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Abstract
In Eastern Thailand, the harvest cycle of mangosteens and durians begins sometime in December, after
the end of the rainy season. The fruit plants are sensitive to moisture, and the farmers' main concern is
whether their life cycles will begin soon enough to avoid the harmful effects of rain. The dry conditions
in October yield an early flowering date, and wet conditions yield a late one. Using statistical analysis,
we can infer the October weather condition from the onset date of the rainy season in May. Such
knowledge enables a prediction model that allows fruit farmers to plan their crop strategically well
ahead of time.
Key words: Monsoon, Onset, Withdrawal, Mongosteens, Durians;

Introduction
Durians and mangosteens are important
products of the eastern provinces of
Thailand. Grown widely in Southeast Asia,
these fruits have economic value due to their
excellent flavor and richness in nutrients.
Their life cycles begin in December and
January when both plants flower. It takes
another month for them to bloom and four
additional months before they are mature
enough to be harvested. The life cycles are
summarized in Figure 1.It is well known that
drought induces tropical trees to flower. The
rainy season ends in October. A period of
approximately one month with little rain is
observed before the soil and air are dry
enough, placing the flowering date in
December. In some years, however, the
heavy rainfall postpones the flowering date
to as late as January, and the still immature
products that are not yet harvested will be at
risk from the moisture once the next rainy
season starts [2]. Our goal is to devise a
simple forecasting model to answer one of
fruit farmers' main concerns: how wet or

how dry will the weather conditions be at the
end of the year? This model can facilitate a
more efficient crop water management.
Figure 2 shows eastern Thailand. The
studied area is bordered by the sea to the
southwest. To the southeast is the Kravanh
mountain of Cambodia. The mountain range
continues into Thailand to the middle of the
studied area and there is called the Kitchakut
Mountain. The Asian monsoon regulates the
rainfall within the area, and is a global
phenomenon that spans a vast area from the
Arabian Sea to the western North Pacific and
Korean Peninsula [17]. Best understood as
the seasonal and directional changes in the
upper and lower wind field, the Asian
monsoon is a part of the interactive system
between the oceans and the atmosphere [12,
13, 15].
Over Thailand this monsoon system consists
of two types of wind: the south-westerly and
the northeasterly. The southwesterly brings
moisture from the Indian ocean, and the
northwesterly coldness and dryness from
inland China. The onset of the rainy season
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refers to the change in wind direction from
the surface northeasterly to the southwesterly and vice versa in the upper troposphere. The onset over Indochina occurs, on
average, on May 9th, with a standard devia-

tion of 12 days, and is characterized by the
intensification and northward extension of
the tropical convection from Sumatra,
coinciding with the weakening of the midlatitude westerly over south Asia [18].

Figure 1. The scheme of the crop cycle. The light shade represents the three-month dry season (known
as the winter in Thailand), white represents the three-month summer, and the dark shade represents the
six-month rainy season.

Figure 2. A topographic map of the area studied with the sites of the rain stations
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The date can be identified by looking at
synoptic wind fields [15], long wave reflectivity signals [8], or in situ measurements [1,
5] as in our own method.
We aim to use the onset date of the southwesterly monsoon to determine the withdrawal - a late withdrawal indicates wet conditions at the end of the year, and an early
withdrawal indicates dry conditions. The
onset signals the beginning of the rainy
season and is among the first factors that we
empirically determine about the monsoon
each year. It is a useful parameter because
farmers are naturally aware of the beginning

of the rainy season without the need of
intricate instrument. There are other regions
in which the onset is similarly used as a
prognostic
tool
in regional
water
management. Marteau [14] and Sultana [3],
for example, analyze the sowing strategy of
farmers in the Sudano-Sahelian zone of
western Africa in regard to the onset of the
rainy season. Sivakumar [11] used the onset
date of the African Monsoon to predict the
length of the rainy season in western Africa
and devise the most effective agricultural
scheme.

Table 1. A Summary of the data used in this study.
Province

Years

The number
of stations

Average daily
rainfall in
mm.

Standard
deviation in
mm.

X in mm.

Chantaburi

1951 - 2013

8

7.5

6.64

3.78

Trat

1951 – 2013

8

11.31

10.37

6.51

Sa Kaeo

1951 – 2013

10

3.99

2.86

2.37

Rayong

1967 - 2013

21

3.80

3.19

3.22

Compared to the onset, the withdrawal or
the end of the rainy season is less studied
and its nature still contested. It refers to the
change in wind direction from the surface
southeasterly to the northwesterly, and is
found to be gradual in Indochina, as
characterized by the reduction of rainfall
intensity, the decay of the anticyclonic
circulation over the Tibetan Plateau, and the
reappearance of the upper- level westerly jet
stream [8]. The withdrawal date varies from
region to region, depending on localized and
orographic influences [4, 6], but occurs near
October in Thailand. An early onset was
found to be associated with an early
withdrawal in Kerala, India [13], but with a
late withdrawal in the Amazon, [7].
Our goal is to devise a simple forecasting
model to answer one of fruit farmers' main
concerns: how wet or how dry will the
weather conditions be at the end of the year?
We establish the statistical relationship
between the onset and the withdrawal date.
The relationship will be empirical. It has a
practical linkage to the best strategy for the
regional water management. Section 2
details the basic information of the rain data

used in this study. Section 3 shows the result
of our analysis and how to adapt it to our
forecasting model. Section 4 discusses the
mechanisms behind the result and proposes
studies for further improvement.
Data and methodology
The research area comprises the eastern
provinces
of
Thailand,
specifically
Chantaburi, Trat, Rayong, and Sa Kaeo. The
rainfall data is taken from the rain stations of
the Thai Meteorological Department as
shown in Figure 2. Figure 3 shows the distribution of the average annual rainfall. The
daily rainfall data are summarized in Table
1. Trat is the rainiest province due to its closest proximity to the Kravanh Mountains.
The southwesterly monsoon brings in moisture, and the area in front of the mountain
receives the most precipitation. The rain
lessens farther away from the mountain in
Chantaburi and Rayong. Sa Kaeo also receives a small amount of rainfall due to its
location behind the Kitchakut Mountain.
Figure 4 shows the amount of daily rainfall
in mm in May (a) and October (b) of 1980.
May is the beginning of the rainy season,
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and as the month progresses, the daily
rainfall increases. An opposite trend happens
in October, the end of the season. These two
plots, however, illustrate a strong daily
fluctuation without any clear indication of

the exact date for the onset and the
withdrawal. Certain objective criteria are
necessary to identify those dates; ours are
adapted from [18].

Figure 3: The distribution of the annual rainfall (mm).
The area is the wettest in the southeast, and drier in the north and the west.

Briefly summarized, we search for the onset
on the first date after which the possibility of
rainfall drastically increases; for the withdrawal, the criteria are reversed. This possibility is calculated from the number of days
the rain exceeds certain thresholds, x,

10

summarized in Table 1. How we define x
will be explained in detail in the appendix.
Based on these two criteria, the onset in
Figure 4 is identified as May 17th, and the
withdrawal October 7th.
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Figure 4a: The rainfall in May, 1980, in millimeters.

Figure 4b: The rainfall in October, 1980, in millimeters.

For these dates to be meaningful, we expect
them to bear some linkage to the average
rainfall. We compute the onset and
withdrawal date for each province for each
year, and plot the results against the average
rainfall in April and May (Figure 5a) and in
September and October (Figure 5b). The
average rainfall is normalized, so that we
can compare them across provinces. A year
in which the rainy season comes late, as
expected, has a tendency toward a lower
average rainfall in April and May, while a

year in which the rainy season leaves late
has a tendency toward a higher average
rainfall in October and November. This is
especially robust for the lower bound as
indicated by the dashed line. The onset and
withdrawal, however, give no indication of
the maximum rain intensity. The rain may
come late, but it can still fall hard. The upper
bounds do not behave in a similarly
characteristic manner, although the trends
are still present.

a)
b)
Figure 5: The scatter plots between the onset and withdrawal date versus the average rain intensity in
April and May (a) and October and November (b), respectively. The dotted lines approximate the
tendencies of the minimum rain
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Results
Figure 6 shows the distribution of the onset
and withdrawal dates across the area. Dark
shading designates a wet area with an early
onset and a late withdrawal. The location
with the earliest onset and latest withdrawal
is Trat. The onset becomes later, and the
withdrawal earlier as one moves away from
the Kravanh Mountains. Sa Kaew, behind
the Kitchakut Mountain, has distinctively
late onsets and early withdrawals. This is
similar to the distribution of the average rain
intensity in Figure 3. Note that we ignore a
measurement from one station behind the
Kitchakut mountain since it gives out an
uncharacteristically late withdrawal. This
might be due to its having so little rainfall
that our method for detecting the withdrawal
does not work well. Another feature that sets
Figure 6 apart from Figure 3 is Rayong, the
eastern province, has an uncharacteristically
long rainy season considered how dry the

a)
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area is. The orographic effect of the Kitchakut mountain in the middle of the studied
area possibly brings in an early rainfall.
This relationship between the two parameters can also be observed in a boxplot in
Figure 7. The data are partitioned into four
groups based on the onsets. The box for each
group shows the latest and earliest withdrawal, the twenty-fifth, fiftieth and seventyfifth percentile, and the mean is shown with
a diamond marker. The plot exhibits a
decreasing trend in the percentiles, the
extremities, and the average value. An area
with a late onset has, on average, an early
withdrawal, while the opposite is true. The
slope of the linear regression between the
average onset and withdrawal dates is -0.32
± 0.08. Since the local rainfall is under the
influence of the Monsoon and the
geography, the rainier areas closer to the
mountain have longer seasons with early
onsets and late withdrawals.

b)
Figure 6: The distribution of the onset dates (a) and withdrawal dates (b) in Julian date in the area
studied. The Kitchakut mountain in the center apparently divides the area into two zones. The
southwest has an early onset and a late withdrawal, and the northeast a late onset and an early
withdrawal.
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Our main concern, however, is not the
spatial but the temporal correlation.
Knowing how the withdrawal date varies
from year to year can help the fruit farmers.
Figure 8 shows for each year a boxplot
between the distribution of withdrawal dates
and the onset date averaged across the
provinces. In a given year in which the onset
comes late -- for example, after the Julian
date 143 -- the withdrawal is, on average,
approximately ten days earlier than in a year
in which the onset comes early -- for
example, before the Julian date 124. The
slope of the linear regression between the
average onset and withdrawal dates is -0.36
± 0.04.
When and where the rainy season is short, it
has both a late onset and an early
withdrawal. This result is worth mentioning
since in some monsoonal regions such as in
Africa, the onset bears little relationship to

the withdrawal [11]. In India they bear a
positive relation [13], and in the Amazon a
negative one [7] like in this study.
Discussion and conclusion
The timing of the withdrawal appears to be
negatively correlated with the timing of the
onset nearly six months earlier. What could
be the reason behind this? The oceans
interacts with the atmosphere and arising
from that complexity is the phenomenon
known as the Asian Monsoon, which in turn
governs the rainy seasons in the area. While
the entire range of the interaction is yet to be
fully understood, scientists have learned to
partially quantify it through the changing sea
surface
temperature.
The
Southern
Oscillation refers to variations in the
temperature of the tropical eastern Pacific
Ocean with warming known as El Nino and
cooling known as La Nina.

Figure 7: A boxplot showing the onset date on the X-axis and the withdrawal date on the Y-axis based
on various stations across the area. A location with an early onset, on average, appears to have a late
withdrawal, and the opposite is true.

During an El Nino Year, the westerlies and
the Walker circulation weaken. Moisture is
belatedly transported into Indochina,
resulting in late onset, early withdrawal and
abated rainfall. Reverse mechanisms occur
during a La Nina year, when the rainfall
increases and the onset occurs early [4, 9,
10, 12, 16]. Our conclusion here is similar to
Marengo [7] which analyzes the onset
and the withdrawal date of the rainy season
in the Amazon along with the SST of the

Pacific and the Atlantic. When the SST of
the western Pacific is higher than average
and of the Eastern Atlantic lower, the onset
of the rainy season is delayed and the
withdrawal hastened.
We aim to devise a forecasting strategy to
accommodate the fruit farmers who are
primarily concerned with the weather
conditions at the beginning of their crops'
life cycles. We only present parameters that
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are intuitive and are relevant to a layperson,
such as the beginning and the end of the
rainy season. The strategy estimates the end
of the rainy season using the statistical
correlation between the onset and
withdrawal; in a year with an early onset,
the withdrawal will come late, and the
opposite is true. While the rainy season in
this area generally ends around October 9th,
on the one hand, if the onset comes after

May 29th, the withdrawal may be 8 days on
average earlier than the general date; on the
other hand, if the onset comes before April
27th, the withdrawal is delayed on average
by seven days. Such years present risks to
the farmers who, once aware that their
products may be harmed, can adjust their
cropping strategy, for example, by using
chemicals that shorten the maturing time or
prevent the buds from turning into leaves.

Figure 8: A boxplot showing the onset date on the X-axis and the withdrawal date on the Y-axis based
on various stations across different years. A year with an early onset, on average, appears to have a late
withdrawal, and the opposite is true.

For a future study, we aim to approach this
same relationship between the onset and the
withdrawal using different methods such as
examining the wind field or radar data. Does
this relationship occur anywhere else in
Indochina, and what does it tell us about the
nature of the Monsoon? We also aim to
establish a more robust connection between
the withdrawal and flowering dates of fruit
plants.
We finally would like to thank Kasetsart
University Research and Development
Institute for the funding of this project.
Appendix: The criteria for determining
the onset and the withdrawal
Our criteria are adapted from Zhang [18].
The onset is the date after which the
possibility of a rainy day drastically
increases, and the withdrawal the date after
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which the possibility of a rainy day
decreases.
First, we define a rainy day as one when the
rainfall exceeds a certain threshold, x. This
value must be adjusted to suit different
locations. In Chantaburi, the average rain
intensity is 15.11 mm between June 18th and
August 25th. The two bracketing dates are
chosen such that the former is assuredly later
than the onset and the latter is earlier than
the withdrawal. The rain intensity between
the two is hence the true average rainfall of
the monsoon season. We then take x to be
one third of this value; the day is categorized
as rainy if its rainfall exceeds one third of its
average value. The same applies for other
provinces. The values of x are summarized
in the last column of Table 1.
We define the onset as the first date between
April 10th and June 8th when:
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1. The rainfall is greater than a certain
threshold, x mm.

criteria for the withdrawal are the same, but
are reversed. when:

2. The rainfall on each of the two
consecutive days afterward exceed x mm.

1. The rainfall is greater than x mm.

3. Within nineteen days afterward, at least a
certain number of days -- y -- have rainfall
greater than x mm.
If y is too large, the algorithm will identify
the onset as near the end of the searching
period. If y is too small, the algorithm might
catch an early summer storm instead of the
true beginning of the season. For each year,
we vary y from 5 to 15 days and use the
average value of the resulting onsets for all
cases.
The withdrawal date is the last date between
September 5st and November 5st. The

2. The rainfall exceeds a certain threshold, x
mm, on the two consecutive days before the
date.
3. Within nineteen days before the date, at
least a certain number of days -- y -- have a
rainfall greater than x mm.
We perform a sensitivity test, checking
whether the different values of x and y will
significantly affect our results. The
relationship between the onset and the
withdrawal appears to be conclusive
provided that the two parameters are within
certain ranges.
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Abstract
The present article deals with conceptual and methodological questions at the base of a research project
of settlement history of Albania in the 20th century. We focus our interest on the identification of all
local units and their population. In order to get a complete cover of the country and historical
comparability we investigated, as far as possible, the enumeration of all villages of Albania and the
number of their inhabitants, but also their localization and administrative status as well as their spatial
delimitation. On the one hand, our work refers on an important corpus of official statistics issue of all
censuses held in Albania between 1913 and 2011, partially never published. On the other hand, the
large use of all available geographical maps dating from different periods up from the 1930s permitted
to spatialize the statistical information, to localize demographic information and to compare and to
improve the data.
Key words: Albania, population, villages, map, census;

Introduction
In the context of our research on settlement
history of Albania, we tried to get a
complete cover of all villages of the country
at the moments when censuses have been
conducted. Our work refers on an important
corpus of official statistics issue of all
censuses held in Albania between 1913 and
2011. A large use of all available
geographical maps dating from different
periods up from the 1930s, permitted to
spatialize the statistical information. In this
paper, we will give a short overview on the
quality of the statistical sources and the
cover and extend of the 19 censuses from
which exist complete or partial information
on population at local level.
In several respects, Albania represent a
challenging
context
for
historical
demographic research. Before the 1920’s,
only partial and unevenly reliable records
are available. Afterward, many censuses

were conducted, especially after 1945, but
changes in the administrative network (the
last having come into force in 2015), lack of
precise boundaries and the difficulty of
obtaining large-scale mapping and disaggregated statistical information (which
have not been published) make it difficult to
gather and consolidate the data. As for the
last two censuses of 2001 and 2011, data
exist up to the individual level, but access is
not necessarily easy, and spatialization and
codification poses certain difficulties. But
fortunately, the task is made possible by the
permanence, throughout the 20th century,
even in a rather vague sense, of the village as
a reference level, which allows the reaggregation of the data according to
administrative changes. The work thus
describes the collection of statistical
information available at the village level
between 1912 and 2011, the work of location
of these villages, and finally, the
harmonization of the data.
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today, of which a dozen, indicated in the
following table, proved to be accessible for
our project at the village level.

Statistical sources
There exist about twenty enumerations
between the end of the Ottoman period and

Table 1: Censuses and enumerations carried in Albania in the 20th century,
availability of data at village level (X).
Year

Type*

Carried out by

Villages

Observations

1913

E

X

1918

C

Grand quartier général
hellénique
Austro-hung. military adm.

X

Spatial extent: "Northern Epirus" (southeast of
Pogradec-Himara diagonal)
Northern and central regions to Vjosa river

1918

E

French military adm.

X

"Confins albanais", present prefecture of Korçë

WWI

?

Italian military adm.

-

Vlorë region. Quoted by Bërxholi (2000), p. 105

1923

C

Albanian state

-

1927

R

Albanian state

X

Religious affiliation

1930

C

Kingdom of Albania

-

Some available but dispersed results

1940

C

Italian military adm.

-

Quoted by Bërxholi (2000), p. 106

1943

C

German military adm.

-

Quoted by Bërxholi (2000), p. 106

1945

C

People’s Republic of Alb.

X

Population and gender

1950

C

People’s Republic of Alb.

X

Population and gender

1955

C

People’s Republic of Alb.

X

Population and gender

1960

C

People’s Republic of Alb.

X

Population and gender

1969

C

People’s Republic of Alb.

X

Population and gender

1979

C

People’s Republic of Alb.

X

Population and gender

1989

C

People’s Republic of Alb.

X

Population, gender, households

1994

R

Republic of Albania

X

Population, households

1996

R

Republic of Albania

X

Population, households

2001

C

Republic of Albania

X

Populations, internal migratory movements, etc.

2011

C

Republic of Albania

-

To request

* E=Enumeration; C=Census; R=Register

The first set of data consists of the surveys
carried out by the occupying powers in their
different zones during the First World War.
With the exception of the town of Vlorë and
its hinterland (roughly hundred settlements)
and frontlines (Mokra, Skrapar), approximately ninety percent of the territory is covered. The most important survey (by covered territory, quality, and completeness) is
the Austrian-Hungarian census of 1918 [1].
The other two sources, covering the south
and east of the country, are the “Statistique
ethnologique de l’Epire du Nord” collected
under the auspices of the Hellenic Headquarters in 1913, and published in 1919 [2],
and the “Tableau des villages administrés
par la France dans les Confins albanais”,
published by Bourcart in 1921 on the basis
of the 1918 enumeration [3].
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The first record has been realized in October
1912 by the Greeks who occupied the south
of present Albania, called by them “Northern
Epirus” (Vorio Epirus). Enumeration has
been carried out in a context of conflict and
territorial claim. The essential concern of the
measure has been the legitimization of the
Greek occupation, the “ethnological”
dimension consisting in counting “Hellenes”
and “Albanians”, according to religious
affiliation and not, as the record suggests, on
ethnic or linguistic definition. The second
census held in Albania has been conducted
by the French administration in the “Confins
militaires albanais”. At the end of 1916, in
order to make a junction between the French
front of Macedonia and the Italian front in
Albania, French troops entered Albania,
established their headquarters in Korça and
deployed a local administration. This French
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administration will last until the summer of
1920 and will cover all the former kazas of
Kortcha and Starova, part of those of Berat,
Skapari, Monastir and Elbasan. In 1918, the
administration recorded its population, some
122'000 people. Jacques Bourcart, a
geographer engaged in the campaign who
returned to Albania after the war, published
these results for each village in 1922 as an
appendix to his book “Les Confins Albanais
administrés par la France 1916-1920”.
The third and most important census of the
time was conducted by the Austrians in the
north and the center of the country. After the
initial occupation of these territories by the
Serbs and Montenegrins in 1915, Bulgaria's

entry into the war precipitated their retreat.
The Austro-Hungarian army occupied the
country until the Vjosa River, to the south of
which were the Italians, who occupied since
1914 the strategic island of Saseno, the city
and the port of Valona and its hinterland.
The Austro-Hungarian interests in Albania
had preceded the entry into the war; thus
their networks were already well established
in the Catholic area of northern Albania.
As soon as they arrived, they managed the
conquered land as a real colony, determining
the territorial-administrative organization,
building roads, organizing post and finances,
and carrying out a complete census of its
population.

Map 1: Location of the villages and hamlets enumerated by the different occupying
powers in 1913-1918 and those that appear in the subsequent counts (green).
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This census differs from those described
above since it has been organized by a real
specialist, Franz Seiner from Graz. Arrived
in 1917 in Shkodra, Seiner directed carefully
the well prepared operation; he disposed of
the pre-war experience of the Consuls who
had themselves collected or encouraged the
collection of scientific data. The basic
results on the village level were published
by the Austrian Academy of Sciences in
1922. A sample of individual records has
been given out by Kaser et al. in the 2000’s
[4].
Only partially used by Albanian researchers
(poorly known and reputed to be incomplete), these data seem to be very rich. They
never have been spatialized on the local
level nor compared between themselves or
with the subsequent censuses. The principal
spatial lack is the region of Valona/Vlorë;
according to Bërxholi [5], a census has been
hold by the Italian occupier, but we couldn’t
find any trace of it up to now. Data from
some conflict zones are also missing
(Skrapar in particular). For all other parts of
the country, villages detected in later
censuses are in fact new settlements: new
towns, agricultural cooperatives, new neighborhoods which have become separate villages. Critical work on these sources has still
to be done, especially on their validity in the
context of war (destruction of villages, displacements of populations, refugees, etc.).
In the unstable years of the inter-war period,
the young Albanian state conducted two
censuses in 1923 and 1930, but results did
never have been published. According to
Gruber [4], the original sheets of 1930
census should still be available, but they are
kept in different archives. An important
actor of statistical collection at this time has
been Teki Selenica. Engaged as an inspector
of the Ministry of the Interior at the time of
the 1923 census, he became SecretaryGeneral of the Council of Ministers and
headed the 1930 census. In 1928, he
published a book that remains the main
source of statistical data from that period,
and in particular, it presents the population
register data for 1927 for each village,
including religious affiliation [6]. In the
absence of data from censuses, data from
1927 are used for this work.
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The communist period is the richest, since
seven censuses were organized between
1945 and 1989 (1945, 1950, 1955, 1960,
1969, 1979 and 1989). While the
questionnaires have evolved over time,
especially according to the needs of the fiveyear plans and the political agenda
(disappearance of questions on religions in
1960), the collection at the local level seems
to be consistent over time. Figures at local
level never have been published. The
geographer Arqile Bërxholi carried out in the
archives a handwritten record of the
population by village, and proposed a
harmonization at the level of the 374
communes and municipalities in force before
the territorial reform of 2015. Finally, we
obtained the access to the data of the 2001
census from the Albanian statistical office
(Instat), and we hope to get the same data for
2011.
Spatialization of censuses
The absence of a precise registration of the
administrative boundaries has been a
common problem for all Albanian censuses
in history, from the enumeration conducted
by Siner up to the census of 2011. The
methodological orthodoxy of collection of
statistical data is difficult to achieve; it
would recommend the use of enumeration
areas embedded in existing administrative
units as geographic base for the census.
Franz Siner's list of place names
Franz Siner came up against this type of
problems when he arrived in Albania in
1917. The first observation he made was the
need to create a repertory of places, which
did not yet exist (or only very partially) and
which seems to him an essential element in
order to organize a serious census [1]. This
repertory includes all villages, as well as
associated hamlets, isolated farms, mills,
which makes it possible to determine the
limits of villages in a sufficiently precise
manner. This list had been used for a
campaign preceding the census, in which the
buildings have been counted and the
population estimated. Comparing results of
this estimation with those of counts made the
previous year, Siner notes a significant
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improvement: villages and whole districts
had been forgotten. An important work of
writing is also carried out in order to
produce a reference document, which is
complicated since many names exist in two
or three languages (Turkish, Slavic, Greek,
and Italian, especially in border regions).
They are pronounced differently by the
villagers
(Kthella/Thkella,
Rubigu/Robiku/Rrbiku, Leshi/Lezjia), etc.
The final version of the list includes 114
communes, 1794 villages and nearly 4000
hamlets. In the mountains of the North,
where settlement is dispersed, it is common
to find villages consisting of 8 or 9 places
with distinct names. Siner describes several
problems such as the cross-checking of
regional and local names, the fact that they
are often interchanged (Siner deplores this
fact even when he is assisted by educated
informants, such as Catholic priests or
missionaries). He mentions also a special
problem occurring in the North where
confusions are the result of the attribution to
the places of names of the Fis (i.e. parental
communities). If, as Doja [7] points out, “the
social structure is often based on a spatial
partition of the territory, inhabited by tribal
groups with lineage”, it is not an absolute
rule. From the 19th century onwards and the
intensification of demographic and social
processes, increased population movements
created “a gap between relations derived
from kinship and relations based on
neighborhood and territory”. The conesquence is that a name associating a lineage
community with the valley it comes from
can be given to villages or hamlets outside
it, that the name of a village may be carried
by a farm in a neighboring village, and
therefore more generally that the crossing of
these social and spatial inheritances –
ethnonyms and toponyms – often results in a
great confusion, source of many errors. The
establishment of correct place names could
therefore only be done very gradually. As
part of our project, almost all of the villages
have been located more or less precisely,
whereas only about a quarter of the hamlets
and farms have been identified, what shows
a strong evolution of the “micro-names”.

Contemporary cadastral zones
The closest territorial definition of a village
is maybe today the “cadastral zone”.
Traditionally, two cadastral systems
coexisted. The first, essentially present in the
towns, consisted of a simple register of
properties. The second, used for the
registration of agricultural land, included a
cadastral map at 1:5000. Between 1976 and
1991, private property was prohibited by
law. As early as 1991, the government began
recovering cadastral information and passed
a law in 1994 on redistribution of land. The
territory is divided into cadastral zones (approximately 3000), each of which has a register of properties which combines a map and
a title of property (“kartella”). The list of cadastral zones corresponds in fact to that of
the villages; it was used by the Instat for
preparing the 2001 census. The map of the
spatial extent of these cadastral zones is
therefore a central document to reconstruct
coherent village boundaries. But this map is
not complete: it covers about half of the
territory, including most of the populated
areas. The plain areas are thus covered. On
the opposite, cadastral areas are sometimes
completely missing in the mountainous
regions, and where they exist, they rarely or
partially integrate the commons (pastures
and forests) and the unproductive areas. It is
not uncommon for zones to overlap.
Spatial definition of inter-village boundaries
Before communism, the management and
ownership of the commons was regulated by
the Kanun, under the gaze of the ancients.
As elsewhere in the Ottoman Empire, “[…]
land regime recognized multiple layers of
ownership. […] In this complex land regime,
villages constituted the defining units with
regard to taxation and the award of new
lands for almost the entire existence of the
empire” [8]. Specific areas were the property
of groups of brothers (vllazni) and clans (fis).
Beyond a certain distance to the dwellings,
forests and mountain pastures were the
common property of the different villages,
and still further, the land outside the coproperty of villages were owned by the
bajrak (district) [9]. Traditional mountain
societies had a very strong and long tradition
of collective management of these areas. The
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procedure for defining borders met the rules
of Kanun. This system prevailed until the
end of the Second World War. The socialist
order then extended to the northern

mountains, and claimed to eliminate the
Kanun institution, the patriarchal structures
and the semi-feudal class of the Bajkaktars
[9].

Map 2: Different definitions of communal and village boundaries

But post-1991 developments have shown
that many aspects of local culture have
survived communism and that the Kanun
precepts have largely supported the
reorganization of mountain societies in the
difficult years following the collapse of the
regime. This is also the case for the memory
of the old boundaries, what, in some
respects, has facilitated the return to private
property in comparison to other regions. But
in the commons, many conflicts arose
(grazing rights, logging) because of the
contradiction between the state ownership
derived from the communist regime and the
practice of customary rights, as well as due
to the inability of the state to impose clear
administrative boundaries between villages.
According to Kola and Zeneli [9], an
important difficulty resides in the principle
of the retrieval of the limits between the excooperatives as communal borders, rather
than the retrieval of pre-communist inter22

villages limits. In the framework of the
project to transfer ownership of commons
from the State to the communes, inventories
of traditional village boundaries have been
undertaken. On map 2, we have represented
the result of such an inventory in a part of
the commune of Baz (Mat district), and
superimposed on the borders of the
communes and cadastral zones as published
on ASIG portal.
In the case of Baz, the different types of
limits show a partial coherence. When
obvious natural barriers occur, there is a
corresponding overlap between the cadastral
zones and the traditional boundaries: this is
the case for the village of Karica, situated
between two streams. But this case reveals
the approximate nature of the communal
boundary (in blue), which does not follow
the watercourse southeast of Karica.
Elsewhere, the superposition of traditional
boundaries and cadastral zones is poorer. On
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the other hand, there is a good crosschecking of the toponymical information
used for our mapping and traditional
boundaries for isolated farms outside the
cadastral area (Fush-Molla, Gjergasi and
Kroi i Lajthisë). The map shows the logic of
the cadastral zones which cover the
populated areas, that of the village
boundaries which integrate the village
commons, and that of the communal
boundaries, which, in order to cover the
whole territory, continue in the mountains
(bottom left, out of the map) on the eastern
slope of Mali i Skenderbeut.
Spatialization of recent censuses
The spatialization of the last two censuses
done by Instat is mentioned in various
documents relating to them [10]. For 2001,
Instat had problems to obtain maps or
written documents from the previous census
(1989, communist regime), and it had to
afford changes and indeterminacy of
administrative boundaries, the effects of
considerable population movements and the
presence
of
numerous
informal
constructions on the fringes of the cities. In
case of urban areas, cadastral maps have
been available, but in rural areas, updated
lists of heads of households were used by
referring to the 1998 Census of Agriculture.
Most often, the cadastral zones correspond
to the village [10]. Digital mapping
(approximate boundaries of communes and
municipalities, Tirana enumeration areas,
points to locate villages) was carried out
only after data collection. In 2011, the
method was improved and extensive use of
digital mapping was made for the
preparation and collection of data. However,
the problem of village borders has not been
solved: the generation of enumeration areas
has been done automatically on the basis of
population estimation, taking into account
natural obstacles and communal limits. In
both cases, the allocation of the population
to the villages was done on the basis of selfdeclaration. If the Enumerator Handbook of
2001 does not formally mention this fact, the
2011 edition states: “As there are no formal
boundaries for villages and towns, you need
to know what the location of the dwelling
is” [10]. To our knowledge, the mapping of
these declarations, possible for 2011, has not

been made: it would provide interesting
information on the quality of this
spatialization.
Topographical cartography
Since no census has accurate, complete and
available information on spatialization
(maps, cadastral extracts, etc.), we have
proceeded to mapping by considering the
following geographical bases: collection of
georeferenced toponyms and associated
cartography, geodata (administrative units,
cadastral zones), and mainly topographical
maps. All relevant geographic data have
been gathered in a Geographic Information
System (GIS). Two main families of
topographic maps have been relied upon:
Italian cartography from the 1930s
(1:50’000) and Albanian cartography from
the second half of the communist period
(1:10’000 for coastal regions, elsewhere
1:25’000) [11] as available on the portal of
the Albanian Authority for Geographic
Information (ASIG).
The Italian Military Geographical Institute
based in Florence produced between 1928
and 1939 a set of 90 maps covering the
entire territory of Albania. These maps were
partially revised in 1941-42 on the basis of
aerial photographs from 1937. Most of the
maps have been produced by the Italian
army's own surveys. In the Southeast
(Mallakastër-Korçë-Sarandë),
Italians
conceived a provisional cartography in 1939,
after the outbreak of the war against Greece.
These maps are based on ancient surveys of
the French (1:50’000), Austrian (1:25’000)
and Italian (1:50’000) army maps made
during the First World War, as well as those
of the Border Commission (1922-1925),
with the aim of rapidly completing coverage.
Deferred on the Italian trigonometric
network and updated rapidly on the basis of
1937 aerial photos, they are less accurate and
less exhaustive in terms of content (religious
buildings for example are only partially
reported). The main interest of these maps
lies in the very rich toponymy, what allows
to trace ancient villages and the numerous
villages whose names have changed over
time because of the “nationalisation of
space” [12]. Names that sound foreign
(Greeks, Turks) have been changed in favor
of Albanian names. For cities and large
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villages, maps show usually an Italianized
form of names.
The other series of maps consist of the
Albanian production of the 1970s and 1980s
and recently published on the national
cartographic portal (ASIG). Unfortunately,
the sheets are not dated, and their age is
obviously quite variable. They give a quite
contemporary vision of the territory, which
most
often
integrates
the
deep
transformations of the landscape that
marked the communist period: drainage of
the marshes and other land reclamation,
urbanization, large dams, etc. Although they
do not contain any administrative
boundaries, their very rich toponymy
compensates for this deficit by associating
the name of the main village with all the
micro-names (describing hamlets or isolated
farms). The double comparison of these
associations with the lists of the Austrian
census of 1918 and the modern delimitation
of the cadastral zones gives an idea of the

stability of the spatial definition of villages.
The high correspondence between them is
one of the keys for the success of
harmonization of census data. For the coastal
plains, there is also a 1:10’000 cartography
which is even richer in toponyms, sometimes
useful on the outskirts of towns in the great
plains and on the outskirts of agricultural
cooperatives.
Historical map of Albanian villages
For the purposes of our reconstruction work,
for example to visualize and understand the
differences in the allocation of hamlets to
villages over time, it was essential to set the
boundaries as precise as possible on a map
offering complete coverage of the territory,
without gap or overlapping. The basic unit is
each village appearing at least one time in
the tables of the dozen census counts
considered.

Map 3: Commune and village limits at Mbrostar (north of Fier). Some place names remain unchanged,
some other change significantly.

A little more than 3350 units are in the
repertory, compared to the 2977 villages of
the 2001 census. For coding, the reference
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chosen is the 2001 census, since the data
collection done by Arqile Bërxholi reports
the information at this level. In addition, the
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codification of the villages done by Instat
and by the Cadaster are quite comparable.
The numbering is done by adding a digit to
the four digits cadastral codes (which
correspond to the initial alphabetical
numbering of the villages). For example, the
village of Buzëmadhi, at the confluence of
the Vjosë and Shushices rivers northeast of
Vlorë, is coded 1341. The polygon
corresponding to its center is coded 13410,
while the codes of three hamlets in Fusha e
Buzëmadhi which appear independently in
the tables of 1927 but have merged since are
coded as follows: Glonçi (13411), Murtajasi
(13412) and Tojkani (13413). On this basis
it is possible 1) to aggregate the data for
each census or intercensal interval, or 2) in
cases where the old census unit is larger than
the current one – villages or cooperatives
have emerged, or data from an old census
were only available for a village group – to
aggregate the polygons to correspond to a
formerly relevant territory. In the first case,
the old village may be associated with a new
one, for example by retrieving its name from
the Italian map, which may allow it to be
located within a cadastral area, and/or

because it appears as a hamlet on the
Albanian map. In the second case, Siner lists
are often useful when micro-toponyms of
hamlets attributed to villages can be located
on Italian maps, this gives the spatial
extension of an ancient village and allows
comparison with more recent data. This
work is tedious and naturally, in certain
cases there remains some uncertainty and
interpretation. However, there is in general a
strong congruence between the different
sources. If not, cases are documented in the
database. For mapping it was decided to aim
for complete coverage of the territory by the
village units (which, as we have seen, does
not fully correspond to the land reality).
When available, the cadastral areas are the
main reference. Out of them, cartography
relies on higher administrative boundaries,
on micro-names and by subsidiarity on
natural boundaries (rivers, ridge lines, etc.).
In lowland areas, the use of cadastral areas
induces village boundaries modeled on the
orthogonal framework of the improved
crops, which does not correspond to the
prewar
land
tenure
structure.

Map 4: Extract from the historical map of Albanian villages: the black strokes correspond to the
communes/municipalities as they stood until 2014. In blue, the boundaries of the villages listed in
2001, in red, the boundaries of ancient villages. In green, the surface of cadastral zones; in grey, the
relief, one of the criteria used to draw boundaries outside cadastral zones.
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On the basis of the historical map of
villages, a new dimension of Albanian
statistical patrimony may be explored in two
ways: 1) trying to approximate internal
mobility – especially during dictatorship –
through reconstruction of migratory balance
at local level, 2) comparing finer patterns
through analysis of origin-destination
information available in recent censuses
(2001 and 2011) and – which is uncommon
– in the first modern Albanian census, the
one conducted by the Austrians in 1918. At
the present moment of our research, we have
finished the collection of census data on the

level of villages and we have already largely
completed the historical harmonization of
population
data.
As
shown,
the
geolocalization of villages and borders is
accomplished. The further steps will include
an analysis of the demographic patterns
through the periods by adding available
information on births and deaths and balance
of migrations during the different periods of
the 20th century. By referring to different
spatial classifications and typologies local
phenomena will be confronted to the general
spatial tendencies operating by periods and
regional context.
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Abstract
Groundwater circulating in aquifer systems comes mainly from water precipitation infiltration. This
infiltration, which can be evaluated by different methods (water balance, hydrodynamic or
hydrochemical), is systematically distributed throughout the entire watershed or permeable zones.
The main objective of this work is to estimate the recharge rate of the aquifers by using the distribution
of factors related to the infiltration on the surfaces such the lithological nature of the soil/sub -soil, land
use, vegetation cover and slope.
The used approach is a cartographic one and it is based on different data related to the considered factors. This approach uses remote sensing data and geographic information system.
The obtained result is a synthesis map of the recharge potential in the Sidi Bel Abbes plain in northwestern Algeria. This map is divided into four zones according to the recharge rate.
Key words: infiltration, recharge rate, mapping, GIS, remote sensing data;

Introduction

Study area

Since 1980, many approaches on recharge
estimation are reported in the literature. The
development of these methods is mainly
related to the limitations of conventional
ones that are successfully used in temperate
zones and unsuitable for semi-arid and arid
regions where aquifer recharge is generally
indirect/local [6,2] in [1] .

With an area of 1,120Km², the Sidi Bel Abbes plain constitutes the lowest part of
the area of the Mekarra watershed (Fig. 1).
This region is considered as the most important one in northwest of Algeria. The
Plio-quaternary formations fill the great alluvial valley of Sidi Bel Abbes that constitutes the most exploited aquifer in the considered region.
Faced with the needs of populations, industries and agriculture, this alluvial aquifer has
been intensively exploited in recent years,
where rainfall is about 60 hm3/year and the
dominant climate is semi-arid. The estimation of the infiltration rate and/or the recharge rate towards the aquifers becomes
necessary to orient the exploitation towards
the general development of the water resources.

The estimation of the recharge rate in these
regions is of particular interest in any quantification and management study in order to
ensure the sustainability of this resource,
which is becoming increasingly rare.
In this context, the overexploitation and degradation of the quality of groundwater in the
Sid Bel Abbes plain require interventions,
sometimes very urgent to preserve these resources.
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Figure 1: Geographical location of the study area

Data used
For the estimation of the recharge rate at the
study area, multisource remote sensing and
exogenous data are used.
The used remote sensing data are from the
Landsat 8 sensor taken in March 2016 and
the ASTER digital terrain model. These data
are characterized by 30m spatial resolution.
Exogenous data include a hydrogeological
map at the scale of 1/100,000 [9], a map of
agricultural soils at the scale of 1/100,000 [3]
and climate data.
The processing of the remote sensing data is
carried out using the ENVI software, while
thematic maps are crossed by using geographic information system.
Methodology adopted
The method applied for mapping areas affected by infiltration, which corresponds to
the recharge potential zones in the Sid Bel
Abbes plain, is based on a multi-criterion
approach.
This method must go through four essential
steps, such as “definition, classification and
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evaluation of the criteria rating, weights determination, weighting and combination of
criteria”.
1. Definition of criteria:
In this step, criteria that serve to establish
the map of the recharge potential zones are
defined. These criteria are the slope, the soil,
the lithology, the drainage, vegetation cover
and the land use.
Slope is obtained from digital terrain model.
This criterion allows identifying zones with
weak slope indicating zones favorable to the
good conditions of infiltration.
Drainage is obtained by a set of processing
made on the digital terrain model, where
from arises the map of drainage density by
decomposition in sub-basin realized according to the principle of Horton [5].
With:

Dd : drainage density [km/km2];
Li : Length of river [km];
A : watershed area [km2].
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Lithology is extracted from the hydrogeological map of the Sidi bel Abbes plain [9] .The
geological units are collected in four chaps of
grounds according to their hydrogeological
behavior by basing itself on the works of
Sourisseau and the Agency National of
Water resources in 1973, namely:




Karstic grounds, which present a big permeability, they correspond to formations of
jurassico-cretaceous age of the mounts of
Sidi Ali Benyoub and some limestones of
Eocene age of Sid Ali Boussidé.
Plio-quaternary alluvial formations and
Aptian limestones, these formations establish permeable horizons.



Weak formations in water resources are the
Pliocene sandstones of the Tenira forest,
the valangian limestone, and the gray marls
with some banks of conglomerates and
sandstones of the Olig-Miocene.



The impermeable substratum of the alluvial groundwater corresponds to marls of
Miocene age.

Soil represents the grounds superficial; this
map elaborated from the digitization of the
map of the agricultural soils of Sidi Bel Abbes pl ai n [3]. Depending on the texture of
the soils, we have clay-sandy soils with
"ferralitic
brown soils and ferralitic red soils"; soils
with balanced textures, "calcareous brown
soils, rendzines, colluvial soils, alluvial
soils" and finally soils with textures not
studied "forest soils".
Vegetation cover and land use are obtained
from the supervised classification using the
maximum likelihood algorithm on the Land-

Drainage:
Vegetation cover-land use:
Slope:
Lithology:
Soil:

sat 8 image. It allows a classification according to chap and the intensity of vegetation
cover; Class 01 "Forest and / or scrub",
Class 02 "Agricultural area", Class 03 "Fire,
degraded land, sparse vegetation" and Class
04 "Water plans, urban, bare soil".
2. Classification and evaluation of the criteria rating:
To facilitate the performance, every identified criterion is subdivided into classes varying from very low degree to the very high
degree based on the beaches ranges of the
criteria variation [4].
The importance of every class estimated by
rating that varies according to its influence
on the infiltration. Therefore, all the criteria
are classified according to the same rating
ladder with the exception of the criterion
"slope" which has an evaluation of the ratings independent of the other criteria, it is
due to the slope which has an inverse relation with the infiltration; more the slope is
low more the infiltration is very important
(Table 1) .
In these investigations, weight determination
bases on the analysis of the relational effects
inter-parameterized: one point (1pt) assigns
for each major effect, and a half point (0.5
pt) for each minor effect. The weight of each
factor will then be equal to the sum of effects that they exercise on the others
[7, 8]. For instance, the drainage affects all
factors, which result in a weight of four for
this parameter.
3. Weights determination:
The weight of influence of the factors expressed in points as follows:

4 major
1 major + 2 minor
3 major
4 major
2 major + 2 minor

= (4x 1)
= (1x1) + (2x 0.5)
= (3x1)
= (4x1)
= (2x1) + (2x0.5)

= 4 pts
= 2 pts
= 3 pts
= 4 pts
= 3 pts

29

Yamina Benkesmia, Nadjla Bentekhici, Lahcen Wahib Kebir-Estimation and mapping of infiltration based on……

4. Weighting and combination of criteria
(determination of infiltration index):

term "infiltration index" as well as its contribution rate.

The multi-criteria analysis requires the
weighting of the elements according to the
importance of each one in the realization of
the treated subject. In this work, the role of
each of these parameters in infiltration is
weighted, evaluated and expressed under the

The "recharge potential" in a given area corresponds to the results of the indices of all
parameters taken into account.

Very high
High
Lithology

Karstic grounds
Alluvionnaires formations
Cracked limestones

Infiltratio
n index

Classes

Weigh

factor

Rating
(1-10)

Table 1: Evaluation of the infiltration indices and the contribution rate
of the parameters on the recharge
Domaine of effet

contributi
on rate %

In estimate the contribution of each factor in
the potential recharge, its weight and rating
have been integrates, as shown in Table 01:

4

90

3

40.5

2

32

3

34.5

14

4

46

19

10
8
3,5

37

Moderate

Formations have lean to low
water resources
substratum of alluvial grounwater
Very low
Forest soils
Moderate-high
Soils with a balanced texture (
Moderate
Soil
limono-sandy and Limono-claysandy )
Soils with clay-sandy texture
Low
Forest and / or scrub
High
Agricultural sector
Vegetation Moderate
cover and
Fire, degraded land, sparse
Low
land used
vegetation
Water plans, urban, bare soil
Very low
>25%
Very high
12.5-25%
High
Slope
3-12.5%
Moderate
0-3%
Low
Dd>2
Moderate
Moderate -low
1.5<Dd<2
Drainage
low
1<Dd <1.5
Very low
Dd<1

1
6,5
5

2
8
5
2
1
1
2
3.5
5
5
3.5
2

17

13

1

Results and discussion

1. Establishment of the synthesis map

The initiative proposed in this work took
place in two stages, the first stage consists in
the construction of the basis of the data by
elaboration of five thematic maps (slope,
lithology, soil, drainage density, vegetation
cover and use land), and who by combination will give in the second stage of potential
recharge (Fig. 2).

The integration and the crossing of the main
factors, which are related to infiltration, into
a geographic information system enabled the
establishment of a recharge potential map.
This map reveals the major areas of infiltration in the Sidi Bel Abbes plain (Fig. 3).
Thus, four (4) descriptive levels have been
highlighted. The projection of these levels on
the scale proposed by FAO in 1967 [4,7,8],
shows similar values recharge rate classes
from low to very high recharge potential,
grouped in Table 2 following:
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Table 2: Recharge rate classification according to the FAO (1967)
Recharge Classes
FAO (1967)
Deteremined Rate
Taux Moyen

Very High
45-50%

High
30-35%

Moderate
10-20%

Low
5-10%

Very
Low <5%

D

D

D

D

ND

47.5%

32.5%

15%

7.5%

/

D: Determined; ND: No Determined

These classes show optimistic values as
potential recharge.
Highly recharged areas observed at the Jurassic-Cretaceous karst outcrops of the Sidi
Ali Benyoub Mountains and at the level of
the drainage channels that are located around
the towns of Chetouenne, Belarbi and Sidi
khaled.
The high-recharge zones characterize agricultural soils with the balanced-textured at
the Belarbi Plain, the Boukhanfiss-Tabia
Plain, the Bel Abbes Plain, the Eocene

limestones of Sidi Ali Boussidi and the
limestones of the Aptien Age.
The medium-recharge zones are located
around the town of Bel Abbes, at the level of
the Hassi Zahana plain, which covered by
clay-sandy soils, and at level of the Tenira
dome forests.
Low-recharge zones encountered in the Miocene formations that constitute substratum
of the alluvial groundwater table.

Figure 2: Plan presents the various thematic maps used for Development of recharge potential map
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Figure 3: Map of the potential recharge of the Sidi Bel Abbès plain

2. Estimation of the infiltration (potential recharge)
To calculate the quantity of infiltrated
water, a simplified calculation proposed by
the FAO in1967 (equation 1) [4, 8].
Infiltrated volume (Vinf) = Precipitated volume × ∑ (Recharge rate ×% of area)
Precipitated volume = average precipitation × total area of polygons

Average precipitation in the study area is
0.33 m.
The total area of the polygons is equal to
the sum of the area of polygons on each
recharge class as shown in Table 3. The
result obtained is about 1073 km2.

(equation 1)
(equation 2)

Therefore, the precipitated volume
calculated by the equation 2 is about 354
hm3.
The sum of dot product between the
recharge rate and percentage of polygon
area for each recharge class is estimated at
0.24 % (Table 3).

Table 3: Method of ca lculating the total aera polygons and ∑ ( Recharge rate × % of area)
Recharge
classes

Area (km2 )

Area( %)

Recharge rate (%)

Recharge rate (%) x
Area(%)

Low

160.21

14.93

7.5

0.011240178

Moderate

326.56

30.43

15

0.045822264

High

568.76

53.01

32.5

0.172915809

Very high

17.14

1.6

47.5

0.007615996

2

Total=1073 km

32

Total=0.24%
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The infiltrated volume (Vinf) = 354 × 0.24 =
85 hm3 / years.
The infiltrated blade water = Infiltrated volume (m3) / total area of the polygons (m2) =
0.0792m.
The infiltrated blade water (BWinf) estimates
at 79 mm / year.
This means that 24% of the annual average
precipitation infiltrates into the plain of the
study site.
This infiltration or amount of recharge
dis- tributed over the study area as follows:


15% in the alluvial plain (wadis and agricultural soils).



4% in the Pliocene sandstones of
the Tenria forest.


1% in Jurassico-Cretaceous limestones
and dolomites of Sidi Ali Benyoub, Eocene
limestones of Sidi Ali Boussidi.
 4% in formations that do not contain a
ground water table: Cracked limestones of
age Aptien,Oligo-Miocene formation,

for mation of Valangien (limestone of Remalia
c),Miocene marly and clayey-marly for- mations.
Conclusion
The obtained results show four descriptive level
zones through recharge potential map with a 24%
infiltrated blade water, 79 mm/year.
The areas of high recharge occupy the major part of
the study area. According to the FAO scale, the Sidi
Bel Abbes plain is a high re- charge with a rate
between 20% and 30%.
The obtained results could confirmed by measures on
the ground made to the factors contributing to the
infiltration whose valida- tion of these results could
also lead to the definition of new criteria or to modify
the obtained results.
This type of map provides information on sites where
ground water could renewed under normal rainfall
conditions. They can used as prevention against the
risk of pollution for better management of the
groundwater resource.
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Abstract
Air pollution is a serious environmental problem. The anthropogenic air pollutants have been intensified in the atmosphere of industrial and densely populated cities. The aim of this study was to reveal
temporal and spatial pattern of air pollution in Bursa, Kocaeli and Yalova. Because the cities are a
densely populated industrial city in Turkey. For this study, outdoor inhalable particles (measured as
particulate matter-PM10), sulfur dioxide (SO2), nitrogen oxides (NO, NO2) and carbon monoxide (CO)
data were used to put forward air quality for the period March 2013- December 2015. Data taken from
four air quality monitoring station (Beyazit Street, Inegol, Kestel, Kultur Park, Uludag Universty,
Alikahya, Golcuk, Korfez , İzmit Kandira, Yenikoy, Altinova and Armutlu) established by the Marmara Clean Air Center Directorate were used. The correlation between the PM 10, SO2, NO, NO2, CO concentration, year and month has been investigated utilizing bivariate correlation methods. Inverse Distance Weight (IDWI) techniques were used to analyze the spatial distribution of all pollutants. As a
result, annual SO2, PM10 and NO2 concentrations show a decreasing trend in the last years. However,
NO and CO concentrations show a increasing trend. Also, the maximum SO 2, PM10, NO2, NO, and CO
concentrations peaked at the period of winter season. When the pollutants concentrations indicate
higher values in city centers with high population intended for heating and around industrial enterprises
(Bursa and Kocaeli)..
Key words: Bursa, CO, Kocaeli, NO, NO2, PM10, Regression, SO2, Yalova;

Introduction
An increase in population, industrialization
and urbanization cause environmental
problems. As a result of this situation, the
quality of air, water and soil, which are
among the natural environment elements,
deteriorates. Among these environmental
problems, the pollution which exhibits its
effect within the shortest time is air
pollution [1]. Pollutants left in the
atmosphere as a result of the combustion of
fossil fuels used in heating, vehicles, power
generating plants and industry constitute the
main sources of air pollutant parameters in
the urban atmosphere [2]. The air pollution
levels of urban life also vary by vehicle
traffic, energy generation and climatic
factors.

The most common air pollutants in the
atmosphere consist of SO2 CO, NO, NO2 and
PM10. SO2 mixes into the atmosphere as a
result of the combustion of poor quality
fossil fuels containing a high rate of sulfur
for industrial and heating purposes [3], and
PM mixes into the atmosphere mostly from
industrial organizationsand partially from the
use of fossil fuels for heating. CO pollution
results from cigarette smoke and exhaust gas
[4], NO emissions result from industrial
activities, especially traffic, and NO2 is a
traffic-based pollutant [3].
Air pollution is an important environmental
problem experienced in Turkey as it is in the
world [5]. The World Health Organization
(WHO), European Union (EU), European
Environmental Protection Agency (EPA)
and Turkish Air Quality Control Regulation

35

Serpil Menteşe: Temporal and spatıal varıatıon of aır pollutıon in Bursa, Kocaeli and Yalova, Turkey.

(HKKY) has set the target limit values for
air pollutants. When these limit values are
exceeded, pollutants cause negative effects
on non-living things and living creatures.
When their effects on human health are
considered, air pollution is the most
important problem in urban areas [6]. It is
estimated that every year, 1,3 million
people, especially in developing countries,
die due to urban outdoor air pollution [7].
Thus, air pollution is one of the biggest
environmental problems.
Methods
Sampling site
Bursa, Kocaeli and Yalova are located in the
Marmara region of Turkey (Figure 1). Since
2016, Bursa has the population of 2.901.396,
Kocaeli has the population of 1.830.772 and
Yalova has the population of 241.665. Bursa
is an industrial city in which many industrial
organizations producing different products
from food to textile, from automotive

products to machinery and equipment
operate, the population and the number of
vehicles consistently increase and there are
six industrial zones. Kocaeli is an industrial
city which has more than 1000 industrial
enterprises 300 of which include very dense
traffic arteries (D100 and E-6(TEM)), three
tire factories, automotive industry, paper
mill, petrochemical industry and petroleum
refinery. Moreover, TÜPRAŞ which is the
biggest refinery of the Middle East is located
in Kocaeli [8]. The tourism sector has an
important place in the economy of Yalova.
In general, the Mediterranean climate type is
common in Bursa province and it is dry and
hot in summers, warm and rainy in winters.
In Kocaeli, there is a transition climate type
between the Mediterranean climate and the
Black Sea climate. Moreover, in Yalova,
there is a transition climate type between the
Mediterranean and Black Sea climates.
Summers in the province are dry and hot,
and winters are warm and rainy.

Figure 1: Location map of the study area.

2.2. Data
For this study, outdoor inhalable particles
(measured as particulate matter-PM10) and
sulfur dioxide (SO2), nitrogen oxides (NO,
NO2) and carbon monoxide (CO) data were
used to put forward air quality. Data taken
from 11-13 ranging air quality monitoring
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stations (Beyazit Street, Inegol, Kestel,
Kultur Park, Uludag Unv., Alikahya,
Golcuk, İzmit, Kandira, Korfez, Yenikoy,
Altinova and Armutlu) established by the
Marmara Regional Clean Air Center
Directorate were used. The monitoring
stations were fully automated and provided
daily readings of levels of SO2, PM10, NO,
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NO2 and CO. For each day, air pollution
data were extracted from all monitoring
stations. Monthly averages were then
calculated for all pollutants for further
analyses. When data were missing for a
particular monitoring station on a given day,
the values from the remaining monitors were
used to compute the average.
2.3. Statistics
The correlation between the PM10, SO2, NO,
NO2, CO concentration, year and month has
been investigated
utilizing bivariate
correlation methods. Inverse Distance
Weight (IDWI) techniques were used to
analyze the spatial distribution of PM10, SO2,
NO, NO2 and CO in the study area and to
predict the variable values of un-exampled
places with the help from the values of
exampled places. In the study, the
multivariate
statistical
analysis
was

performed by SPSS Software. For mapping,
ArcGIS Software was used.
3. Results and discussion
3.1. Temporal and Spatial Change of
PM10
Particle matter in the air are pollutants that
should be monitored and checked due to
their important environmental and health
effects. This is because particle matter have
negative effects on both health and the
environment. When the annual PM10 change
in the study area was examined, it was
observed that the pollutant around Beyazit,
Inegol, Kestel, Alikahya, Izmit, Korfez,
Yenikoy and Armutlu tended to decrease
between March 2013-December 2015. It was
identified that the pollutant around Kandira
increased. This tendency for increase was
found to be statistically significant at 99%
confidence level (r:0,547; p≤.001) in PM10
(Table 1).

Table 1. Correlation Table Indicating the Monthly and Annual Temporal Change of PM 10.
PM10
Year
Month
Place
Pearson Correlations Sig. (2-tailed) Pearson Correlations Sig. (2-tailed)
Beyazit Street
,031
,862
-,074
,677
Bursa
Inegol
-,083
,640
,120
,499
Kestel
-,207
,239
-,058
,744
Alikahya
-,178
,313
-,062
,727
Izmit
-,263
,134
,009
,960
Kandira
,547**
,001
-,152
,392
Kocaeli
Korfez
-,199
,259
-,243
,167
Yenikoy
-,172
,331
-,290
,096
Armutlu
-,334
,054
-,079
,657

The tendency for decrease in PM10 is
related to considering the limit values
determined in air pollution control
regulations and change in resources causing
pollution. For example, while the source of
pollution was mostly industrial processes
and heating twenty years ago, nowadays, the
most important source of pollution is traffic
as well as industrial sources [9].
Furthermore, the use of quality fossil fuels
and transition to natural gas in almost all
provinces are the other factors which are
effective in reducing the values of
pollutants.

at higher levels during summer in and
around Bursa. The concentration levels were
found to be at lower levels in other areas of
the study field.
Although high concentration levels were
encountered in and around Bursa in
December, the highest concentrations were
identified in and around İnegöl. When the
sample months were compared among
themselves, it was identified that the PM10
levels in December were higher than in July
(Figure 2). The climatic features of winter
are effective parameters in the formation of
pollution.

When the spatial change of PM10 in July was
examined
(Figure
2), the
highest
concentrations in all years were generally
identified in and around Bursa (Kestel,
İnegöl, Kultur Park). In other words, PM10 is
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Figure 1: The Spatial Distribution of PM10 Concentration of the Study Area.

3.2. Temporal and Spatial Change of SO2
The most important sulfur compound
causing air pollution is SO2. SO2 results
from industrial activities, fossil fuels used
for heating, thermal plants and the use of
diesel-fueled vehicles [8]. When the annual
SO2 change was examined, it was observed

that the pollutant around Beyazit, Inegol,
Kestel, Kultur Park, Uludag Unv., Golcuk,
Korfez, Yenikoy and Altinova tended to
decrease between March 2013-December
2015. This tendency for decrease in SO2 was
found to be statistically significant at 99%
confidence level (r:0,497; p≤.001) only in
İnegöl (Table 2).

Table 2: Correlation Table Indicating the Monthly and Annual Temporal Change of SO 2.
SO2
Place
Beyazit Street
Inegol
Bursa
Kestel
Kultur Park
Uludag Unv.
Alikahya
Golcuk
Kocaeli
Korfez
Yenikoy
Altinova
Yalova
Armutlu

Year
Pearson Correlations Sig. (2-tailed)
-,016
,929
,003
-,497**
-,309
,076
-,202
,253
-,304
,081
,061
,732
-,161
,364
-,271
,134
-,238
,176
-,110
,538
,004
,980

When the spatial change in SO2 in July was
examined
(Figure
3), the
highest
concentrations in 2013 and 2015 were
generally identified in around Bursa (Kestel,
Inegol and Kultur Park) as in PM10. Kandira
was added to Bursa in 2014. This is because
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Month
Pearson Correlations Sig. (2-tailed)
-,203
,250
,095
,594
-,300
,085
-,082
,645
-,219
,213
-,209
,235
-,027
,879
-,441*
,012
-,178
,314
-,136
,444
,229
,192

SO2 concentrations indicate higher values in
city centers with high population intended
for heating and around industrial enterprises
(8). The concentration levels were found to
be at lower levels in other areas of the study
field.
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Figure 2: The Spatial Distribution of SO2 Concentration of the Study Area.

The highest concentrations were observed in
and around Bursa in December as it was in
July.
When the sample months were
compared among themselves, it was
identified that the SO2 levels were higher in
December than in July as it was in PM10
(Figure 3).
3.3. Temporal and Spatial Change of NO
The most important ones of NOx causing air
pollution are NO and NO2. In many cities in
Turkey, decreases were observed in the
levels of air pollutants with the transition to
natural gas instead of fossil fuels [10].

However, the most important two main
pollutants in natural gas are NO and NO2
[11]. Laws have been approved for
monitoring NOx emission due to reasons
such as its effect on health, reaction with
ground-level O3 concentration, and acid rain,
and the limit values that should be complied
with have been set.
When the annual NO change was examined,
it was observed that the pollutant in the
study area tended to increase between March
2013-December 2015. However, this
increase trend was not statistically
significant in NO (Table 3).

Table 3: Correlation Table Indicating the Monthly and Annual Temporal Change of NO.
NO
Year
Month
Place
Pearson Correlations Sig. (2-tailed) Pearson Correlations Sig. (2-tailed)
Beyazit Street
,084
,638
,206
,242
Inegol
,720
,281
,108
,064
Bursa
Kestel
,152
,390
,267
,127
Kultur Park
,082
,644
,300
,084
Uludag Unv.
,081
,651
,385*
,024
Alikahya
,111
,532
,094
,599
Golcuk
-,021
,905
,083
,640
Izmit
,076
,667
,215
,222
Kocaeli
Kandira
,213
,226
,482**
,004
Korfez
,116
,514
,203
,251
Yenikoy
,036
,838
,133
,454
Altinova
,100
,574
,064
,721
Yalova
Armutlu
,108
,541
,190
,281
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When the spatial change in NO in July and
december was examined (Figure 4), the
highest concentrations in 2013 and 2015
were generally identified in around Bursa
(Kultur Park and Kestel) and Kocaeli (İzmit,

Kandira). When the sample months were
compared among themselves, it was
identified that the NO levels in December
were higher than in July (Figure 4).

Figure 3: The Spatial Distribution of NO Concentration of the Study Area.

3.4. Temporal and Spatial Change of NO2
When the annual NO2 change in the study
area was examined, it was observed that the
pollutant around Kultur Park, Alikahya,
Golcuk, İzmit, Kandira, Yenikoy and
Altinova tended to decrease between March
2013-December 2015. However, this

decrease trend was not statistically
significant in NO2 (Table 4). It was
identified that the pollutant in other parts of
the study area increased. However, this
increase trend was not statistically
significant.

Table 4: Correlation Table Indicating the Monthly and Annual Temporal Change of NO2.
NO2
Year
Month
Place
Pearson Correlations Sig. (2-tailed) Pearson Correlations Sig. (2-tailed)
Beyazit Street
,021
,906
-,144
,415
Inegol
,105
,554
-,106
,552
Bursa
Kestel
,190
,281
-,087
,624
Kultur Park
-,080
,653
,227
,196
Uludag Unv.
,038
,831
-,075
,673
Alikahya
-,013
,944
-,429*
,011
Golcuk
-,053
,764
-,123
,490
Izmit
-,033
,854
-,172
,330
Kocaeli
Kandira
-,026
,885
,181
,305
Korfez
,030
,867
-,021
,905
Yenikoy
-,020
,912
-,088
,619
Altinova
-,139
,434
-,076
,668
Yalova
Armutlu
,109
,540
-,036
,839
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When the spatial change in NO2 in July and
december was examined (Figure 5), the
highest concentrations in 2013 and 2015

were generally identified in around Bursa
(Kultur Park and Kestel) and Kocaeli (İzmit,
Kandira) as in NO.

Figure 4: The Spatial Distribution of NO2 Concentration of the Study Area.

Also when the sample months were
compared among themselves, it was
identified that the NO2 levels in December
were higher than in July as the other
pollutants (Figure 5).
3.5. Temporal and Spatial Change of CO
CO is a colorless and odorless gas. CO is
formed during the incomplete combustion of
fossil fuels and constitutes one of the most
important compounds of air pollution
resulting from traffic exhaust smoke [10]. It

is a poisonous gas that is difficult to
distribute in situ and is not easily noticed.
When the annual CO change was examined,
it was observed that the pollutant in the
study area tended to increase between March
2013-December 2015. However, this
increase trend was not statistically
significant in CO (Table 6). Since there are
not enough CO measurement stations in the
study area, the spatial change of CO could
not be performed.

Table 6: Correlation Table Indicating the Monthly and Annual Temporal Change of CO.
CO
Year
Month
Place
Pearson Correlations Sig. (2-tailed) Pearson Correlations Sig. (2-tailed)
Bursa
Beyazit Street
,028
,874
,006
,975
Kocaeli Izmit
,156
,377
,188
,286

4. Conclusions
This study aimed to reveal temporal and spatial pattern of air pollution (PM10, SO2, NO,
NO2 and CO) in Bursa, Kocaeli and Yalova.
When the annual PM10, SO2 and NO2 change
in the study area was examined, it was
observed that the pollutant around study area
tended to decrease between March 2013-

December 2015. This tendency for increase
was found to be statistically significant at
99% confidence level. However when the
annual NO and CO change in the study area
was examined, it was observed that the
pollutant around study area tended to
incerase. But, this increase trend was not
statistically significant.
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The highest concentrations in 2013 and 2015
were generally identified around in Bursa.
This is because pollutants concentrations
indicate higher values in city centers with
high population intended for heating and
around industrial enterprises. Bursa is an
industrial city in which many industrial
organizations producing different products

from food to textile, from automotive
products to machinery and equipment
operate, the population and the number of
vehicles consistently increase and there are
six industrial zones. When the sample
months were compared among themselves, it
was identified that all pollutants levels in
December were higher than in July.
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Abstract
The Eleshnitsa uranium mine near Razlog, SW Bulgaria was in operation from 1955 to 1992 and the
uranium ore was enriched at the milling plant near the mine. At this time a tailing pond was exploited
since 1969. Its construction took place by blocking the natural depression of the Vulche dere creek by a
dam. This tailing pond was an object of an EU-sponsored rehabilitation project that started in 2003 and
lasted for about 2 years. As a result, a purification station collects all the drainage water downstream
from the tailing pond and treats it for possible uranium pollution. The present study considers the variation in the chemical components concentrations in the surface water of Vulche dere creek downstream
from the tailing pond, and in depth in groundwater of the Quaternary and the Neogene aquifers. The
analysis of the results allows to evaluate the influence of the tailing pond and shows an evident hydraulic interaction between surface water and groundwater. It is compared also the influence of the tributaries of Vulche dere creek on the chemical composition of water during the dry and wet season.
Key words: Eleshnitsa, tailing pond, water quality, surface-groundwater interaction;

Introduction
Eleshnitsa uranium mine (called “Druzhba”)
near Razlog was under operation from 1955
to 1992 and the uranium ore was enriched at
the milling plant (called “Zvezda”) in the
vicinity of the mine or sent to the milling
plant of Buhovo (near Sofia) [1]. The discovery of uranium in sandstone was made in
the early 1950’s [2], it is located in the
molasse sediments of Oligocene age that are
produced by the erosion of the Rila and Pirin
mountain ranges. Uranium in the ore was
predominantly present in primary uranium
minerals such as uraninite and coffinite, as
well as in secondary mineral phases like
autunite, torbernite and uranophane [3]. It
was an underground mine and the ore was
extracted mostly by pit excavation and heap
leaching at the surface, but leaching in-situ
also occurred on at least two occasions. At
that time a tailing pond was exploited since
1969. This pond, situated 2,6 km south east
of the village of Eleshnitsa (Figure 1), start-

ed operations in 1969. Its construction took
place by blocking the natural depression of
the Vulche dere creek by an earth-fill dam
[4]. Currently, the height of the dam is 74 m
and the surface area of the tailing pond is
250 000 m2. The pond contains about 9 million tons of hydrometallurgical wastes [5],
including around 730 tons of uranium [6].
The total radio-activity is estimated to be
about 1,5x1015 Bq [7]. This tailing pond was
an object of an EU-sponsored rehabilitation
project (PHARE BG 9904-03-01-02) that
started in 2003 and lasted for about 2 years.
A purification station downstream from the
tailing pond has been collecting all the
drainage water and treats it for possible uranium pollution since 2005. After purification
the water flows into Vulche dere creek, a
tributary of Mesta River. Additionally, two
piezometers were installed in 2002 at the
valley of Vulche dere creek – one among
Quaternary sediments, with depth of 20 m
(piezometer B3-25) and the other one (piezometer B3-26) with depth of 135 m – in
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Neogene. The data collected before 2012
has significant gaps of information about
concentrations of cations and no any available data is obtained for flow rates of Vulche
dere creek and water levels in the piezometers. The study performed in 2012 shows
influence of the tailing pond on the surface
water of Vulche dere creek and the groundwater in the Quaternary aquifer, where are
detected enhanced concentrations of nitrates

and sulfates. There is no any influence on
the surface water of Mesta River and the
groundwater in the Neogene aquifer [8]. The
aim of this article is to evaluate the influence
of the tailing pond during dry and wet season. Variation of the chemical component
concentrations in surface water and groundwater along downstream from the tailing
pond will be taken under consideration.

Figure 1: Location of the village of Eleshnitsa

Study area
“Eleshnitsa” tailing pond is situated among
the valley of Vulche dere creek (Figure 2).
The purification plant is situated at the foot
of the dam. One of the significant left tributary, Bishir dere creek, recharges Vulche
dere creek which further flows into Mesta

River. The distance between the purification
plant and Mesta River is about 1200 m. The
two piezometers are installed nearby Vulche
dere creek approximately 100 m away of
Mesta River.

Figure 2: Scheme of the valley of Vulche dere creek with location of sampling points.
1 - Vulche dere creek after purification plant, 2 - Vulche dere creek near piezometers,
3 - Piezometer B3-25
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Methods and materials

Results and discussion
Comparing the quantitative indicators
(measured flow rates of Vulche dere creek
and groundwater levels in piezometer B325) with variation of chemical composition
of the water for the period 2012 – 2016
(Figure 3, 4, 5) shows similar behavior in the
three monitoring points. Higher concentrations are reached when there are lower water
levels and reduced flow rates (November
2012 and August 2016) and dilution of pollutants is extremely weak. This is confirmed
by the fact that at the time of wet period
there are not any exceedances in the contents
of sulfates and nitrates according to the
Norm № 7/08.08.1986 on indicators and
standards for determining the quality of
flowing surface water (Figure 6, 7).
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Four sampling campaigns took place during
the period 2012 - 2016. The field activities
included sampling of surface water from
Vulche dere creek at two points – after the
purification plant and near the piezometers,
as well as groundwater from piezometer B325 (Figure 2). Physical-chemical variables in
the water such as temperature, pH and total
alkalinity were measured in-situ. Temperature and pH were measured by YSI Professional Plus multiparameter meter. Total alkalinity is determined by titration, using a
dilute hydrochloric acid (HCl) solution to
neutralize the sample to a pH of 4,5 and a
phenolphthalein indicator. Water samples
were collected in pre-cleaned plastic bottles.
Both anions and cations samples were filtered through 0,45 µm filter and the cations
samples were acidified with HCl. Flow rates
were measured using Seba Mini Current Meter M1 and the groundwater levels were
measured by standard dip meter. Chemical
component concentrations were analyzed by
the Dosimetric and engineering-aerological

laboratory (DIAL Ltd) – Buhovo. The regulatory trespassing of the analyzed samples is
determined according to Bulgarian regulation.
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Figure 3: Chemical components and flow rate variation
in Vulche dere creek after purification plant
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Figure 4: Chemical components and flow rate variation
in Vulche dere creek near piezometers
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Figure 5: Chemical components and water level variation
in Piezometer B3-25
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Figure 6: Sulfate concentrations comparing
to regulatory limit by sampling point
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Figure 7: Nitrate concentrations comparing to
regulatory limit by sampling point

The outflow from the tailing pond seems to
be relatively stable as regards to TDS (total
dissolved solids) and chemical components
composition. Apparently, the treatment of
the water in the purification plant in high
degree leads to unification of its chemical
composition during different seasons.
Downstream, near the piezometers, during
dry seasons and low water stands the water
has higher TDS comparing to the water
treated in the purification plant. Obviously,
the source of this high TDS is not the tailing
pond but probably some residual old pollution from the period before the rehabilitation
of the tailing pond caused it. The higher
amount of precipitation and inflowing tributary water leads to high water stands and
refreshment of the water of Vulche dere
creek and changes its type during wet sea-

son. Thus, the climate factors act purification role through dilution of pollutants.
TDS during dry season is even higher in the
piezometer than nearby creek. There is
probably a higher TDS in the Quaternary
aquifer because of the stagnant regime of the
groundwater. There is fast refreshment of
the groundwater during wet season. It seems
that unsaturated zone is high permeable and
it is observed fast infiltration of surface water.
The fast surface-groundwater hydraulic interaction is confirmed by the similar behavior of the sulfates and nitrates in the three
monitoring points (Figure 8, 9), which is
found out in all measurements.

Figure 8: Sulfate concentrations variation over time
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Figure 9: Nitrate concentrations variation over time

Evidence for the presence of residual old
pollution in the Quaternary aquifer is the
variation in concentrations of sulfates downstream the creek as well in depth (Figure
10). It is clearly visible that during dry season (November 2012 and August 2016) the
content of sulfates is higher downstream and
in groundwater whereas during wet season it
is reduced because of dilution. The same

behavior is observed in the concentration
variations of nitrate, calcium, magnesium,
sodium, and also some micro-components as
cadmium and lead. As regards to manganese
and iron, the diagrams are contradictory.
That is probably due to their dependence on
redox reactions and more detailed study is
needed for complete understanding of their
seasonal variation.

Figure 10: Sulfate concentrations variation along Vulche dere creek and
in depth in Quaternary aquifer

Conclusion
The results of the study show that there are
natural and technogenic factors which reflect
on the chemical composition of surface and
groundwater in the studied area. The natural
factors include the changes in the amount of
precipitation and in the recharge of Vulche
dere creek. The technogenic factors are the
influence of the tailing pond and the alleged
old residual pollution.
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During wet season there is dilution of pollutants and no exceedances of the regulatory
limits are observed. The behavior of sulfates
and nitrates shows that there is evident surface-groundwater hydraulic interaction
which is prerequisite for fast refreshment of
groundwater during that season. During dry
season there are enhanced pollutants concentrations which source is not the tailing pond
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but probably some residual old pollution in
the Quaternary aquifer.
The obtained results could serve as basis for
future establishment of more detailed monitoring and for predicting of the risk of pollution of surface and groundwater, taking into
account both the technogenic and natural
factors.
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