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Abstract 

The fresh water resources of the world are stressed due to the increasing population. The 

climate change has also affected the water resource availability due to the occurrence of 

frequent and uneven extreme events such as drought and flash floods. In the context of 

Peloponnese, Greece water resource management is an important issue for tourism development 

as well as the water supply for the people in the peninsula. To assess the potential climate 

change and to quantify the water resource availability linear regression trend analysis and 

hydrological modeling has been done in this study. The hydro-climatic data (Temperature, 

precipitation, evapotranspiration and precipitation surplus) show a decreasing trend when a long 

study period (1951-2008) is considered; however, all the trends are not statistically significant 

except precipitation, actual evapotranspiration and precipitation surplus. Similarly, the case is 

quite opposite when IPCC standard period (1961-1990) is considered. In this period, 

precipitation and precipitation surplus is increasing but not statistically significant, whereas 

temperature and potential evapotranspiration has decreasing and statistically significant trend 

and actual evapotranspiration is decreasing but not statistically significant. Hence, it cannot be 

concluded that the climate has changed in the peninsula with reference to linear regression 

analysis. On the other hand, it should be noted that the water resource availability will decrease 

in the peninsula if the current trend in the hydro-climatic data continues. Furthermore, a spatial 

analysis shows that water availability is less in the eastern part and the coastal area of the 

peninsula due to low precipitation and high evapotranspiration. Hence, these areas need to be 

focused on for the better water resource management and planning. However, the uncertainties 

related to data and model should be accounted for in the water resource management and 

planning. 

Keywords: Peloponnese, water resource management, climate change, hydro-climatic data, 

regression analysis, hydrological modeling, watershed 
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1.  Background 
The world’s population is increasing at a rate of around 80 million people per year 

which increases the freshwater demand by 64 billion m
3 

of water per year (World Water 

Assessment Programme 2009). According to Intergovernmental Panel on Climate 

Change (IPCC), the global temperature increased by 0.74°C ± 0.18°C  over the last 100 

years (1905-2005) and precipitation is likely to increase by 0.2 to 0.3% per decade over 

the tropical land areas in the 20
th

 century (IPCC 2007).  In case of the Mediterranean 

region, the region will particularly be affected by rising temperature and more marked 

drought which will affect the spatial and temporal precipitation partitioning and hence 

the water resources. The demand of the water will be increased around 20% over 

current conditions by year 2025 in the Mediterranean region (Milano 2010). Similarly, 

the water consumption in Greece is estimated to increase by around 3% per annum 

where the major water use is for irrigation and domestic purposes (Tsagarakis et al. 

2004). In addition, due to the changing climate there is potential for adverse effects on 

the health and shortages of water. As such, limitations in water resources have stressed 

the local economy by affecting agriculture and tourism in Greece (Good et al. 2008). In 

this context, water resources management in water-limited regions such as the 

Mediterranean and Greece is a challenging and important task. Water resource 

management (and planning) becomes even more challenging when considering that 

climate change is affecting the hydrologic cycle. The term climate change refers to the 

alteration of the overall climate condition whereas the fluctuation about the mean 

climate is considered the climate variation (FAO 2003). To assess the climate change it 

is necessary to analyze trends in the hydro-climatic data. To see the trends and relations, 

correlation and linear regression are the widely used.(Storch & Zwiers 2003; Lanzante 

1996; Dendukuri & Reinhold 2005). So, simple linear regression and correlation can be 

used for the detection of the trend and hence the assessment of climate change. 

Moreover, the trend analysis can be a preliminary and important tool for the assessment 

of water resource condition. 

When water resource management is discussed, the water balance method is an 

important tool to quantify the available water. Water balance refers to the dynamic 

balance of the water inputs and outputs from a region taking into account the fluctuation 

of the water reserves (Sofios, Arabatzis & Baltas 2008). The water balance can be easily 

formulated when required data are available; however, data is always a major limitation 

(Beven 2008; Dunn et al. 2008). To overcome the limitation, hydrological modeling 



Sunil Duwal 

2 

 

could be an important tool. Hydrologic modeling provides a framework for the 

conceptualization and investigation of the relationship between climate and water 

resources. For the investigation of the climate effect and many other water resource 

issues, hydrological modeling has been used (Leavesley 1994). Hence, basic trend 

analysis, empirical models, hydrological modeling and water balance approach could be 

a basic and important tool for the water resource management. 

2. Introduction 
Water resource management is a major issue in Greece (Kerkides et al. 2007; Tsiourtis 

2002). The past and current trend of the climatic data can help in visualization and 

characterization of the past and current water resource situation. The hydro-climatic 

data can be the major source of information for the analysis of the water resource 

condition. In this study the potential temporal and spatial trends of hydro-climatic data 

are considered for the Peloponnese peninsula in Greece. This region was selected since 

it is home to the new Navarino Environmental Observatory (NEO) supported by 

Stockholm University and because the Peloponnese peninsula is an important region for 

tourism development in Greece. Using the available meteorological data and the 

empirical models, the major components of the water resource namely, potential and 

actual evapotranspiration and the precipitation surplus are analyzed. The trends in the 

water balance component are analyzed to estimate if climate change has occurred in the 

area or if trends can be better characterized as just a climate variation. The main 

watersheds on the peninsula are delineated and empirical methods used to calculate the 

runoff. This allows an investigation of the variation of both the runoff according to each 

watershed and also the uncertainty in the results with regards to the models used. 

2.1. Objectives 
The main objective of the study is to look at the temporal trend and spatial pattern and 

develop a base hydro-climatic model relevant for the water resource management of 

Peloponnese peninsula in Greece. With that, this thesis seeks to address the following 

questions:  

a. Are there any temporal trends and/or spatial patterns in the hydro-climatic data 

of the Peloponnese peninsula? 

b. Do the trends in hydro-climatic data agree with regional and projected trends 

and patterns of climate change? 
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c. What is the current and potential future water resource situation of the 

Peloponnese peninsula? 

2.2. Introduction to study area 
Greece (Fig. 1) is a country with an area of 132000 km

2
. The country has a special 

geomorphic structure with an intense ground relief and great extent of coasts. Due to its 

special geomorphic structure it has variable climatic condition (Baltas 2008). As such, 

the largest part of water supply in Greece comes as surface water and the major sectors 

for water recourse management are thus water associated with irrigation, infrastructure 

and live-stock farming and fishery in the rural areas of Greece (Sofios et al. 2008). 

 

Figure 1: The location map of Peloponnese 

Peloponnese is a peninsula in the southern part of Greece (36°30′–38°30′ N, 21°–23° E) 

covering an area of 25549 km
2
. The population is around 1150000 with people mostly 

involved in agriculture (Gitas et al. 2008). Technically, this peninsula became an island 

after the construction of the canal in 1893 that separated it from the mainland Greece. 

The ground elevation increases from the coastal plain with elevation less than sea level 

to around 2400 m at the inner land of the peninsula. It has four main south pointing 

peninsulas namely, the Messenia, Mani, Cape Malea and the Argolid. The inner part of 

the peninsula is basically mountainous region. From the arid limestone plateau of 
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Arcadia where the rivers disappear underground into the soluble rock, the barren lands 

within the mountains starts and rises to around 2400m. The fertile land in the north and 

west made of the alluvial depression forming the gulf of Laconia, Messenia and Argolid 

surrounds the mountains (Encyclopaedia Britannica Online 2011). The climate of this 

peninsula is Mediterranean with hot, dry summers and mild, wet winters. The average 

annual temperature and precipitation varies according to the location. For the Kalamata 

meteorological station (37°4′ N, 22°1′ E) the average annual temperature is 17.8°C and 

the average annual precipitation equals 780mm (Veraverbekea et al. 2010). 

2.3 Previous studies: 
Many studies related to water resources in Greece were done that include the peninsula 

or different parts in Peloponnese peninsula. The maximum and minimum temperature 

of Greece was studied using data from 60 meteorological stations and one in fifty years 

return period extreme temperatures were plotted (Flocas & Angouddakis 1979). 

Similarly, using multiple regression and data from 60 meteorological stations, monthly 

and annual average temperatures were compared with latitude, longitude and elevation 

by Flocas et al. (1983). According to this study the summer air temperature is more 

related to altitude and winter temperature is related to latitude. The water balance 

estimate over the entire Greece was done using different empirical methods to calculate 

the water balance parameters by Kerkifes et al (1996). Kerkifes et al (1996) used 

meteorological stations data from 31 stations in the Greece for 27 years (1960-1987) 

and water balance was estimated. They used 6 meteorological stations within 

Peloponnese peninsula to estimate evapotranspiration. In this study they calculated the 

potential and actual evapotranspiration using Thornthwaite and Penman’s equation and 

estimated the soil water content. They found that in Greece the annual soil moisture 

might vary up to 64% and southern Greece has the highest soil moisture deficit. The 

variation and trends in the temperature was studied by Proedrou et al. (1997) using 25 

stations inside the Greece for the year 1979-1991. This study used 5 years running 

average and regression analysis to detect the trend and variation within the temperature 

data from those stations. The study done by Papadopoulou et al. (2003) has included the 

whole peninsula but the study was related to Potential Evapotranspiration. They used 

the Thornthwaite equation, Blaney-Criddle and Hargreaves method to calculate the 

potential evapotranspiration of different water districts within Greece using 

meteorological data. According to their study the uncertainties in the potential 
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evapotranspiration, not only depend on the method but also the region of the study. The 

variation might be up to 30% according to the method applied.  

A study was done by Voudouris et al. (2007) in the Korenthia prefecture related to the 

hydrological balance estimation. In this study, the hydrological balance components 

were calculated for different watersheds within that area. They used hydro-

meteorological data and GIS to estimate the components of water balance. Kerkides et 

al. (2007) have applied GIS-based local-scale daily rainfall-runoff   modeling and 

country wide monthly rainfall-runoff modeling. They used soil, land-cover, DEM and 

weather stations data to visualize the spatial variation of the water balance components. 

Using 22 meteorological stations in Greece for the period 1955-2001 and satellite data 

from 1980-2001, the trend analysis was done by Feidas et al. (2007). This study used 

least square method and Mann-Kendall method to detect the trend and discontinuities in 

the precipitation data and compared with the satellite data. The spatial and temporal 

variation of the precipitation was studied by Hatzianastassiou et al. (2008) for the entire 

of Greece. In this study, they used most of the meteorological stations data from the 

Peloponnese peninsula. They compared the monthly satellite based data from Global 

precipitation Climatology Project (GPCP) for the 26 years period (1979-2004) with the 

meteorological stations data and saw the variations of the precipitation both spatially 

and temporally. They found a decreasing trend in the precipitation pattern in Greece and 

surrounding area.  

A water balance approach and trend analysis over the entire Greece was also done by 

Mavromatis & Stathis (2011). In this study they used weekly data from 1961-2006 of 17 

meteorological stations over Greece to see the trend in air temperature, precipitation, 

potential and actual evapotranspiration, runoff, water recharge into soil and water loss 

from soil. Their study showed that the annual trends of the hydro-meteorological 

variables are analogous to the seasonal variation. The significance of the trends of the 

hydrological components varied according to the season in all meteorological stations. 

There are many other studies done regarding hydrology and climatic data. Feidas (2010) 

studied and validated satellite rainfall data, statistical analysis of the climate extremes 

were done by Kioutsioukis et al. (2010), Tsiourtis (2002) studied about the climate 

change and water in Greece. Clearly, while much previous work has been done 

investigating changes and trends in hydro-climatic data, results with regards to water 
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balance components indicate variability across Greece and dependence on the methods 

considered, the data used and the scale of relevance selected. 

3. Materials and Methods: 
3.1. Temporal Analysis: Climatic trend analysis. 
Data and estimates 

To view the long-term climatic trends in the region the publically available Center for 

Climatic Research (CRC) Terrestrial Air Temperature and Precipitation: 

Monthly Climatologies version 4.01 (Center for Climatic Research 2009) datasets were 

used.  These CRC datasets have a 0.5° spatial resolution. The data cells that cover the 

study area were sorted out from the monthly climate data of the world. The range of the 

spatial coverage was taken between 21° to 24° latitude and 36° and 39° longitude. This 

includes 13 cells. The annual average and the average of the cells were calculated for 

year 1901 to 2008.  

Similarly, the data sets from meteorological stations on the Peloponnese peninsula were 

used as the main data for the trend analysis (Table-1). This data was prepared by and 

available through collaboration with the Academy of Athens. It is important to note here 

that no observations of streamflow or runoff data were found that are publically 

available for the study area considered. 

Table 1: List of the stations and available climate data 

Station Lat. Lon. Alt. 
Climatic 

Data 
Range Missing Records 

Araxos 38.13 21.42 11.7 
Temperature 1951-2004 

 
Precipitation -- 

 
Argos 37.6 22.78 11.2 

Temperature 1984-2000 2000(Oct.) 
Precipitation -- 

 

Kalamata 37.07 22 11.1 
Temperature 1951-2008 

1952(Sept.-Nov.) 

1953(Aug.) and 

1955(Sept.) 
Precipitation 1951-2008 

 

Kythira 36.13 23.02 167 
Temperature 1951-1994 

 
Precipitation 1951-2008 

2006(Jan.-Aug.) 

2007(Feb.) 

Methoni 36.83 21.7 53 
Temperature 1951-2008 1994(Jan.) 
Precipitation 1951-2008 

 
Pyrgos 37.67 21.3 12 

Temperature 1951-2003 
 

Precipitation 1951-2008 
 

Tripoli 37.53 22.4 662 
Temperature 1951-2004 

 
Precipitation 1951-2008 

 
Velo 37.97 22.75 20 

Temperature 1988-2004 
 

Precipitation -- 
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The annual precipitation and average temperature from the meteorological stations were 

used to model the potential evapotranspiration (ETp) and actual evapotranspiration 

(����). The ETp in mm/year is calculated using Langbein(1949) model as: 

  ��	 = 325 + 21� + 0.9��     (Eq. 1) 

Where, T is annual average temperature in °C. Similarly, the actual evapotranspiration 

(����) is calculated using the Turc (1954) as: 

���� = �
��.�� ������

     (Eq. 2) 

Where, ���� is actual evapotranspiration in mm/year, �  is the annual precipitation in 

mm/year. 

Time series considered and trend analysis 

Linear regression analysis was used for the trend analysis of each station for available 

climatic data. The annual average temperature and precipitation were calculated for the 

whole peninsula for the year 1951 to 2008 from the stations where data was available. 

The Araxos, Argos, and Velo were excluded since they did not have data of 

precipitation during the period of investigation (Table 1). The station Tripoli showed a 

lower average temperature as compared to all other stations (Fig. 2). This might be due 

to its location being inland and at a higher elevation as compared to other stations 

(Table 1). As such, it is excluded from determining the peninsula average values due to 

the large potential influence of elevation. For the years and stations with missing 

monthly data, the annual averages were calculated on the basis of the months with the 

available data only. 

For each data set the averages and the standard deviation were separately calculated for 

International Panel for Climate Change (IPCC) standard period 1961-1990 and the 

overall study period 1951-2008 where observational data is available. Then, the linear 

regression analyses were performed to investigate the potential trends. The statistical 

significance of the regression was checked according to the p-value from the t-test at 

95% confidence level.  
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Figure 2: Effect on the average temperature due to the data of the meteorological station 'Tripoli' 

The long term CRC datasets from 1900 to 2008 were divided into 1901 to 1930, 1931 to 

1960 and 1991 to 2008. These sets were separately compared with the IPCC standard 

period in order to determine if significant change has occurred relative to the standard 

period. The variances of individual periods were checked with IPCC standard period to 

determine if they were equal or not. If they were equal, two tailed Student’s t-test was 

conducted, if not Welch’s t-test (Welch 1947) was conducted to test for significant 

differences. These tests were conducted for temperature and precipitation. The 

comparisons were also done between the station’s data and long term data for IPCC 

standard period and the period of 1951 to 2008. To visualize the shift of temperature 

and precipitation from the IPCC standard period the average from this period was 

subtracted from annual data from each specific period. Linear regression analyses were 

then done separately for each of the modeled climate parameters to visualize their 

trends. MATLAB 2010a was used for all the analyses and calculation done for temporal 

analysis.  

3.2. Spatial Analysis: Runoff estimate and Watershed delineation: 
Spatially distributed estimates and ‘water balance’ 

To look at the spatial patterns in hydro-climatological observations for the Peloponnese 

peninsula the spatially distributed temperature and precipitation raster data sets from 

worldclim (Hijmans et al. 2005) were used to model the ETp (Eq.-1) and ����  (Eq.-2).To 

determine the spatially distributed actual evapotranspiration from this data (���� ), 

Wenland (1992) method was applied which is based on the soil texture and land cover. 
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The Corine dataset (Bossard et al. 2000) was used to find out the land cover type. This 

raster data set was re-classified according to land cover type as forest, other and water. 

To determine soil texture, Harmonized World Soil Database (HWSD) (Fischer et al. 

2008) was used. The soil map raster data set from HWSD was re-classified according to 

the soil texture. The raster data sets were then used to determine the ����(Table 2). 

While determining the soil texture, the most dominant soil texture only was considered. 

However, when there were two dominant soil textures or, the difference between their 

percentages was low, the ��� value that lies between two soil textures was chosen. 

Similarly, Wenland (1992) method contained	��� values for other soil textures as well, 

but in this case the available soil texture values are only fine, medium and coarse so 

their corresponding values were only considered.  

Table 2: ���"-values as a function of soil texture and land cover (Wendland 1992) 

Soil texture 
����(mm/year) 
Forest other land cover 

Fine 550 470 
Medium 475 375 
Coarse 450 325 
Water NA 600 

NA= not applicable 

The monthly average temperature and precipitation for the present period (1951-2000) 

according to worldclim was used for the calculation of annual average temperature and 

precipitation. First WGS1984 coordinate system was defined for all the average 

monthly temperature and precipitation raster data sets. The data sets were then projected 

to WGS 1984 UTM Zone 34N. The annual average temperature and precipitation was 

calculated using the raster calculator of spatial analyst tool in ArcMap 2010. The annual 

precipitation surplus was then calculated using a ‘water balance’ approach as:  

�# = � − ��� − ∆#     (Eq. 3) 

Where �# is uncalibrated annual precipitation surplus, ∆# is change in storage. While 

calculating this water balance, it was assumed that a portion of the precipitation was 

runoff and another was evapotranspiration and the storage was constant within the study 

area for an annual basis, hence∆#; the change in storage becomes zero. Under such 

assumptions, all of the precipitation surplus (PS) can be assumed to be specific runoff 

and contains both surface water and groundwater (uncalibrated, of course, based on the 

���  and ����  value). 
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The calibration of the PS was done according the method used by Jarsjö et al. (2006) 

and Jarsjö et al. (2008). During the calibration ���� was calibrated considering that the 

land-cover and soil textured based Wenland (1992) method was more realistic 

compared to temperature and precipitation based Langbein (1949) and Turc (1954) 

models.  

When a single calibration factor &'�()�*) is applied to calibrate���� , the calibrated 

precipitation surplus (�#)�*) is given by, 

�#)�* = � − &'�()�* . ���     (eq. 4) 

It should be noted that the specific runoff i.e. the total runoff divided by total catchment 

area is equal to the precipitation surplus (described above). Let  ,- be the ratio between 

the calibrated and uncalibrated specific runoff. Then the ratio ,- is 

,- = ∑�/0��(1(2 .∑'�(3∑�/∑'�(      (Eq. 5) 

If measured runoff data were available and when it is divided by the area of the 

peninsula i.e. the actual specific runoff must be equal to the calibrated precipitation 

surplus. Since, the measured runoff data was not available, the actual runoff was 

considered as the independently calculated runoff qest = (qw +qT)/2, where qw is runoff 

calculated using ���  and qT is runoff calculated using	���� . So, the ratio ,-  is then 

qest/qw. The total number of the cells or the area of the peninsula is same so the runoff 

values calculated can be related to precipitation surplus values calculated. In this case ,- 

becomes 

,- = ∑�4567∑�48      (Eq. 6)  

Where, (∑PSest) is total estimated precipitation surplus calculated as the average of total 

precipitation surplus ∑PST calculated using ���� and  total precipitation surplus ∑PSw 

calculated using ���� in Eq.-3. 

From, equation 5 and 6  &'�()�*  (a single calibration factor that should be multiplied with 

the values in Table 2 in order to represent the site specific conditions) can be calculated 

as, 

&'�()�* = ,- + (1 − ,-) ∑�∑'�(3    (eq. 7) 
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Spatial variability in modeled runoff 

The spatial variability in the above modeled runoff was considered by investigating the 

runoff coming from various catchments covering the Peloponnese peninsula. For the 

catchment delineation data from the ASTER GDEM (METI and NASA 2011)was used. 

A DEM model for the study area was developed by mosaicing nine ASTER GDEM 

sheets covering 1° each. The sheets used were 36-21, 36-22, 36-23, 37-21, 37-22, 37-

23, 38-21, 38-22 and 38-23. These DEM raster data sets were projected to the UTM 

ZONE 34N projection system to reduce the aerial distortion. The study area vector from 

GADM shapefiles (Hijmans & Garcia 2009)was clipped from the obtained DEM. The 

DEM data was then re-sampled to cell size 30 arc second (~ 1km) using bilinear 

interpolation method so the cell size is the same as that of precipitation and temperature 

raster data set from worldclim data set. This DEM data was then preprocessed using Arc 

Hydro tools. The DEM was reconditioned by burning the stream network shapefile from 

GADM. The sinks were filled, and flow direction was calculated where each cell 

contains a value defining flow direction to one of the neighboring cells. Similarly, using 

the flow direction map flow accumulation map was constructed. The value of each cell 

in the flow accumulation map signifies the number of upstream cells that eventually 

drains into the specific cell.  This method assumes that the flow gravity and the 

topographic slope is the dominant factor deriving the flow direction. During the 

calculation of the flow accumulation, the calibrated precipitation surplus (PScal) 

calculated from the water balance (Eq.-4) was used as the weight raster so that the total 

water accumulated can be calculated.  

The stream definition and stream segmentation were done to extract the stream network 

from the DEM. While defining the stream, it was assumed that at least 1% of the 

maximum modeled flow (default value in Arc Hydro tools and used as simple rule of 

thumb for stream definition) is needed to define a stream (Merwade 2010). This 

assumption determines the minimum size of the catchment from which a stream could 

be generated. The catchment grid delineation, catchment polygon processing, drainage 

line processing, adjacent catchment processing, drainage point processing were done 

before watershed delineation so that the streams and catchments were delineated into 

vector files. The watershed delineation was done using batch watershed delineation 

method. The outlet points were chosen according to the flow accumulation value to map 

out largest watersheds on the peninsula. Since the peninsula is technically an island it 
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had many outlets draining towards the sea. The batch points thus selected were used for 

the batch watershed delineation. Due to the lack of the runoff data from the area, the 

water balance and the modeled runoff at the outlet points of the watersheds could not be 

verified. Hence, the figures represented by the model should be considered as the 

probable annual flow in outlets of the delineated watersheds and might be quite away 

from the reality. 

4. Results: 
4.1. Climatic and hydrologic data trend: 
4.1.1. Temperature: 
Meteorological station data trend: 

The meteorological station data shows a general decreasing trend of the temperature in 

Peloponnese. The decrease is significant for the period of the IPCC standard period 

(1961-1990). On the other hand, if the trend is seen for the study period of 1951 to 

2008, the decrease is less and not statistically significant as compared to IPCC standard 

period (Fig. 3a.).The average temperature for IPCC standard period is 17.8°C. The 10 

years and 20 years floating average shows that the temperature increased by 0.3°C by 

the year 1970 and decreased by 0.2°C till 1980. Thereafter, the temperature showed an 

increasing trend and increased by 0.2°C by the year 2008 with reference to the average 

temperature at IPCC standard period (Fig. 3b).   

Long term CRC data trend: 

The long term CRC data shows a decreasing trend in the temperature of the previous 

century in the peninsula; however, it is not statistically significant (p value =0.20). The 

decrease is 0.002 degree per year. Compared to the meteorological stations data, the 

long term CRC data shows lower average temperature. However, the trend for the 

overlapping study period (1951-2008) is highly correlated (R
2
 =0.84) and the linear 

regression is also statistically significant (p value = 1.3e-23). This gives validity to the 

data to be used for the long term trend analysis, if the meteorological stations data are 

considered valid.  The comparison with the IPCC standard period for CRC data set 

shows that this period has the lowest temperature and the temperature was higher before 

and after the IPCC period. However, the difference is statistically significant for the 

year 1931-1960 only. The difference in this period is 0.34°C. Similarly, it shows that 

the temperature is increasing after 1990 in the region. The increase is by 0.13°C in this 

period. This fact is similar to the meteorological station data. It should also be noted that 
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the standard deviation is also increased in this period (Fig. 3c). The average temperature 

for the region according to this CRC data set is 14.28°C for the IPCC standard period 

and 15.15°C when considering the 1901-2008 study period. These values are lower than 

that from the meteorological stations data. This might be due to the excluding of the 

Tripoli while calculating the average temperature of the area (Fig. 2) also due to the 

interpolation method and weight given to the station according to the interpolation 

method while generating Monthly Climatologies version4.01 dataset. It should be noted 

that in this study, no weights are given to the meteorological stations according to 

elevation or geographical location. The 10 years and 20 years average temperature and 

in comparison to IPCC standard period showed an increasing trend after year 2000 

according to CRC data set. The temperature increased by 0.46°C in this period. The 

trend was decreasing from the year 1941 to 2000 considering 20 years average; 

however, there was a slight increase from the year 1951 to 1970 when 10 years average 

is considered (Fig. 3d). 

  

Figure 3: The temperature trend 

a. Temperature trend of the meteorological stations data, b. Temperature trend minus the IPCC 

standard period average temperature for meteorological stations data, c. grouped into long term 

average temperature for CRC data set(Blue bar indicates statistically significant difference 

compared to IPCC standard period, orange bars indicates not statistically significant difference 

compared to IPCC standard period, red bar indicates the IPCC standard period), d. Temperature 

trend minus the IPCC standard period average temperature data for CRC data set 

d. c. 

a. b. 
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4.1.2. Precipitation 
Meteorological station data trend: 

In case of precipitation, the trend is opposite to the temperature. For the period of 1951-

2008, it is decreasing and is statistically significant. In contrast, during the IPCC 

standard period it is increasing and not statistically significant. The average 

precipitation for the IPCC standard period according to the meteorological stations 

records is 745mm/year (Fig. 4a). The 10 years and 20 years floating average for the 

period of 1951-2008 show a decreasing trend of precipitation in the peninsula. The 

precipitation was lowest from 1991 to 2000. The precipitation decreased by 115mm 

compared to the average precipitation at IPCC standard period. If the 10 years average 

is considered there is a slight increase in the precipitation in the year 1971 to 1980 

whereas, there is a decreasing trend in all the periods, if 20 years average is seen (Fig. 

4b).  

 

Figure 4: The precipitation trend 

a. Precipitation trend of the meteorological stations data, b. Precipitation trend minus the IPCC 

standard period average precipitation for meteorological stations data, c. Grouped into log term 

average precipitation for CRC dataset (Blue bar indicates statistically significant difference 

compared to IPCC standard period, red bar indicates the IPCC standard period), d. Precipitation 

trend minus the IPCC standard period average precipitation data for CRC data set 

Long term CRC data trend: 

The precipitation data from CRC shows a decreasing trend in Peloponnese. The trend is 

statistically significant (p-value = 0.03). The precipitation is decreasing by 0.7mm per 

year in this area. The average precipitation over the area is 585mm/year considering the 

a. b. 

c. d. 
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l901-2008 study period and the IPCC standard time average precipitation is 

728mm/year. This value is close to the average of the meteorological stations 

(745mm/year). Similarly, the trend in the overlapping period (1951-2008) of the 

meteorological stations data and CRC data is statistically significant (P value = 8.57e-

18) and shows that these data sets are highly correlated (R
2 

= 0.74). The average 

precipitation increased in the year 1931-1960 but it has a decreasing trend then after. 

The two tailed t-test shows that the difference is statistically significant for all the time 

periods with regards to the IPCC standard period. The precipitation was higher in 1901-

1930 by 25mm and by 50mm in 1931-1960 in comparison to IPCC standard period. It 

decreased by 33mm in the period of 1991-2008(Fig. 4c). The 10 years and 20 years 

average data shows increasing trend till 1940 and then the precipitation has a decreasing 

trend. The precipitation decreased by 42mm after year 2000. While considering 10 

years average, the precipitation was highest in the year 1931-1940 and with regard to 20 

years average it has highest rainfall in year 1921-1940 (Fig. 4d).  

4.1.3. Evapotranspiration trend: 
The potential and actual evaporation trend using Langbein (1949) and Turc (1954) 

models show a decreasing trend in Peloponnese. The potential evapotranspiration is 

decreasing at the rate of 0.16mm per year and the trend is not statistically significant. 

However, the decrease is at higher rate and statistically significant at the IPCC standard 

period (Fig. 5a). The average potential evapotranspiration is 985mm/year considering 

the study period 1951-2008 and it is 984mm/year for the IPCC standard period. These 

values are comparable to the Papadopoulous et al. (2003) which shows the potential 

evapotranspiration varying from 800 to 1100mm/year with regards to different 

estimation methods applied by them. 

Similarly, the actual evapotranspiration has statistically significant decreasing trend of 

1.7mm per year considering 1951-2008 window. However, the trend is not significant 

and decreasing at 0.4mm per year when the IPCC standard period is considered (Fig. 

5b). The average actual evapotranspiration for the period of 1951-2008 is 594mm/year. 

The average actual evapotranspiration is 608mm/year if IPCC standard period is only 

considered. 
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Figure 5: Evapotranspiration trend 

a. Potential Evapotranspiration, b. Actual Evapotranspiration 

 4.1.4. Precipitation surplus trend 

The precipitation surplus calculated from water balance (Eq.-3) also shows a 

statistically significant decreasing trend for the year 1951-2008. Whereas, if only the 

IPCC standard period is considered; it has increasing but not statistically significant 

trend (Fig. 6). The average annual precipitation surplus is 125mm for time period of 

1951-2008 and is 137mm when IPCC standard time period is considered. So if we 

consider the study period of 1951-2008 then the water availability in Peloponnese is 

decreasing whereas the IPCC standard period shows slightly increasing trend.  

 

Figure 6: The precipitation surplus trend 

4.2. Spatial analysis: 
The worldclim data which is the average calculated from 1951-2000 shows that the 

temperature varies from 7.7 to 18.4°C and precipitation varies from 432 to 

1074mm/year in Peloponnese (Fig. 7a and 7b). The zonal statistics shows that the 

average temperature of the area is 14.6°C and the precipitation is 773mm. The 

temperature value is similar to the climatologies data whereas the precipitation value is 

higher in comparison to both meteorological stations data and climatologies data. 

a. b. 
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Similarly the potential evapotranspiration calculated using Langbein (1949) model 

varies from 540 to 1016mm/year and average is 830mm/year (Fig. 7c). This value is 

low in comparison to the average potential evapotranspiration calculated using the 

meteorological stations data (985mm/year for the period of 1951-2008). The potential 

evapotranspiration has low value in the coastal area compared to the inner area of the 

peninsula.  

The actual evapotranspirations ���� (Fig. 7e) and ����(Fig. 7d) calculated using Turc 

(1954) model and Wenland (1992) models show a distinct variation both in value and 

spatial extent. The ����  varies from 325 to 600mm/year and the average value is 

458mm/year, whereas, it varies from 414 to 678mm/year with the average value of 

567mm/year for ���� . It can clearly be seen that the Turc (1954) method produces 

higher value of the actual precipitation as compared to Wendland (1992) method.  

Spatially, the ���� shows decreasing pattern from west to east; however, the ���� does 

not show such spatial variation (Fig. 7d & 7e).  The calibration of the ���� using the 

calibration method used by Jarsjö et al. (2006) and Jarsjö et al. (2008) results the 

calibration factor 1.27. When multiplied this value to the ����values (Table 2) resulted 

the calibrated ETa that varies from 374 to 624mm/year (Fig. 7f). It is obvious that the 

spatial pattern of the calibrated ETa follow the pattern of ���� as the calibration factor is 

applied to ����. 

The calculated precipitation surplus shows a large variation in minimum and maximum 

value. The minimum value of the precipitation surplus varies from -162 i.e. 

162mm/year deficit (Fig. 7i) to 632mm/year (Fig. 7g). The average precipitation surplus 

PSW for the area as a whole is 316mm/year for the one calculated using ����  and 

203mm/year for PST that using	����. The average calibrated precipitation surplus PScal 

is 192mm/year. If spatially evaluated, the precipitation surplus is less in the eastern 

Peloponnese as compared to western (Fig. 7g, 7h & 7i), however, the maximum values 

lies near the middle part of the peninsula. The spatial variation of the precipitation 

surplus is opposite to that of actual evapotranspiration. This fact is simply justified from 

the water balance method (Eq.-3 & 4) as it is difference of the precipitation and actual 

evapotranspiration.  
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Figure 7: The spatial distribution of hydro-climatic data: 

 a. Temperature,  b. Precipitation,  c. ETp ,  d.	:;<=,  e.	:;<;,  f. ETcal,  g. PSw,
  
h. PST,  i. PScal  

4.3. Watershed delineation and runoff: 
The watershed delineated (Fig. 8) using the Aster GDEM data results 62 watersheds 

(note that there is no WSID4) with a total area of peninsula 21613.7 km
2 

of which 

18895.77 km
2
 is delineated as watershed and rest i.e. 2717.93km

2 
(12.57% of total area) 

could not be delineated. The delineated watersheds show that the maximum watershed 

areas are shared by watersheds 12, 13, 15 and 14 respectively. The undelineated areas 

are the area that is not within the definition of catchment considering maximum flow 
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accumulation or very small catchments which needs to be generalized considering the 

area and/or flow they represent. The minimum flow accumulation value for the 

definition of the catchment was limited to 1% of the maximum flow considering the 

non-weighted flow accumulation value. The runoff generated in the undelineated area is 

229.53 x 10
6
m

3
/year i.e. 5.53% of the total runoff (4152.02 x 10

6
m

3
/year) from the 

peninsula.  This runoff is the amount of water that flows to the sea from the ground 

without following any streams considering the minimum 1% of the maximum flow 

criteria. The maximum portion of this flow can be considered as the groundwater flow 

in the coastal areas. 

The specific runoff values 

show a greater variation 

ranging from less than 

1mm/year (Watershed 62) to 

282mm/year (Watershed 2) for 

similar area coverage (Fig. 9 & 

Table.-3).This variation in the 

specific runoff shows the idea 

of how dry or wet the 

watersheds are in the 

peninsula. The specific runoff 

is higher in the watersheds at 

the western part of the 

peninsula (for e.g. watersheds 

16, 19, 49, 45, 2); whereas, the 

specific runoff values are lower in the watersheds at the eastern part of peninsula (For 

e.g. watersheds 62, 7, 63, 60, 30 and 6). The scatter plot between specific runoff and 

area of the watershed (Fig. 9) shows that there is no distinct variation of the specific 

runoff with regards to the area covered by the watersheds. The linear fit (Fig. 9) shows 

that the specific runoff increases with the increase in area but it is not statistically 

significant. Furthermore, the specific runoff varies according to the location of the 

watersheds rather than area they cover. Similarly, if the distribution of the wet and dry 

watersheds is seen, the numbers of the watersheds that have higher specific runoff than 

average is similar to the watersheds that have lower specific runoff (Fig. 9 & Table 3). 

Figure 8: The delineated watersheds 
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This shows that there is high spatial variability in the water resource availability in the 

peninsula.  

 

Figure 9: The spatial variation of the specific runoff 

Table 3: The distribution of the modeled specific runoff according to watershed area 

WS 

ID 
Area 
(km

2
) 

Sp. Runoff 
(mm/year) 

WS 

ID 
Area 
(km

2
) 

Sp. Runoff 
(mm/year) 

WS 

ID 
Area 
(km

2
) 

Sp. Runoff 
(mm/year) 

1 46.29 245.3 24 249.00 265.8 46 234.97 263.0 

2 42.79 282.8 25 148.70 237.6 47 273.55 264.7 

3 58.92 273.1 26 251.80 210.2 48 148.70 55.4 

5 58.92 51.7 27 294.59 98.6 49 160.62 288.1 

6 60.32 14.3 28 143.09 74.9 50 154.31 195.8 

7 53.31 1.9 29 187.98 47.7 51 76.45 194.6 

8 51.90 99.4 30 117.13 13.2 52 85.57 28.2 

9 58.92 62.5 31 142.39 17.0 53 113.63 16.4 

10 40.68 22.5 32 99.60 89.7 54 75.75 269.7 

11 659.32 239.8 33 246.19 103.3 55 63.13 276.0 

12 3930.66 268.2 34 375.25 85.5 56 105.21 237.9 

13 1947.79 179.9 35 299.50 64.4 57 79.96 201.7 

14 1049.30 228.9 36 123.45 63.3 58 68.04 194.7 

15 1243.59 147.0 37 288.98 142.3 59 82.77 40.9 

16 875.35 314.8 38 115.03 115.3 60 71.54 18.0 

17 651.60 162.3 39 156.41 225.9 61 82.77 157.3 

18 546.39 268.1 40 232.16 189.8 62 43.49 0.1 

19 574.45 300.3 41 243.39 276.1 63 57.52 9.9 

20 353.51 261.0 42 173.25 273.6 Un 2668.83 86.0 

21 154.31 277.4 43 122.04 256.6 WS ID = water shade ID 

(See Fig. 10) 

Un = Undelineated area. 
22 115.03 260.0 44 114.33 245.4 

23 93.99 264.6 45 126.25 286.1 
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5. Discussion: 
5.1. Hydro-climatic data trend: 
IPCC has projected that water resource availability will decrease in arid and semi-arid 

environments including the Mediterranean area. It is likely for the countries in this area 

to have extreme droughts (Bates et al. 2008; IPCC 2007).  In this context the study of 

the water resource condition is an important aspect considering the hydro-climatic data. 

During 20
th

 century the climate variables in Greece (more specific temperature and 

precipitation) show variation different from the Mediterranean and other regions. The 

general trend of the temperature is decreasing and the precipitation presented decrease 

contrasting to the other countries in Mediterranean(FAO 2003; Mavromatis & Stathis 

2011; Bates et al. 2008; Tsiourtis 2002; Feidas et al. 2007; Norrant & Douguedroit 

2006; Reiser & Kutiel 2011; Kioutsioukis, Melas & Zerefos 2010).  The trend in 

Peloponnese peninsula is in line with this fact (Fig. 3 & 4). The temperature and 

precipitation are decreasing in the long term analysis (from 1901-2008 and 1951-2008). 

The precipitation trend is not in line with these facts for the study period of 1961-1990 

(Fig. -3a); however, the trend is not statistically significant. Hence, a general conclusion 

can be drawn from the long term trend analysis that the temperature and precipitation 

has decreasing trend in the peninsula. On the other hand it should also be noted that the 

current trend (after 1990) of the temperature is increasing but it is not statistically 

significant (Fig. 3b, 3c & 3d). So, the increasing trend might be due to random increase 

of the temperature in some years. 

According to (Tselepidaki, Zarifis & Asimakoponlos 1992), there was lowest rainfall in 

Greece in the year 1989. In contrast, in this study, the lowest precipitation occurred 

before that period and showed return period of some 10 to 13 years (Fig. 4a). In their 

study, the stations that were analyzed for draught were Kythira and Methoni only. This 

might also have affected the result. But it should be noted that this year had one of the 

least average precipitations. Furthermore, the low precipitation was more frequent after 

then and it occurred in year 1992 and again in the year 2006. 

The clear effect of decreasing temperature and precipitation can be seen over the 

evapotranspiration trend of the peninsula. In general, the decreasing trend of the 

evapotranspiration is seen in the peninsula (Fig. 5a and 5b). This should have increased 

the precipitation surplus water in Peloponnese; however, the trend is decreasing and 

statistically significant considering the study period 1951-2008 (Fig. 6). This result can 
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be justified with the decreasing trend of precipitation. Though, the evapotranspiration is 

decreasing with temperature, the decrease in the precipitation decreased the 

precipitation surplus when water balance (Eq.-3) is applied. The GCM based analyses 

from European continent also shows possible decrease of river runoff in warmer global 

climate regions such as Greece and Hungary (Delécolle et al. 2000). Therefore, the 

decreasing trend in the precipitation surplus (possibly the available water) may be a 

major problem in the water resource management. 

The trend analysis shows that the long term trend is statistically significant as compared 

to IPCC standard period trend except temperature and potential evapotranspiration 

trend. This result shows that hydro-climatic data trend is decreasing. However, it could 

not be concluded that the climate has changed in the peninsula, because all components 

are not statistically significant for the same study period (Table 4). In addition, the trend 

analysis also shows the importance of the window size of the study period. The 

schematic representation of the hydro-climatic data (Table 4) shows that, with regards 

to the length of the study period, the trends seem to be significant or not significant. The 

increase or decrease seems to be systematic for a certain period whereas, it seems to be 

affected by some random variation of the extreme values within the study period when 

length of the study period is changed. In this context, although, it cannot be said that the 

climate has not changed in the peninsula while looking at the trends of the climatic data, 

it should be noted that there will be decrease in the water resource availability in the 

future if the trends in the hydro-climatic data continues. With this regards, the water 

resource management should be done considering the probable decrease of the water 

resource availability in the peninsula.  

Table 4: Schematic representation of the Hydro-climatic data trend 

Hydro-climatic data Study Period 

1961-1990 1951-2008 

Temperature ↓ ↓ 

Precipitation ↑ ↓ 

ETp ↓ ↓ 

ETa ↓ ↓ 

PS ↑ ↓ 

Grey box represents Not Statistically significant trend 

5.2. Spatial variability and runoff: 
The spatial analysis of hydro-climatic data shows distinct variation of most of 

components of the water balance. The temperature decreased with elevation and 

precipitation increased (Fig. 7a and 7b). This fact is in accordance with Gouvas et al. 
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(2009). Alternatively, it should be noted that the worldclim data set is interpolated 

according to altitude and latitude. The precipitation decreases from west to east. This 

decrease can be related to the presence of the mountain range that runs amidst the 

peninsula. The predominant wind direction in the peninsula is from west to east. Hence, 

the presence of the mountain range blocks the moist air coming from the sea to the land 

which decreases the precipitation in the leeward side of the mountain range i.e. towards 

the eastern side of peninsula due to the rain shadowing. Similarly, the high precipitation 

in the inner part of the peninsula can also be related to the orographic lifting of the 

moist air due to the mountains, then adiabatic cooling causing the precipitation (Fig. 1 

& 7b). The potential evapotranspiration is high in the coastal area and low in the inner 

part of peninsula. This variation can be justified by the variation of the temperature and 

precipitation according to altitude. In this context, a special focus is required to the 

coastal areas because they are the areas with settlement and water use is also high. High 

potential evapotranspiration causes more soil moisture deficit when the precipitation has 

decreasing trend. So, coastal areas need a special attention in the water resource 

management. Similarly, the moisture deficit in the soil can also influence the salt water 

intrusion into the coastal areas.  

The temperature of the German catchment used to develop the relations in Wenland 

(1992) is lower as compared to the Mediterranean area. In this case the 

evapotranspiration should be higher in the Peloponnese peninsula. So, the calibration 

factor is greater than unity and the actual evapotranspiration is raised by the calibration 

factor. Hence, the precipitation surplus is decreased compared to uncalibrated values. 

This has pointed out that evapotranspiration is a dominating factor compared to the 

precipitation. This phenomena triggered negative values of the precipitation excess in 

the calibrated precipitation surplus (Fig. 7i). While calibrating the ETa, it is assumed that 

the uncertainty is higher in the evapotranspiration compared to the precipitation and 

hence, no manipulation was done to the precipitation values; however, if the 

precipitation data is also considered having high uncertainty, similar manipulation is 

sought (Jarsjö et al. 2006; Jarsjö, et al. 2008). 

The actual evapotranspiration calculated using Turc (1954) shows an increasing value 

from east to west (Fig. 7e). This actual evapotranspiration calculated can be compared 

to Kerkides et al. (2007) with regard to the trend in spatial variation only. While 

considering the precipitation surplus it is low in the eastern part of the peninsula and 
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high value at the central part of the peninsula (Fig. 7g, 7h & 7i). This trend can also be 

compared to the spatial variation of the runoff calculated by Kerkides et al. (2007). 

Their study also shows similar result with little deviation from this study in the eastern 

part of the peninsula. If we compare the trend of the precipitation surplus and the actual 

evapotranspiration, both are decreasing in the eastern part of the peninsula. In general 

the decreased evapotranspiration should show high precipitation surplus; however, due 

to the low precipitation, both have low value in that area (Fig. 7b, 7e, 7g, 7h, 7i). 

The accumulated runoff according to the watersheds shows a close relation with the 

area of the coverage; however, some watersheds like 53 and 31 have large area but very 

low runoff value. In contrast, if the specific runoff is seen it does not have specific 

relation with the area of the watershed (Fig. 9 & Table 3). If we look at the spatial 

extent of the lowest runoff accumulating watersheds, it is easily seen that the lowest 

specific runoff occurs in the watersheds in the eastern part of the peninsula near the 

Argolid peninsula (Table 3 & Fig. 8). This fact is in line with the precipitation surplus 

calculated (Fig. 7g, 7h & 7i). While looking at the spatial variability of the water 

resource availability, watersheds in the eastern part of peninsula have lower values. 

Hence, these watersheds need a better water resource planning compared to others. On 

the other hand, the coastal areas have high potential evapotranspiration (Fig. 7c) and 

low precipitation surplus or specific runoff value (Fig. 7, 8 & Table 3). So, there is a 

high potentiality of less water availability. Moreover, the area is highly populated so the 

watersheds located at the coastal area need to be prevented from salt water intrusion 

from the sea to the groundwater. The runoff from the undelineated area which can be 

considered as the groundwater flow should also be considered as the potential 

groundwater source vulnerable to pollution. The undelineated area lies in the coastal 

area so groundwater might be easily polluted from the pollution sources like agriculture 

and wastes from urban settlements. Therefore, the coastal watersheds need to be studied 

for the potential groundwater pollution and for the prevention of the salt water intrusion 

because the groundwater is major water resource for the water supply in the coastal 

area. 

5.3. Uncertainty in the result and water resource management 
Models are simplification, abstraction and interpretation of reality. The mismatch 

between the reality and assumed structure is the source of uncertainty (Refsgaard et al. 

2006). The uncertainty associated with the predictions of the model is also risk 
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assessment of the uncertainty.  This uncertainty can be used for the risk based decision 

making (Beven 2008). This can thus be used for the preliminary decision making tool 

for the water resource management. Similarly, climate change has become one of the 

major challenges for the water managers. In the changing climate water resource 

management and designing using the historical statistics cannot be done. This new 

climate change risk should be accounted for in global to local level water resource 

management. The trends and variation in the past, current situation and scenario based 

future prediction can be a tool to account the climate change risk for the better water 

resource management (World Water Assessment Programme 2009). Therefore the 

results presented here should be used for the water resource management considering 

the uncertainties related. 

Many studies have been done to detect the trend associated with different hydro-

climatic data and some are able to find a significant trend in temperature and 

precipitation. The methodology and the study period can influence the result. Similarly, 

the availability of the consistent and quality controlled data might be the major 

limitation of the trend analysis (Bates et al. 2008; Dai & Trenberth 2002). In this study, 

the trends in the hydro-climatic data do not show a consistent result while considering 

the same study period for all hydro-climatic data; however, the decreasing trend shown 

in the water resource cannot be neglected and can be predicted that water resource 

availability will decrease. Therefore, the risk based water resource management 

considering the uncertainties related to the trends in the hydro-climatic data should be 

applied in the peninsula. In addition, to calibrate and validate water balance models 

runoff data is important; however, this data is generally available only for few sites 

(Beven 2008).  Similarly, the measurement of the actual evapotranspiration cannot be 

achieved easily for scale more than 1 to 10m. Thus, the results of the hydrological 

model as water balance controlled water and evapotranspiration can be compared only 

with the measured runoff for calibration of the model (Shibuo et al. 2007). In this study, 

the unavailability of the runoff data is a major limitation. Due to the lack of runoff data, 

the trends of hydro-climatic data and the models used for the calculating the 

components of water balance could not be validated. In this context, the uncertainty 

related to the values generated from the modeling might be enormous; however, 

calibration of the ETa value has been attempted so that result is closer to the reality. The 

calibration factor calculated to calibrate the ETa is the uncertainty related to the 
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evapotranspiration (Jarsjö et al. 2008; Jarsjö et al. 2006). Alternatively, the calibrated 

ETa from empirical method based on land use and soil texture. So, the calibrated model 

is more representative compared to temperature based model. Hence, the results can be 

used as a probable scenario of the water resource availability within the peninsula.  

5.4. Further Research 
This study is a preliminary analysis of the hydro-climatic data and water resource in the 

Peloponnese peninsula. The study can be continued by looking out the possible change 

in water resource over and underground. With the availability of the runoff data from 

rivers, the models can be validated and verified. Subsequently, the studies can be done 

to incorporate the quantity and quality water on the surface and underground. 

Furthermore, the possible effect of the climate change over the water resources can also 

be studied for an effective water resource management. On the other hand, the major 

source of the water supply in the major parts of peninsula is from the wells and 

boreholes from the alluvial coastal aquifers (Voudouris et al. 2005; Kerkides et al. 

2007). So, the further research can be done by quantifying the water that goes into the 

ground (i.e., recharge) and hence the possible pollution that can enter through water by 

choosing watersheds with sensitive aquifers. Similarly, due to the pumping of the 

groundwater from the aquifers, salt water intrusion might have occurred in to the 

ground water resources. So the study of the interaction of the salt water with the aquifer 

can be studied to find the possible measure to prevent the intrusion and hence a better 

water resource management. 

6. Summary and Conclusion: 
The quantification of the water resource availability from past and the probable future 

condition is a vital tool for decision making and planning of the water resource. For the 

assessment of the water resource condition, the hydro-climatic data trend might be a 

basic tool. The statistical analysis of the hydro-climatic data trend show whether the 

climate change has occurred in the area or if the trend seen is just a climate variation. In 

this study, the hydro-climatic data trend does not show a consistent trend when 

considered a same length of study period. The trend and its statistical significance differ 

according to the length of the study period chosen. In this case, it cannot be concluded 

that, the climate change has occurred in the peninsula. However, it should be noted that 

the all the hydro-climatic data show a decreasing trend in the peninsula.  
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The spatial variation of the hydro-climatic data shows that the temperature is lower and 

precipitation is higher at the inner part of the peninsula. Furthermore, the presence of 

the mountain has affected the precipitation pattern due to which the eastern part of 

peninsula has lower water resource availability as compared to western side. Similarly, 

the coastal area has higher evapotranspiration and lower precipitation surplus or specific 

runoff compared to the inner part. With this regard, the coastal area and the eastern part 

of the peninsula needs a better water resource management and planning. Moreover, 

when water resource planning is to be done, the uncertainties related with the models 

must be considered. The uncertainty might arise from model itself, the data and the 

parameters used in the model. Due to the lack of the runoff data to calibrate and validate 

the hydrological model and the trends in the hydro-climatic data, the estimated specific 

runoff (calculated from the independently calculated average specific runoff) was used 

instead of measured data. The result from calibrated land-cover and soil texture based 

Wenland (1992) method is more realistic compared to temperature and precipitation 

based Langbein (1949) and Turc (1954) models. Hence, results in this study from the 

trend analysis and the hydrological modeling can provide a general idea about the 

critical areas that need to be focused to allocate the resources and further scientific 

study for a better water resource management and planning in the Peloponnese 

peninsula. 

The key findings of the study can be summarized in following points: 

a) The general trend of the hydro-climatic data using linear regression analysis 

shows a decreasing trend in the peninsula; however, all trends are not statistically 

significant when considering the same study period. Hence, it cannot be said that 

climate has changed in the peninsula. 

b) The long term trend shows decreasing water resource availability in the peninsula. 

c) The coastal area had high temperature and evapotranspiration value compared to 

inner part so these areas needs a better water resource management and planning 

to prevent pollution, salt water intrusion and for sustained water resource 

availability for water supply and tourism development. 

d) Spatially, the eastern part of the peninsula is drier compared to western and inner 

part of peninsula. 

e) There are uncertainties related to data and model used, but the results presented 

here shows a general idea about the water resource distribution in time and space 

so they should be taken a basic tool for water resource planning and management. 
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