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Abstract: Climate change is expected to affect the hydrology of a region through changes in the frequency, amount, and rate of 
precipitation, evaporation and transpiration rates, and soil moisture. As a result, the surface water and groundwater 
resources are expected also to be affected. The aim of this study is to assess the impact of climate variability, and 
change and human intervention in the Lake Karla aquifer, located on the eastern part of Thessaly in Greece. The 
monthly UTHBAL (Loukas et al., 2007) water balance model has been selected to simulate surface runoff and 
represent the various hydrological cycle components whereas the MODFLOW is adopted for the simulation of 
aquifer. A hybrid statistical downscaling method which combines multiple regression (MLR) and timeseries models 
has been applied to downscale the outputs of the second version of the Canadian Centre for Climate Models 
(CGCMa2) from the Global Circulation Model. Climate change impacts are estimated from the MLR models and the 
natural variability of the climate is estimated by the application of stochastic timeseries models and the generation of 
100 synthetic timeseries of the MLR residuals. The UTHBAL model was applied in a semi-distributed mode in the 
Lake Karla watershed and produced 100 time series of recharge for present and future periods and scenarios. These 
data were imported in the groundwater model forcing it to run in a stochastic mode producing 100 realizations of 
aquifer with hydraulic head maps. Results show that climate change does not largely affect the natural aquifer of Lake 
Karla in contrast to human exploitation which is quite intense and requires direct reassessment of current water 
resources management practices. 
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1. INTRODUCTION 

Rainfall varies considerably in space and time. Agricultural and water resources systems have 
evolved in response to this variability, but in most regions of the world, rainfall variability 
continues to be a major source of uncertainty that water resources managers face. Research is being 
conducted to better understand climate variability, its impacts on agricultural and water resources 
systems, and methods to reduce those risks through decisions and policies that consider climate 
variability (Nemec and Schaake, 1982; Brekke et al., 2009; Hall et al., 2012). Nowadays 
anthropogenic climate change and its socioeconomic impacts are major concerns mankind (Arnell, 
2003; Alcamo et al., 2007; Morgan and Keith, 2008). Global surface temperature has been 
increased significantly during the last century and will continue to rise unless greenhouse gas 
emissions are drastically reduced (IPCC, 2007; Salih 2013; Trenberth, et al., 2014). Climate change 
effects are manifold and vary regionally. However, immediate damages to human health and 
property are not obviously caused by gradual changes in temperature or precipitation. The effect of 
climate variability on the water resources of a region could be analysed with the use of long 
historical data series which are unavailable in many parts of the world. Coupled atmosphere-ocean 
circulation models could be used to simulate the water balance. These models are able to generate 
long timeseries that can be used for water resources management analysis and as well as for 
adopting water policies to prevent the possible adverse effects of climate change on the water 
resources (Varis et al., 2004; Somot et al., 2007; Candela et al., 2012). 
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Impacts of climate change on water resources and adaption strategies have been analysed in 
numerous studies (Teutschbein and Seibert, 2012; Sidiropoulos et al., 2013; Castano et al., 2013). 
However, less attention has been paid to groundwater than to surface water resources, particularly 
in developing countries. This reflects the general neglect of groundwater management, as well as 
uncertainties about the potential impacts of climate change (Holman, 2006). While the relation 
between groundwater and climate change was rarely investigated before 2007 (Kundzewicz et al., 
2007), the number of studies has increased significantly since then (Green et al., 2011; Stoll et al., 
2011b; Taylor et al., 2013). Attribution of observed changes in groundwater level, storage or 
discharge to climatic changes is difficult due to additional influences of land use changes and 
groundwater abstractions (Stoll et al., 2011a). Observed trends are largely attributable to these 
additional influences. The extent to which groundwater abstractions have already been affected by 
climate change is not known (Portmann et al., 2013). Both detection of changes in groundwater 
systems and attribution of those changes to climatic changes are rare, due to a lack of appropriate 
observation wells and a small number of studies. 

While climate change affects surface water resources directly through changes in the major long-
term climate variables such as air temperature, precipitation, and evapotranspiration, the 
relationship between the changing climate variables and groundwater is more complicated and 
poorly understood. The variability in rainfall could mean more frequent and prolonged periods of 
high or low groundwater levels, as well as saline intrusion in coastal aquifers due to sea level rise 
and resource reduction. Groundwater resources are related to climate change through the direct 
interaction with surface water resources, such as lakes and rivers, and indirectly through the 
recharge process. The direct effect of climate change on groundwater resources depends upon the 
change in the volume and distribution of groundwater recharge. Therefore, quantifying the impact 
of climate change on groundwater resources requires not only reliable prediction of changes in the 
major climatic variables, but also accurate estimation of groundwater recharge (Kumar, 2012). 

The aim of this study is to assess the impact of climate variability and human intervention on the 
aquifer of Lake Karla’s watershed. The data from a Global Climate Model (GCM) simulation have 
been used for understanding climate and projecting future climate conditions and have been 
downscaled a basin scale and coupled with relevant hydrological/hydrogeological models 
considering all components of the hydrological cycle. The groundwater recharge is quantified by 
surface hydrology models coupled with groundwater models and is affected by climate change and 
human intervention. A management tool for optimal use of groundwater resources, taking into 
account the operation timetable of the reservoir as well as the closing down of the irrigation wells 
are examined. The objective of this management tool is to estimate the effect of climate change on 
the aquifer’s restoration through the rehabilitation of its water table to a desirable natural level.  

2. STUDY AREA AND DATABASE 

Lake Karla watershed is located in the east part of Thessaly, covering an area of 1171 km2, with 
a perimeter of 228 km (Loukas et al., 2008). The intense cultivated plain covers more than 600 km2 

while the rest area is dominated by the mountains of Ossa, Mavrovouni and Xalkodonio (Figure 1). 
Elevation ranges from 40 m to more than 2000 m, and the mean elevation of the region is about 230 
m. The climate of the area is typical continental with cold and wet winters and hot and dry 
summers. Mean annual precipitation in Lake Karla watershed is about 560 mm and it is distributed 
unevenly in space and time. Mean annual potential evapotranspiration is about 775 mm and the 
mean annual temperature is 14.3 oC (Vasiliades et al., 2009). Impermeable geological formations, 
located on parts of the surrounding mountains, cover 30.6% of the total area. Karstic structures 
cover a 14.5% and are located on the Mavrovouni Mountain at the north-east part of Lake Karla 
watershed. Permeable structures, which appear mainly in the plain, cover a 54.9%, consisting of 
recent grains of various sizes originating from Lake Karla deposits (Sidiropoulos et al., 2013). The 
bedrocks consist of impermeable marbles and schist as presented by Costandinidis (1978). Lake 
Karla was initially drained in 1962 and with combination with the intense cultivation of water 
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demanding crops and the uncontrolled drilling of illegal irrigation wells in the 70s and 80s have led 
to an over-explotation of the lake’s sedimentary aquifer (Sidiropoulos et al., 2013) which has an 
extent of 500 km2 (Figure 1). Nowadays, renewable groundwater resources (37.30 hm3/y) cannot 
cover the irrigation needs of the cultivate areas (84.55 hm3/y), while the drawdown of aquifer’s 
water table reaches up to the 80 meters (Goumas, 2006; Mylopoulos and Sidiropoulos, 2014). In 
order to reverse the severe water deficit problem and create a wetland with rich fauna and flora, a 
partial restoration of the lake through the construction of a reservoir was applied in 2012 by the 
Greek Government and funded by the European Union (Machaira, 2001). The project, which is the 
greatest environmental project in the Balkans during the last decade, involved the reconstruction of 
the new Lake Karla, the construction of ditches for the area’s flood protection as well as the 
irrigation and water supply network. The re-constructed lake occupies the lowest part of the former 
Lake Karla and has a surface of 38 km2, almost three times smaller than the former one (Figure 1). 
According to the Lake Karla reservoir management plan, the reservoir will supply irrigation water 
to the adjacent agricultural fields and the adjacent boreholes will cease operation for groundwater 
restoration. 

 

 
Figure 1. Lake Karla watershed and aquifer modeling characteristics 

 
The hidden nature of groundwater, its resilience in the face of short-term climatic variability and 

the difficulty in measuring it, have, among other factors, contributed to its poor management and 
the growing stress on groundwater resources. In Lake Karla watershed, the current water resources 
management practices for irrigation led to overexploitation of the groundwater potential. This 
unsustainable management has resulted in the depletion of groundwater quantity and in the 
deterioration of the water quality. Although the most noticeable impacts of climate change could be 
fluctuations in surface water levels and quality, the greatest concern of water managers and 
government at the study area is the potential decrease of groundwater supplies and groundwater 
quality, as it is the main available potable water supply source for human consumption and 
irrigation of agricultural production. 
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3. METHODOLOGY 

A combined use of the hydrological model (UTHBAL) (Loukas et al., 2007) and the 
groundwater model (MODFLOW) (Harbaugh and McDonald, 2000) was successfully performed 
under transient conditions (Figure 2). The calculated recharge from UTHBAL is the variable that 
connects the two models. The climate variability and change forcing on precipitation and 
temperature has been evaluated using the output of the Canadian Centre for Climate Model 
Analysis General Circulation Model (CGCMa2) and a hybrid downscaling method. This combines 
a multiple regression (MLR) model and a timeseries model for the regression residuals (Vasiliades 
et al., 2009). The climate change and human intervention of the aquifer has been assessed for the 
SRESA2 and SRESB2 socioeconomic emissions scenarios for simulation period 1960-2058. 

 

Figure 2. Flowchart of groundwater and hydrological model combination. 

3.1 Climate variability and change 

CGCMa2 is a spectral model with 10 atmospheric levels and has a resolution equivalent to 3.75o 
of latitude by 3.75o of longitude. The ocean component is based on the Geophysical Fluid 
Dynamics Laboratory MOM1.1 model and has a resolution of roughly 1.8o of latitude by 1.8o of 
longitude and 29 vertical levels. SRESA2 scenario assumes a strong, but regionally oriented 
economic growth and fragmented technological change with an emphasis on human wealth. It 
represents a high emissions scenario. The second scenario is the SRESB2 scenario which 
emphasizes the protection of the environment and social equity, but also relies on local solutions to 
economic, social, and environmental sustainability and represents a low emission scenario. These 
scenarios represent a world in which the differences between developed and developing countries 
remain strong. The two socio-economic scenarios used have been widely adopted as standard 
scenarios for use in climate change impact studies (IPCC, 2007; IPCC, 2013). 

In this study, a hybrid statistical downscaling method which combines a multiple regression 
(MLR) model and a timeseries model has been applied to downscale the CGCMa2 outputs from the 
GCM grid, which includes the study basin to the watershed level. In the development phase of the 
MLR models, the historical observed monthly precipitation and temperature are linearly regressed 
with large scale output parameters of GCM for the historical period. The GCM predictors used in 
such analyses should be strongly correlated with the predictand variable (e.g. precipitation, 
temperature). The above criteria and application of the forward stepwise regression technique 
showed that the most statistically significant predictors for logarithmically transformed precipitation 
data were the mean sea level pressure, the mean 2 m wind speed, the 500 hPa geopotential height, 
and the geopotential thickness between 500 and 1000 hPa, while for temperature are the surface 
downwelling shortwave flux in air and the geopotential height at 50 hPa.  Dummy variables (a set 
of categorical variables assigned to the 12 months of the year) are used to account for the effect of 
the “month” on precipitation and temperature values. In the application phase of MLR models, the 
future monthly precipitation and temperature are estimated using the large scale output parameters 
of GCM for that period. The estimated meteorological variable (i.e. precipitation and temperature) 
from MLR model was combined with the residual values of the regression to preserve the 
variability of the observed series. The residuals time series of precipitation and temperature were 
simulated by stochastic periodic autoregressive timeseries models (PAR4 and PAR2, respectively 
for precipitation and temperature) and 100 synthetic residual timeseries were generated. The major 
assumption is that the residual time series remain unchained in the future periods. The future time 
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series were generated by adding the estimated by the MLR models precipitation and temperature 
and the respective residuals of precipitation and temperature simulated by the time series models. 
More information and details about the downscaling method could be found in two recent papers 
(Vasiliades et al., 2009; Sidiropoulos et al., 2013). 

3.2 Hydrological Model  

The monthly conceptual hydrological model (UTHBAL) has been used (Loukas et al., 2007) for 
the assessment of the surface hydrology components and groundwater recharge. The water balance 
model uses as input, in this study, monthly areal time series of precipitation (estimated from 12 
precipitation stations), mean temperature (estimated from 26 meteorological stations) and potential 
evapotranspiration (estimated by the Thornthwaite method). The model divides the total 
precipitation into rainfall and snowfall, since this is essential for accurate runoff simulation for 
snow-covered mountainοus watersheds. The water balance module uses a soil moisture mechanism 
to allocate the watershed runoff into three components namely, the surface runoff, the medium 
runoff and the baseflow runoff. Its outputs are actual evapotranspiration, surface runoff, soil 
moisture, and the groundwater recharge, which is the input data to the groundwater model. The 
UTHBAL model was calibrated using the limited observed monthly values of Lake Karla’s basin 
streamflow to Pagasitikos Gulf for the period October 1960 to September 2002 and was used to 
produce synthetic time series of runoff and groundwater recharge data for the Lake Karla watershed 
for the period 2009 to 2058 for the socioeconomic emissions scenarios SRESA2 and SRESB2. The 
watershed of Lake Karla was divided in two zones according to elevation. Only the recharge of the 
low zone comes to the aquifer and for that reason the UTHBAL was run in a semi-distributed mode. 
In this study, the model efficiency (Nash and Sutcliffe, 1970) of the UTHBAL semi-distributed 
application for model optimization and estimation of model parameters was 0.65 (Loukas et al., 
2008).  

3.3 Groundwater Model  

The phreatic aquifer of Lake Karla watershed was simulated by the MODFLOW model 
(Harbaugh and McDonald, 2000), discretized into an orthogonal, one layered, grid of 12,500 cells, 
with a grid spacing of 200 m x 200 m as proposed by Sidiropoulos et al. (2013) (Figure 1). For the 
present study the model has been applied twice: 

i) one for the “naturalized” simulation, which accepts no human intervention (i.e. groundwater 
pumping) and concerns the period 1960-2058 and  

ii) one for the “real” simulation, which reflects the present conditions –and also the last 25 
years- of human intervention. This simulation concerns the period 1987-2058 and includes 
the existing irrigation wells drilling (Figure 1) and their future decrease, as it is provided by 
the Lake Karla’s reconstruction project, according to the time schedule of Table 1 (Greek 
Ministry of Environment, Regional Planning and Public Works, 2004). The intense 
groundwater pumping started during the mid-1980’s when the cultivation of cotton has been 
massively introduced in the Lake Karla watershed and Thessaly. For this reason the results 
are shown for the period 1987-2058. 

 
Regarding the model construction, there is a weak hydraulic connection to the adjacent aquifer to 

the west, while the eastern boundary is a no flow boundary, due to the presence of a schist layer. 
The impermeable bottom varies and consists of non-rusty marbles and schist. Recharge data was 
obtained by the UTHBAL model for the two simulations as described below:  

1. for the “naturalized” simulation, 100 stochastic recharge time series only of SRESA2 and 
SRESB2 scenarios were imported to the groundwater model and  
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2. for the simulation with human intervention, 100 recharge time series of SRESA2 and 
SRESB2 scenarios were selected. In order to estimate the irrigation water demand for this 
simulation, data regarding irrigated agricultural areas per crop and municipality were 
provided by the Greek Ministry of Agriculture. Based on these data, the study area was 
divided into 7 irrigation zones as shown in Figure 1 and Table 1, according to the agricultural 
activity in the basin. The study area was also divided into 3 zones, according to the dropdown 
of the water table using historical hydraulic head data. Based on these data, the study area was 
divided into 7 irrigation zones as shown in Figure 1 and Table 1, according to the agricultural 
activity in the basin. The study area was also divided into 3 zones, according to the dropdown 
of the water table using historical hydraulic head data.  
 

Table 1. Mean annual groundwater extraction (in hm3) at the irrigation zones of the study area for the period 1987-
2009 and 2009-2058 

 Zones 1 2 3 4 5 6 7 
Mean annual groundwater volume 
extracted for historical period 1987-
2009 (hm3) 

Irrigation 22.0 3.6 5.9 2.3 1.2 38.5 55.7 
Water 
supply 2.4 0 0 0.2 0.3 0 0 

Total 24.4 3.6 5.9 2.5 1.5 38.5 55.7 
Mean annual groundwater volume 
extracted for future period 2009-2058 
(hm3) 

Irrigation 0 3 1 2 0.4 19.95 32 
Water 
supply 15 0 0 0.2 0.3 0 0 

Total 15 3 1 2.2 0.7 19.95 32 
 

Both simulations were conducted in transient flow conditions, with a monthly time step. The 
initial conditions on 01/01/1987 have been used for the model calibration. Data from 24 observation 
wells were used both for the initial head distribution as well as for the model calibration on the 
01/01/1997. The model was calibrated against spatially distributed hydraulic conductivity. The 
calibration achieved using the pilot points approach of PEST model (Doherty et al., 1994), finding 
the optimum model semivariogram (Figure 3). The high value of coefficient of determination (R2 = 
0.98) reveals a successful calibration. Simple Kriging was used for spatial distribution of the 15 
scattered data of hydraulic conductivity (Mylopoulos and Sidiropoulos, 2009). After the calibration 
of the MODFLOW for the existing conditions (with pumping boreholes), model simulation was 
performed without the pumping boreholes for the period 1960-2058. This simulation represents the 
hypothetical simulation of the naturalized aquifer without human intervention. 

 

Figure 3. Simulated versus observed hydraulic heads for the groundwater model (MODFLOW) calibration for the 
period 1987-1997 

4. RESULTS AND DISCUSSION 

Climate variability and change effects on precipitation and temperature were estimated for the 
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SRESA2 and SRESB2 socioeconomic emissions scenarios both historical period (1960-2009) and 
for future one (2009-2058) with the statistical downscaling procedure. The bias corrected statistical 
downscaling method generated 100 synthetic climate residual timeseries each one of length equal to 
the length of historical data. The generated residual climate timeseries were added to the 
statistically downscaled climate results to reproduce the observed annual and monthly climate 
pattern that subsequently used in groundwater recharge estimation using the employed hydrological 
model. Several statistics (such as the mean, standard deviation, coefficient of skewness, lag one 
autocorrelation coefficient and cross-correlation between temperature and rainfall) were estimated 
to evaluate the 100 climate replicates for the historical period. The above parameters were estimated 
from each replicate and from these values the 0, 25, 50, 75, 100 percentile values and the mean 
were calculated. Finally, the developed MLR equations for temperature and rainfall were applied to 
estimate GCM derived future climate timeseries for the future period, and then the 100 replicates of 
the present climate were added to GCM derived future timeseries assuming that the climate residual 
timeseries in the future have the same statistical characteristics as in the historical period. Hence the 
bias corrected statistical downscaling method is capable of identifying large scale variability due to 
climate change (the MLR part) and natural variability due to weather uncertainty (the stochastic 
treatment of the residuals). 

Application of the statistical downscaling method showed that in general a slight decrease is 
observed in the statistical properties of monthly precipitation for both SRES scenarios. Figure 4 
presents using Box-Whisker plots the statistical properties of the 100 generated timeseries of 
monthly precipitation for the A2 scenario and the future period. In the same figure the average 
values of the historical period is also shown. A closer inspection of Figure 4 shows that the mean 
monthly precipitation for the future period is marginally decreased (Figure 4a). However, the 
distribution of monthly precipitation remains unchanged, its pattern is not uniform and 
characterized by small variability in winter and larger variability during summer months (Figure 
4b). Similar patterns are observed for the SRESB2 scenario. 

The results of the downscaling for the temperature showed that the future monthly temperature 
would increase, on average, by about 0.5oC (Figure 5). The results of the scenario SRESA2 do not 
differ much from the results of scenario SRESB2. The variation of the temperature for the future 
period and the two scenarios is also similar and comparable to the historical variation. 

The produced 100 historical and future stochastic time series of precipitation and temperature 
were introduced into UTHBAL, which resulted into 100 timeseries for recharge. Figure 6a shows 
the comparison of mean monthly values of recharge between scenarios SRESA2 and SRESB2. As 
shown in Figure 6a, there is no significant difference, with the SRESA2 scenario to give a slightly 
more intense variability than SRESB2, as expected, due to the decrease of precipitation in the future 
period. For this reason, only the SRESA2 100 stochastic recharge series were introduced to the 
groundwater model of a “naturalized” aquifer (near equilibrium conditions, without human 
intervention) for the future period 2009-2058. Figure 6b shows the Box-Whisker plots of the 100 
monthly recharge time-series.  

The model created 100 hydraulic head maps of the aquifer for the two study scenarios, however 
a specific simulation is presented in this paper. For scenario 1 (naturalized aquifer with no human 
intervention), as Figure 7 shows, there is a clear increase of the aquifer’s piezometry in the future. 
The water table in 2058 is obviously higher which proves that climate change and variability does 
not affect significantly the groundwater resources, when human intervention is absent.  

In the “real” case Scenario 2, which assumes the actual exploitation of groundwater resources 
with human intervention, only the extreme SRESA2 scenario was examined and 100 time-series of 
recharge and subsequent hydraulic head maps were produced. Figure 8 presents groundwater 
decline for this case. The maximum drops are observed in Zone 7, in the center of the aquifer, 
where the largest volumes of groundwater are being extracted (Table 1). On the contrary, a 
comparison between Figure 7a and Figure 8 shows very slight differences, as most irrigation needs 
are covered by water abstractions from the reservoir of Lake Karla (Table 1). 
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Figure 4. Box-Whisker plots of the statistical properties of precipitation for SRES A2 future period 2009-2058 a) 
average monthly precipitation and b) standard deviation of monthly precipitation 

 
 

 
Figure 5. Mean monthly simulated temperature for the historical (1960-2009) and future period (2009-2058) for the 

two scenarios SRESA2 and SRESB2 compared with the historical observed temperature (1960-2009) 

 

Box-whisker plot and Average of stochastic simulation results for 
mean monthly precipitation of period 2009-58 (A2 scenario)
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Box-whisker plot and Average of stochastic simulation results for 
standard deviation of monthly precipitation of 2009-58 (A2 scenario)
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Figure 6. a) Comparison of mean monthly values of recharge between SRESA2 and SRESB2 for 1960-2058 and b) Box-
Whisker plot of mean monthly values of recharge of SRESA2 scenario for future period 2009-2058 

 
Furthermore, two cells (points S1 and S3 in Figure 1) of the groundwater model were selected to 

show the differences of climate change and variability, and human intervention. These points are 
selected to represent hydraulic head data results and the differences which are caused due to climate 
change and human intervention. Point S1 is located at the northern part of the aquifer and belongs to 
the zone with the lowest water table drawdown whereas point S3 is located to the southern part of 
aquifer, the zone with the highest water table drawdown (Figure 1). It should be noted that the 
choice of point S3 was also done to demonstrate the effect of human exploitation of the 
groundwater resources because it belongs to irrigation zone 1, where all the irrigation wells are 
scheduled to be shut down. Figures 9 and 10 show the water stage of aquifer for points S1 and S3, 
respectively, for the simulation period 1987-2058. In the simulation without human intervention 
(climate change and natural conditions) the water stage is slowly rising reaching its equilibrium 
stage whereas in the actual simulation (climate change and exploitation of the groundwater) 
hydraulic heads are rapidly decreasing (Figures 8 and 9). However, for point S3, because of the 
shutting down of the pumping wells, the water table is rising up to the level of 20 m. However, the 
difference on hydraulic heads between the natural and real simulations is more than 55 m at the end 
of the simulation time. 

 

Box-whisker plot and Average of stochastic simulation results for 
mean monthly recharge of period 1960-2058 (A2 scenario)
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Figure 7. Mean hydraulic heads for naturalized aquifer with no human intervention (Scenario 1), in a) 1987 and b) 
2058 

 

 

Figure 8. Mean hydraulic heads in 2058 for “real” aquifer management (Scenario 2)  

(b) (a) 
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Figure 9. Absolute hydraulic head values of aquifer at cell S1 for both “real” and “naturalized” simulation  

 

Figure 10. Absolute hydraulic head values of aquifer at cell S3 for both “real” and “naturalized” simulation 

5. CONCLUDING REMARKS 

A methodology is presented to assess the impact of climate variability and change, and human 
intervention in the Lake Karla aquifer, located on the eastern part of Thessaly in Greece. The impact 
of climate change with respect to the temperature and precipitation was downscaled using a 
statistical downscaling method. The subsequent impact of climate change on water resources was 
evaluated with the use of a coupled monthly hydrological and groundwater model. The 
methodology was applied for two conditions: the first without human intervention and the other 
simulation is the real operational conditions of aquifer, as it is today, with the human intervention. 
The basic difference between these two situations is the existence of extraction wells.  

The use of GCM data through the application of the statistical downscaling method showed that 
climate change will have insignificant impact on water resources for the future period 2009-2058 at 
the study area. Furthermore, the simulation of the aquifer under naturalized conditions showed that 
the system could be in equilibrium status which will be the ideal situation without human 
exploitation on the groundwater resources. However, the simulation considering human intervention 
showed a significant decrease of the groundwater table. Evaluating the results of the study, climate 
change does not affect conspicuously the natural aquifer of Lake Karla in contrast to human 
exploitation which is quite intense and requires immediate reassessment of water demands. Hence, 
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water resources management policies are required in the study area in order to achieve the aquifer’s 
restoration.  
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