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Abstract: Initially an area-differentiated modelling of groundwater recharge in River Pinios Basin (Greece) was carried out for 
the reference period 1980–2000 based on the mGROWA model using daily precipitation data from 57 meteorological 
stations and average temperature data from 17 stations as climatic input data. After checking the plausibility of the 
related model results the model was applied to assess the impacts of climate change on groundwater recharge. For this 
purpose bias-corrected projected climate data from an ensemble of climate models driven by several general 
circulation models for the projected periods 2020–2050 and 2050–2080 have been used as input data. Results of all 
RCM–GCM combinations indicate a considerable decrease in groundwater recharge with variable rates between the 
applied projected periods. 
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1. INTRODUCTION  

River Pinios Basin is considered as one of the highest productive regions of the country, located 
in Thessaly (central Greece) with total surface area of approximately 11.000 km2. In the plain areas 
of Pinios Basin, intensive agricultural activities have frequently led to environmental pressures 
related to water resources. According to the latest official water resources management plans that 
were compiled in accordance to the WFD, a number of characterized water systems within the basin 
have been assessed as being either at risk of becoming at poor status, or are already at poor status 
(Hellenic Ministry for the Environment, Energy and Climate Change, 2014). Over 85% of the 
totally available water resources (both surface and groundwater) are used by agricultural activities. 
Groundwater levels are strongly controlled by the seasonal exploitation of the resources over the 
summer irrigation period, mainly exercised by numerous shallow but mainly deep wells that reach 
400 m. 

Due to lack of coordinated water resources management policies in the past, signs of over-
exploitation were documented and a notable negative water balance has been established in the last 
3 decades (Alexandridis et al., 2014). In an attempt to restore documented quality and quantity 
issues, the Hellenic Special Secretariat for Water has approved an integrated management plan for 
the river basin (Hellenic Ministry for the Environment, Energy and Climate Change, 2014). 
Nevertheless, a detailed and updated area differentiated quantification of the renewable total water 
quantities (i.e. total runoff) and groundwater quantities (i.e. groundwater recharge) respectively, has 
not been provided so far although these water quantities are needed for the implementation of a 
sustainable water resources management plan, which adapts water use and demand to the renewable 
water quantities. This lack of information is attempted to be covered via the application of two 
water balance models in Pinios river basin, i.e. GROWA (Kunkel and Wendland, 2002) and 
mGROWA (Herrmann et al., 2015).  

The first goal, the GROWA application, is the determination of the mean long-term renewable 
water quantities, i.e. the runoff distributions (status quo analyses) and their further development 
until 2080 (climate change impact assessment). The second goal, the mGROWA application, is the 
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consideration of the inner-annual variability of renewable water quantities and their further 
development. This issue has become more important during the last years with regard to the 
assessment of the impact of both, the actual climate and climate change on the available water 
resources. The consideration of the inner-annual distribution of water quantities can be regarded as 
a prerequisite for both, adapting the actual water management in Pinios river basin to the inner-
annual variability of renewable water quantities and taking the climate change induced development 
of the inner-annual available water volumes into account for the implementation of a sustainable 
water resources management plan, which adapts future water use and demand to the renewable 
water quantities. 

2. STUDY AREA 

Pinios Basin is characterized by highly diversified geological, hydrological and hydrogeological 
conditions. The climate is typical Mediterranean (Alexandridis et al., 2014). Mean annual 
precipitation is 791 mm and mean annual temperature is 14.6 °C. Precipitation is distributed mostly 
during the cold season, without any significant precipitation during the hot summer at the plains of 
the basin. 

 

Figure 1. Geological regime of Pinios River Basin 

The wider region is tectonically active and fault and fold tectonics control its geological 
evolution (Figure 1). A rugged topographic relief that reaches altitudes of over 2000 m bounds the 
basin, whereas the plains are characterized of quasi-flat topographic surfaces that extend from 
almost 200 m down to the sea-level. Geologically, the area is structured by metamorphic rocks of 
the alpine orogeny. Extensive outcrops of schists and karstified limestones and marbles delineate 
the plains and form the bedrock of the basin, whereas ophiolites of considerable spatial extent also 
exist, predominantly along the western and southeastern margins. The high degree of karstification 
of the carbonate rocks give rise to extensive aquifers of high potential that control the 
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hydrogeological evolution of the region through numerous springs and lateral crossflows that 
recharge the alluvial aquifer systems of the plains. Groundwater resources exploitation is focused 
on the two main and the smaller peripheral alluvial basins, and also on the karstified systems. 
Surface water from the rich hydrologic network cover considerable part of irrigation demands 
especially at the western plain of the basin. 

3. METHODOLOGY 

GROWA is an empirical model, which displays a minimal temporal resolution of one year 
(Kunkel and Wendland, 2002). It has been used in numerous water balance studies in and outside 
Germany since the beginning of the 2000s (Wendland et al., 2003; Herrmann et al., 2009; 
Panagopoulos et al., 2015). The mGROWA model (Herrmann et al., 2015) emerged from the water 
balance model GROWA and can be classified as a deterministic grid-based distributed hydrological 
water balance model. This implies a description of hydrological processes reflecting the 
fundamental laws of physics (in particular hydro- and thermodynamics) in a simplified, 
approximate manner. In addition this concept involves in general a certain degree of empiricism. 
mGROWA has been developed for determining water balance variables including groundwater 
recharge in large areas (river basins, Federal States etc.) under present and possible future climate 
conditions. The mGROWA modelling concept was rigorously aligned to both, the spatial resolution 
of the data commonly available for hydrological modelling and the necessity to obtain spatially and 
temporally highly resolved patterns of water balance variables for the local and regional 
groundwater management.  

Within the basic part, the hydrological processes at the earth’s surface and in the root zone of 
soil are simulated. In particular, soil moisture dynamics including percolation water movement, 
capillary rise from groundwater to the root zone, actual evapotranspiration and total runoff 
generation are calculated in daily time steps. For the simulation of soil moisture dynamics, the 
multi-layer soil water balance model BOWAB (Engel et al., 2012) is integrated. Herein, the 
common water balance equation is solved. Grass reference evapotranspiration is calculated using 
the Penman-Monteith-equation (Allen et al., 1998) and soil moisture dependency of 
evapotranspiration is considered by the Disse-equation (Disse, 1995). Additionally, mGROWA 
calculates the water balance for impervious surfaces (e.g. sealed surfaces in urban areas) and open 
water surfaces using approaches adapted to the specific storage characteristics. 

4. RESULTS 

4.1 GROWA model results for reference period 1980-2002 

Water balance modeling was performed based on a series of long-term average climatic and 
hydrological data for a reference period of 23 years (1980-2002) and in a spatial resolution of 100 
by 100 m. Results for total runoff are illustrated in Figure 2, from which it can be seen that average 
annual total runoff levels vary between < 50 mm/a and > 1000 mm/a. Overall, a decrease trend is 
captured from the mountainous to the plains areas and also from the west to the east, which is in 
good agreement with the analyzed distribution of precipitation and evapotranspiration. In general, 
low levels of total runoff (less than 200 mm/y) occur at nearly 70% of the total Pinios basin.  

The reliability of the calculated area-differentiated runoff levels was validated by comparing real 
long-term (measured) discharge values with the ones calculated by GROWA model for 12 gauging 
stations that exhibit a fair spatial distribution over the study area. The measure of validity was based 
on the coefficient of determination (R2) between these two values which is nearly 0.92 indicating 
satisfactory matching between observed and simulated discharge values. 
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4.2 GROWA model results for climate change impact assessment until 2080 

Against the background of the good model performance for the actual reference period, 
GROWA has been applied in order to assess the potential impacts of climate change in the 
hydrologic regime of Pinios River basin. For this purpose GROWA model was applied with bias-
corrected precipitation and temperature data from four regional climate models (RCMs) for the 
projected periods 2020–2050 (period A) and 2050–2080 (period B). Bias correction was performed 
using the linear scaling approach. Following, four RCMs from the various models of ENSEMBLES 
project (van der Linden and Mitchell, 2009), under A1B scenario have been applied: a) HIRHAM5, 
hereafter referred as HA driven by ARPEGE GCM, b) RACMO2, driven by ECHAM5 GCM, c) 
REMO, hereafter referred as REE, driven by ECHAM5 GCM and d) RCA3, hereafter referred as 
RH, driven by HadCM3 GCM. The performance of the aforementioned RCM-GCM combinations 
were found to be adequate for the representation of precipitation and temperature variation in 
several Mediterranean basins (Deidda et al., 2013).  

 

Figure 2. Average annual total runoff in Pinios River basin for the period 1980-2002 based on GROWA 

Evaluation of climate data for the actual reference period has shown that mean annual 
precipitation is 791 mm and mean annual temperature is 14.6 °C (see red columns in Figure 3). For 
both projection periods considered, all projections indicate increment in mean annual temperature 
and decrement in mean annual precipitation, except from RH models, which indicate for period A 
an increment in mean annual precipitation by 85 mm (or 12%) when compared to the reference 
period and a negligible change for period B when compared to the corresponding value for the 
reference period (see Figure 3). 

The impact of the changes in precipitation and temperature on total runoff are shown in Figure 4. 
Results showed that all RCM–GCM combinations lead to a considerable decrease in total run-off 
(Qt) with variable rates between the examined projected periods. With simulated climatic data input 
from HA, RA, and REE, a significant impact to the overall water budget is forecasted, as the total 
amount of Qt is decreased by 46 to 66% until 2080. On the contrary, when Qt was simulated with 
climatic data from RH, smoother rates were exhibited due to smaller variations of precipitation and 
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temperature from the reference period and the relevant Qt reduction by the end of the projection 
(2080) is 22% only. Generally, the relevant variations in Qt values are greater during period A 
(compared to reference period) than in period B (compared to period A). In this way, the greatest 
reduction of Qt (62%) from the reference period was forecasted for period A (2020–2050), and was 
simulated when GROWA model run with input data from HA model, which indicated greater 
decrements in precipitation and increments in temperature. On the contrary, projected Qt results 
with RH models input are by far more optimistic compared to the other three models, and the final 
overall decrement is significantly smaller (22%) with nearly constant variation rate for both 
projection periods. 

 

  

Figure 3. Projections of mean annual precipitation and mean annual temperature for period A (2020-2050, left) and 
period B (2050–2080, right) 

 

Figure 4. Percentages of Qt decrement for four RCM–GCM combinations in respect to the reference period. 

Due to the limited temporal resolution of the GROWA model, the inner annual variability of 
runoff generation and groundwater recharge is not represented. Therefore, possible shifts or 
shortenings of the runoff and groundwater recharge generation periods and quantities within one 
year cannot be represented. The consideration of inner annual shifts or shortenings however, is an 
important prerequisite in order to support and justify reliable recommendations for adapting the 
regional (ground-) water management to the changed inner-annually available water volumes. In 
order to analyze how far runoff generation and the available water resources are influenced by an 
inner annual shift / changes due to climate change (precipitation, temperature), runoff generation 
simulations have been repeated based on the mGROWA model. 

4.3 Preliminary mGROWA model results for reference period 1971-2000 

For the Pinios river basin a grid size of 100 m (1 hectare) was chosen for the mGROWA 
simulations, whereas all input parameters remained unchanged with the exception of the climate 
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data which was applied in daily time steps. Mean monthly based total runoff levels are shown in 
Figure 5 for the observed reference period 1971-2000.  

 

Figure 5. Average simulated monthly net runoff levels (1971-2000) based on mGROWA 

Due to the pronounced spatial gradients of decreasing precipitation and increasing reference 
evapotranspiration from the mountainous areas to the plains, total runoff levels in the basin 
generally decrease in the same direction. Hence, runoff levels >400 mm/a only occur in the 
mountainous regions (especially along the western-southwestern part of the basin), whereas runoff 
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levels in the plains of the basin are significantly lower. With regards to the inner-annual variability, 
Figure 5 shows that runoff generation is restricted to the period November to March, whereas runoff 
generation in the rest of the year is negligible. 

5. CONCLUSIONS AND OUTLOOK 

GROWA model results provide a reasonable overview of the actual mean water availability and 
its projected evolution towards a reduced water budget. The temporally high resolution mGROWA 
results demonstrate that at present runoff generation is restricted to the periods November to March. 
In order to analyze shifts / shortenings of the inner-annual runoff generation periods it is foreseen to 
run the mGROWA model based on climatic input data from RCMs in high temporal resolution.  

In the context of climate change impact assessments, the mGROWA model results can be of 
utmost importance, as they provide a representative measure for the available water quantities under 
climate change conditions. The projected climate effects on runoff generation can be used for the 
long-term strategic planning of water resources as they are an appropriate framework to design and 
implement an integrated set of measures in the direction of adaptation and preparedness, so that the 
anticipated impacts from climate change can be minimized and controlled in due time. 

Presented model results should not conceal the fact that there is lack of input data, the existence 
of which would improve the robustness of assessed water quantities implementation of regionally 
adapted and efficient water management strategies. Lack of reliable time series from the existing 
runoff monitoring network reduces the accuracy of the quantified renewable water resources. So 
does the existence of only one climate station (Larissa station) within the basin equipped with the 
sufficient sensors from which data can be used to perform potential evapotranspiration calculations 
using accurate methods. Moreover, lack of vegetation specific parameters additionally impedes the 
model-based determination of actual evapotranspiration rates with high accuracy. 

Against this background it is part of the overall strategy of a research cooperation between the 
Hellenic Agricultural Organization, Soil and Water Resources Institute and Forschungzentrum 
Juelich GmbH, Agrosphere Institute (IBG-3) to set up a hydrologic observatory in Agia basin, a 10 
km2 sub-catchment of Pinios River basin. In this test site state-of-the-art devices are installed with 
the aim to improve the climatic data base, to determine vegetation specific evapotranspiration 
parameters and to quantify the lateral groundwater inflow into the basin from adjacent mountainous 
areas. The parameters derived and lateral groundwater flow rates assessed with the help of the state-
of-the-art devices will then additionally be used in the entire Thessaly basin, e.g. in the model-based 
assessment of sustainably available water resources based on the mGROWA model. 
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