The
commune obtained a subsidy for the implementation of projects to the amount of 8790
thousand. The value was equivalent to 62% of the costs of the implemented projects.
In the third of the analysed communes – commune Banie, quite a high number of
projects (12) were implemented with the contribution of EU resources in the period
2004-2013. In the first programming period, only one project was implemented, but in
the second period, already 11, and the total amount of the subsidy equalled 4355
thousand PLN (Tab. 3).
The highest subsidy amount for the implementation of the analysed projects was
obtained by commune Raczki, and the lowest by commune Banie. Calculating the
amount per resident and the area of the commune, for the self-government unit from the
Podlaskie province it amounts to, respectively: 1957 PLN/person and 83 000 PLN/km2
from
Warmińsko-Mazurskie
–
1171
PLN/person,
38 000
PLN/km2 ,
Zachodniopomorskie – 676 PLN/person and 21 000 PLN/km2 . The amounts of the
obtained subsidy in commune Raczki are almost three times higher than in commune
Banie per resident, and almost four times higher in relation to the area of the commune.
Commune Raczki has the smallest area among the analysed communes, and obtained
the lowest total income per resident and own income in 2014. Nonetheless, it obtained
the highest subsidies from EU resources in the analysed period.

Fund

Operational
Programme

Project value
(In thousand PLN) /
grant amount

Number of projects

financial perspective
2004-2006
2007-2013

Raczki

Raczki

Municipality

Table 3. List of infrastructural ventures co-financed from European funds by Raczki, Prostki and Banie
Districts between 2004 and 2013.

European Regional Development
Fund

Integrated Regional Operational
Programme "Rural areas"

596 /342

1

European Agricultural Guarantee
Fund

Sectoral Operational Programme
Restructuring and Modernisation of
the Food Sector and Rural
Development 2004 – 2006
Rural Development Programme

632 /426

2

3310/1777

2

Innovative Economy Programme

477/406

1

Operational Programme for the

279/234

1

European Agricultural Fund for
Rural Development
European Social Fund
European Regional Development
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2007-2013
2004-2006
2007-2013

Banie

Banie

Prostki
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Fund
Regionalnego
European Regional Development
Fund
European Fisheries Fund

Podlaskie Voivodeship
The Operational Programme
Infrastructure and Environment

9301/7899

3

The draft OP FISH

1250/709

2

European Agricultural Fund for
Rural Development
European Regional Development
Fund
European Regional Development
Fund
European Regional Development
Fund

Rural Development Programme

2126/979

4

Operational Programme for the
Warmia and Mazury
Innovative Economy Programme.

11341/719
7
614/614

3

Community Initiative Programme
INTERREG
III A
Polska-Meklemburgia

109/82

1

European Agricultural Fund for
Rural Development
European Regional Development
Fund

Rural Development Programme

4307/1841

8

Operational Programme for the
West Pomeranian Voivodeship

1212/850

2

European Regional Development
Fund

Inicjatywa Wspólnotowa
1890/1582
1
INTERREG IVA
Community Initiative Programme
INTERREG
Source: Own compilation by Dudzińska (2015).

1

STAGE II DETERMINATION OF THE SYNTHETIC MEASURE OF SOCIAL
ACTIVITY.
The map of rural areas developing in Poland will change depending on human activity
permitting more efficient and dynamic development of the space [3]. Researchers of
social capital assume that the source of economic success involves in 80% free market,
and in 20% social capital [4].
The social activity of residents of rural areas is defined as the entire spectrum of various
activities and behaviours aimed at solving problems of the local community.
Social activity has a certain individual aspect, not boiling down to the influence of
common factors, because it results from people’s determination to act and will of selforganisation, and depends on individual and collective choices and decisions [7].
Social activity involves individual as well as collective activities, single and regular,
spontaneous and planned actions. Moreover, empirical research on social activity
always involves searching for factors and elements of the social structure contributing
and hindering undertaking activity [9].
Considering the complexity of social activity, it is difficult to find measures for
describing the ability of residents to cooperate in the social interest through the
measurement of civic activity (citizenship), social activity defined in the context of civic
society (active citizens and informal and formal institutions developed by them), and
their activity in undertaking socio-economic initiatives for the development of the local
environment (e.g. activity in the application for external financial support).
The choice of variable indices in quantitative analyses is usually a resultant of the
availability of data and arbitrary decisions of researchers. The basis for the adopted
choice, however, should be strong substantive justification. The research adopted voter
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turnouts published by PKW in presidential elections 2015 as the average from the first
and second round of the elections, voter turnout in self-governmental elections 2014 for
the council of communes – voting statistics, number of foundations and associations
(except OSP) per 10 thousand residents by province in rural areas in 2014, and number
of beneficiaries of the Rural Development Programme 2007-2013 axis 4 LEADER
(measure 413 – implementation of local development strategies, 421 – implementation
of cooperation projects, and 431 – functioning of the local action group, acquisition of
skills, and activation) per 10 thousand residents of the district, describing socioeconomic initiatives for the development of the local environment. Tab. 4 presents
values of the aforementioned features of social activity in the analysed communes.
Lp.

Table 4. Features describing social activity in the analysed communes.
Name features
Municipali Municipa
ty Raczki
lity
Prostki
Distribution of turnout in presidential elections 2015
47,70 %
32,01 %

Municipa
lity
Banie
36,56 %

According to the acquired point scale
Distribution of turnout in self-government elections 2014

3
49,53

1
51,05

1
43,28

According to the acquired point scale
Number of foundations and associations (except OSP) per
10 thousand residents

2
6,6

3
17,3

1
21,7

According to the acquired point scale
Number of beneficiaries of the Rural Development
Programme 2007-2013 axis 4 LEADER per 10 thousand
residents of the district.

1
12

2
2,6

3
4,2

According to the acquired point scale
The total amount of obtained EU resources in the years
2004-2013 for infrastructure investments (PLN).

3

1

1

11792
thousand

8787
thousand

4355
thousand

Value of the synthetic measure of social activity in points

2,2

1,7
1,6
Source: Own compilation

The synthetic measure of social activity was calculated with consideration of four
indices described above.
The methodology was adopted for the synthetic measure of social activity. The
following considered features: number of foundations and associations (except OSP) per
10 thousand residents of the commune, and number of beneficiaries of the Rural
Development Programme 2007-2013 axis 4 LEADER per 10 thousand residents of the
district, explain the measure of social activity the most accurately. They were ascribed a
weight of 30 points each. Features related to frequency (self-government and
presidential elections) – 20 points each.
In the synthetic approach, the index of social activity was the most beneficial in the case
of commune Raczki, and amounted to 2.2, corresponding to medium potential. In this
commune, the highest EU support was obtained for the implementation of infrastructure
investments. The lowest level of the synthetic index of social activity was determined
for commune Banie – only 1.6, corresponding to small potential (the lowest amount of
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support was obtained in this area). Commune Prostki obtained an assessment of the
synthetic measure of 1.7 points, corresponding to medium potential.

CONCLUSIONS:
1) In the studied communes, the activity and efficiency, and therefore scale of the
obtained financial resources for the implementation of investment projects cofinanced from the EU was varied. The smallest commune with the lowest
income per person obtained the highest amount of support, and implemented 12
projects (1957 PLN/resident, 83 000 PLN/km2 of the area of the commune).
2) A correlation occurs between the level of obtaining support from the EU for
infrastructure investments and social activity of the residents of the commune.
The synthetic index of social activity was varied to the degree similar to the
amount of the obtained support for infrastructure investments.
3) Through the selection of their representatives and their attitude, residents
indirectly influence activities implemented by SGU, and shape their
surroundings. By introducing tools increasing social activity of residents in a
given area, we can influence the implementation of self-government policy, and
therefore the amount of obtained support for the implementation of
infrastructure investments in the commune.
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ABSTRACT
In order to create a real image of the urban sprawl in post-communist cities, we must
exceed the administrative boundaries of the city and analyse the geo-demographic
changes of the rural area located in proximity, which faces consequences of diffuse urban
development. In Romania, from a demographic point of view, periurban areas are the
most dynamic areas of the country, the main cause being the migration, not the natural
growth. Suceava City, located in the North-East Development Region of Romania, is
representative for the studied issue, being, in terms of spatial dynamics, in a process of
urban sprawl. The population of the communes included in the periurban area of Suceava
City, increased by about 10.000 people in the period between 1992 and 2011 censuses.
Our study used GIS techniques, having as support multi-temporal cartographic materials,
such as topographic plans and ortophotoplans, and a dynamic study area, to demarcate
the penetration of urban expansion in periurban space and to highlight the influence of
urban sprawl on the rural space located in vicinity.
Keywords: urban sprawl, periurban space, Suceava City, post-socialist.

INTRODUCTION
The spontaneous, uncontrolled expansion of urban space has become a topical issue that
Europe faces nowadays, even under minimal pressure from the population, existing
several adjacent factors that trigger this phenomenon [1].
The issue of spatial development of Romanian cities is a topic debated by researchers in
the past, but also a highly up-to-date theme, in the context of urban spatial dynamics
specific to the post-socialist period. Recent studies focus on urban transformations
occurred after changing the political regime, and with it, the economy and people’s
mentality. People began to migrate in areas located in the proximity of the city, in
individual dwellings, at the expense of collective dwellings specific to the urban space.
The changes and transformations specific to the post-socialist period represent the
analysis subject for other researchers, studying areas belonging to the former communist
bloc states [2].
The phenomenon of urban sprawl is described by the European Environment Agency, as
a pattern of urban expansion, especially to rural areas close to the city, predominantly on
agricultural land, characterized by a low density of built-up space. Spontaneous
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expansion involves a low degree of planning and an uneven, diffuse development with a
tendency of discontinuity [3]. Periurban areas can be considered an “output” of the
phenomenon of urban sprawl [4].
In Romania, urban expansion is not caused by the pressure exerted by population. The
triggering factor of the phenomenon is the desire of inhabitants for a new living
environment, outside the city, in the periurban space. Urban sprawl was accelerated by
the development of transport infrastructure, and thus by increasing the population’s
mobility, through the accessibility offered to the middle-class for periurban areas [5].
The total population of Romania is decreasing in the past 25 years, periurbanization being
the main phenomenon that generates positive demographic evolution at local level. The
Romanian periurban space consists of rural-urban transitional areas, which do not have a
political and administrative perimeter and oscillate between keeping their traditional
identity and integrating in urban area [6]. Romania’s integration in the European Union
has accelerated this process, emphasizing the new interfaces occurred at the contact area
of large cities with surrounding communities [7].
In this study, periurbanization is perceived as being the current evolutionary phase of
Suceava City and for this reason we highlighted the localities marked by the installation
of the urban population on their territory, by including them in a limit, generically called
periurban area.
The paper aims to use GIS techniques, having as support multi-temporal cartographic
materials, such as topographic plans and ortophotoplans, and a dynamic study area, to
demarcate the penetration of urban expansion in periurban space and to highlight the
influence of urban sprawl on the rural space located in vicinity.
STUDY AREA
In terms of administration, the study area is located in the North-East Development
Region of Romania, in the south-eastern part of Suceava County. Since the territorial
evolution of Suceava City is a complex phenomenon whose influence is present outside
the administrative boundaries, it is required a study area wide enough for assessing such
a process.
The study area (Fig. 1) includes 9 administrative units: Suceava City and 8 LAU21 located
in the vecinity, respectively Salcea City and 7 communes: Scheia, Ipotesti, Moara,
Adancata, Mitocu Dragomirnei, Patrauti and Bosanci. The entire area covers a surface of
405 km2 and encompasses a population of 148.662 inhabitants, of which 92.121 (62%)
are living in Suceava City. (REC, 2011)
In terms of spatial dynamics, Suceava City is in a process of urban overflow, and its
population is decreasing since 1992, and more pronounced after 2002. The negative trend
is caused by three main factors: negative natural growth, emigration and migration to
periurban area. The last is the most important, the main argument being the high number
of people who have chosen to leave collective dwellings located in the city, in favour of
individual houses situated in periurban rural area [6].
The only commune that does not share any administrative boundary with Suceava City,
but is still included in the periurban area is Bosanci, which by its spatial and demographic

1

Local Administrative Unit
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dynamics, especially from the last decade, justifies its presence alongside the others
periurban communes.

Figure 1. Geographical location of the study area
Spatial data source: ANCPI 2012

MATERIALS AND METHODS
Throughout the paper were followed two directions of analysis, closely connected: spatial
expansion of built-up space and numerical evolution of population. For the first directon
were used multi-temporal cartographic materials, such as topographic plans, scale 1:5000
(around 1980) and ortophotoplans (2005 and 2012) available in ANCPI online portalviewer. Although our study covers the post-socialist period, the plans made in the 80’s
are relevant, because in the period `80-`90 there were no major constructions in the
periurban space. The thematic layers comprising the built-up space were completed and
updated, using vectorial data provided by geo-spatial.org community [8] (drawn using 30
plans, scale 1:5 000, which cover the area occupied by Suceava City and its surroundings)
and used to demarcate the penetration of urban expansion in periurban space. Although
for the analysis were used three temporal thresholds of reference (1980, 2005 and 2012),
for the expansion map were used only two of them (1980, 2012) to emphasize the
phenomenon of urban sprawl. Data were processed and analysed using ArcGis software.
For analysing the situation from a demographical point of view, were considered the
available data from 1992, 2002 and 2011 censuses [9]. The analysis was conducted at
local level, for all 9 administrative units included in the study area.
RESULTS AND DISCUSSION
In order to place the expansion of Suceava City in a territorial and temporal context, it is
important to follow the development of settlements’ network, in terms of spatial
dynamics and in terms of geo-demographical evolution.
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Spatial expansion – in administrative boundaries
After the documentary attestation in 1388, the territorial evolution of Suceava City
manifested in many forms, in terms of typology: agglutinative development (XIV – XVIII
centuries), tentacular evolution by absorbing the surrounding localities (XVIII – XIX
centuries), polynuclear expansion through development of the satellite localities, Itcani
and Burdujeni and planned development, dictated by the political regime (1900 – 1989)
[10] [11]). In post-communist period, the territorial expansion of Suceava City (Fig. 2) is
very pronounced, with an uncontrolled, diffuse character. Thus, there are generated new
residential areas, with lower density of built-up space than compact areas specific to the
city.
In the early 90s, Suceava expanded its territory by partial absorption of Sfantu Ilie Village
from Scheia Commune, which was later transformed in the district of apartment
buildings, Obcini. The post-communist period is outlined through the decline of industrial
areas, many of them being demolished and reconverted gradually in shopping areas (eg.
the placement of Iulius Mall and Suceava Shopping City patronized by Carrefour in the
industrial area „Suceava Valley”). In terms of commercial areas there was a real „boom”
in Suceava, most of them developing on the fluvial terrace of Suceava’s floodplain
(Selgros hypermarket, Duo Mat, Dedeman, Saturn) and along the European road E85, at
the exit to Falticeni / Bucharest (Metro hypermarket, Primagra Center, car dealerships,
many hotels and restaurants). At the exit to Radauti/Siret from Itcani, along the E85 road
and along E58 road that connects Suceava to Botosani City, the development of
commercial areas is less present.
Another manifestation form of urban sprawl is represented by the occurrence of
residential areas similar in appearance and functionality with those developed in the
periurban space. The most important and homogeneous residential areas of this kind were
developed in Burdujeni, at the north of Gheorghe Doja Street. On a larger surface area,
extends the residential space located between Burdujeni and Itcani districts, at the north
of the European road E58. Another dynamic residential area is located at the boundary
with Ipotesti Commune, at the west of 208A county road, but it was recently transfer in
the administration of Ipotesti Commune. On the left side of the european road, at the exit
to Botosani, near the boundary with Salcea, is developing a large residential complex,
which benefited from substantial investments in infrastructure, having a very modern road
network.
The evolution of housing stock in Suceava in the perioad 1990-2012 was strongly
ascending, with a pronounced increase in 2008. This real estate „boom” in 2008 is a
consequence of the investments made in the period before the financial crisis, the effects
of recession being slightly concealed.
The expansion of built-up area extended beyond the administrative boundaries of
Suceava, in the surrounding communes.
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Figure 2. Spatial expansion of built-up area in Suceava City
and its proxim rural space (1980-2012)
Spatial data source: ANCPI 2012, geospatial.org,
Statistical data source: Censuses of 1992, 2002, 2011

Spatial expansion – outside the administrative boundaries
Before 1990, the territorial expansion of localities was caused mainly by a natural
evolution, directly related to population growth and planned constructions made during
the iron curtain. In the post-decembrist period the spatial extension of localities is
generated by other processes and in a different social context. Natural dynamics of
population is rather stagnant or even negative, the expansion of built-up space from rural
localities and the increase of population number being fuelled by the periurbanization
process. The large surfaces occupied by new residential areas are the result of an
unstructured, space consuming, spontaneous expansion, where everyone builds on his
own, without taking into account future development directions. In this way are created
incoherent residential spaces, whose functionality is often marked by the lack of initial
unitary planning.
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The main directions of expansion are in the west, southwest, south, southeast (Fig. 2),
distinguishing a growth ring around the city, the localities from Scheia Commune (Scheia
and Sfantu Ilie) and Ipotesti (Ipotesti and Lisaura) creating a continuous space at the
contact with the administrative limit of Suceava City.
Table 1. Typological classification of the communes from Suceava’s periurban space,
considering the percentage of built-up surface evolution

Communes intensly influenced by periurbanization (>40%)
Communes strongly influeced by periurbanization (3040%)
Communes moderately influenced by periurbanization (2030%)
Communes slightly influenced by periurbanization (<20%)

Scheia
Moara, Ipotesti, Patrauti
Salcea, Bosanci
Mitocul Dragomirnei, Adancata

In Scheia commune, besides the classic residential periurban space, are very well
developed the commercial periurban areas, over 500 companies being based in the
commune, including two well known hypermarkets (Real and Lidl). According to local
authorities, attracting companies in the territory of the commune is one of the objectives
proposed in the development strategy of the commune. The main factors that favour and
encourage the development of these periurban areas from Scheia are the proximity to the
city, the presence of the European road (E58) and the possibility to connect to all public
utilities (water, sewerage, gas, electricity, etc.).
In Ipotesti and Moara communes dominates the residential periurban area (the
commercial areas are less present in the periurban space), the main factors favouring the
expansion of these spaces being the proximity of the city (especially in the case of Ipotesti
commune, which is located only a few minutes from the city center), the presence of
public utilities, and also the quality of the environment, which creates a favourable living
space.
Demographic dynamics
At the 2011 census, the population of Suceava City and its periurban space encompassed
148.662 inhabitants. If we take into consideration Suceava City, whose population is
declining in the last two decades, the trend of population is negative. But, if we consider
only the rural localities from the periurban area, the population trend is ascending (from
46.765 inhabitants registered in the 1992 census to 56.541 inhabitants registered in the
2011 census).
According to statistical data, the population of Suceava City is decreasing in the last two
decades, from 114.462 inhabitants in 1992 to 92.121 inhabitants in 2011 (Fig. 3). The
decline of population is not as dramatic as the statistical data shows, if we take into
account the evolutive stage of Suceava, respectively, the periurbanization. The urban
population that opted for individual housing in rural areas is still dependent of urban areas,
both through the workplace and through specific urban facilities that cannot be equalled
by periurban communes. However, during the period 1992-2011 the population of
periurban area increased with 10.776 inhabitants. If we consider that this increase is
mainly caused by urban migration in rural areas, would mean that the population of
Suceava is actually about 102.000 inhabitants, number located under the 105.865
inhabitants registered at the previous census in 2002. Although partially masked by
periurbanization, the population decline of the city is still very real.
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Among the communes located in the periurban area, are distinguished the ones where
population increased by more than 1.000 inhabitants between 1992-2011, such as: Scheia
(+5.110), Moara (+1.336), Salcea (+1.061), Patrauti (+1.044) and Ipotesti (+1.009). In
Scheia, the periurbanization process is the most visible, this phenomenon having on its
territory the most complex forms of manifestation.

Figure 3. Dynamics of population number in urban and rural areas (1992-2011)
Statistical data source: Censuses of 1992, 2002 and 2011

CONCLUSIONS
Suceava City tends to expand to the south-west, south and south-east, the proximity to
the city being one of the main triggering factors that determine the attractiveness of the
rural localities for urban migration.
The spatial development of periurban area is much more accelerated compared to
population dynamics, becoming more space consuming, due to the diffuse character of
territorial expansion. In Scheia, and the other communes as well, there are all the premises
for continuing the sustained process of spatial development from the last decades.
A major challenge for the actors involved in spatial planning at the local level, consists
in minimizing the negative effects of periurbanization and maximizing the benefits for
both rural areas whose territories are changed by the installation of urban population and
for people living in the new residential areas from the periurban space. Studies regarding
the complex process of periurbanization could represent for local authorities both an
instrument and a starting point in this direction.
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