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Abstract: Major hindrances restrain the efficient agricultural water use in South Europe and significantly deteriorate surface and 
groundwater sources. Several studies are dealing with the optimal allocation of agricultural water use. However, a 
modular approach is often suggested in which the hydrological, economic and environmental components are 
separately assessed through individual models and methods. The current study suggests a hydro-economic approach 
for optimal basin allocation plans by establishing a holistic modelling approach in a data-scarce area, and proposes 
some alternatives based on integrated and sustainable management of water resources. The study area is the lake 
Karla Basin in Thessaly, central Greece, which is adopted as a representative agricultural basin in South Europe. The 
main supply source is the overexploited groundwater aquifer, which is developed in the wider plain area of Karla. A 
widely use software (Water Evaluation And Planning –WEAP) was used for the analysis and a simple hydro-
economic model was developed. The water supply sources, the existing irrigation networks and pumping wells were 
simulated including their surface and groundwater use. Then, the basin’s total water demand was simulated, as a 
summation of the urban, the animal husbandry, the industrial and the agricultural water use. Six different scenarios 
composed by various technical and agricultural measures are employed to address more efficient water use and cost-
effective management options for sustainable management of Karla basin in the long run. The irrigation cost was 
evaluated for each scenario, and five climate change scenarios were developed, to examine the effect of the climate on 
the irrigation cost. The research leads to many conclusions, hydrological, economical, climatic, and also conclusions 
about water pricing and about the followed policy. The overall aim is to propose alternatives based on integrated and 
sustainable management of water resources and a new approach in the local agricultural policy, which will manage 
the water resources in a wider framework. Finally, the study paves the way for further research on the application of 
optimization techniques in the basin. 
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1. INTRODUCTION 

The majority of European countries are facing a number of environmental, technical and socio-
economic problems, concerning the Water Resources Management. Greece faces such problems, 
especially in the agricultural sector, the largest consumer of water. Therefore, integrated modeling, 
achieved by using hydro-economic models, which represent hydrologic, environmental and 
economic aspects of water resources systems within a coherent framework, appears necessary today 
(e.g. Blanco-Gutiérrez et al., 2013; Brouwer and Hofkes, 2008; Heinz et al., 2007). The hydro-
economic models have helped water managers to move from a static view of a simple single-
objective water demand-problem, to a view of demand related to the economic concept of value 
(Harou et al., 2009). In line with this, various types of modeling frameworks have been developed 
to address the different scales, especially in the agro-economic field (Peña-Haro et al., 2009, and 
Volk et al., 2008) and the different dimensions of the problem (Esteve et al., 2015).  

However, there is still room for improvement in the sphericity of perception of the different 
factors involved in water managements and policy making problems, and the combination of 
hydrological, socio-economic, climatic and policy aspects in agriculture has been uneven. Along 
this line, this paper presents an integrated framework to take all these aspects into consideration, 
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with an engineering-level of understanding a data-scarce area, and takes hydro-economic modeling 
a step forward in the analysis of pricing policies in irrigated agriculture. When such models are 
developed and used with the involvement of stakeholders, they can become a basis for shared 
understanding of water problems as a foundation for negotiated management and policy solutions 
(Heinz et al., 2007). 

Our study focuses on an integrated hydro-economic approach of agricultural water use in the 
region of Thessaly, Central Greece. A typical example is Lake Karla basin in Thessaly, a 
predominantly rural area. The Lake Karla basin is facing a number of problems, which were caused 
by its drainage in the early 60s. There are water scarcity problems and the limited amount of data as 
well as the thousands of unregistered and uncontrolled wells, which pump water at unidentified 
locations, produce uncertainties, and make the simulation of the situation difficult. Furthermore, 
there are many economic problems due to the current water pricing system, the implementation of 
other methods instead of the volumetric, the lack of control and records of financial data, and the 
absence of any cooperation between the authorities and the stakeholders. Thus, there are huge losses 
from the non-application of demand management and water-saving measures (Hydromentor, 2015). 
These problems seem to have become more serious during the years of the financial crisis. The only 
study in the area dealing with these issues is the cost-benefit analysis of the project of the new Karla 
reservoir operation conducted by the Ministry of Environment (2009), and there are no studies that 
examine hydrological and economic data through models, thus we have only individual and 
unilateral analyses. The Ministry’s study has however limited the results in the socio-economic 
aspects only without explaining the potential repercussions in the hydrological field.  

The research focuses on describing the problem of meeting water needs with limited and 
deteriorating available resources and formulates measures-proposals, in the form of various 
management scenarios, based on the integrated and sustainable management of the demand of water 
resources. An integrated hydro-economic modeling for the scenario assessment through the water 
evaluation and planning software (WEAP) is introduced. Different parameters based on the 
hydrological, economic, agronomic and climatic conditions of the study area are taken into 
consideration. The objective of the study is to develop an integrated methodology aiming to save 
water and abate irrigation expenditures, and to apply it to the lake’s basin. Emphasis is given on the 
hydro-economic modeling, in order to find the environmental benefits of the application of water – 
saving measures. The paper considers also different water uses, efficiency and crop management 
scenarios under different climatic conditions, in an integrated framework according to the principles 
of Water Resources Management. 

2. STUDY AREA 

The basin of Lake Karla is located in the southeast of the Water District of Thessaly, between 
Volos and Larissa. It is an elongated closed area, surrounded by mountains, with its lowest absolute 
altitude at 44 m., without a physical surface hydraulic communication with the sea (Sidiropoulos, 
2014). The basin’s area is 1660 km2. It is characterized as an agricultural basin, since nearly 60% of 
the area is covered by crops and there is no big urban center, no industrial area, and it is not a tourist 
destination (Sidiropoulos, 2014). The climate of the wider area of Karla is characterized as 
Mediterranean with dry and hot summers and cold and humid winters. 

Until 1962 Lake Karla occupied the lower depression plain of Thessaly. The need for flood 
protection and more farmland led to the drainage of the lake, but due to bureaucratic issues the 
planned reservoir and its associated works were never built. As a result, the lake area diminished 
and the wetland deteriorated creating a number of environmental problems, such as depletion of the 
groundwater aquifers, pollution of the groundwater, floods, extreme climatic events, etc. In 1981 a 
final decision to restore part of the former lake (that will occupy an area of about 38 km2) was taken 
by the Greek government and today, the reservoir and its complementary works have been 
constructed. The intense and extensive cultivation of water demanding crops, such as cotton, has 
resulted in an increase of groundwater pumping, regarding both pumping rate and uncontrolled 
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number of wells, which in turn have caused a dramatic drawdown of the – overexploited – water 
table. The basin also lacks of centralized management and services with qualified personnel who 
can provide hydrological and irrigation data and recordings. There are two irrigation districts in the 
basin: the surface irrigation network of the Local Administration of Land Reclamation (LALR) of 
Pinios (which serves an area of 154 km2) and the future localized pipe irrigation network of Karla 
LALR, which serves an area of about 10 km2. 

 

Figure 1. The limits of Pinios LALR (green line) and Karla LALR (black line). The reservoirs of the basin are shown 
with blue color (Sidiropoulos, 2014) 

The total cultivated area was estimated at 848.2 km2. The water demand of the basin is covered 
by the surface network of Pinios LALR and the groundwater of the basin. The water is channeled 
through the pumping stations inside open canals and from there it is directed to the irrigation 
reservoirs which, in combination with irrigation ditches, are used to irrigate the fields. 

A new irrigation network to serve the areas around the reservoir has been planned. The network 
consists of closed pipes and irrigation ditches. Through pumping stations (which will be located in 
the reservoir) the area will be supplied with irrigation water. This new network (Figure 3) has not 
been built yet. 
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Figure 2. Surface irrigation network of Pinios LALR and irrigated areas (Hydromentor, 2015) 

 

Figure 3. Future irrigation network of Lake Karla reservoir (Hydromentor, 2015) 

For higher precision as well as spatial integration of the results, the basin was divided into 
different zones (Figure 4): North, South, Mountain, Surface Network of Pinios LALR and one zone 



European Water 54 (2016)   9 

 

for the groundwater aquifer. The separation was based on common physical characteristics (e.g. 
soil) and common areas of administrative boundaries. 

 

Figure 4. The division of Lake Karla basin into zones 

3. METHODOLOGY 

The suggested methodology consists of the simulation of the supply sources, the demand sites, 
the water balance and the evaluation of the irrigation water cost. Six different scenarios were 
developed to better reflect technical (engineering) and agricultural measures on the efficient water 
use and cost-effective irrigation practices. The analysis of the various scenarios aims at saving 
water and at studying the effects of demand management on the cost, finding eventually the optimal 
scenario for the region. So, the following management scenarios were developed: 

1. Scenario 1: Baseline Study (current situation). The Karla reservoir is not active yet and the 
main supply sources are the groundwater aquifer and the river Pinios. 

§ Scenario 1a: Reducing water irrigation losses on Scenario 1. There are high 
evaporation losses in the open irrigation channels of Pinios LARL surface network 
especially in summer period, where the water needs increase. There are also 
considerable leakages which aggravate water loss. The lack of maintenance, leads to 
big water losses, too. This scenario was simulated by using a higher coefficient for 
transfer efficiency equal to 0.75 instead of 0.4 used in the baseline scenario for the 
surface network and 0.9 instead of 0.8 for the underground network. Practically, this 
can be achieved by cleaning (from plants and rubbish) and by maintaining the canals 
of the irrigation network. 

§ Scenario 1b: Replacing Irrigation methods with more efficient ones in Scenario 1. 
Previous research (Hydromentor, 2015) has shown that the majority of the basin’s 
farmers are using sprinkler instead of drip irrigation, which is more efficient. This 
scenario was developed based on the assumption that all crops are irrigated using 
drip irrigation (irrigation efficiency of 0.9) and for the case of cotton crop an 
overhead sprinkle approach was presumed. 
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2. Scenario 2: Future Situation (operation of the reservoir and the new Karla network). The 
main difference of this scenario and Scenario 1 is that the new network irrigation areas, in 
the baseline scenario were served by the underlying aquifer. The other areas remain as 
described in Scenario 1. 

 

Figure 5. Comparison of irrigation zones of the two main management scenarios a) Scenario 1: Current situation and 
b) Scenario 2: Future situation 

 
§ Scenario 2a: Replacement of a 25% of cotton crops with winter wheat, in Scenario 

2. 
§ Scenario 2b: Replacement of a 20% of cotton crops in exchange of 10% winter 

wheat and 10% maize is scheduled. The development of the scenarios 2a and 2b was 
based on the crop distribution of Thessaly during the past five years, and the data 
was considered to play an important role for farmers on deciding what to cultivate. 
The cost estimation of the crops inputs were based on the current subsidization of 
these crops and their international prices for the last ten (10) years. With these time 
series, trend lines had been made, where the predictions seem to fit with the 
scenarios. These findings are also in agreement with the objectives set by the new 
Common Agricultural Policy (CAP 2014-2020) – which provides more opportunities 
for management of water saving measures (e.g. financial incentives for cultivating 
less water consuming crops).  

3.1 Developing hydro-economic modeling 

Each one of these scenarios simulates the supply sources (three pumping stations which are 
located along the riverbed of Pinios, the capacity of the aquifer and the reservoir), the water demand 
for all uses (urban, animal husbandry, industrial and agricultural water use) for each zone (and for 
the entire basin) and the water balance (Hydromentor, 2015). 
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All scenarios were simulated using the software WEAP (Water Evaluation And Planning 
system) (www.weap21.org), a software which supports the analysis of various scenarios for 
integrated water resources management and helps design the policy of their exploration. In this 
study, the schematic of the basin was set up first. A GIS file helped define the positions of river 
Pinios, the demand sites (one node for each irrigation zone and one for urban, industrial and animal 
husbandry water use), the groundwater aquifer, the Karla reservoir and the way that the water 
supply is done. Figure 6 shows the irrigation areas of the new network of Karla, which are inactive 
for the current situation and are activated only in Scenarios 2. Next, the data of each component of 
the schematic are imported. 

 

 Figure 6. Τhe Schematic View of the Lake Karla basin (based on the model used in Sirrimed, 2014) 

Next, the irrigation water use cost was evaluated, for each scenario, each zone of the basin, each 
crop, and for the entire basin, with the existing pricing policy, in order to show the potential 
economic effects of the implementation of each scenario.  

The economic effects emanating from each scenario were actually potential water use saving 
derived by the assumptive introduction of more efficient cultivating and irrigation practices. 

The current charges per cubic meter were initially identified for surface and groundwater use as 
determined by the LALRs in Karla basin. The water demand requirements of the cultivated crops 
were initially estimated on an areal basis. Thereafter, the charges of LARLs were collected on 
surface and groundwater use and different crops. Further, the average groundwater and surface 
water use in the basin for each crop was identified. Based on the above assumptions, the assumptive 
volumetric use per cubic meter for each crop in the basin was estimated.  

The reference year of 2011 was used for the calculation of the surface and groundwater irrigation 
expenditures provided by LARLs and other studies. The charges for the following years have 
remained steady due to the high deflation pressures in the Greek economy and hence the 
agricultural sector. 

3.2 Climate scenario analysis 

The variables (crops, charges) which played a direct role in the calculation of irrigation costs in 
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the lake Karla basin were all used from their recordings from the competent services, except of the 
crop water requirements which can easily be estimated as a direct consequence of the change of the 
climatic conditions. The result of such a change would automatically mean different irrigation costs. 
Thus, five climate change scenarios were developed, based on the Scenario 1, in order to examine 
the effect of the climate on the irrigation cost. The new irrigation requirements that were necessary 
to find the irrigation cost were calculated with the software CROPWAT 8.0. (FAO, 2015). The 
average hydrological year, the wettest, the driest, the hottest and the coldest hydrological year, 
which were used to form the climate scenarios, were selected from historical meteorological time 
series data of Karla basin from 1960-2009. Given the new water requirements, the irrigation cost 
was recalculated for each one of these new scenarios. The other parameters (arable land, crop types 
and irrigation water charges) remained the same as in Scenario 1. To show more clearly the effect 
of weather conditions on irrigation water cost, an identical analysis of climate scenarios was made 
using Scenario 2, because in this scenario there are more zones charged volumetrically (€/m3) and 
not by the area. The climate scenarios are the following: 

  
Table 1. The developed climate scenarios for Lake Karla basin 

Scenario Description Characteristics 

Scenario 1i Statistical average hydrological year for the current situation  Average T (oC) = 15.0 
Total P (mm) = 562.9 

Scenario 1ii Hottest hydrological year for the current situation (2000-01) Average T (oC) = 16.5 
Total P (mm) = 549.0 

Scenario 1iii Coldest hydrological year for the current situation (1986-87) Average T (oC) = 11.7 
Total P (mm) = 675.6 

Scenario 1iv Wettest hydrological year for the current situation (2005-06) Average T (oC) = 13.4 
Total P (mm) = 801.4 

Scenario 1v Driest hydrological year for the current situation (1976-77) Average T (oC) = 14.6 
Total P (mm) = 425.7 

Scenario 2i Wettest hydrological year for the future situation (2005-06) Average T (oC) = 13.4 
Total P (mm) = 801.4 

Scenario 2ii Driest hydrological year for the future situation (1976-77) Average T (oC) = 14.6 
Total P (mm) = 425.7 

4. RESULTS 

The monthly irrigation water requirements are depending on the arable land. In Scenario 1, the 
34% of the total water demand (109.31 hm3) is covered from surface water and the remaining 66% 
(214.61 hm3) is covered from groundwater. The total agricultural water demand of the basin 
resulted in 323.93 hm3. The total monthly water demand of the Lake Karla basin was calculated as 
the sum of the water demand for the different uses of each zone. In Scenario 1, the annual water 
demand in Karla basin amounts to 343.9 hm3, 94.3% of the annual water demand is for agricultural 
use and the monthly distribution of demand follows the distribution of agricultural water use. The 
other water uses (urban, animal husbandry, industrial) represent a 5.7% of the total water demand. 
The obtained results for each scenario are below. Table 2 shows the total water demand and the 
total unmet demand, which is the water deficit (the result of the water balance), of each 
management scenario. 

 
Table 2. Annual demand and unmet water demand for every scenario 

Scenarios Annual Water Demand (hm3) Annual Unmet Demand (hm3) 
Scenario 1 343.9 131.9 
Scenario 1a 248.7 94.5 
Scenario 1b 311.7 111.4 
Scenario 2 322.0 109.3 
Scenario 2a 309.8 97.1 
Scenario 2b 308.8 97.8 
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Table 3. The results of irrigation cost for the four main crops of the basin for all scenarios 

Scenarios Scenario 1 Scenario 1a Scenario 1b Scenario 2 Scenario 2a Scenario 2b 

Crop Total Cost (million €) 
Alfalfa 6.293 6.184 6.247 5.568 5.468 5.568 
Corn 2.140 2.028 2.092 2.013 2.013 3.125 
Winter wheat 3.876 3.477 3.825 3.535 5.619 4.648 
Cotton 6.377 6.574 6.341 5.587 3.319 3.349 
Sum 18.687 18.264 18.504 16.704 16.419 16.690 
Water Use Benefits 
(compared to Scenario 1) 0.423 0.182 1.983 2.268 1.996 

Water Use Benefits (compared to Scenario 2) 0.285 0.013 
 

 
Figure 7. Bar diagram of the benefits of the implementation of each scenario for the entire basin 

Most interesting is the comparison of the hydrological and economic effects of each scenario 
(Table 4). 

 
Table 4. Total hydro-economic results of the management scenarios 

Management Scenarios Water Demand Reduction Irrigation Cost Reduction 
Scenario 1a 27.68 % 2.3 % 
Scenario 1b 9.40 % 1% 
Scenario 2 6.37 % 10.6 % 
Scenario 2a 9.90 % 12.1% 
Scenario 2b 10.21 % 10.7 % 

 
Regarding the water costs for the irrigated crops, as they resulted from the climate scenarios, the 

results are shown in the following diagram. 
 

 

Figure 8. Total cost of the climate scenarios 
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The differences between the costs of the climate scenarios are maybe smaller than the expected. 
Indicatively, to mention that in the process of calculations, the cost in most areas remained the 
same, and changed drastically only in the South Zone, because it is the only zone where the pricing 
is based on the hours of water use and not on the cultivated area. Thus, in the South zone there is at 
least an indirect connection between the water used and its price. 

 
Table 5. Results of climate scenarios only for the South Zone 

 Scenario 1i Scenario 1ii Scenario 1iii Scenario 1iv Scenario 1v 
 
South Zone 

Total Cost (million €) 
4.836 5.080 3.621 3.770 5.037 

Cost difference (€) from the 
average hydrological year -0.244 1.216 1.066 -0.201 

Cost difference (%) from the 
average hydrological year -1.24 6.17 5.41 -1.02 

 
That was the reason of the development of the climate analysis based on Scenario 2. The results 

are shown below. 
 

 

Figure 9. Total cost of the climate scenarios of the future situation 

The results of the irrigation water cost all together are shown in Table 6. 
 

Table 6. Irrigation water cost in €/km2 for every scenario studied 

Scenario Irrigation Cost (€/km2) 
Scenario 1 45711.5 
Scenario 1a 44725.0 
Scenario 1b 45286.5 
Scenario 2 41255.1 
Scenario 2a 41210.8 
Scenario 2b 41229.7 
Scenario 1i 48114.2 
Scenario 1ii 48682.4 
Scenario 1iii 45279.2 
Scenario 1iv 45627.9 
Scenario 1v 48581.9 
Scenario 2i 40500.0 
Scenario 2ii 43751.3 

 
In summary, the agricultural water use adds up to 94% of the total water use in the basin, the 

biggest supply source is the groundwater aquifer and the largest demand (and unmet demand) is 
during the summer months. All the management scenarios save water and reduce the irrigation 

16.704 

16.366 

17.745 

2 : Average Year 2i : Wet Year 2ii :Dry Year 

Total Water Cost (million €) 
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water cost, as expected. The Scenario 1 has the highest irrigation cost. The least cost-reducing 
scenario is 1b (changing irrigation methods), while the most cost-reducing scenario is 2b (operation 
of new Karla network and crop replacement). It is also clear that in the climatic scenarios 2i and 2ii, 
the cost difference resulting from different rainfall conditions analyzed, is 8.25%, versus 6.43% of 
the Scenario 1. This is due to the different pricing policy between Scenarios 1 and 2. 

As it can be noticed in Table 4 each suggested scenario may attribute differentiated water saving 
and cost reduction results for irrigation purposes. If we may focus on win-win scenarios where the 
water savings are coupled with cost-effectiveness, the Scenarios 2a and 2b seem to be the most 
promising. The two scenarios anticipated a strong shift from the water demanding cotton crop to 
less intensified irrigation by substituting with winter wheat and maize. It is noted however, that 
these savings have been computed by keeping fixed all the costs of agricultural inputs, subsidization 
policy, water pricing set by LARLs and the technical structures (e.g. pumping outflow) in the study 
area. The provisional alteration of any of these parameters could significantly change the results of 
the two scenarios. This analysis was however out of the scope of this paper and is subject to further 
research.  

The Scenario 1a on the technical efficiency of the irrigation network attributes a major water 
saving improvement which however is not accompanied by an equal significant cost decrease. This 
is mainly due to the currently low pricing policy set by the LARLs as well as by the illegal water 
abstraction all along the basin. The potential improvement in the irrigation systems cannot be 
compensated by the currently undervalued water services. These findings demonstrate the imminent 
need for a shift to full cost recovery of the water services in the agricultural sector of Karla basin. 
The full cost recovery principle is also dictated by the European Water Framework Directive 
(WFD/2000/EC) under which each member state should fully recover the costs of water use in 
urban, industrial and agricultural sectors.  

The Scenarios 1b and 2 seems to offer less satisfactory results in water saving and costs decrease 
levels. The nearly insignificant cost decrease in Scenario 1b could be also justified by the currently 
underpriced water policy. Even if the farmers will invest in technological advancements (e.g. 
sprinklers) they can hardly expect economics returns in short term period. Scenario 2 renders higher 
cost decrease which however is not coupled with the water savings. This could be probably 
reasoned by the fact the future water savings from the usage of the reservoir are not yet well 
estimated. Once the reservoir will fully operate and replace the groundwater pumping then the 
water savings could be better calculated. 

5. DISCUSSION 

In this study there was an attempt to make a new approach on the hydro-economic modeling in a 
region where similar methods haven’t yet been applied. The supply, the demand, the water balance 
and irrigation water costs were estimated for various scenarios. The main difficulty of the survey 
was to collect data from different departments involved (LALRs, Local Water Supply Services and 
services of data and recordings). Also the different pricing policies (areal and per hour water 
pricing) and the non-functioning of the system (lack of cooperation, incomplete knowledge of the 
relevant departments, etc.) created additional obstacles. There were also major difficulties in 
collecting the primary and secondary data demanded for the realization of the study. Lots of data 
did not exist or weren’t accessible (e.g. data for the most accurate calculation of water needs, the 
exact consumptions and further economic data to estimate the full cost of the irrigation needs etc.).  

Another factor which limits the validity of the study is the conditions in which it took place. 
Timely because Karla is in a transitional period during which the reservoir almost reached its 
highest level and is expected to operate, and financially because of the economic crisis in the 
country, many parameters are uncertain, meaning that they can be changed or not finally 
implemented, due to external factors which couldn’t be taken into account. So, the anticipated 
benefits emerging from the full operation of the reservoir are not yet well known and subsequently 
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the Scenarios 2, 2a and 2b may be subject to high uncertainty. We believe however that the current 
results may be used as reference examples for future research. 

Another suggestion for future research is the simulation of the same scenarios for the current and 
the future situation for comparing their efficiency and their results under these two situations. This 
can be considered as a limitation of the current study because the	positive	effects	of	the	new	Karla	
network	are	not	shown	under	all	the	examined	management	scenarios. 

As can be seen from the results of Scenario 1a, the agricultural water requirements can be 
covered with less water, because if the losses are reduced, the demand is less than from any other 
scenario. Even if no policy management options are implemented, the reduced losses would result 
in a benefit of 425000 €/year. This, combined with the fact that the reduction of losses saves around 
28% of the water required at this time for irrigation, shows the need to take immediate steps to 
implement the losses-reduction scenario. Regarding the future situation, the areas of the zones 
where the irrigation water is billed per area are bigger than the areas where irrigation water is billed 
volumetrically. Therefore the area is a factor that affects the final cost more than the water 
requirements. Also, the future charges of the new irrigation areas are too low. So they don’t give 
large changes in the overall cost. From the climate scenarios’ results we can see that the annual 
mean temperature affects the cost more than the annual mean rainfall, because a year is totally hot 
or cold while the rainfall increases (or not) only during the winter months, which doesn’t affect 
irrigation a lot. 

The economic analysis was based on the calculation of the irrigation costs for groundwater and 
surface water use as estimated by the LALRs in Karla basin. These costs encompass the capital, 
operational and maintenance expenditures per cubic meter on a yearly basis. It is mentioned that the 
environmental and water scarcity costs are not considered in the analysis due to the limited data 
sourcing. However, the full cost assessment of agricultural water use would be a rather interesting 
topic for further research studies. The projection of the cost estimation for the adopted scenarios 
was based on the actual charges set for the year 2011 due to the anticipated deflation pressures for 
the following years. It should be mentioned that the cost savings projected in our scenarios were 
solely based on the decreased water use on the agricultural plots due to irrigation and crop 
alterations. This was an oversimplification of the agricultural inputs that may affect costs aspects 
like the expenditures on seeds, labor, mechanical devices, pesticides and herbicides as the most 
significant cost factors. However, the current study attempted to emphasize on the major effects of 
water savings in the agricultural lands of Karla basin as a major cost determinant. 

Generally, by studying the hydro-economic results of all the scenarios, we can say for sure that 
reducing the irrigation requirements doesn’t mean the same economic benefit, and vice versa. The 
optimal scenario would be the one that combines both objectives. If we had to choose a scenario to 
implement (except the losses reduction which must be the first priority) it would be the Scenario 2a 
(or 2b). It combines the operation of the reservoir with all the environmental benefits and the 
positive consequences for the ecosystem it entails, and it achieves the best combination of water use 
reduction and cost reduction. 

6. CONCLUSIONS AND REMARKS 

The current study has attempted to propose rigorous policy measures for agricultural water 
saving and cost-effectiveness in Karla basin situated in central Greece. Different scenarios focusing 
on the technical, agronomic and economic efficiency of the current irrigation and agricultural 
practices were tested where some implications on the weather effects were provided.  

The study of the data used and the results leads to the source of most problems the basin faces: 
policy and management issues. For example, if the irrigation water charges are examined, there is 
an underpricing of the surface irrigation network of Pinios LALR, which has quite big water 
requirements. Instead, pricing is higher for irrigation with groundwater, and combined with the area 
pricing, where the cost of water-use is zero, there’s no incentive for saving. 
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From the subsidy data, the International Product Prices and the distribution of crops, an adoption 
of trade policies until recently in agriculture is observed, meaning that through subsidies and high 
prices, the preference of water consuming crops such as cotton was encouraged (which is often not 
exploited) over other less water consuming and perhaps more useful crops. With such policies and 
indirect subsidies, the cost of water that farmers finally pay is further reduced than its full cost. 
Hopefully however, the current Common Agricultural Policy (CAP) of European Union (EU) is 
moving towards this direction and less water demanding crops will be encouraged for cultivation in 
the study area. 

Regarding the area pricing system, it was proved that there is not even an indirect correlation 
with the quantity of water consumed. The goal of its implementation is just to provide stable 
incomes to the LALRs. The underpricing of agricultural water use is a nationwide problem in 
Greece which is heavily debated the recent years. Although, the costs of groundwater pumping are 
relatively higher than surface water, still however, the scarcity and environmental costs are not 
included. 

Also, by area pricing there’s no control of payment based on the amount of water used, thus 
there is no full water cost recovery, no incentives for water saving, severe losses for the LALRs and 
a large number of illegal wells. On the other hand, the charges are the same, regardless of the 
availability of water, while the sense of the abundance of sources is created to the farmers. 
Maximizing the revenue from users through volumetric pricing and promoting water saving are 
unfortunately contradictory objectives. To implement volumetric pricing requires a knowledge of 
the amount of water consumed (measurements) and especially the existence of a central 
administrative authority, which will determine correctly the price, will monitor and measure the 
consumed quantities and collect the revenue.  

The research tried to study the coverage of irrigation needs with limited and deteriorating 
resources available, in a data-scarce area, with aim to propose some alternatives based on integrated 
and sustainable management of water resources. The implementation of sustainable management 
measures-scenarios requires a rational and sustainable agricultural policy, which will manage the 
water resources in a wider framework. An integrated management in a complex system must 
include the environmental impact of the different policies, their direct and their long-term 
environmental and socioeconomic consequences, aiming to the optimal system performance, as a 
whole. This is the foundation for further research based on optimization techniques. 
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