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Abstract: Agriculture is an economic sector highly affected by climate change, since it is directly dependent on climatic 
variables (e.g. precipitation) and the availability of surface and groundwater resources for irrigation. Climate change 
impacts on hydrological variables can affect agricultural production. Water availability changes and water quality 
deterioration necessitate the development of adaptation measures. The present study focuses on the quantification of 
climate change effects on groundwater resources availability in Cyprus. Climate change impacts on agriculture are 
analysed in terms of groundwater availability (quantity) and quality (salinity) in an important agricultural region in 
Cyprus. The Kiti aquifer in Larnaca is a coastal aquifer facing saltwater intrusion. Groundwater pumping for irrigation 
purposes has caused significant salinization of groundwater resources in the area. In order to assess climate change 
effects on the availability of freshwater resources, groundwater flow and salinity transport at Kiti aquifer are 
estimated using SEAWAT, a 3D variable-density simulator of groundwater flow coupled with solute transport. 
Available meteorological and hydrogeological data are used to calibrate and validate the numerical model. Further in-
situ groundwater elevation and quality measurements have also been performed in 2016 to assess the current state of 
groundwater resources. In order to estimate aquifer’s response to climate change, projections for climatic variables, 
for the period 2016-2060 have been produced using the RCA4 Regional Climate Model of the Swedish 
Meteorological and Hydrological Institute, forced by the IPCC RCP 4.5 and 8.5 scenarios. The predictions of the 
climatic model have been used as forcing for the groundwater model to quantify climate change impacts on 
groundwater availability and quality and to assess the vulnerability of existing agricultural practices to climate 
change. As it is evident from the analysis of the two climate change scenarios under current cultivation and irrigation 
practices, a decrease in groundwater levels of 3-4 m is estimated resulting in groundwater table deterioration to certain 
areas close to 10 m below sea level. 
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1. INTRODUCTION  

Agriculture is an economic sector vulnerable to climate change, as it is highly dependent on 
climatic conditions (precipitation, temperature, soil moisture, humidity) and on the availability of 
surface and groundwater resources for irrigation purposes. Climate change may not necessarily 
have only detrimental effects to agriculture, as for instance the prolonged growing seasons due to 
raising temperature (Gornall et al., 2010). However, extreme events as floods and extended periods 
of drought, as well as insufficiency in irrigation water availability caused by climate change can be 
threatening for agricultural productivity (USDA, 2015; FAO, 2008). 

During the recent decades, climate change impacts on water resources quality and quantity have 
been extensively studied. However, most of research has been focused on impacts to surface water, 
due to the fact that these water bodies’ vulnerability to climate change is more obvious and direct 
than on groundwater (BGR, 2008; Green et al., 2011). The majority of previous research works 
concerning climate change impacts on groundwater resources focus mainly on the changes on 
quantity, due to changes on precipitation and evapotranspiration rate, rather than the quality 
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(Meixner et al., 2016).  
Although groundwater quality is also affected by climate change, there are much fewer studies 

reporting its effects (Green et al., 2011). Thermal-hydrological-geochemical processes that affect 
water quality is expected to be altered due to climate change (Glassley et al., 2003). For instance, 
potential decrease on groundwater recharge and the consequent groundwater level depletion could 
affect nitrate concentration on pumping water (Stuart et al., 2011). Moreover, a decrease on surface 
water resources availability will also cause among others further overexploitation of the aquifers 
and in consequence salinization and seawater intrusion problems will be worsen in coastal areas 
(Green et al., 2011). 

The present study focuses on agriculture vulnerability to climate change due to likely changes on 
groundwater resources. Increased temperature and decreased precipitation have already caused 
numerous issues on the agricultural sector during the recent years in Cyprus. Climate change is 
expected to cause greater problems on groundwater quality and quantity in the future, such as 
increased water demand for irrigation, decreased water availability and deterioration of water 
quality (CYPADAPT, 2013). The aim of the present study is to assess climate change impacts on 
groundwater used for irrigation in Cyprus. Groundwater availability is studied not only in terms of 
quantity but also of quality, as Cyprus is facing serious salinization problem in its coastal areas. An 
important agricultural area in Cyprus, Kiti has been selected as pilot area in this study to estimate 
vulnerability of water used in agriculture to climate change. 

2. CASE STUDY 

Agriculture is an important sector of Cyprus economy. The most important crops produced in 
Cyprus are cereals (wheat, barley), vegetables and other perennial crops, such as grapes and 
bananas and olives. Agriculture is the most water-intensive sector in Cyprus, followed by the 
domestic sector (Papadaskalopoulou et al., 2015). Agriculture in Cyprus is vulnerable to water 
availability and in spite of the various measures encouraged by the government, the irrigation needs 
cannot be always met, as some of the measures such as crop rotation cannot be easily and 
immediately adopted (CYPADAPT, 2013).  

  

Figure 1. Kiti pilot aquifer  

Kiti aquifer, known as CY-3 groundwater system, is located in South Cyprus, in Larnaca district 
(Fig. 1). The area is mostly agricultural, but in its coastal parts tourism is rapidly developed. A 
significant part of irrigation needs in Kiti area are covered by the Southern Conveyor Project. The 
limited precipitation observed during the recent years has led to diminished direct natural recharge 
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of Kiti aquifer. As reported by the Water Development Department, the most productive parts of the 
aquifer have faced salinization and they have been abandoned and also the less productive parts are 
depleted and borehole yields have dramatically dropped (WDD and FAO, 2002).  

3. MODELLING CLIMATE CHANGE IMPACTS ON GROUNDWATER 
RESOURCES  

In this section, an attempt to assess the impacts of future climate changes on water for 
agricultural use in Cyprus based on the climate projections imposed by RCP4.5 and RCP8.5 
scenarios for the period 2030-2060 is being made. In particular, the study focuses on irrigation 
water sustainability assessment in Kiti pilot aquifer, based on the groundwater flow and 
contaminant transport simulation using SEAWAT algorithm.  

3.1 Conceptual model development 

As Kiti aquifer is a typical case of salinization problem in Cyprus, SEAWAT algorithm is used 
to simulate seawater intrusion impacts on Kiti coastal aquifer. SEAWAT is a coupled version of 
MODFLOW 2000 (Harbaugh et al., 2000) and MT3DMS (Zheng and Wang, 1999), used in order to 
simulate the variable density effects on transient groundwater flow (Langevin et al., 2007). 

Kiti pilot area is crossed by Tremithios river. In 1964, Kiti dam was constructed for recharge 
purposes. The aquifer at its western part is in hydraulic connection with the Tremithios river alluvial 
deposits (WDD and FAO, 2002). At its north-east boundary the aquifer neighbours with two salt 
lakes, while its south and south-east boundaries is the shoreline (Fig. 1). The aquifer system is 
layered. The impervious base of the aquifer consists mainly of Pliocene marls. The sediments of the 
aquifer consist of Pleistocene marine terrace deposits such as silts, gravel and sands, whereas the 
aquifer sediments along the Tremithios riverbed consist of river alluvial deposits (WDD and FAO, 
2002; Milnes and Renard, 2002).  

3.2 Numerical model development  

The model developed has been calibrated for hydraulic conductivity, specific yield, porosity and 
dispersivity. The transient calibration was performed for the hydrological years 2008-2009 and 
2009-2010. Observed head well measurements and chloride concentrations for the period 2006-
2016 have been used for model validation. During the analysis, field measurements were performed 
in two selected locations in Kiti aquifer for validation purposes. Groundwater level has been 
monitored in June 2016 and water samples were collected in agreement with the sampling and 
storing methods described in Stamatis et al. (2011). Estimation of Cl-, NO3

-, SO4
2+, Na+, K+, Mg2+ 

and Ca2+ concentrations was performed by an ion chromatography system (Dionex ICS-3000) at the 
Laboratory of Reclamation Works and Water Resources Management NTUA. The pH and 
conductivity values were determined immediately after collection with a portable meter (PT-370 pH 
meter, CON 5 conductivity meter). The elevated Cl-, SO4

2+, Na+ and K+ concentrations in 
groundwater as well as the observed high conductivity values (Table 1) denotes an input of 
seawater intrusion into Kiti groundwater system. The obtained pH values of collected water samples 
indicate the slightly alkaline nature of groundwater in the area.  

Figure 2 shows typical groundwater level contours in Kiti aquifer for September 2009 (end of 
dry period) and March 2010 (end of wet period). Based on the simulation results, chloride 
concentrations relative to that of seawater (seawater chloride concentration is taken equal to 22 g/L, 
i.e. relative chloride concentration at the sea boundary is 1) for September 2009 are observed. The 
extent of seawater intrusion in the area is evident from both groundwater levels and chloride 
concentrations in the aquifer. 
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Table 1. Values of water quantity and quality parameters (in-situ measurements and sampling June 2016) 

 Well Name Water table Cl- NO3
- SO4

2− Na+ K+ Mg2+ Ca2+ Cond. pH 
  m amsl mg/L mg/L mg/L mg/L mg/L mg/L mg/L µS/cm   
Detection Limit  1 0,5 1 0,05 0,05 0,05 0,05   
H4110-0331  4,14 708,6 99,7 199,5 194,1 6,5 107,7 181,0 3.010 7,17 
H4110-0378  0,62 1.706,2 <0,5 370,6 311,8 5,9 270,6 366,2 5.090 7,23 

 

  
(a)                                                                (b)                                                               (c) 

Figure 2. Results of numerical simulations: (a) groundwater level, September 2009; (b) groundwater levels, March 
2010; (c) relative chloride concentrations, September 2009 (concentration observation wells are also shown) 

3.3 Climate change projections 

Climate change projections for the area were based on the RCA4 Regional Climate Model of the 
Swedish Meteorological and Hydrological Institute (SMHI) (Strandberg et al., 2014 and references 
therein) driven by the Max Planck Institute for Meteorology model MPI-ESM-LR (Popke et al., 
2013). The model has a horizontal resolution of 12km2 and was developed within the framework of 
EURO-CORDEX (Coordinated Downscaling Experiment - European Domain). Future model 
projections were based on two new IPCC scenarios, namely the RCP4.5 and the RCP8.5.  

RCP4.5 is a stabilization scenario where total radiative forcing is stabilized before 2100 by the 
employment of a range of technologies and strategies for reducing greenhouse gas emissions 
(Clarke et al., 2007). Radiative forcing in RCP4.5 peaks at about 4.5 W/m2 (~540 ppm CO2) in year 
2100 (Thomson et al., 2011). RCP4.5 is comparable to the SRES scenario B1 with similar CO2 
concentrations and median temperature increases by 2100 according to Rogelj et al. (2012). 

RCP8.5 is characterized by increasing greenhouse gas emissions over time, representative for 
scenarios in the literature leading to high greenhouse gas concentration levels. RCP8.5 assumes a 
high rate of radiative forcing increase, peaking at 8.5 W/m2 (~940 ppm CO2) in year 2100 (Riahi et 
al., 2011). 

4. RESULTS AND DISCUSSION 

Several groundwater flow and quality simulation runs have been performed in order to assess 
aquifer response to climate change. Future precipitation predictions derived from the RCA4 
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Regional Climate Model have been used as inputs to the groundwater model, in order to assess the 
climate change impacts on groundwater quality and quantity. 

Kiti groundwater level ensemble contour maps for the IPCC RCP 4.5 and 8.5 scenarios for the 
end of the simulation period and the projected relative chloride concentrations are shown in Figure 
3 (a) and 3 (b) respectively. As it is evident from the analysis of the two examined climate change 
scenarios for the area -under current cultivation and irrigation practices, a decrease in groundwater 
levels of 3-4 m, resulting in a drop of groundwater table to certain areas close to 10 m below sea 
level. Predicted relative chloride concentrations also show an approximately 1.5 fold increase, 
indicating the need for additional mitigation measures. 

 
(a)  

 
(b) 

Figure 3. Kiti aquifer – Ensemble groundwater simulation results: (a) groundwater level and (b) relative chloride 
concentrations, under the IPCC RCP 4.5 and 8.5 climate change scenarios - End of the simulation period 

5. CONCLUSIONS 

Optimal groundwater management should be considered as an adaptation option to maintain and 
improve agricultural productivity under future climate change conditions. Climate change seems to 
be critical for groundwater sustainability. To improve water and food efficiency, adaptation 
measures for groundwater quality and quantity sustainability such as crop restructuring, use of 
recycled water and fertigation practices should be adopted.  
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