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Abstract
The 2D electrical resistivity tomography method (ERT) is a technique that can detect layers and geological features by exploiting resistivity contrasts between different layers using electrical current. This
technique is useful for clearly determined resistivity boundaries, but limited where highly irregular or
complex geological features such as inhomogeneous inclusions are present. In such a case 3D survey
maybe required for inclusions type definition and also their size and location. The presented study
demonstrates the efficiency of the ERT to map boundaries between distinct lithologies and detection of
different inclusions on resistivity cross-sections.
Key words: Electrical resistivity tomography (ERT), limestone inclusions;

Introduction
The purpose of electrical resistivity surveys
is to determine the subsurface resistivity
distribution by making measurements on the
ground surface. From these measurements,
the true resistivity of the subsurface can be
estimated. The ground resistivity is related
to various geological parameters such as
mineral and fluid content, porosity and degree of water saturation in the rock [1].
Since all geological structures are 3D in nature, a fully 3D resistivity survey using a 3D
interpretation model should in theory give
the most accurate results.
The present study helps in understanding the
geological
conditions
in
opencast
Troyanovo-3 in the Maritsa Iztok Mine.
Troyanovo-3 mine has form of a rectangle
with west-east orientation and is located in
the southern part of the Maritsa Iztok Basin.
Extraction conditions in the opencast
Troyanovo-3 become harder because of
presence of solid limestone inclusions. This
solid limestone bodies make extraction operations extremely challenging.
This study is focusing on opencast coal exploration in the area of Mini Maritsa Iztok

EAD. The usefulness of geophysical methods in mapping the hard rock inclusions in
the overburden of the lignite mines is outlined.
Description of the technology and data
processing
It has become increasingly popular in large
scale mineral exploration surveys to use noninvasive geophysical methods for collecting
more accurate information about location
and geological properties of the ore bodies
and surrounding area.
One of the most suitable methods for limestone inclusion detection is electrical resistivity tomography method (ERT). The resistivity method is one of the oldest geophysical survey techniques [2]. Resistivity measurements are based on the difference in resistivity between different sub-surface materials [3]. Electrical resistivity tomography
(ERT) is a geophysical technique for
imaging sub-surface structures based on
electrical resistivity measurements made on
the surface. The aim of the electrical resistivity tomography (ERT) technique is to scan
the subsurface along the survey line using a
selected electrode array [4]. In electrical re-
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sistivity tomography method resistivity
changes in the vertical direction, as well as
in the horizontal direction along the survey
line.
2D ERT is done by 7 profiles (six of them
with a length of 92 m, and the ERT -7 with a
length of 115 m), connected to a multi-core
cable, having a total length of 667 m. A laptop microcomputer together with an electronic switching unit is used to automatically
select the relevant four electrodes for each
measurement. ERT data in this investigation
were rapidly collected with an automated
multi-electrode
resistivity
meter
–
Terrameter SAS 1000. ERT profiles consist
of a modeled cross-sectional (2D) plot of
resistivity (Ωm) versus depth.
Preliminary data processing is based on determination of a two-dimensional (2D) model of the subsurface, which is then compared
to the observed data and revised. ERT data

processing and modeling were done using
the RES2DINV. This program automatically
determines the 2D resistivity model for the
data obtained [5]. The 2D method of presenting resistivity data is limited where highly
irregular or complex geological features are
present and a 3D survey is required. Many
3D field data sets are constructed by combining a series of parallel 2D survey lines.
Ideally the distance between the lines should
be about the same as the distance between
adjacent electrodes in each line. However, in
most cases, the distance between the lines
can be two or more times larger than the inter-electrode spacing along the lines. The
data from each 2D survey line is initially
inverted independently to give a series of 2D
cross-sections. The 3D data set consists of a
number of parallel 2D lines. Аny point of the
field
corresponds
to
stratigraphic
descriptions presented as pseudo wells.

Figure 1: Series of 2D cross-sections at any point of which correspond
stratigraphic descriptions presented as pseudo wells

The measured apparent resistivity values
from all lines can be combined into a 3D
data set and inverted with RockWorks 16 to
give a 3D picture. The program is designed

52

for geological data management, analysis
and visualization. The quality of the 3D
model is expected to be poorer than that
produced with a complete 3D survey, but it

Acta Geobalcanica, 3-2, 2017, 51-56

is sufficient for supporting decision making
process.
In some cases, measurements are made only
in one direction. In the interpretation of data
from 2D resistivity imaging surveys, it is
assumed that the subsurface geology does
not change significantly in the direction that
is perpendicular to the survey line. In areas

with very complex geology, there are significant variations in the subsurface resistivity
in this direction (i.e. the geology is 3D),
which could cause distortions in the lower
sections of the 2D model obtained. For this
reason 3D data set was constructed by collecting data from parallel 2D survey lines.

Figure 2: Field measurements situation plan of 2D cross-sections with pseudo wells

From studies conducted, 17 areas of changes
in the electrical resistivity values were established. The electrical resistivity varies from
10 to 50 Ωm. Part of these values present
different lithological varieties. The aim of
this study is to divide this lithological varieties so that to collect an information about
the presence, location and characteristics of

the solid limestone bodies incorporated in
the mostly clay medium.
Results and interpretation
Geological materials have resistivity values
that enable identification of boundaries between distinct lithologies on resistivity
cross-sections.
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In Figure 3 are presented 3D block models
of the different lithological variations of the
studied area which represent electrical resistivity of the medium that build geological
section. The subsurface is known to be highly inhomogeneous consisting of sandy clays

and carbonated sand with carbonate and
limestone inclusions.

Figure 3: 3D block models of different lithological variations of the studied area:
A – East-North, B – North-West, C – South - East, D – West-South
Based on the obtained block models the following results for the studied geological varieties were obtain (Figure 4):
 Soil;
 Lithology 1 to 8-Sandy clays with single
limestone inclusions;
 Lithology 9 to 11-Sandy clays with limestone inclusions;
 Lithology 12 to 14-Untenable limestone
layers;

54



Lithology 15 to 17–Carbonated sand with
carbonate inclusions.
Also based on the same block models different lithological varieties can be presented
separately as quantity volumes. This information helps in understanding the distribution and location of different lithologies presented in this area.
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Figure 4: 3D models of the different lithological variations
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Conclusion
2D and 3D resistivity imaging methods are
simple, fast, inexpensive, and relatively accurate techniques used in geophysical exploration. In this study, 2D and 3D resistivity
imaging methods are used to produce images
of the subsurface structure of the MaritzaIztok Mine EAD. The result of presented
inverse model shows that the subsurface resistivity distribution in this area is highly
inhomogeneous and can change rapidly

within a short distance. Generally, this study
revealed lithologies composed mostly of
soil, sand, sandstone, sandy clay, clay and
untenable limestone layers and limestone
inclusions to a depth of about 12-14
m. Results provided useful information
about the resistivity distribution beneath the
studied area and helps in decision making
process for location of blasting boreholes,
which has to be arrange in the process of
solid limestone inclusions fragmentation.
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Abstract
The main research question is how spatial proximity of other agents (neighboring municipalities)
influences decision making of local politicians deciding upon user charges for local public services and
rates of local taxes. The paper refers to concepts of tax competition and tax mimicking but it extends
its usefulness beyond local taxes only, asking also about its applicability for decisions concerning fees
for services such as water provision, fares for local public transport, or parking fees.
There are two types of competition discussed in the paper: classic competition for mobile tax base and
yardstick competition, in which local politicians compete for political capital being related to
comparison of tax rates with neighboring municipalities. The latter meaning is more applicable to user
charges for services. The paper discusses theoretical concepts but also tests its applicability empirically
through the multi-variate regression models. It suggests that due to relative importance for consumers,
tax mimicking effect might be more visible in user charges than in policies regarding rates of local
taxes.
The paper is based on results of the “Fees for local public services - financial and political importance”
research project. The project is funded by Narodowe Centrum Nauki (National Science Centre) grant
number UMO-2015/19/B/HS4/02898.
Key words: tax competition, local government, spatial interactions, user charges;

Introduction
For political geographer interested in local
decision making and public finance the
question of spatial interactions is the most
interesting dimension in analysis of local
financial policies. In this paper we try to
apply the tax competition theory to
understand the spatial interactions behind
the variations in local government tax
policies and policies concerning setting
tariffs for local public services. The aim of
the study is to examine how useful that
concept might be to explain the behaviour
of Polish municipal governments.
Although empirical study concentrates on
Poland, it may have a wider importance for

the whole region of Central and Eastern
Europe. The concept has been recently
applied in Polish local government studies to
analyse tax policies [11], but now it is
proposed to borrow the concept of
competition to study tariffs of local services,
such as charges for water provision and
parking fees.
The concept of tax competition –
theoretical discussion
The model of tax competition has been
created to explain national tax policies, but it
may be applied to the local level as well. Tax
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competition is defined in this paper as the
situation in which the local tax rate in the
given jurisdiction is changed as a reaction to
the tax rates applied by neighbouring
jurisdictions.
There are two different potential motives for
tax competition:
 Competition for a mobile tax base, in
which local government tries to attract
movement of capital, companies or
residents to the given jurisdiction. It
leads to the growth of the local tax base,
and in the ideal scenario, also to a
resultant growth of budget revenues.
The positive impact on the local budget
can be direct (increased revenues from
the tax of which the rate is a subject of
competition) or indirect: e.g. local
jurisdiction attracts new tax-payers
through the competitive rate of the
property tax, which indirectly generates
new income from other taxes.
 Maintenance or increase of the political
capital – tax rates are adjusted in the
considered jurisdiction, taking into
account the tax rates of the neighbouring
municipalities in order to satisfy local
voters and to secure political support in
local elections. In this case one may talk
not about ‘classic’ competition for the
tax base, but about the concept known in
economics as ‘yardstick competition’.
In the latter case of ‘yardstick competition’
there is no reason to expect that reduction of
the tax rate may be compensated for by the
growth of the local tax base. In this case one
may talk rather about the exchange between
financial and political capital [7].
Blöchliger [1], in his interpretation of the
reaction of tax-payers to tax rates, refers to
Hirshman’s concept of exit and voice
strategies. The exit strategy may be
identified with the first of two motives
discussed above, since it assumes ‘voting
with the feet’ and the moving of the tax base
to another jurisdiction by ‘members’ who
are not satisfied with the benefits of their
membership of the club. The voice strategy
(complaining, protesting) may be identified
rather with ‘yardstick competition’ in which
tax-payers argue for lower tax rates referring
to the rates in neighbouring jurisdictions. In
that case ‘members’ try to improve their
position by expressing discontent and
demanding changes in tax policy. Blöchliger
58

suggests that a tax-payer has three potential
reactions to the tax rate he/she is not
satisfied with: moving to another jurisdiction
(exit), reducing effort (e.g. not making an
effort to earn extra income), and trying to
avoid taxation (tax dodging).
The debate on the value of local tax
competition has been prolonged and has
never led to a unanimous conclusion.
Antagonists issue a warning of the danger of
a ‘race to the bottom’ and the underprovision of public services [8] as well as
stress that the dynamics of tax competition
between subnational governments is such
that a local authority will not improve its
relative position within the country and none
will gain any long-lasting competitive
advantages. The protagonists’ arguments are
rooted in their belief in the value of
competition as such, which helps to achieve
innovations and obliges elected politicians to
strive for allocative efficiency [5].
What are the conditions which may increase
or decrease the intensity of tax competition
among local governments?
 Local tax autonomy – the more
autonomy local governments have, the
more likely is tax competition. It is
important at the same time that the
consequences of tax competition cannot
be externalised. In particular, revenues
from local governments’ own taxes must
not be substituted through financial
transfers from higher government.
 Structure of local taxes – probability of
tax competition is higher if local taxes
have a mobile tax base.
 Territorial
organization
–
tax
competition is more likely in territorially
fragmented systems, which minimize
barriers to the migration of residents and
of capital. Territorial fragmentation also
makes it easier to compare tax rates in
neighbouring jurisdictions,
 It is more likely to occur in smaller
jurisdictions, in which economy is more
open and they are more dependent on
external investors.
Building on the asymmetry of information
between voters (tax-payers) and political
representatives Reulier & Rocaboy [9]
expect also that the decision on the local tax
rate will depend on the variation of rates
among neighbouring jurisdictions. The
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larger the variation is, the easier it is for
politicians to apply higher tax rates in their
own jurisdiction, since it is more difficult for
voters to treat the surrounding region as a
yardstick in the political debate. .
European empirical studies suggest that tax
competition on a local level really exists and
can be identified in several cases. A
comprehensive review of identified cases of
local tax competitions is provided by
Blöchliger [1], [2]. The dominant opinion
suggests that local tax competition in
European countries is very limited. There
are at least two reasons explaining that
opinion. Firstly, the tax yields and the
discretion of local governments are limited
in Europe. Secondly, central policies
mitigate tax competition through the rigid
system of norms related to local services
(which demand a fixed level of local
spending) as well as through vertical and
horizontal equalization systems.
Relatively numerous empirical studies of
local tax competition in Western Europe
have so far had practically no equivalents in
Poland and very little reflection in other
countries of the Central and Eastern Europe.
One of a few exceptions is a work which
trace local tax mimicking in the Czech
Republic in the decisions on the property tax
[10].
Spatial interactions in local policies
through tax competition in Poland –
hypothesis for empirical tests
The main research question is:


Do changes of tax rates and of tariffs for
local services in neighbouring municipalities induce similar changes in an
analysed local jurisdiction?

In Poland potential space for local tax
competition is limited to the municipal
(gmina) tier only. Neither of two upper tier
sub-national governments - county (powiat)
nor regional (województwo) - have any
discretion to decide upon rates of any taxes.
And even on a municipal level the tax
autonomy is limited. The tax levels are
capped by the ‘ceiling rates’ imposed by the
Parliament, so the decision of local
government on tax rates is limited to the
levying of the maximum possible or lower
rates. Local governments may also grant tax

reliefs or exemptions. The tax yields
collected from local taxes provide a
relatively modest part of local government
revenues – on average it is about 20% of the
total local budget revenues.
The most important local taxes, which are
considered in our research include:


Property tax from physical persons,
which in practice means housing
properties of local inhabitants;



Property tax from legal entities, i.e.
business (commercial) properties;



Tax on agriculture, paid by farmers and
depending on farm size and quality of
soil;



Tax on vehicles, which is levied on
busses and lorries only (but not on
passenger cars, motorcycles, or tractors
used for farming), i.e. it is paid by some
types of businesses.

Property tax provides about three quarters of
all the ‘discretionary revenues’ (or over 12%
of the total budget revenues) of municipal
governments. More than four fifths of its tax
yields are collected from business properties,
while residential properties are taxed with
very low tax rates and provide less than one
fifth of the revenues from the tax. Tax on
vehicles (providing less than 1% of total
municipal revenues) is interesting owing to
its relatively mobile tax base. Therefore one
can expect tax competition in relation to it,
although, on the other hand, the low
significance of this tax for total budget
revenues and a very limited number of
potential tax-payers may reduce the interest
in policies related to the tax. Tax on
agriculture is important in traditional rural
local governments (although in the scale of
whole country it provides just below 2% of
municipal revenues). Moreover, in some
rural areas it is the only tax paid by most of
voters. For several rural tax-payers the tax
on agriculture constitutes a more heavy tax
burden than the tax on housing property.
In case of property tax from legal entities
there is no tax mobility in the literal sense migration of a given property is impossible.
But changing the location of business
activity influenced by the local tax rates is
likely to happen. Therefore, one may expect
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tax
competition
efforts
by
local
governments, which would aim at positive
spillover for the local budget through higher
income tax revenues from employees of the
re-located company.
In case of tax on agriculture and housing
property tax the mobility of the tax base is
very low or non-existent, although the
classic ‘voting with the feet’ model referred
originally to migration of residents. But in
practice, such a migration is very unlikely to
happen, especially in a situation where the
property tax is very low (in Poland the
maximum rate per square meter of the
housing property is less than 0.25 euro).

capita basis, per household, per square
metre or proportionally to water
consumption);


Tickets for local public transport;



Rents for communal housing.

The main hypothesis may be summarized in
following items:


local taxes constitute a minor part of
budget revenues and they are also a
small part of the tax burden imposed on
citizens and businesses. It concerns
especially taxes paid by households. In
2015 local taxes provided almost 20% of
municipal revenues, but less than one
third of the collected tax yield originated
from physical persons, while over 70%
was paid by business. In case of the
main local tax – the property tax – the
proportion was even lower, with
businesses carrying burden of 85% of
the total tax yield. Therefore tax policy
may attract only limited interest from
both sides (local politicians and taxpayers). We expect that tax competition
among municipal jurisdictions does
exist, but it is of relatively minor
importance for the final outcome of tax
policies. Moreover, we expect more
yardstick
competition
aimed
at
maintenance of political capital than
classic competition for a mobile tax
base.



We expect more intense yardstick
competition in case of tariffs for local
services, especially water and sewage,
i.e. services which are provided by all
municipalities and where comparison
with tariffs applied in neighbouring
jurisdictions is particularly easy.

If evidences for classic tax competition are
to be found in Poland, it is expected that in
case of tax on vehicles and commercial
property tax the dominant motive would be
the stimulation of local economic
development. But in the case of the two
other taxes the possible motive would be
related to ‘yardstick competition’ and the
desire to maintain political capital.
Similarly, most of policy decisions
concerning tariffs for local services is made
on a municipal level. In particular municipal
governments can decide upon:
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Charges for water supply and for
sewage produced by households. It is
operator of the system (often company
owned by local government) who
proposes the new tariff. The calculation
of the price is based on a formula
prescribed by the Law. At a first glance
the system looks very technocratic with
no much space for policy making or
inter-jurisdictional competition. But in
practice it leaves a lot of space of
manoeuvre for the mayor and the local
council who makes a final decision;
Fees for waste collection. Since 2014
the new regulation has transferred
responsibility for setting the price
system to local governments who
organize a tender for operator of the
system, which is financed by semi-tax
paid by all residents to the municipal
budget. The law prescribes only the
maximum level of the fee, and defines
various (alternative) ways of its
calculating (it may be charger on per

In their theory of typical responses for fiscal
stress, Wolman and Davis [12] suggest, that
increasing charges for services is politically
easier than raising rates of local taxes. That
observation has been confirmed in some
European studies – e.g. in Swiitzerland [6],
in Norway [4] and Denmark [3]. Dafflon
notes that tax competition in Switzerland has
been leading to local tax rates reduction
(phenomenon known as race to the bottom).
In such a situation the increase of tariffs for
local services may compensate the loss of
tax yields. It is often accompanied by the
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effectiveness argument – reduction of
subsidies to local services helps to liquidate
illusion of free lunches and improves
efficiency in allocation of resources. But
part of explanation is that comparing of
tariffs with neighbor communities is less
often that in case of rates of local taxes.
Therefore reduction of taxes helps
politicians to present to their voters in
“better light” even if they increase user
charges at the same time. We suggest the
opposite logic to be applied in Polish
environment, and perhaps also in several
other countries of Central and Eastern
Europe, where local taxes play even more
marginal role than in Poland. Since local
taxes are limited, we expect more
competition (similar to tax mimicking
phenomenon) in tariffs for local services. In
2015 in Poland, residents paid about 6.6
billion Polish złoty1 in main local taxes
(compared to over 16 billion paid by local
companies). At the same time, the mount
paid as tariffs for local services was much
larger. The budget revenues from tariffs for
water, sewage, waste collection and public
transport were over 7.6 billion. But budget
revenues from tariffs are only a small part of
(much more difficult for a precise
estimation) charges collected directly form
users by entities responsible for provision of
services (most often municipal companies or
budgetary enterprises). Therefore, potential
interest of voters in level of tariffs is higher
than in the level of local taxes.

between the tax level in analysed
municipality and tax levels in neighbouring
local governments, it is not certain sure if
one may ascertain that relationship to be the
outcome of the tax competition, or rather to
‘common location’ (e.g. in the vicinity of the
large urban centre). That relationship is
investigated through the Hierarchical
Multiple Regression model, that allows to
specify a fixed order of entry for variables in
order to control for the effects of covariates
and to test the effects of certain predictors
independent of the influence of others. In the
model correlation with tax rates of the
neighbours will be controlled by the distance
from agglomerations and other factors. The
model which we test may be summarized in
the following equation:

Methodologically, the issue of testing to
what extent the rates in an analysed
municipality are dependent in the level of
rates in neighbouring local governments is
complex. The level of tax rates (or tariffs)
depends on several other characteristics of
the local environment, such as population
size, the wealth of the local community etc.
In some cases these other explanatory
variables are related to the features
connected to the location of the local
jurisdiction. In particular it concerns the
distance from major agglomerations. In
suburb municipalities taxes are often higher
than elsewhere, because local governments
may tax the location rent. As a consequence,
even if there is a positive correlation

LE(i) – local environment measured by
population size, wealth of local community and
distance from large agglomeration centres

1

1 euro = approx. 4.3 Polish złoty

The empirical test of local tax rates has been
conducted for 496 municipalities located in
three different Polish regions. The same
logic may be applied to analysis of spatial
interactions of tariffs for local services.
ε
Where:
TR(i) – tax rate or tariff in municipality i
mean

of

tax

rates

of

tariffs

in

neighbouring municipalities (
,
where n – number of municipalities which are
neighbours of municipality i)
σ(NTR) – standard deviation of tax rates or
tariffs among neighbouring municipalities

ε – residual.

The empirical test of local tax rates has been
conducted for 496 municipalities located in
three different Polish regions. The same
logic may be applied to analysis of spatial
interactions of tariffs for local services.
Results and discussion
The tests of spatial interactions of tax
policies have been conducted through the
regression models. If similarity of tax rates
in neighbouring municipalities is caused
more by the similar conditions than by pure
‘neighbouring factor’, then the variation
should be explained better by factors such as
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the affluence of the local community or the
distance from large urban agglomerations.
But if the impact of the neighbourhood
remains significant after including the other
controlling variables in the model, it may
mean that tax competition plays a role in
explaining the variation in tax policies.
Dependent variables are rates of the local
taxes, while the list of independent variables
includes two which are related to potential
tax competition (tax rate in neighbouring
municipalities and standard deviation of tax
rates in neighbouring municipalities) and
three related to the broader context in which
tax policies are adopted (population size,
affluence of local community, and distance

to the large urban agglomeration). The
results of the test confirm that spatial
interaction related to neighbourhood factor
does matter (for more details see [11]),
although the explanatory power of
constructed models differs depending on the
tax. The best predictions of the tax rates one
gets in the case of agriculture tax (see table
1). The property tax is next, with rates for
housing properties explained better than
rates levied on commercial properties. But in
general the average tax rate among
neighbouring municipalities remains the
most powerful explanatory factor in all the
tested models.

Table 1: Regression models explaining rates of agriculture tax levied by
municipalities in the three Polish regions (2012 data, N=496).

Affluence of local community
Population size
Distance to agglomeration
Tax rate in neighbourhood
SD in neighbourhood

R2
0.570
Beta

Sign.
0.000
Sign.

0.127

0.000

0.728

0.000

Note: Beta coefficients are quoted only in the case of a relationship significant on 0.05 level.
Blank spaces mean no significant impact of the variable.
Source: own calculations on the basis of municipal budget reports.

How this picture fits with the variation in
tariffs for locally provided services? The
systematic analysis based on statistical
methods is still ahead, but the illustration on
figure 1 shows an anecdotic example of high
pressure exerted by comparison with water
and sewage charges in surrounding

municipalities. This is a picture of poster
prepared by bottom-up group of residents
protesting against tariffs for sewage. The
text says: “sewage system = robbery? We
pay 11 złoty for cubic metre, our neighbours
pay on average 4.55 złoty”.

Figure 1. Poster on prices of sewage in Szczawnica municipality, Poland (December 2015)

62

Acta Geobalcanica, 3-2, 2017, 57-63

What is important from our point of view is
a logic of argumentation behind the poster,
fitting perfectly with the “yardstick tax
competition” theory applied to tariffs for
local services. There might be several
factors beyond the variation of prices (e.g.
natural environment which influence costs,
population density, costs of recent
investments etc.) but the campaign

concentrates on simple spatial comparison
and it has important political meaning.
Of course the single case is not sufficient
test of the formulated hypothesis, but it
confirms that the positive result of the test is
likely to be found.
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Abstract
Emergencies represent inevitable problems of contemporary society. They have a specific difficulty
level determined by a multitude of factors. For these reasons we proposed to do a study on emergencies
accessibility within a geographic area with a specific category of risk, considering it useful and topical,
but also a solid ground to elaborate this sort of analysis.
The purpose of the present paper is to demonstrate the way in which the GIS technology can help the
emergency services achieve the optimal level to solve every emergency as effectively as possible.
Among the goals of this study is deploying modern methods and techniques of cartographic analysis to
achieve cartographic and statistical results that will visually expose and quantify the level of accessibility of Suceava county population to various emergency services, depending on the geographic position
of each locality and its assignation toward the closest professional intervention service in emergency
situations.
In this context, it becomes particularly important the demonstration the applicability of modern techniques of GIS usage and their implementation in various surveys, which can generate differentiations
on categories between several zones of investigated area, based on factor analysis and of favorability of
the zone analyzed related to the points of interest in the immediate vicinity.
Key words: GIS, fire, emergency, road networks, response time;

Introduction
The mission of the emergency services is to
protect life, propriety and natural resources
from fires and other emergency situations
[1]. Due to the increase in incidents, the
emergency services institutions have to use
the best instruments, techniques and training
methods to meet public expectations. One of
the tools that helps improve the emergency
services institutions is the Geographic Information System (GIS).
Emergency services rely on spatial data. The
rescue personnel units have to know where
each unit and available resources are located, for example, the position of the incident,
the environment and the available resources
for the intervention. They play a crucial role
in the public safety of every

community, their availability being highly
dependent on the location of the incidents
and the fastest route to them. Their performance should be as efficient as possible to
ensure the safety of as many lives as possible.
There are many other ways to approach the
problem of ambulance allocation using GIS,
and can be found in the theses of [2]
Lindeskov, C.K. (2002), [3] Sapateiro C.,
Antunes P. (2009), [4] Vratonjić M.,
Wittmann H. (2015).
GIS supports the planning, preparation, mitigation, the response, and management of
incidents [1]. It also extends the capacity of
maps (intelligent, interactive) to include all
kinds of information, analyses, and data.
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When an emergency situation occurs, any
delay in the intervention of authorized institutions can make the difference between
salvation, serious injury or loss of human
life. GIS helps reduce response time and
increases efficiency.

Ukraine, to the east with Botoșani County, to
the southeast with Iași County, to the south
with Neamț, Harghita and Mureș counties,
and to the northwest with Bistrița-Năsăud
and Maramureș counties. (Fig.1)

The area studied here is located in northeastern Romania, bordering to the north with

Figure 1: The geographical location of Suceava county.

Materials and methods
The main research methods used in this
study are: bibliographical, cartographical,
and statistical methods.
For the extraction of the information necessary to create the routes and maps, the necessary steps taken were as follows:


The delimitation of the studied area;



The extraction of the necessary information through vectorization:
o Zone

limit;

o Road

network;



Identifying problematic routes and possible
barriers in the studied area;



Processing the statistical data;



Analyzing the data and elaborating the
work.

The cartographic products carried out in this
work have been prepared by using the
ANCPI1 orthophoto plans from the years
2005, 2008 and 2010 and the Google Earth
1:25000 topographical map. The data regarding the location and the equipment of
the emergency units were retrieved from the
“Bukovina” Inspectorate for Emergency Situations, in Suceava county. The graphs and

o Railroads;
o Emergency



units locations;

Creating of service areas;
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ANCPI – Agenția Națională de Cadastru și
Publicitate Imobiliară (National Agency for
Cadastre and Land Registration);
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tables with the population of the area were
extracted from the INSSE2 2011 census.

ods for network vulnerability analysis, as
described in [6].

For the present cartographical analysis, we
resorted to the implementation of the GIS
cartographical analysis technique, particularly the use of the Network Analysis function
[5].

Sub-units of professional military firefighters are deployed in major urban areas of the
examined areas territory: the municipalities
of Suceava, Rădăuți, Fălticeni, Câmpulung
Moldovenesc, Vatra Dornei and in the cities
of Gura Humorului, Siret, Vicovu de Sus
and Solca. (Fig.2)

The 2005, 2008 and 2010 orthophoto plans,
taken from the National Agency for Cadastral and Land Registration, were used to obtain the necessary information for the study
through vectorization, resulting in the creation of the shape files, the road network, and
railways (polyline), limiting study area (polygon), and emergency services locations
(point).
Results
The aims of this paper can be found in the
generation of cartographical products which
expose the areas of operation and in resolving problems posed by certain restrictions/
barriers to facilitate the activity the emergency services in Suceava County. These
objectives were achieved through the use of
the Network Analyst extension.
A case of emergency itself is an unpredictable situation, something that doesn't allow
the localization and prevention of potential
emergencies, therefore, emergency services
have to make use of every means at their
disposal to respond as efficiently as possible
in emergency situations. Because both time
and distance are very important in the case
of emergency services, the cartographic
analyses of the present study were conducted
in order to select the unit closest to the location of the incident, regardless of its location
within the county.

In the case of the service area for fires, firefighter units have in their possession, for
every city, specialized technical equipment:
fire engines, mobile platforms and mobile
ladders for interventions in high places.
The administrative units most affected by
the lack of professional equipment and facilities for emergency intervention against fires
are:
Ulma, Moldovița, Izvoarele Sucevei, Moldova-Sulița, Cârlibaba, Breaza, Poiana
Stampei, Panaci, Broșteni, part of Crucea,
Ostra, Mălini and Dolhasca.
On the basis of the cartographic products
referring to the intervention time of the
firefighters services in emergency situations
in Suceava county, we centralized statistical
data which express on the whole, in a valoric
way, the coverage degree and the
intervention time of the firefighters services
in Suceava county, related to area and
number of inhabitants.

The areas of operation for emergency situations were conceived based on the time it
takes the Emergency Situation Services to
arrive at the location of the accident regardless of its location within the county. Currently, the optimal time it takes an ambulance to reach the site of an incident varies
between 10 and 20 minutes.
The identification of a service area can be
realized using the recently developed meth2

Institutul Național de Statistică (National
Institute of Statistics).
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Figure 2: Cartographic representation of the areas of operations for fires within Suceava County.
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Table 1: Statistical report on the access of the population to the services of the firefighters.
Intervention
time (minutes)
Number of
inhabitants
% inhabitants
Number of
administrative
units
% administrative
units
Surface
% surface

5

10

15

20

25

30

>30

Total

209 956

44 032

69 749

13 8259 47 182

98 695

22 960

630 833

33.28

6.98

11.06

21.92

7.48

15.65

3.64

9

9

14

37

11

23

8

8.11

8.11

12.61

33.33

9.91

20.72

7.21

544.76

374.44

688.44

1916.47 811.49

2489.09

1698.85

6.39

4.39

8.08

29.20

19.93

22.48

9.52

111

8523.54

Source: 2011 Census

Thus, according to Table 1, only 33.28 % of
the population of Suceava county, namely a
total of 209,956 inhabitants, benefit from
rapid service in case of a fire emergency.
The degree of territorial coverage of
Suceava county with a rapid intervention
time represents a percentage of 6.39 % of
the total area of the county.
Of course, there are also areas in Suceava
county with a poor level of coverage, in
which the time for intervention in the case of
an emergency situation exceeds 30 minutes.
This is the case for the inhabitants of the
northwest area of Suceava County: Breaza,
Brodina, Cârlibaba, Izvoarele Sucevei, Moldova-Sulița, Moldovița Ulma and Broșteni
city in the south of the county. From a statistical point of view, these areas have a total
of 22,960 inhabitants, meaning 3.58 % of the
entire population of the county. The area of
Suceava county with poor coverage level for
rapid interventions in case of fires, totals
1698.85 km², meaning a percentage of 19.93
%.
Conclusions
This study was achieved using the ArcGIS
software and the Network Analyst extension.
To be able to realize analyses of this kind,
the Emergency Services must buy the
ArcGIS program with a license, and the personnel dealing with the use of this software
must have at least minimal knowledge of
ArcGIS. The methods of analysis used here
were based on this software and it would be
difficult for people who have never worked
with this software before to use it.

In recent years the number of emergencies,
from the studied area, has increased rapidly,
especially during the summer. Emergency
services are equipped with the necessary
tools to deal with these emergencies, but
often problems occur and prevent the authorized personnel to respond in a timely manner. Among these problems we can mention
roads under construction, traffic accidents or
trains blocking the access of fire trucks. The
identification of vulnerable links in a road
network is described in [7].
In the cases of the areas of operation for
fires, though covering a larger area, not every emergency station has the necessary
equipment to cope with serious crisis situations, and the response time of the military
firefighters, situated at great distances increases and with it the damage caused are
greater.
The best option to reduce the response time
of the emergency services is to use such
technologies, and also to have a current and
well established database. But these alone
are not enough, the condition of the roads in
some regions of the county is very poor preventing the emergency services to intervene
in time. GIS role in transportation is very
important, due to the influence of roads in
reduction of the response time, as described
in [8].
Likewise, in order to better cover the disadvantaged areas, it is necessary to build other
SMURD stations even in settlements with a
large number of inhabitants which are far
away from the professional centers – settle-
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ments like Dolhasca, Moldovița, Broșteni
and Brodina.
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Abstract
This paper discusses nature labs as new lecture halls for Geography on the example of the nature lab
Altenberg. Therefore, innovative and practice-oriented methods of applied teaching are illuminated on
the example of the lab’s co-learning approach and the geomorphological educational trail, as an
instrument of environmental education. (section2). An evaluation of the nature lab’s impacts on the
communal development is provided in section 3 and factors of success for installing a nature lab are
detected, by evaluating lessons learned from 2013 till today. Altogether, the paper on hand can help to
understand the focal points for running a nature lab. It also shows how new teaching methods in
Geography can be applied in an innovative and practice-oriented way.
Key words: nature lab, co-learning, applied teaching, environmental education, educational trail;

Introduction
The
nature
lab
Altenberg
(http://www.naturlabor-altenberg.com/) in
Neuberg an der Mürz, Styria, Austria is
located in the picturesque landscape of the
Eastern Limestone Alps. This region - as
other rural and peripheral regions in Europe
is currently facing problems of demographic
change. Since the end of the 19th century –
breakdown of the regional ore-mining,
which was the base of regional economy and
development – the number of inhabitants is
constantly decreasing [1]. Today the
cadastral community has approximately 310
inhabitants, merely 10 % are younger than
the age of 15 [2].
One of the negative impacts of the selective
exodus in Altenberg an der Rax was
represented by the closing of the elementary
school in 2012. Besides the local restaurants
and shops, schools are one of the major
social infrastructures in rural areas and
pivotal places of social interactions [3].
Selective exodus and the shut-down of
public infrastructure result in a reinforcing
negative feedback loop, which can be

described as social erosion. Social erosion
denotes the process of transformation of a
space due to the runoff of certain elements
and following shrinking-processes that
accelerate each other [4]. However, this
abandoned site was detected as a potential
for the communal development. By changing
its image from a challenge to a chance, this
vacant building was identified as an
opportunity site for a second-hand space.
Second-hand spaces use both tangible and
intangible remains of the initial use to
reintegrate an abandoned place in the lifecycle and foster its development. [5] The
material remains are represented by the
building itself and the existing infrastructure.
Intangible remnants are harder to capture. In
this specific case, it is the atmosphere of
education and the ties to its former usage as
an elementary school among the local
population.
Considering the approach of second-hand
spaces and utilizing the tangible and
intangible assets of the former elementary
school for a future development, the afterutilization should draw to the purpose of
education. Together with numerous project

71

Danko Simić, Jörn Harfst: Nature lab – A new lecture hall for geography?

partners this vacant area was transformed
into the nature lab Altenberg in 2013 (Figure
1). (Partners are the municipality of
Altenberg an der Rax today Neuberg an der
Mürz, the University of Graz, the University
of Natural Resources and Life Sciences
Vienna, the University of Vienna, the

Technical University of Graz, the association
“Landentwicklung
Steiermark”,
the
association “Herausforderung Wasser”, the
nature park “Mürzer Oberland” and many
others, with subsidies by the province of
Styria and the European Union.)

Figure 1. The nature lab Altenberg, picture: Danko Simić, 06.2016

The main organizational pillars of the nature
lab are teaching and research, economy and
tourism, communal and regional development and a platform for knowledge and
experience exchange. All these layers are
intertwining and go hand in hand with each
other. They aim at fostering a positive
communal development by attracting visitors and thereby spreading the idea of the
nature lab outside of the region. [6]
Teaching and research in the nature lab
Altenberg
The nature lab Altenberg is an innovative,
practice-oriented competence-teaching and
research center. The focuses are natural
hazards in the Eastern alps and bordering
regions and human-environment interactions, which enable an integrative geographical approach in both research and
teaching. Thereby, education is not only
limited to university students but also
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accessible to pupils, interested laymen, the
local population and other visitors. [6] The
nature lab does not make use of one-sided
teaching systems but enables co-learning
processes (Table 1). This multilayered
approach brings external knowledge into the
region and merges it with the local
understanding and experiences of the
population on site. The result is a
comprehensive understanding of the region
and new competences for all participating
parties.
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Table 1. Co-learning and organizational relations within the nature lab Altenberg

Role within the
project

Nature lab
Altenberg

Nature lab
Altenberg
Medium between
the partners

Universities

Local population

Municipality
Neuberg an der
Mürz

provide knowledge
and experience, set
main framework,
use outcomes for
further research

Universities

Local population

Municipality
Neuberg a.d. Mürz

offers space and
infrastructure for
applied teaching,
fieldwork and
excursions

offers space for
participation
processes, social
interaction, training
and helps to define
local identity

brings positive
impulses for the
communal
development

include local
population in events
as local experts,
raise awareness for
related topics

assist in
transformation
processes, give
advice and
guidance

Local stakeholders

fosters and steers
communal
development by
participation

Scientific partner

inspirits the nature
lab by reintegrating
it into the everyday
life

provides local
knowledge,
participates in
events

includes the nature
lab and its scientific
findings in
developmental
plans, sets main
framework

cooperates closely,
assists in organizing
events

Moreover, various benefits occur from the
co-learning approach: The inhabitants of the
municipality, for example, are affirmed to
undertake a critical examination of the
region, which can activate creativity and
foster the communal development. Thereby,
the regional identity is strengthened and the
internal negative still-standing image is
transformed to an image of a municipality
with high level of participation and a vivid
exchange and interactions in-between the
inhabitants and the local decision makers.
[7]
Students also profit. They get the possibility
to apply their knowledge in the field. The
knowledge transfer is divided into
knowledge acquiring (mainly inputpresentations), analysis of the gathered
information (mainly discussions and
exercises) and practical implementation in
the field with contextual and personal
reflection in-between the steps. Practical
implementation of knowledge is simulated
in
stakeholder
and
interest-conflict
workshops. During these role-plays, the

encourages
inhabitants to
participate and
mediates between
population and the
Universities

Lead partner

students slip into the role of a local
stakeholder. Together in groups they work
on tasks concerning different developmental
issues. These tasks are closely connected to
the region and draw to the real-life
challenges.
As the sensitization for certain topics takes
place in the realm of experience, absorbed
information is processed on the factual and
emotional level. Therefore, the level of
consciousness is enhanced, which is
consequently influencing future actions. [8]
The geomorphological educational trail –
which uses the same conceptual framework
–is divided into eight stations and covers the
topics: geological overview of the region,
water, moraines, valley forms, karst
hydrology, erosion and vegetation, ground
moraines and anthropological morphology
(Figure 2). Thereby, the stations are not
installed in the landscape as usual: the
educational boards are mobile, enabling the
participants of the excursions and fieldwork
to choose their own place of knowledge
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acquisition. With this approach the issue of
furnished nature is avoided – i.e. numerous
educational, prohibition and mandatory
signs and boards which change the
appearance of our environment and
significantly contribute to its perception [8].

Moreover, this approach enables a simple
opportunity to change topics, add new
information or react to the personal demands
of the visitors. However, there are suggested
locations for the discussion of the boards’
topics (Figure 2).

Figure 2. Geomorphological educational trail, Danko Simić, 2017

The educational trail in Altenberg is
structured in three phases, which are
prepared in an experience-based didactic
way that follows scenic sequences. Phase 1
gives a general overview with a dense
content and amount of educational boards in
a comparable short distance. The hilly relief
enables the visitor to move easily in the
landscape and therefore is capable to capture
more information. Phase 2 is characterized
by a higher relief energy (approximately 200
m). In this phase the distance between the
stations are bigger to allow the participant of
74

the excursion to reflect on the topics and rest
in-between. The contents of the educational
boards are more specific and condensed. The
highest point of the educational trail offers a
magnificent overview of the whole region.
As mentioned above the emotional level is
addressed especially in this point. The final
phase is the decent and way back to the
nature lab. The educational boards are
distributed sparsely and the content is
reduced to a minimum, securing that the
visitor is not overloaded with new
information. A hike along the geomorpho-
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logical nature trail is rounded down with a
concluding discussion on the topics at the
initial point of the trail. [9] Usually, the way
is accompanied by a local, who enriches the
educational offer with personal stories and
experiences to bring the region closer to the
visitor.
Nature lab Altenberg – review and lessons
learned

There are various influences on the
communal development by the nature lab
Altenberg. As other factors are hard to
capture and evaluate economic and
accounting indicators – i.e. the overnight
stays and organized events – are used to
depict the positive influence of the nature
lab in the last years.
Already in 2013 eleven university classes
and excursions were held in the nature lab,
bringing more than 350 students into the
region. Moreover, five public events were
organized with approximately 280 local and
external participants with the topics: the
main idea and aims of the nature lab,
communal development, participation and
natural hazards. These events were assisted
by the scientific partners. [10]
The positive development continued in
2014: Even 1.200 overnight stays were
recorded in the frame of 16 university
classes and excursions organized by twelve
different departments of the University of
Graz, the University of Natural Resources
and Life Sciences Vienna and the University
of Vienna. In the same year, the training
center for becks was installed, offering
apprenticeship to understand becks as a
system and their interaction with the
settlement area with special respect to
natural hazards. [10]
In 2015 the structural reform of Styrian
municipalities – Gemeindestrukturreform
2015 – was implemented. Due to the idea of
bigger administrative units, the former 542
(2010) municipalities were restructured to
287 new municipalities. The former selfdependent municipality of Altenberg an der
Rax was unified with the three neighboring
communes Kapellen, Mürzsteg and Neuberg
an der Mürz. [11] This political event had a
vast negative impact on the nature lab
Altenberg. In this period, other topics were

defined as main action fields. Consequently,
the nature lab lost its importance and was not
longer seen as a potential for communal
development due to the remote location in
the new municipality Neuberg an der Mürz.
Till 2016 the restructured municipality
managed to overcome the challenges of the
structural reform and again included the
nature lab in its developmental agenda. The
first tasks were to set a new framework for
the restart. By reactivating former networks
and partners the nature lab Altenberg should
revive. An international summer school was
organized in the nature lab bringing students
and lecturers from nine different European
countries into the region. Additionally, a
geographic excursion was held. All in all,
the nature lab had approximately 60 visitors
(180 overnight stays) in the second half-year
of 2016 showing a gradual recovery.
The negative events of 2015 depict how
sensitive these small-scale projects react to
external changes. Therefore, main success
factors for running a nature lab were
detected on the example of Altenberg.
Comparable to the organizational pillars
mentioned above, all factors are important
and contribute their specific share to the
overall output. Still there are some factors
that can be described as more important:
Self-recovery out of the region is the pivotal
element for a successful and positive
communal development. Pugalis and Gray
state
that
the
“[…]
development
potentialities (and constraints) are specific to
the particular place […], which highlights
the need for approaches that are tailored to
contextual conditions” [12]. This implies
that there is no overall development model
which is universally applicable. It is the
specific set of elements – positive and
negative – which influence the approaches in
communal development. This place-based
modality also considers soft skills. [12] Only
with serious intentions and actions of the
local stakeholders (local experts) and
decision-makers, small-scale projects like
the nature lab can exist and foster a future
positive development.
Besides the local interest and active
involvement, a strong network within the
partners is indispensable. Close cooperation
can be sustained by the entanglement of
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participating parties, e.g. a co-learning
network. Within the network the nature lab
is the intermediate medium bringing
together all other project partners and
offering space for knowledge and
experience exchange.
In the first project concept the nature lab
was strongly related to the building of the
former elementary school [6]. The closing of
the school in 2012 was the initial point for
the conceptualization and implementtation
of the nature lab as discussed above.
However, the events in 2015 and their
negative impact on the nature lab show that
such projects should not be tied to a single
location within a municipality but to the
whole region. With a more scattered offer,
such challenges and threats can be absorbed
more easily.
Conclusion
The nature lab Altenberg sets an innovative
framework for applied teaching and
environmental education. It is especially the
co-learning approach implemented in the
region that needs to be highlighted. Bringing
together
different
interest
groups,
educational backgrounds and disciplines, the
nature lab offers multivariate possibilities of
education and knowledge transfer. The
pivotal approach is equal partners and
participants within the project and no
hierarchical structures with bottom-up or
top-down approaches. Specially, Geography
students can profit from these modalities as

the nature lab focuses on applied teaching. In
various lectures, excursions, fieldworks and
workshops students can test their knowledge
and work solution-orientated. Therefore, the
nature lab and its surroundings can be
denoted as a passable show-case for different
geographical topics reaching from natural
hazards to demographic change and selective
exodus.
The nature lab initialized positive
developments for the cadastral community
Altenberg an der Rax and the municipality
Neuberg an der Mürz. It attracts visitors
from outside of the region, which has
positive impacts on the regional tourism and
economy. Moreover, the nature lab builds
new self-confidence among the local
population and fosters an emerging new
identity. Gradually, the internal and external
image of an unattractive abandoned region is
transformed to a space of high local
involvement and a “municipality of
education and knowledge transfer”.
Opposed to these positive developments
there are several threats. These are mainly
too little involvement and acceptance among
the local population, stakeholders and
decision-makers. By implementing strong
project networks and incorporating all
stakeholders equally these threats can be
eliminated. With an innovative framework, a
nature lab can foster the communal
development and utilize endogenous assets
to their full developmental extent.
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Abstract
High concentrations of air pollution probably occurred in Krakow in the nineteenth and early twentieth
centuries. Since the late 1960s due to the development of monitoring networks level of air pollution is
well documented. In the past few decades, a considerable drop in SO2 concentration has been observed
in conjunction with a major increase in the particulate matter and nitrogen oxides concentrations. The
complex composition of aerosol particle samples (quartz, feldspars, clay minerals, carbonates, sulphates, chlorides, aluminosilicate and iron or iron oxide spherules of industrial origin and soot) suggests the multiplicity of their sources. In the near future, increased concentration of very fine particles
and precursors of photochemical smog should be expected because of increasing emission from vehicle
engines.
Key words: air pollution, smog, particulate matter (PM), soot, SO2

Introduction

Air pollution in Krakow

High concentration of air pollution in Krakow is a problem of great concern. Concentration of particulate matter (PM), nitrogen
oxides and benzo(a)pyrene locates Krakow
among the most polluted cities in Europe
[1]. Significant seasonal variation in respect
to concentrations is noted, while strongly
elevated values are recorded in winter
months [2], [3]. Furthermore, diurnal variation is noted in cold seasons. This is related
to the development of the inversion layer. In
winter, such a phenomenon occurs almost
daily and is long lasting.

It is possible to assume that the high concentration of air pollution in Krakow was noted
in the nineteenth and early twentieth centuries, being related to a rapid increase in the
number of inhabitants and growth in industrial and artisanal production. Local meteorological conditions, localisation of the city
in the Wisla river valley, high population
density and urbanisation were the other important factors of high concentration of air
pollution.

High concentrations of air pollution probably occurred in Krakow in the nineteenth
and early twentieth centuries, while systematic data have been collected since the
late 1960s due to the development of monitoring networks.

In the past few decades, significant change
in the composition of air pollution was
noted, that is, a considerable drop in SO2
concentration has been observed in conjunction with a major increase in the particulate
matter and nitrogen oxides concentrations.
Very high concentration of SO2 was related
to industrial emission and also to the burning
of coal for domestic heating. Reduction in
the SO2 concentration was related to a significant lowering of industrial emissions in the
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early 1990s and a systematic decrease in the
number of coal-fired furnaces in Krakow
[4]. Recently, the concentration of SO2 in
Krakow has fallen below the European Air
Quality Standards. High concentration of
airborne SO2 has been the reason for the
high rate of erosion in Krakow’s building
stones, including those found in the most
valuable historical monuments. Because of
the high concentration of dissolved components in atmospheric precipitation, salt
weathering was a dominant factor in the destruction of building stones [5], [6].
Recently, the most important components of
air pollution in Krakow are PM,
benzo(a)pyrene in PM, and nitrogen oxides.
Detailed studies of single aerosol particles
(particle size, morphology and chemical
composition) using scanning electron microscope equipped with energy dispersive spectrometer indicate their very complex composition. Quartz, feldspars, clay minerals, carbonates, sulphates, and chlorides together
with industrial products (aluminosilicate and
iron or iron oxide spherules) commonly occur (Fig. 1, 2) [7]. Soot is present as individual particles (often nanoparticles) or as
complex aggregates (Fig. 3, 4). Taking into
account the number of particles in the samples (which correspond roughly with the
number of particles in a cubic metre of air),
soot is a very important component of aerosol. It dominates in PM2.5. It should also be
added that PM is now enriched in the fine
PM size fraction. The content of secondary
aerosol particles is important, but the precise
determination remains challenging (especially the content of secondary organic aerosol).

Figure 1: Quartz grain covered with
clay minerals.
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The complex composition of aerosol particle
samples suggests the multiplicity of their
sources.

Figure 2: Aggregate of aluminosilicate spherical
particles of industrial origin.

Figure 3: Elongated branched soot aggregate.

It is possible to distinguish particles of natural and anthropogenic origin, but the interpretation of their origin based on morphology and chemical composition is often inconclusive. Spherical particles typical of hightemperature industrial processes are relatively easy to identify, while the origin of the
most abundant component of aerosols (at
least taking into account the number of particles in the air volume), that is, the soot particles, is difficult to determine since particles
of soot of various origins are similar in size
and morphology [8].
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High concentration of fine dust (containing
mainly soot) makes the polluting material
remarkably hazardous to human health.
Concentration of PM2.5 varies from 48% to
80% of PM10, but is usually in the 60–80%
range [10].

Figure 4: Densely packed soot aggregate.
It has to be noted that there are changes in
the composition of aerosol particle assemblages over time because of the production
and introduction of new technologies and
materials. The occurrence of pigmentary
TiO2 particles derived from building materials and paints currently noted in aerosol particles in Krakow can be presented as an example of such change [9].
Based on the results of our studies of aerosol
particles and the evaluation of potential
sources, it is possible to conclude that
among numerous sources of air pollution the
most important are vehicle emission; socalled low-emission, that is, related to
household heating; emission from industrial
plants and numerous small factories;
resuspension from streets, construction and
demolition sites; resuspension from soil; and
dispersed plant debris. The level of recognition of the proportion in which each of these
sources contributes is low. Published evaluations are based on modelling, but the scarcity of precise data related to emission (total
emission and characteristics of emitted material) causes the low reliability of models.

In the near future, increased concentration of
very fine particles and precursors of photochemical smog should be expected because
of increasing emission from vehicle engines.
This coincides with modelling presenting the
evolution of the characteristics of air pollution [11]. Increased concentration of fine or
ultrafine particles could result in deteriorating health conditions for urban inhabitants, even in the case of decreased concentration of PM expressed in particle mass
per volume (g/m3).
Concluding remarks
Low level recognition of air pollution emitters and sources is the reason for the unsatisfactory results of action taken by the Krakow
municipality in the case of air quality improvement. Evaluation of the threat posed to
inhabitants is also missing. Single actions
aimed at eliminating only selected sources
merely postpone the full resolution and delay
much expected improvement. Complex understanding of the issue and further studies
are required, along with the full determination of government and awareness of society
to improve the current situation. Also, legislation aimed at limiting traffic emission, the
introduction of emission limits for coal,
other fuels and boilers is required.
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