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Abstract

Prespa Lake Basin is a transboundary basin that’s shared between Albania-Greece-
FYROM. This region has a very complicated geology. The main aquifer systems are
developed in carbonate rocks (karst aquifers) crossing international borders
(transboundary aquifers). A map was constructed in GIS environment clearly display
that each geologic age has one index, in one polygon, with the respective geological
formation. The map was first digitalized with an AutoCAD program and then all the
layers were exported in the program mentioned above. Not only does this map
represent the hydrogeological features of the area but it also serves as a database of
general characteristics, such as, the rock type, the infiltration coefficient, the yield of
wells and springs, groundwater resource and permeability can be found on this base.
Furthermore, chemical data can be added to the map, supplying more information on
the surface and groundwater. Geographical Information Systems (GIS) is a useful tool
for water resources management in the frame of international cooperation and
coordination.
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Iepitnyn

H Jexavn twv lpeonav eivar pio. S1ao0Vopilokn AsKavn amoppong UETALD TV Ywpwv
Alfavia-EAédo-TTTAM. H meproyn owth Exet o moAd wepiniokn yewloyio. To kdpia
DOPOPOPL, GLOTHUATA AVOTTOOCOVTIOL 8 AVOPOKIKG. TETPDUATO, (KOPOTIKOL DOPOPOPELS)
wov  dwacyilovv diebvyp  odvopa  (dracvvopiokoi vopopopels). Evag  yoptng
kotookevaotnke o€ weplfiadiov GIS, omov kabe drapopetiki yewloyikn nlixio Exet évo,
oeiktn, o€ Eva. TOADYwVO, e TOV avTioToryo yewloyiko oynuotioud. O yaptne éxel
ynpiomoinbei ue éva npoypouuc. AULOCAD kot ot ovvéyeia oda to eminmeda eényOnoay
oto whaioio tov GIS. O yaptng owtog ypnouever kot wg Pach OedoueEvVmY TV YEVIKWOY
XOPOKTHPLOTIKAV, OTWS TO €L00G TV OMOGECEWY, O GVVIEAEOTHS KOTEIGOVONS, O1
TOPOYES TWV YEWTPNOEWY KOl TWV THYWV, DEOYELL VEPC KOl 1] DOPOTEPATOTHTA.
EminAéov, ynuira dedouévo, umwopel vo. tpooteBodv ato yopty, mopEyovias mEpLooOTEPES
TANPOYOPIES TYETIKG. LUE TO. VIOYELN, KOl empavelara vepd. Ta Iewypapixd Zvotiuoto.
I npopoprav (GIS) eivar éva yprioo gpyalsio yia tn O10)EIPION TWV DOCTIKDY TOPWV
010 Th0io10 THS O1EBVODS GVVEPYOTIOG KAl GVVTOVIGUOD J10.GVVOPLAKMDY AEKAVAV.
Aééers Klerord: Yopoyewloyikog yaptng, Zvotiuoza I'ewypopirdv ITAnpopopiav,
Aexavn Aiuvig lpéorog, A1oovvopioroi vopoPopeis.
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1. Introduction

Groundwater is very important for agriculture and domestic use, as well for maintaining baseflow of rivers
and sustaining ecosystems. Many countries share aquifer systems with their neighbours, which are called
transboundary aquifers. The management of transboundary basins is expected to play an important role in
water security in the future and require high levels of international cooperation and coordination.

Geographical Information Systems (GIS) is a useful tool for water management. This program
appears helpful and practical to be used by multidisciplinary engineers and water scientists.
According to Sheppard (2004) growing rapidly since their development in the 1970s, the GIS are
now used in a variety of private and public organizations and institutions, and more recently by
individuals. GIS can be used to analyze, make decisions, and emerge geographic information. In
essence, GIS are computerized information systems composed of hardware and software. These
systems may be used to store, alter, and map geo-referenced databases in a way that the researcher
may make the most use out of the immense amount of data.

GIS is a powerful and useful program and its usage will increase over time. It is very easy to
construct thematic maps, e.g. hydrogeological, hydrochemical, vulnerability maps. These maps are
expected to be useful not only for the specialists of the field but also for water policy makers, local
administrators and stakeholders (VVoudouris et al., 2010).

The aim of this work is to illustrate the hydrogeological map of the Prespa Lake Region using GIS.
Firstly, the general hydrogeological characteristics of the study area are presented. A large part of
this research was carried out within the framework of the MSc Thesis of Emanuela Kiri.

2. Study site

Prespa Lake is located in the southeast part of Albania, in the northeast part of Greece and in the
southwest part of the FYROM (Fig. 1). Prespa Lake is situated in the southeastern Mediterranean
mountainous area, which is characterized by cold winters. The air temperature ranges from 7-10 0C
during the cold period and up to 18.8 OC during the summer months. Both Big and Small Prespa are
situated at 850 m above the sea level. The surface areas for Big and Small Prespa are 253.6 km?.
The average maximum depth of Big Prespa Lake is 54 m and the minimum is 18 m (Ramsar, 2000
and KfW, 2004). The lakes are connected by a small channel, which passes through alluvial deposits
which separate these lakes (this part is located in Greece). The Small and Big Prespa Lake and the
Ohrid Lake are a common hydraulic system shared between Albania, FYROM and Greece (Fig. 2).
The water level decline of Prespa Lake has been one of the most important recent point of the study
area (Eftimi, 2003).

agedonia.

|

—t -
L N g > {
e l:l?pub(ic of;

N
X\

Figure 1 — Topographic map of the study area (Prespa and Ohrid Lake Region)
https://commons.wikimedia.org/wi.
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Albania

Figure 2 — Hydraulic system of Lake Ohrid and Lake Prespa (Matzinger et al., 2006). The bl
ack arrows show the proven underground connection.

3. Materials and Methods

The map developed by the Geographic Information System (GIS) is the latest and the most detailed.
The map was designed to be the most functional and simple for use by all. GIS stores two kinds of
information: geographic coordinate data (spatial data) and attribute data. The GIS is a device for
standardizing and storing the data, analyzing relationships in the data to create new information, and
displaying the data in a map or a report. Spatial data represent features that have a known location
on earth. When working with maps, all spatial data may be defined as one of three types: points (ho
dimension), lines (one dimension), and areas (two dimensions). This representation of points, lines
and areas is how spatial data is presented on maps and how the data is usually stored in the computer
environment of a GIS (Cox and Gifford, 1997). The database of the map has been explained in two
parts, since the first one was for the hydrogeologic aspect, in which all the existing data has been
included. In the second part, the map was enriched with chemical data of the region.

The Geographic Information System (GIS) technology is a critical methodology to understand,
represent, manage, and communicate the many aspects of physical and man-made landscapes and
to better understand the earth as a system. A GIS is a system for the management, analysis, and
display of geographic knowledge, which is represented using a series of information data. In a GIS,
homogeneous collections of geographic objects are organized into a series of data themes, or layers,
that cover a given map, for example: roads, rivers, place names, buildings, parcels, political
boundaries, surface elevation, and satellite imagery (Benedikt et al., 2002).

The main application in ArcGIS is ArcMap and is used for all mapping and editing as well as for
map-based studies and analysis. ArcMap represents geographic information as a collection of layers
and other elements on the map (Ranger et al., 2002). Common map elements include the data frame
containing map layers for a given area, plus a scale bar, north arrow, title, descriptive text, and a
legend symbol as shown in Fig. 3.
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Hydrogeologic Map

Figure 3 — Tectonic (left) and 3D view of the geomorphological (right) map of Prespa Lakes.

The hydrogeologic map in scale 1:50,000 is taken from the archive of Albanian Geological Survey
(Fig. 4). It was processed in GIS program, where data are added according to map’s profile. The
hydrogeologic map scale 1:50,000 is initially digitized (Kiri, 2010) and later additions have been
made to the attribute table of polygons mentioned above, such as hydrogeology (hydrogeological
classification). In Fig. 5, the hydrographic network of the study area is shown.

Figure 4 - Hydrogeological map in GIS Figure 5 - The hydrologic system
rogram (Prespa Lake region). in the Prespa Lake region.

The digitalization of the curriculum mapping was done in AutoCAD 2005 and later relocated to the
GIS program. The attribute table of polygons was also completed, which defines the ranges of
hydrogeological data (Table 1) in ArcMap and then the metadata for each map layer in ArcCatalog
were created. By observing the attribute table of the ranges one can obtain a clear picture of all
hydrogeological data in the region of Prespa. This is helpful to a hydrogeology specialist because
there is data on each polygon explaining the water deposits, which itself represents a particular
geological age and that age is represented by the respective deposits.
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Table 1 - Attribute Table (Hydrogeological general classification of the map).

I Infil. Yield .
Index Geological Lithology Hydrqgeolggy Coeff. W Perme of Y'el.d of
age Classification Resource -ability springs
% wells
Limestone,
Upper  |limestone with |I1_Fissured or porous
Triassic- [cherts, Fissured Aquifers a- High . . .
Tsdy Lower |arstified and  with widespread strata 60-70 Productivity High |Variable High
Jurassic  ffissured ith high productivity
dolomites
I11_Fissured or porous
Clays, rocks with local and
siltstones, limited groundwater
gt | e fones, - feenorede, || vaie || sow | vayon
%" | oligocene yp low 051/s
calcareous, groundwater
marls and resources. b-local
brown coals.  [groundwater and low
ermeability
I11_Fissured or porous
rocks with local and
limited groundwater
: L resources or rocks
Pg, ? Middle - Flysch, clays- essentially poor with - Very low Very Very Very low
Eocene sandstones low low
groundwater
resources. b-local
groundwater and low
ermeability
I11_Fissured or porous
rocks with local and
limited groundwater
- resources or rocks .
Nb; Bur_dlga- Marls, essentially poor with - Variable- Low Below Very low
lian limestone low 0.51/s
groundwater
resources. b-local
groundwater and low
ermeability
. 11 _Fissured or porous
Limestone, P . .
J3 Uppe_r rgillaceous F|§sure_d Aquifers. a- 60-70 ngh . High [Variable High
Jurassic - with widespread strata Productivity
schist I L
with high productivity

Some clarifications about the map

At first look, the hydrogeologic map in GIS program (Fig. 4) looks the same as a map one might
usually see. One look is all it takes for one to find the division of hydrogeological complexes. These
map divisions are explicatory for a hydrogeological specialist or even a geologist, because of the
conventional signs in relation to hydrogeology, water-keeping, as well as many other data. At this
point the construction of this map, with the abovementioned program, makes this understandable
and at the same time usable by all and offers the ability to use exactly the data that one might need.

The original map was completed (already digitized) and the symbols created by the author. A
complete hydrogeological map of Prespa’s area is now available. This map, apart from the image
obtained from the original map, contains the hydrogeological data for each polygon (Table 1). Also,
one can find chemical analysis and tables of the samples obtained over the years in the Prespa Lake
and the rivers that serve as recharge sources for this area. This map gives accurate hydrogeological
presentation just by moving through the various polygons. Furthermore, it also represents a certain
geological age assigned to the respective index.

In the hydrogeological map in GIS, there is much more data than can be found in an ordinary map.
At the same time one might even find different views of the area, but always within the same
structure. By means of this program one can input all the data about the region. Also, one can add
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and change data according to the presented needs or upon bases of further studies of the region in
question. Building the map involved substantial amount of work, however, it will not be needed to
construct another map of this kind. As it was mentioned earlier the possibility exists that new data
can be added, corrected, or replaced without removing the existing ones. The presentation in 3D of
Prespa’s region makes it easier to locate the low and high zones of relief, as well as the surface and
groundwater (Schetselaar, 1995). The program used to construct this map is ArcView 9.2.

In continuity the construction of the map was shown step by step as well as the data with which this
map was enriched. At first, the hydrogeological data that are available for this region were included,
and then the physical-chemical data of the waters were added (Figure 9, 10). This material was also
enriched with respective tables of hydrogeological fields, which in the map are presented by the
attributes table of polygons, as well as the tables of the chemical data of the region. The available
water chemistry data in the aforementioned region was inputted in the hydrogeological map. The
map is constructed using the GIS program.

4. Results
4.1 The hydrogeological map in the GIS program

The Geographic Information System (GIS) describes a computer system for storing, manipulating,
and displaying geographically referenced information (Keenan, 2001). Ordinary paper maps are
graphic representations of the real world that all of us have used. City street maps, for example,
depict natural objects, such as rivers and lakes; man-made objects such as roads and buildings; and
abstract objects such as city or county boundaries. These objects, whether natural, man-made, or
abstract, are called map features. Each feature on a map has a location, a representative shape, and
a symbol that represents one or more of its characteristics. The meanings of a map’s symbols are
often depicted in the map’s legend.

Features on maps are displayed according to their locations relative to each other and to an
underlying grid representing the earth’s surface. Specialized maps, such as topographic, soil type,
population density, watershed, are used to support specialized decision making tasks (Clapp and
Rodriguez, 1997). Most features depicted on a map have attribute information, descriptive data about
each feature (polygons in hydrogeological map).

The hydrogeologic map in scale 1:50,000 have been taken by the archive of Albanian Geological
Survey and later have undergone processes in the GIS program, where data according to map’s
profile, are added. At first glance, this map looks ordinary, but as it was mentioned earlier, this map
is easy to read by the specialists of respective discipline and is not as clear for a person who does
not deal with this discipline. Therefore, the construction of this map using the abovementioned
program (GI1S) makes this understandable and usable by multi-disciplinary engineers. It enables the
possibility for one to see and take only what they need. The objective of the map is to represent the
hydrogeologic data of the region. Each polygon of the map represents a specific geologic age. The
attribute table contains the hydrogeological data of geologic deposits representing different
hydrogeological characteristics.

4.2 Database in GIS map

The reason for setting up the hydrogeologic map in the GIS program is to utilize the program’s map
features. A hydrogeological database was created and inserted in the map (Figs 6, 7, 8). The
hydrogeological map was created in a fashion that could be read, understood and studied by
multidisciplinary engineers, not necessarily specialists of hydrogeology. The objective to construct
such a map was achieved. For future work, this map may be improved by further utilizing the
features offered in the GIS program. The tables give the ranges of attributes of hydrogeological data
and hydrogeological features for each polygon and are shown in Table 1.
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Figure 6 - Points where the samples for chemical analysis in theAlbanian part of the Prespa
Lake were taken.
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Figure 7 - The identify tab displaying the hydrogeology datafor a selected polygon.
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Figure 8 - The identify tab displaying the hydrogeology data for a selected polygon,
in this case is Qfgl (fluvial-glacial deposits).

One of the advantages of using the GIS software over conventional drafting packages is the
possibility of assigning attributes to each polygon. The attributes of the polygons are recorded in a
table associated with the vector file (Schetselaar, 1995). Each polygon has its own index which
indicates its geological age. As demonstrated in Fig. 8, by clicking (i), detailed data about
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hydrogeology can be displayed, such as: the geological age, lithology, hydrogeological
classification, infiltration coefficient, groundwater resources, permeability, yield of wells and yield
of springs. More details can be found in Table 1. In this table each index represents a specific
geologic age. In the map one index has his own color, and all this tells a lot for a specialist of
hydrogeology. In this case, as one can have already explained, all these data will be in the digital
map, making this a very simple for everyone. Hydrogeological classification is based in the general
classification of the Albanian Map scale 1:200,000 and at the same time, based in the study made in
this area during years. The GIS program uses the concept of layers to represent real world data on a
spatial basis. Also, the GIS program uses spatial attributes of data, namely x and y coordinates, to
represent geographic data (Barraud et al., 2001).
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Figure 9 - Database of Pretor-chemical analysis from samples taken in the geographic pionts
shown in the map.
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Figure 10 - Database of Albanian part of the Big Prespa Lake-chemical analysis from sample
s taken in the geographic pionts shown in the map.

5. Conclusions-Discussion

The hydrogeologic map in scale 1:50,000 have been taken by the archive of Albanian Geological
Survey (Eftimi et al., 1985 and Geological Map of Greece, scale 1:50,000, IGME, 1997) and later
have undergone processes in the GIS program, where data according to map’s profile, are added. At
first glance, this map looks ordinary, but as it was mentioned earlier, this map is easy to read by the
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specialists of respective discipline and is not as clear for a person who does not deal with this
discipline. Therefore, the construction of this map using the abovementioned program (GIS) makes
this understandable and usable by multi-disciplinary engineers. It enables the possibility for one to
see and take only what they need.

The objective of the map is to represent the hydrogeological data of the region. Each polygon of the
map represents a specific geologic age. The attribute table contains the data of geologic formations
representing different hydrogeological characteristics (Tafilaj, 1977). The reason for setting up the
hydrogeological map in the GIS program is to utilize the program’s map features. A hydrogeological
database was created and inserted in the map. The hydrogeological map was created in a fashion that
could be read, understood and studied by multidisciplinary engineers, not necessarily specialists of
hydrogeology. The objective to construct such a map was achieved. For future work, this map may be
improved by further utilizing the features offered in the GIS program. The tables give the ranges of
attributes of hydrogeological data and hydrogeological features for each polygon (Table 1).

The metadata for each layer of the hydrogeological map built in the GIS program is created. Each
polygon has its own index which indicates its geological age. As demonstrated in Fig. 7, detailed
data about hydrogeology can be displayed, such as: the geological age, lithology, hydrogeological
classification, infiltration coefficient, groundwater resources, permeability, yield of wells and yield
of springs. The map meets the demands with existing hydrological and chemical data and the impact
of anthropogenic factor in the Prespa Lake and the surrounding area as well. Metadata’s have been
fulfilled manually for each layer in this map.

Hydrogeological classification included in the map built in GIS in addition to other hydrogeological
data may be of great help to specialists using the database of this map in the future. This work may
be of great help for any specialists working directly with the specification of their study, without
being required to do everything from start. Chemical tables involved in this material and map may
in the future be used to study the pollution caused by anthropogenic factors or, if it will be necessary,
to estimate the progress of pollution year-after-year. Also these data can be replaced, or added to, if
the need arises given the purpose of the study.
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