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Abstract. The main objective of this work is to determine the parameters of hydrological balance for several
basins in the prefecture of Korinthia (SE Greece), using hydrometeorological data and geographic information
systems (GIS) technology. Multiple linear regression and GIS were used to estimate the spatial distribution of
rainfall. The largest precipitation amounts occur in the SW part of the region and decrease towards thz eastern
and northern coastal parts. The long term mean annual rainfall ix18n°. Based on the Thornthwaite
method, infiltration and streamflow were estimated to be x0128m3/yr and 0.3&10° m/yr, respectively.

The unequal distribution of rainfall results in water surplus in the western part of Korinthia prefecture and
water deficit in the eastern. We conclude that he estimation of hydrologic balance is a useful tool in order to
establish sustainable water resources management in each hydrological basin.

1 Introduction parameters of the hydrological balance with the use of raster:
based GIS (Maidment, 1993; Ross and Tara, 1993; Naouin
The prefecture of Korinthia is located in the NE part of and Tsanis, 2004).
Peloponnesus in southern Greece, covering a total area of The objective of this work is to estimate the parameters of
2264 knt (Fig. 1). hydrological balance for several basins in the prefecture g
Socioeconomic stability of the studied area is based orKorinhtia, using hydrometeorological data, geological maps
water resources availability which ensures adequate agriculand GIS technology.
tural production and tourism development. The prefecture of
Korinthia is characterised by non homogeneous distributiony  General features
of rainfalls and water resources. Unfavourable climatic con-
ditions combined with continuous population growth, rapid 2.1 Physiography
urbanization and intensive agricultural development have in-

creased the demand for water. The major water use in KO:I'he Korinthia prefecture is surrounded by sea (Korinthiako$

rinthia is irrigation for agriculture (86% of the total con- and Saronikos gulf) and mc_>untains: KiIIiniqr Ziria (2376 m),
sumption). Water needs are mainly covered by groundwaCN€lmos (2109 m), Gerania (1350m), Onia (570m). Low;

ter abstracted by numerous wells and boreholes. The intend@NdS, Semi-mountainous and mountainous areas occupy
groundwater exploitation has led to aquifer depletion, wa-18-3: 22.5 and 59.2%, respectively, of the total land. Cur
ter level decline and quality deterioration, which have nega-réntly 30.5% of land is occupied by forest, 26% by grassland
tive consequences in the socioeconomic development of théNd 31.6 ki (1.3%) by water. More than 35% of the total
area (Panagopoulos et al., 2002; Voudouris, 2006). Thusa'é2 is used for agriculture. , . .

the knowledge of hydrologic parameters is a useful tool for USINg ArcView GIS, the hydrological basins were delin-
rational water resources management in regional scale. eated. The study area consists of 23 drainage basins (Fig. ).

Geographic Information System (GIS) technology hasThe largest basin is the Asopos river basin, covering an arga

been increasingly used in supporting water resources manc-)f 257 knt. There is also a shallow mountain lake (Stimfalia)

agement applications. Many researchers have estimated fffVerng an area varying from 350 hectares (in dry periodg
to 770 (in wet periods).
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Figure 2. Geological map of Korinthia.

2.2 Geology and central part of the study area; Baserock formations (fly-
Th d is ch ved b | loai ﬁ::h, limestones-dolomites, semi-metamorphic formations),

e study area Is ¢ aracter_|ze y a complex geologica ainly cover the southwestern part of the prefecture. Car-
strgcturg .(F|g_. 2). The following geological formatlorls Can honate formations cover 26% of the total area and are occupy
be identified in the area (Rockel and Hotzl, 1986; Nikolaou mainly the south-western and eastern part of the prefecture.

et al., 1997): Quaternary deposits consisting of alternationsrhe study area is covered by integrated geological maps at
of coastal (sands) and fine, coarse or mixed facies forma;

. . ; . o ) a scale of 1:50000 (Institute of Geological and Mineral Ex-
tions; Plio-pleistocene deposits consisting of fine, coarse Ofgloitation)
mixed facies sediments (marls, sandstones, conglomerates, '

limestones etc), which cover to a high extent the northern
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Figure 3. Distribution of annual rainfall (mm) based on Eq. (3).

2.3 Climate 3.1 Precipitation

According to the Thornthwaite classification system, the The dfects of geographical parameters on the rainfall dis-
studied area has a semiarid climate in lowlands and a typicafribution in Korinthia have been extensively studied and re-
Mediterranean climate in highlands, with four distinct sea- ported (Voudouris et al., 2002; Voudouris and Antonakos,
sons. 85% of total precipitation generally occurs in the wet2003). The distribution of the mean annual rainfall is gov-
period, which normally extends from late October through erned by the following rules:

May, with sparse storm events during the summer months.

The mean annual air temperature at sea level is*C7ehd — Mean annual rainfall decreases with distance from the
decreases by 0.8G per 100 m of ground elevation. January sea

is the coldest month and July is the hottest. Summer tem-
peratures often exceed¥5 Relative humidity extremes, on
monthly basis, range from 48-52% in July to 73—-76% in De-

f{:oe:snsbg[%on annual basis relative humidity ranges from 62.8 /‘i:or this investigation, monthly rainfall data were collected

from 15 gauging stations of Korinthia’s prefecture and 2
from the prefecture of Argolida (Prosimni, Arachneo) for
3 Hydrological balance components the period 1970-1999 (Table 1, Fig. 2). The gauges are
) o ~ located at elevation ranged from 10a.s.l. (Kamari station

The hydrologic balance of one basin is given by the equationy 1030 ma.s.l. (Tarsos station). The completion of miss-
P=R+E+I+dw+dq (1)  ing monthly observations, which were randomly distributed
throughout the operational period of few stations only, hag

where:P=rainfall, R=the streamflonE=evapotranspiration, been realized by the normal-ratio method (Linsley et al.,
I =infiltration, dw=the variation of the quantity of groundwa- 1988). No problem was identified in the homogeneity of

— Mean annual rainfall increases with elevation above the
sea level (a.s.l).

ter reserves, andg=the result of human intervention. rainfall data when the method of double mass curve and
Considering the factors dw and dq as negligible, thethe criterion of Bartlett (Mitchell et al., 1966; Macheras and

Eq. (1) becomes: Kolyva-Machera, 1990) were applied.

P-R+E+]I @) Rainfall data analysis showed rainfall depth decreasing ir

West-to-East and North-to-South directions. The largest pret
Using hydrometeorological data, geological maps, multiplecipitation ammonuts, on annual basis, occur in the south
regression method and GIS technology the hydrological balwestern part of the study area: Kastania (912 mm), Kalivial
ance components were estimated for each watershed of Kd891 mm), Tarsos (776 mm) with the highest ground eleva-
rinthia prefecture, as follows. tion. On the contrary, the rainfall depths are comparatively
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Table 1. Rainfall data in mm of Korinthia prefecture. The location of rain gauge stations is shown in Fig. 3.

Rain gauge Station  Altitude (m) Longitude Latitude Yearly Mean Standard deviation Min-Max Values

1 \Velo 20 2245 37°58 473.2 116.1 308-714
2 Korinthos 15 2227 37°56 409.0 88.3 195-707
3 Kamari 10 2234 38°06 474.6 97.5 277-609
4 Leontio 320 2236 3748 682.8 226.5 371-1080
5 Nemea 289 a0 37°50 612.9 150.2 323-892
6  Pirgos 645 226 3805 682.6 157.4 415-1035
7  Kallithea 120 227 3807 550.3 129.7 298-835
8  Ancient Kleones 300 225 37°50 561.3 146.3 331-757
9 Kastania 989 223 3752 912.0 2331 558-1340
10 Driza 631 2228 3752 663.3 192.2 384-1057
11 Psari 821 282 3752 685.8 155.4 396-1007
12 Spathovouni 140 228 37°5Y 429.6 114.5 292-541
13 Kalivia 850 2218 37°55 890.7 264.0 504-1294
14 Chalki 250 2244 37°53 552.6 128.2 314-716
15 Tarsos 1.030 221 38°00 776.3 174.6 536-1083
16 Arachneo 620 258 3741 659.6 136.8 360-1030
17  Prosimni 240 250 3743 529.1 117.9 326-920

small in the eastern coastal part of Korinthia: Korinthos 1100 —

(409 mm), Spathovouni (429 mm) and, Velo (473mm). Al- 1000 ]
though a decreasing rainfall trend was identified at all sta- 45 |
tions, was statistically significant in a few cases only. Pre- E , ]
vious investigations that focused on the spatial and temporal £ _ = 1 m oS f\\ A * f/xmean annum[éinfau
distribution of the precipitation in Greece found a substantial § o0 ;{ Mv.dmear w 11 }V\‘/ R
decreasing trend due to general changes in the atmospheric 1 sovere crought i
circulation patterns over the Balkan Peninsula (Amanatidis =~ |~ = " T .
etal., 1992; Fidas et al., 2004). 07

Using multiple linear regression (Kutiel, 1987; Naum and SRR R R R R R R AR R AR R AR R AR A A A A RARA
Tsanis, 2004; Voudouris et al., 2006) between mean annual TEBEBCEELEERRRERESEEBIFESSS
rainfall and geographical parameters of each station, the an-
nual rainfall distribution follows the equation: Figure 4. Annual rainfall fluctuation in Psari station (period 1951—
P =13114- 2231 - 201$ + 0.32h (3) 2000

where: P is the station mean annual rainfall (mml)and¢

are the longitude and latitude of the station (degrees), respecQart of the region and decrease towards the eastern and north-

tively; andh is the altitude of the station (m). A decrease of em COQSFaI parts of the_ prefecture. The_unequal distribution
of precipitation results in water surplus in the western frac-

mean annual rainfall of about 2.5 mm for every 1km moVe_tion of the study area and water deficit in the eastern
ment eastward and a decrease of about 2 mm for every 1 km he fi : ?” t 2 hvdroloaical in the lowl d
movement northward was found. In addition, the mean an- The first rainfall of a hydrological year in the lowlands oc-

nual rainfall increases by 32 mm per 100 m of ground eleva-curs in middle September or later. The highest precipitation

tion. depths, on monthly basis, occur in November or December
Equation (3) was spatially implemented in Fig. 3 with the in the majority of the stations (15) and only in two of them

use of the raster calculator of ArcView GIS, the Digital El- in January; the lowest occur in July.

evation Model (DEM), and the spatial longitudes and lati-

tudes of the prefecture in WGS84 geographic projection sys3 5 Extreme rainfall events

tem (datum). The analysis was accomplished on the basis of

a raster grid with spatial resolution of 20m. The isohyetal Extreme climatic events (droughts and floods) occurred dur-

map in Fig. 3 is the outcome of this procedure. ing the last decades. Figure 4 depicts the annual rainfall
The long term mean annual rainfall is 1:380° m®/yr (Ta- ~ fluctuation at Psari station. A decrease in rainfall depth over

ble 3). The largest precipitation amounts occur in the SW30%, when compared to the mean value, is observed in 1969,
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Table 2. Geological formations and cfiient of infiltration.
Geological formations Cdgcient of infiltration (%) Area (k)  Percentage (%)
Carbonate rocks of Tripolis zone 52 140.2 6.19
Limestone of Sub-Pelagonian zone 52 309.2 13.67
Limestone of Pindos zone a7 133.8 5.91
Marly limestone 30 3.9 0.17
Recent beach deposits and sands 21 66.7 2.95
Alluvial deposits 18 212 9.36
Fluvial terraces and scree 18 194.3 8.58
Plio-Pleistocene conglomerates 14 318 14.04
Marine and near shore deposits of Tyrrhenian, red clayey sand 12 253.4 11.19
Flysch 7 35.1 1.45
Metamorphic rocks of Zarouchla serie 7 34.7 1.53
Schists 5 36.3 1.60
Ophiolites 5 53.6 2.37
Radiolarites of Pindos zone 5 1.4 0.06
Marls of Pleistocene 3 468.9 20.71
Volcano rocks 3 2.9 0.13
Table 3. Hydrological balance in the watersheds of Korinthia prefecture as are shown in Fig. 3.
Watershed Area Precipitation Evapotranspiration Infiltration ~ Runo
(km?)  min max mean  \olume min max mean \olume Volume \Volume
(1P m3) afmé) (Afmd) (A0°md)
1 Rachiani 203.4 379.6 769.5 502.9 102.3 279.0 356.3 325.0 66.1 13.9 22.3
2 Zapandis 136.0 399.8 697.0 516.0 70.2 293.6 358.6 3315 45.0 5.7 194
3  Elisson 33.6 400.8 827.4 5835 19.6 294.0 3435 326.9 11.0 2.0 6.6
4  Sythas 180.5 4143 1.243.4 7441 134.3 11.3 3625 3034 54.7 30.6 48.9
5 Fonissa 546 421.7 958.9 686.5 375 251.7 356.8 337.1 18.4 3.6 15.4
6  Stymfalia 2189 675.6 1.216.5 802.7 175.7 46.1 385.6 3335 73.0 45.6 57.0
7  Skoupeikos 71.7 4245 1.0235 628.2 45.0 200.6 355.5 332.0 23.8 9.4 11.8
8  Olvios (Feneos) 2375 749.2 1.247.0 879.6 208.9 7.5 393.1 3238 76.9 52.0 79.9
9  Dervenios 61.0 4479 1.024.0 680.9 41.5 200.6 362.0 338.0 20.6 53 15.6
10 Asopos 279.6 398.2 1.009.8 625.9 175.0 2479 378.7 353.4 98.8 34.4 41.8
11 Potamias 168.2 366.7 767.8 533.3 89.7 269.7 339.8 316.6 53.3 22.6 13.8
12 Examilia coastal area 375 364.0 561.0 405.6 15.2 267.0 319.0 284.6 10.7 2.2 2.3
13 Arachnaio coastalarea 101.5 347.4 676.5 4875 49.5 2555 317.8 298.4 30.3 18.0 1.2
14  Sofiko coastal area 27.6 351.0 612.7 434.6 12.0 258.1 3129 2875 7.9 3.7 0.3
15 Fournias 64.8 378.1 685.3 537.5 34.8 276.5 325.8 312.6 20.2 11.7 2.8
16 Xerias 19.8 376.2 634.8 485.9 9.6 276.5 318.3 303.2 6.0 2.9 0.6
17  Kyrillou 13.8 406.8 6425 508.5 7.0 296.7 3413 3244 4.4 0.6 1.9
18 Seliandros 30.1 3944 748.6 574.6 17.3 2928 3412 327.2 9.8 1.8 5.6
19 Melissi coastal area 10.1 403.0 547.2 4457 4.5 296.2 3339 3114 3.1 0.5 0.8
20 Katharoneri 146  410.2 688.1 4959 7.2 301.6 3423 322.9 4.7 0.8 1.7
21 Agiorgitiko 17.6  408.8 727.3 533.7 9.4 300.7 340.8 328.0 5.8 0.8 2.8
22 Loutraki coastal area 2124 3251 7391 4514 95.9 236.9 300.2 278.3 59.0 17.2 19.6
23 Gerania coastal area 69.3 3114 6745 429.6 29.8 229.0 296.1 2713 18.8 53 5.6
Total 2264 1390 722.3 290.6 377.7

1977, 1989, 1992 and 2000. Droughts present a random odhe main aquifer system of the prefecture. Droughts alsd
currence with duration, most of the times, of one or two yearscontribute to a quality deterioration of surface water as a re-
(Voudouris et al., 2002). Prolonged drought periods, whichsult of a decline in stream discharge (Lambrakis et al., 1997

lead to increased groundwater pumping, cause groundwatereedevi, 2002).
level decline as well as a deficient groundwater balance in

www.adv-sci-res.n¢t/1/2007
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Figure 6. Codficient of actual evapotranspiration (%) vs altitude
Figure 5. Cumulative rainfall curve between the 11 and 13 January (m).

1997.

Rainfall events in the study area often take the form of ater holding capacity was set at 110mm for post-alpines
heavy storms, with destructiveffects. Such a storm, that d€POsits and 60 mm for I|3mestone. The total volume was es-
caused extended damage in the city of Korinthos, occurredImated to_ b_e 722:810° m/yr (52% _Of the annual ramfall)._
on the 12 January 1997 (Voudouris and Papadopoulos, 1998)."€ remaining amount between rainfall and evapotranspira-
According to the data collected from the rain gauge station ion is allocated to infiltration and surface ruhgstream-
of Velo (Fig. 5), the abovementioned incident lasted 42.6 hﬂOW)'

(started on 11 January at 21:00 and ended on 13 January at The mean water balance shows a water surplus from Jan-
15:40). The total rainfall depth in a 12-h period was 180 mm,uary to April, while in May—June the process of consumption
whilst in a 24-h period it was 301.8 mm with a maximum in- of soil humidity takes place. Water deficit is observed from
tensity of 31.5 mnh. The total rainfall depth of this event June to October, while the period October-December is the
measured up to 64% of the mean annual rainfall. Howeverfeplenishment period (Fig. 7).

extreme rainfall events are not alone responsible for the dev-

astating floods in the area. Human interventions along the

stream banks, the deforestation, the deficient maintenance ¢4 Infiltration

the sewerage system, the rapid urbanization of the areainthe ) o ) ]

absence of rural planning and the poor and incomplete roadfiltration coeficients of similar formations in Greece were
constructions have played a key role in the destructive flood®dopted for the geological formations in Table 2. The spatial
of the 12 January 1997. distribution of the infiltration coicients derived from the
product of the raster of infiltration céiicients to the raster

of annual precipitation amounts. Based on theséhoients

and geological map of the prefecture (Fig. 2) which was digi-
Potential evapotranspiration was calculated from meartised in vector polygon form, the total infiltration was esti-
monthly temperature. Based on Thornthwaite methodmated to be 290:610° m/yr or 20.9% of the annual precipi-
(Voudouris, 2006), the estimated actual evapotranspiratioriation. The analysis was accomplished on the basis of a raster
is 74%-81% of the annual rainfall amounts in lowlands andgrid with a cell size of 50 50 m.

38-50.5% in mountainous area. A rather strong negative as- The major aquifers in the prefecture of Korinthos occur
sociation Er=—0.043+81.8,r=0.84), was found between within the carbonate rocks (karst aquifers), due to their high
the actual evapotranspiratider (%) and the altituddn (m) infiltration capacity (45-52% of the annual rainfall) (Rockel
for each station (Fig. 6). and Hotzl, 1986). Karst aquifer systems often discharge

As for precipitation, the DEM of the prefecture with the groundwater through large springs; inland freshwater springs
use of the above-mentioned equation was used to derive thand coastal brackish water springs. The mean annual volume
spatial distribution of Er through the use of the raster calcu-of spring freshwater was estimated to be 1¥1.@ m3/yr
lator of ArcGIS. For the calculations, the field capacity or (Moudouris, 2007).

3.3 Evapotranspiration

Adv. Sci. Res., 1, 18; 2007 www.adv-sci-res.rn@df1/2007
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Figure 7. Hydrological water balance. (Swater surplus, M= soil

—— Rainfall
p— 4‘_

—@ — Actual evapotranspiration

Potential evapotranspiration

200 —|
180 — PN 4 Conclusions
160 — Velo 7 +\
140 — Multiple linear regression and GIS were used to estimate
% 120 — the spatial distribution of rainfall. The physiography of the
£ 100 — Korinthia area controls the annual rainfall distribution. The
E 8o — largest precipitation amounts occur in the SW part of the re-
60 — gion and decrease towards east and north. Extreme climat
40 — events in the form of both droughts and floods have been oc
20 — cured.
o - — T T T T 7T With regards to the hydrologic balance components of
Jan Feb Mar AprMayJun Jul AugSep Oct NovDec the studied prefecture on temporal and annual basis, ug
ing the Thornthwaite method and GIS technique the fol-
:i__ :‘e'i"al cvaoranepraton lowing conclusions can be drawn: (i) the long term rain-
200 — _@—  Actual evapotranspiration fall is 1.3%x10°m3/yr, (i) the mean actual evapotran-
s spiration amounts 0.32.0° m%yr and (iii) the infiltration
180 7 and streamflow were estimated to be &26°m3/yr and
160 —  Kalivia 0.3710° m3/yr, on average, respectively. On spatial basis,
140 — the hydrologic balance identified the highest surplus in west;
9 120 _' ern part of the area and the lowest in the eastern.
E 100 The hydrological balance could be useful in order to op-
T 8o timize the water resources management in a basin scale, a|
. cording to Water Framework Directive 2QB0/EC. Future
60 7 investigations of the hydrological balance would benefit by
40 — improvement in hydrological data monitoring, application of
20 — isotopic analysis and computer modelling to simulate watet
0 T T T T T T T T T 1 cycle.

Jan Feb Mar Apr May Jun Jul AugSep Oct NovDec

months

moisture use, B= water deficit, R= replenishment period).

3.5 Streamflow

face rundf. A small amount (1410° m®/yr) of surface runff

of Asopos river is captured for irrigation use and the major
part of winter time torrential flow goes to the sea (Voudouris,
2006).
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