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1 Introduction
The shortage of water and the water quality problems in Mediterranean countries appear more severe
under climate change due to the intensive agricultural activities and the urban and industrial development
that require reforms in the water policy approach. The ERANETMED CrITERIA project aims to assist water
management organizations and water users in decision making when coping with water scarcity, climate
extremes and contaminated water.
Case areas of Mediterranean countries (Italy, Greece, Turkey, Cyprus, Jordan) with, mainly of geogenic
origin Cr(VI) contaminated waters are used as an example of a specific water pressure problem that has
to be tackled through integrated water resources management (Figure 1). Oman represents the ground
truth arid-end member in identifying the different pathways of Cr(VI) contamination in surface and
groundwater due to arid conditions. Thus, areas of similar geology can be used as analogs of areas passing
from semi-arid to arid conditions.

Figure 1. Schematic map showing occurrences of eastern Mediterranean and Peri-Arabic ophiolite sequences
(remnants of the ancient Tethys ocean floor and potential sources of CrVI in groundwater). Case study areas of the
ERANETMED CrITERIA project are marked with stars.

From a climate change perspective, it is important to investigate the changing precipitation patterns and,
thus, assess the vulnerability of the aquifers. We study the effect of climate change on the impacts and
mitigation of Cr(VI) in water by exploring different scenarios in relevance to extreme weather conditions
(prolonged drought periods as well as sudden and intense precipitation events).
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This deliverable is assembled in the framework of WP3. Estimates and costing of Cr(VI) contamination
impact for various water uses under present and future climate change conditions and Task 3. Assessment
of trends in supply and demand under climate change conditions.
In this task, the climatic factors related to the water budget are be evaluated for each case study. The aim
is to obtain an overview of the present conditions and to assess possible future changes in the available
water capacity and to estimate the higher stress imposed by a possible increase of extreme events related
to water. From the inter-comparison of the results among the case studies, the contrast of the diverse
needs on water management in the Mediterranean are drawn, while common messages related to the
projected future changes on water resources are identified.
Moreover, as Oman represents the arid end case, it provides valuable information of Cr(VI) contamination
of water under arid climatic conditions. The future climate projections reveal the Mediterranean regions
that are likely to exhibit conditions similar to the Oman paradigm. The output of this will be directly linked
to the project central database.

2 Data
2.1 Observational Data
For the present climate analysis, station data are employed putting effort to use the most representative
and at the same time the longest available time series for each case study. As station data are not always
available or of adequate length, the following reanalysis and/or gridded datasets are employed:
❑ E-OBS gridded dataset (Haylock et al. 2008), consisting of high-resolution land only daily gridded data
for precipitation and temperature from 1950 to 2018. These datasets are generated through
interpolation of station data and consist a daily gridded observational dataset for precipitation,
temperature and sea level pressure in Europe based on ECA&D information for the time period
between the years 1950 and 2018. Data from 68 participants for 63 countries is collected. The ECA
dataset of daily station series contains 43176 series of observations for 12 elements at 10576
meteorological stations throughout Europe and the Mediterranean. Data was obtained from
climatological divisions of National Meteorological and Hydrological Services and station series
maintained by observatories and research centres.
❑ CRU (Climatic Research Unit Data) datasets, refer to monthly precipitation values since 1901. They are
produced by the University of East Anglia and are available for use in scientific research (Harris et al.
2014). They are calculated on high resolution latitude-longitude grids (0.5x0.5 degree) and include a
variety of variables. There are more than 4000 individual weather stations worldwide (excluding
Antarctica), whose records analysis results to the production of this dataset. The available time period
for which data is available ranges from 1901 to 2017 (CRU TS Version 3.26).
❑ ERA-Interim is a global atmospheric reanalysis from 1979, continuously updated in real time (Dee et
al. 2011). The data assimilation system includes a 4-dimensional variational analysis (4D-Var) with a
12-hour analysis window. The spatial resolution of the data set is approximately 80 km (T255 spectral)
on 60 vertical levels from the surface up to 0.1 hPa.
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2.2 Model Data
The future climate assessment is performed with the aid of climate simulations derived from RCA4
regional climate model of the Swedish Meteorological and Hydrological Institute (SMHI) with forcing from
three different global climate models (GCMs), i.e. CNRM, MOHC and MPI for the recent decades and the
future scenarios RCP 4.5 and RCP 8.51 on a grid resolution of 0.11 degrees and rotated poles. The model
data from the 3 GCMs were ensembles to provide one time series for each grid-point and are further
downscaled over each case study area in order to provide the necessary high spatial resolution
information.
The RCA4 simulations are derived from the CORDEX - the Coordinated Regional Downscaling Experiment,
which is an international project, founded by the World Climate Research Programme and aims to
coordinate international efforts in regional climate downscaling (https://www.cordex.org/).
The simulated data cover the period from 1971 to 2095. The historical period is from 1971 to 2005, while
the RCPs are applied from 2006 onwards. Specific analysis is performed on 3 time periods:
▪
▪
▪

1971-2000: reference period (representing the present climate)
2021-2050: near future
2071-2095: remote future

The nearest to the case studies grid points, as shown in Figure 1, have been extracted from the model
simulations and analysed.
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Climate scenarios (or climate projections) are representations of various possible future states of the climate
system, based on numerical model simulations. These models describe the complex processes and interactions
affecting the climate system, but also use information about anthropogenic climate forcing. Different factors of
anthropogenic activity like socio-economic, technological, demographic and environmental development are
characterized in climate models as equivalent changes in greenhouse gas concentrations as well as changes in land
use and land cover. Since the future evolution of anthropogenic factors cannot be known in advance, their potential
effects are explored through different scenarios describing several possible emission (and thus greenhouse gas
concentration) pathways.
RCP (Representative Concentration Pathways; Moss et al., 2008) scenarios are the most recent, developed for the
last IPCC Assessment Report (AR5) using integrated assessment modelling, climate modelling and impact modelling.
The basic concept of RCP is different from the SRES: instead of socio-economic scenarios, these scenarios define
pathways of the additional radiative forcing caused by anthropogenic activity till the end of the 21st century (the
value in 1750 is considered as reference). The reason behind the conceptual change is the fact that a single radiative
forcing pathway can result from a range of socio-economic and technological development scenarios. Four basic sets
of scenarios were created, named after their total radiative forcing (in W/m²) in year 2100 relative to 1750: RCP8.5,
RCP6.0, RCP4.5 and RCP2.6. RCP 8.5 represents very high greenhouse gas emission leading to 8.5 W/m² radiative
forcing, which continues to rise even after 2100; RCP4.5 and RCP6.0 are stabilization scenarios, meaning that the
forcings stabilize at their given value around the end of the century; and RCP2.6 represents an aggressive mitigation
scenario with a considerable negative future emission. According to the AR5 report, global surface temperature
change by the end of the 21st century is likely to remain below 2°C, relative to the 1850-1900 period (i.e., the
important 2°C target can be kept), for RCP2.6 and RCP4.5, but it is likely to exceed this threshold for RCP6.0 and
RCP8.5.
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3 Methods
In order to define and comprehend the climatological background of the area of interest, statistical
analyses and tests are performed on seasonal and annual precipitation and temperature values,
examining their variability and trends for the present and the future climate.
The study of the extreme events is performed on the basis of climatic indices. Extreme drought and
extreme precipitation indices provide a concise overall picture of drought and flooding events for the
entire examined area (e.g. Kostopoulou et al. 2014). The following indices are assessed:
Precipitation indices
❑ TP: Total precipitation (in mm) for a period j. Here, j is annual, wet and dry period totals,
respectively.
❑ Rn: Annual count of days when PRCP≥ n mm: Let RRij be the daily precipitation amount on day i
in period j. Count the number of days where: RRij ≥ n mm. Here, n = 10, 20 and 30 mm,
respectively.
❑ CDD: Maximum length of dry spell, maximum number of consecutive days with RR < 1mm: Let
RRij be the daily precipitation amount on day i in period j. Count the largest number of
consecutive days where: RRij < 1mm.
❑ CWD: Maximum length of wet spell, maximum number of consecutive days with RR ≥ 1mm: Let
RRij be the daily precipitation amount on day i in period j. Count the largest number of
consecutive days where: RRij ≥ 1mm.
❑ SPI12: The Standardized Precipitation Index (SPI) is based on the probability of precipitation for
any time scale. Because the SPI is normalized, wetter and drier climates can be represented in
the same way (here, study areas ranging from humid to semi-arid and arid conditions). The 12month SPI is shown that reflects long-term precipitation patterns and is usually tied to
streamflows, reservoir levels, and even groundwater levels at longer timescales. September
SPI12 represents the annual value for the respective hydrological year (October-September). The
calculations are performed using the reference period (1971−2000) to have intercomparable
results among different scenarios and time periods.

The calculation of the SPI is performed with the SPEI package in R (Vicente-Serrano et al. 2010).
Hydrological drought is defined as the kind of water deficiency that affects the hydrologic system in a
geographical area and is of major concern to hydrologists. It takes time for a drought incident to affect
the hydrological balance, therefore a deficiency in precipitation may affect immediately soil and plant
conditions, but it will only show up in hydrologic storage systems after a long period of time. However,
prolonged drought periods may have a severe impact on a basin level scale. The severity of hydrologic
7

drought lays upon its influence on river basins. Depending on the river basin or stream, a hydrological
drought can be identified according to the minimum period that has been specified for that particular
basin, but can be of any specific length.
Here, the SPI index was selected because it successfully exposes climate change effects and comprises a
starting point for meteorological drought monitoring (WMO 2012; WMO 2016). SPI’s initial purpose was
to determine the impact of drought on the available water resources. The index is based upon the
relationships of drought to frequency, duration and timescales and was recommended by the World
Meteorological Organization as the “main meteorological drought index that countries should use to
monitor and follow drought conditions”. It can be calculated for multiple timescales and the only input
data required is monthly precipitation values. Contrary to most indices whose calculation solely depends
on station-based data, the SPI can be also calculated for gridded precipitation datasets. Since gridded
datasets are utilized, SPI provides us with the ability to successfully work with them, using the same
method as we would facing observational data. Another characteristic of the SPI index that’s of great
importance is the fact that the program used for the calculation of values can compute for short periods
of record for which data is missing.
A positive SPI indicates precipitation that’s greater than the median, while a negative one, signifies a
drought event. The severity of a precipitation event, is classified according to Table 1.
Table 1. SPI classification
2.0+

extremely wet

1.5 to 1.99

very wet

1.0 to 1.49

moderately wet

-.99 to .99

near normal

-1.0 to -1.49

moderately dry

-1.5 to -1.99

severely dry

-2 and less

extremely dry

Whenever the SPI values are continuously negative and their cumulative intensity reaches at least -1.0, a
drought event is reported. Respectively, whenever a continuous positive SPI is witnessed with an intensity
of at least +1, an extreme precipitation event occurs. In both cases, the end of any precipitation event is
signified by the change in value sign.
The SPI was designed to quantify the precipitation deficit for multiple timescales, or moving averaging
windows. These timescales reflect the impacts of drought on different water resources needed by various
decision-makers (McKee et al. 1993). Meteorological and soil moisture conditions (agriculture) respond
to precipitation anomalies on relatively short timescales, for example 1-6 months, whereas streamflow,
reservoirs, and groundwater respond to longer-term precipitation anomalies of the order of 6 months up
to 24 months or longer.
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Here, the SPI 12 that assesses the interannual drought variations is used. Specifically, the SPI at these
timescales reflects long-term precipitation patterns. A 12-month SPI is a comparison of the precipitation
for 12 consecutive months with that recorded in the same 12 consecutive months in all previous years of
available data. Because these timescales are the cumulative result of shorter periods that may be above
or below normal, the longer SPIs tend to gravitate toward zero unless a distinctive wet or dry trend is
taking place. SPIs of these timescales are usually tied to streamflows, reservoir levels, and even
groundwater levels at longer timescales.

4 Overview of climatic conditions
4.1 Current conditions
Current observational data of precipitation totals and available Cr(VI) concentrations, either from the
project or previous studies are collected to provide a comprehensive picture of the problem to be tackled.
Table 1 provides a comprehensive comparison of precipitation totals and Cr(VI) concentrations among
case study areas.
Table 1. Observational total precipitation and Cr(VI) concentrations during the wet and dry period, respectively,
for the CrITERIA project study areas.
Wet period
Dry period
Total Prec (mm)
Cr(VI) (μg/L) mean/range Total Prec (mm) Cr(VI) (μg/L) mean/range
IT-Pollino
793a
337a
10.6 / 5.1−20.2f,g
17.0 / 5.9−23.7f.g
GR-Loutraki

272b

27.9 / 12.7−61.9h

56b

27.7 / 11.9−57.1h

GR-Schinos

272b

51.8 / 7.8−117.4h

56b

51.1 / 8.0−120.9h

GR-Evia

258b

37.6 / 5.6−96.4h

81b

37.5 / 6.8−88.8h

GR-Thiva

445b

55.4 / 12.0−131h

111b

56.9 / 9.1−112.1h

TR-Mersin

515c

12 / 1−51h

122d

12 / 1−43h

CY-Troodos

685d

6.77 / 0−25.10h

202d

6.01 / 0−23.87h

345

d

CY-Kokkinochoria

327

d

JO-Zarqa River

170e

NAf

12e

NAf

OM-Nakhl

120e

43.6 / 29.9−50.7h,i

22e

48.8 / 42.3−59.6h,i

OM-Barka

77e

62.4 / 16.5−90.5h,i

7e

49.3 / 29.2−77.8h,i

CY-Kiti-Pervolia

13.74 / 0.45−23.85h
6.99 / 2.31−18.04

Precipitation Data
a Rain gauges in the study area
b NOA Meteo View (Lagouvardos et al. 2017)
c Mersin meteorological station WMO17340
d Rain gauges in the study area
e Climatic Research Unit, University of East Anglia

h

70

d

12.0 / 0.54−23.0h

77

d

7.04 / 0.34−18.37h

Cr(VI) Concentrations
f CriTERIA data not yet available
g Data received Mariotta et al. (2012; 2014)
h CrITERIA campaigns data
i Total Cr is provided
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4.2 Future Climate
We use an ensemble of CORDEX experiment simulations (www.cordex.org), further downscaled over the
case study areas providing high spatial resolution information, derived from RCA4 RCM of the Swedish
Meteorological and Hydrological Institute (SMHI) with forcing from the MPI, MOHC and CNRS GCMs for
the recent decades and the future scenarios RCP 4.5 and RCP 8.5 on a grid of 0.11 and rotated poles. The
simulated data cover the period 1971−2095 (RCPs are applied from 2006 onwards).
Apart from the trend analyses, analysis is also performed on 3 time periods:
a) 1971−2000: reference (representing the present climate),
b) 2021−2050: near future, and
c) 2071−2095: distant future.
The comparison between present and future climate for both scenarios points towards a dryer climate
(Table 2, not all case study areas and indices are shown). In the wet period, the decreasing trends are
more prominent as we move to the southeast, while in the dry period all areas will suffer from substantial
aridity (Jordan exhibits already negligible precipitation). The variability assessment (not shown), indicates
that, for both scenarios, the precipitation will be more changeable towards the end of the century.
Table 2. Trends and differences of precipitation indices between the reference period and near and distant future
of precipitation indices for RCP 4.5 | RCP 8.5. Non statistical significant values (at a=0.05) are indicated with n.s.
Index
IT
GR
TR
CY
JO
TPwet trend (mm/decade)
-4.6 | -11.8 n.s. | n.s.
-2.7 | -3.8
-10.2|-17.
-6.8 | -10.

near diffs (%)

n.s. | n.s.

n.s. | n.s.

-15 |-11

-11 | -8

-15 | -6

distant diffs (%)

n.s. | -4

n.s. | n.s.

-15 |-25

-15 |-25

-16 |-24

trend (mm/decade)

-6.5 | -13

n.s. | -1.8

-1.6 | n.s.

-4.4 | -6.5

n.s. | n.s.

-9 | -15

n.s. | n.s.

n.s. | n.s.

-16 | -23

n.s. | n.s.

distant diffs (%)

-10 | -23

-20 | -32

-17 | -15

-19 | -29

n.s. | n.s.

CWD

trend (days/decade)

n.s. | -0.6

-0.3 | -0.3

-0.2 | -0.2

-0.2 | -0.2

n.s. | n.s.

SPI12

trend (1/decade)

-0.04| -0.1

n.s. | n.s.

-0.1 | -0.12

-0.1 | -0.12

-0.1 | -0.14

TPdry

near diffs (%)

The interannual evolution of SPI12 indicates that mainly the eastern case study areas will move towards
water deficit conditions compared to the present climate (Figure 2). Specifically:
❑ The RCP 4.5 simulations exhibit statistically significant trends (at a=0.05) towards drier conditions,
belonging to severely dry (SPI12<-1.5) and frequently to extremely dry (SPI12<-2.0), while a few
moderate wet periods are present for Italy and Greece.
❑ The RCP 8.5 points towards even more severe drought episodes, while at the end of the century
extremely dry conditions mostly prevail.
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Figure 2. Interannual evolution of SPI12 for Italy, Greece, Turkey, Cyprus, Jordan case studies according to model
simulations under RCP 4.5 and RCP 8.5 for 1971−2095.
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5 Climatological analysis for the individual case studies
A spatial and temporal analysis is performed with observational temperature and precipitation, in order
to define and comprehend the climatological background of case study areas. This analysis will help to
provide a concise picture of drought and flooding events for the present and the future climate.
The case studies are presented from the west to the east (see Figure 1), or from the wetter to the most
arid conditions.

5.1 Italy
For the present climate, the daily temperature and precipitation values of meteorological stations over
the examined area (Figure 3) have been analysed. The mean temperatures and the sums of precipitation
for the available stations are presented in Table 3.

Figure 3. Pollino Rain gauges positions.
Table 3. Mean annual temperature and Precipitation Totals for Pollino from 2005 to 2017.
Temperature Precipitation Totals (mm)
Mean annual

wet period

dry period

Rotonda

13.7

876.96

349.31

Viggianello

13.1

747.95

297.14

Castelsaraceno

11.8

1171.17

452.10

Episcopia

13.6

812.51

343.47

Noepoli

14.1

468.63

253.44

-

680.64

326.61

Terranova

For future climate analysis, the selected model grid points for the greater Pollino area can be seen in
Figure 4.
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•

Figure 4. Selected model grid points for the area of Pollino.

The analysis of annual precipitation totals for the model data, showed a tendency towards drier
conditions, which is statistically significant for the RCP8.5 scenario (Figure 5). For the severe scenario, a
decrease of 25 mm/decade are predicted.
The comparison between wet and dry season (Table 4) showed that at the end of the century the dry
periods will suffer greater water deficits (30%) than the wet periods (20%, 26% for the two scenarios,
respectively).

Figure 5. Temporal evolution of total annual precipitation of Pollino area during 1971−2095 according to RCP4.5
and RCP8.5.
Table 4. Model Precipitation Totals for Pollino.
RCP4.5
RCP8.5
wet period

dry period

wet period

dry period

reference period

850.47

537.46

850.47

537.46

near future

839.38

490.55

812.86

485.42

remote future

679.73

381.10

627.59

343.43

From the analysis of the SPI12, a significant negative trend is found for both scenarios (Figure 2). From
2030 onwards consecutive years of SPI12<-1 are found, indicating moderate to severe dry conditions
13

compared to the reference period, mainly for RCP8.5, which is also seen from Figure 6 where the spatial
distribution of SPI12.

Figure 6. Interpolation maps displaying 12-month SPI values derived from model data for RCP 4.5 for the near (upper
left) and the remote (upper right) future and the RCP 8.5 (lower left and right), respectively.
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5.2 Greece
The observational temperature and precipitation values from meteorological stations of the National
Observatory of Athens are used (Lagouvardos et al. 2017). The stations are selected according to their
data availability (2007-2016) and their proximity to the case study areas, i.e., Isthmos (close to Loutraki
and Schinos), Chalkida (representing Evia) and Kaparelli (close to Thiva). Additionally, the E-OBS gridded
dataset (Heylock et al. 2008), consisting of high-resolution land only daily gridded data for precipitation
and temperature from 1950 to 2016, is used to explore the spatial distribution of the parameters.
The statistical analysis is performed on seasonal and annual total precipitation and mean temperature.
Moreover, the long-term drought and extreme precipitation is assessed with the aid of the SPI index
(calculated the SPEI package in R, Vicente-Serrano et al. 2010). Here, the SPI6 that assesses the
interseasonal drought variations and the SPI12 that reflects long-term precipitation patterns and is usually
tied to streamflows, reservoir levels, and even groundwater levels at longer timescales are used.
In Table 5, the total precipitation and the mean temperature for the wet (October to March) and dry (April
to September) period are given, as derived from the meteorological stations, giving the ground truth for
the climatological conditions of the case areas.
Table 5. Observational total precipitation and Cr(VI) concentrations during the wet and dry period, respectively, for
the CrITERIA project study areas.
Wet period
Dry period
Total Prec (mm)

Tmean (C)

Total Prec (mm)

Tmean (C)

Loutraki

272

13.8

56

23.7

Schinos

272

13.8

56

23.7

Evia

258

12.3

81

23.4

Thiva

445

11.4

111

22.1

Thiva
Schinos

Figure 7. Spatial distribution of annual precipitation (in mm) as suggested by E-OBS data.
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The spatial distribution for annual precipitation (Figure 7), as derived from gridded data, indicates a
prominent decrease in total amounts as we move eastwards, while the temporal analysis revealed mainly
negative trends though not statistically significant (not shown).
Furthermore, the analysis of the SPI for the wet period (Figure 8), shows a succession of severely (𝑆𝑃𝐼 <
1.5) and extremely (𝑆𝑃𝐼 < −2.0) dry conditions to very (𝑆𝑃𝐼 > 1.5) and extremely (𝑆𝑃𝐼 > 2.0) wet
conditions, though most of the examined grid points display negative trends, which might signify a shift
towards drier conditions.

Figure 8. 3D Plot showing the SPI for the wet period for selected grid points.

For the future climate, the model data were analysed for each case area separately (see selected grid
points in Figure 9), while the spatial distribution of the SPI12 is given for the three areas combined (see
Figure 11).

•

Figure 9. Selected model grid points for Loutraki, Evia and Asopos, respectively.
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Figure 10. Temporal evolution of total annual precipitation for Loutraki, Evia and Asopos areas during 1971-2095
according to RCP4.5 and RCP8.5.
Table 6. Model precipitation totals for Loutraki.
RCP4.5
RCP8.5
wet period

dry period

wet period

dry period

reference period

394.95

134.02

394.95

134.02

near future

407.28

124.12

412.49

125.71

remote future

326.00

103.46

305.65

78.94

Table 7. Model precipitation totals for Evia.
RCP4.5

RCP8.5

wet period

dry period

wet period

dry period

reference period

519.21

204.78

519.21

204.78

near future

514.96

187.42

526.79

185.00

remote future

429.61

158.83

412.36

119.65
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Table 8. Model precipitation totals for Asopos.
RCP4.5
RCP8.5
wet period

dry period

wet period

dry period

reference period

443.07

245.78

443.07

245.78

near future

434.50

220.45

444.88

219.39

remote future

350.62

183.45

330.84

143.58

The most significant decrease is seen in annual precipitation for Asopos for the RCP8.5, which reaches
11.5 mm/decade. The comparison between wet and dry periods (Tables 6 to 8), indicates that for the near
future the precipitation will remain unaltered, For the remote future, the decrease during the wet period
will be of about 25%, for the two scenarios, while the dry period precipitation will undergo significant
changes under RCP8.5 that will exceed 42%.
The respective analysis for the drought index (see Figure 2) that the wet and dry years will remain
unchangeable for the next decades, while as we move towards the end of the century, the area will suffer
heavy dry periods.

Figure 27.
Interpolation
maps for
Mersin area
displaying 12month SPI
values derived
from model
data for RCP 4.5
for the near
(upper left) and
the remote
(upper right)
future and the
RCP 8.5 (lower
left and right)
respectively.
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5.3 Cyprus
The meteorological data for the three Cyprus case studies cover the period from 2007 to 2016 and mean
values and temporal variability are presented in Table 9 and Figure 12, respectively.
Table 9. Mean annual temperature and precipitation totals for Cyprus from 2007 to 2016.
Temperature Precipitation Totals (mm)
Mean annual

wet period

dry period

Prodromos

13.7

876.96

349.31

Larnaca

13.1

747.95

297.14

Frenaros

11.8

1171.17

452.10
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Figure 12. Interannual variations of monthly precipitation for the Cyprus case areas from 2007 to 2016.

19

For the future climate analysis, the following model grid points were selected (Figure 13):

•

Figure 13. Selected model grid points for Prodromos, Larnaca and Frenaros areas, respectively.

Figure 14. Temporal evolution of total annual precipitation for Prodromos, Larnaca and Frenaros areas during
1971−2095 according to RCP4.5 and RCP8.5 scenarios, respectively.
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The results indicate that the mountainous area of Prodromos will suffer the most intense precipitation
deficits with an increase of about 24 mm/decade, while for the other two areas will be 10.5 mm/decade
and 12.5 mm/decade, respectively.
From the comparison of the precipitation total for wet and dry periods (Tables 10 to 12) for both scenarios
and future periods, it can be seen that for the near future the reductions range from 10 to 15% for both
scenarios and both dry and wet periods, though as we go towards the end of the century, RPC4.5 predicts
precipitation decrease that ranges from 25 to 30%, while for RCP8.5 this decrease ranges from 35 to 40%.
Table 10. Model Precipitation Totals for Prodromos.
RCP4.5
RCP8.5
wet period

dry period

wet period

dry period

reference period

694.49

212.02

694.49

212.02

near future

620.81

178.61

635.30

183.59

remote future

493.46

143.23

432.43

124.75

Table 11. Model Precipitation Totals for Larnaca.
RCP4.5
RCP8.5
wet period

dry period

wet period

dry period

reference period

344.26

73.78

344.26

73.78

near future

292.97

64.46

309.00

64.77

remote future

248.72

57.91

215.72

44.70

Table 12. Model Precipitation Totals for Frenaros.
RCP4.5
RCP8.5
wet period

dry period

wet period

dry period

reference period

414.01

71.46

414.01

71.46

near future

360.13

64.76

366.45

67.03

remote future

295.53

54.30

258.92

43.56

The respective analysis for the SPI (see Figure 2) reveals a tendency towards moderate to extreme dry
conditions, while the spatial distribution of the index (Figure 15), also shows that the central mountainous
areas of the island will be mostly affected by drought.
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Figure 15. Interpolation maps for Cyprus cases areas displaying 12-month SPI values derived from model data for
RCP 4.5 for the near (upper left) and the remote (upper right) future and the RCP 8.5 (lower left and right)
respectively.
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5.4 Turkey
For the present climate, the daily temperature and precipitation values of Mersin meteorological station
WMO17340 (lat: 36.7808; lon: 34.6031) have been analysed, which cover the period 1930−2016, while
the selected grid points for the future climate analysis are shown in Figure 16.

•

Figure 16. The position of meteorological station of Mersin (filled star) and the nearest model grid-points (black
circles representing the centre of the respective grid-boxes in red colour).

The mean temperature in Mersin exhibits an increasing trend on annual and seasonal basis, which
becomes more prominent from the mid-80s onwards (Figure 17).
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Figure 17. Temporal evolution of the mean temperature at the meteorological station of Mersin.

The respective analysis of the model simulations reveals that this increase continues and enhances during
the 21st century, as shown in Figure 18.
Annual and seasonal mean temperatures under the RCP4.5 scenario, seem to increase until the midcentury and remain constant for the rest of the century. On the other hand, the RCP8.5 scenario exhibits
an ongoing increase in temperature which is about 45% during future winters (Figure 18). The changes
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are statistically significant in all cases, though they are much more prominent for the remote future under
the RCA8.5 scenario.
It should be noted here that the model simulations are cooler than the observations (for the reference
period) and this indicate that the projected results regarding temperature should be considered with
caution and the interpretation should be mainly focused on the percentages of change and on trends.
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Figure 18. Annual (left), winter (middle) and summer (right) precipitation of observations and model simulations for
the reference period, the near and the remote future.

Table 13. Trends of mean temperature. Statistically significant values at a=0.05 are indicated with asterisk.
annual
summer
winter (C/decade)
(C/decade)
(C/decade)
observations (1930-2016)
0.25*
0.26*
0.19*
RCP 4.5 (1971-2095)
0.19*
0.16*
0.21
RCP 8.5 (1971-2095)
0.41*
0.37*
0.40

The total precipitation in Mersin on annual and seasonal basis does exhibit statistical significant trends
during the previous century until nowadays (Figure 19).
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Figure 19. Interannual variability of the total annual, winter and summer precipitation at the meteorological station
of Mersin for 1930−2016 period.
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Annual and seasonal rainfall conditions under the RCP4.5 scenario, seem to reach an equilibrium in the
second half of the 21st century, while the RCP8.5 scenario exhibits an ongoing decrease that leads to lack
of precipitation at the remote future summers (Figure 20), where the decrease is almost 50%. The
decrease is statistically significant in all cases, though is more prominent for the remote future under the
RCA8.5 scenario.
The observations and model simulations are moderately correlated (correlation coefficient is statistically
significant at a=0.05), though the model simulations are significantly drier compared to the observations.
These indicate that the projected results regarding precipitation and its indices should be considered with
caution and the interpretation should be mainly focused on the percentages of change and on trends.
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Figure 20. Annual (left), winter (middle) and summer (right) precipitation of observations and model simulations for
the reference period, the near and the remote future.
Table 14. Model Precipitation Totals (in mm) for wet and dry periods for Mersin.
RCP4.5
RCP8.5
reference period
near future
remote future

wet period

dry period

wet period

dry period

408.52
346.13
289.02

76.60
68.98
52.92

408.52
361.82
257.04

76.60
66.94
54.47

The trend analysis shows that the precipitation amounts have not significantly changed during the present
climate, though there is a statistically significant reduction in model simulations regarding the future
climate. The respective values are presented in Table 15, while temporal evolution of the modelled
precipitation is seen in Figure 21.
Table 15. Trends of precipitation. Statistically significant values at a=0.05 are indicated with asterisk.

observations (1930-2016)
RCP 4.5 (1971-2095)
RCP 8.5 (1971-2095)

annual
(mm/decade)
-8.7
-11.3*
-13.0*

winter
(mm/decade)
-4.3
-10.2*
-9.1*

summer
(mm/decade)
-1.4
0
-0.5
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Figure 21. Temporal evolution of total annual precipitation for Mersin area during 1971−2095 according to RCP4.5
and RCP8.5 scenarios, respectively.

The SPI12 for December represents the annual value of the index for the respective year. The index
calculations are performed using the same reference period (1971-2000) for observational data and
model simulations in order to have intercomparable results.
The temporal evolution of the SPI12 and the consecutive trend analysis is presented in Figure 22
- From the observational data it can be seen that during the previous century the area experienced
successive dry and wet periods with a few periods of very wet and dry conditions (SPI>1.5 or <-1.5).
The negative trend of the index indicate that there is a tendency to drier conditions as we move
forward to the 21st century, though this trend is not statistically significant. Since the beginning of the
21st century, dry conditions seem to prevail.
- The RCP4.5 simulations exhibit a statistically significant trend (at the 5% level) towards drier
conditions, which belong to severely dry, while a few moderate wet periods are present.
- The RCP8.5 simulations point towards even more severe drought episodes, while at the end of the
century extremely dry conditions prevail.

The above findings are further supported from Table 16, where the reduction of the index is statistically
significant (at a=0.05), though it the reduction is more intense for the remote future of the RCP 8.5
scenario. In Figure 23, the spatial distribution of the index is presented.

Table 16. Mean SPI for the present, near and remote future.
RCP4.5 RCP8.5

2

1971-20002

0

0

2021-2050

-0.523

-0.446

2071-2095

-0.581

-1.103

The mean SPI for the 1971-2000 is zero, as it has been used as reference period in the SPI calculations.
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Figure 22. Temporal evolution of SPI12 for a) observations during 1930-2009, b) model simulations under RCP4.5
scenario for 1971-2095 and c) model simulation under RCP8.5 scenario for 1971-2095.

Figure 23. Interpolation maps
for Mersin area displaying 12month SPI values derived from
model data for RCP 4.5 for the
near (upper left) and the
remote (upper right) future
and the RCP 8.5 (lower left and
right) respectively.
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5.5 Jordan
Jordan is characterised by hot, dry summers, and wet, relatively cold winters. Winter spring are relatively
short, while summers are long, dry and relatively hot. The rainy season starts at the end of November and
continues into March. Figure 23 presents the interannual variability of precipitation at the meteorological
station of Amman, which is close to the case study area. It can be seen that during the wet period rain
ranges from 200 to 700 mm, while during the dry from 0 to 100 mm.
The trend analysis for the present climate was performed for the 30-year period that it was available. A
statistical significant trend of 40 mm/decade is found for the wet period, while no significant trend was
detected for the dry period. Though, these findings should be considered with caution as the data do not
cover the most recent years, where significant changes are detected worldwide.

.
Figure 24. Interannual variability of annual total precipitation for wet and dry periods for Amman, Jordan, during
1960-1989

For the future climate analysis the following model grid points were selected (Figure 25).

Figure 25. The selected model grid points at the Zarqa river area.

The temporal evolution of the modelled precipitation is presented in Figure 26, while the differences
between the scenarios and future periods are presented in Table 17. It can be seen that Zarqa River area
will suffer significant precipitation decrease, reaching 32 and 44 mm/decade, for RCP4.5 and RCP8.5.
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Figure 26. Temporal evolution of total annual precipitation for Mersin area during 1971−2095 according to RCP4.5
and RCP8.5 scenarios, respectively.
Table 17. Model Precipitation Totals (in mm) for wet and dry periods for Jordan.
RCP4.5
RCP8.5
wet period

dry period

wet period

dry period

reference period

171.89

20.53

171.89

20.53

near future

147.98

19.46

163.21

19.77

remote future

122.41

16.12

109.33

15.04

The respective analysis for the SPI (see Figure 2) reveals a tendency towards moderate to extreme dry
conditions, while the spatial distribution of the index (Figure 27), also shows that the central mountainous
areas of the island will mostly affected by drought.

Figure 27.
Interpolation maps for
Mersin area displaying
12-month SPI values
derived from model
data for RCP 4.5 for
the near (upper left)
and the remote (upper
right) future and the
RCP 8.5 (lower left and
right) respectively.
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5.6 Oman
Oman represents the arid end of the examined case studies. The area is characterised by scares
precipitation. In Figure XX, the interannual variability of precipitation is presented as derived from ERAInterim reanalysis due to lack of observational data. It can be seen that total annual precipitation ranges
from 0 to less than 20 mm.
Due to the low precipitation values the SPI and the extreme indices cannot be calculated.

Figure 28. Interannual variability of annual total precipitation for Oman during 1979−2015 (from ERA-Interim).
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6 Conclusions
The present and future climate analysis were performed in order to suggest the possible evolution of the
hydrological conditions characterizing the study areas.
The temporal and the high spatial resolution analysis were conducted with observational data and climate
model simulations on several time-scales drought and extreme precipitation, providing a concise picture
of drought and flooding events for the present and the future climate for the case study areas of the
ERANETMED CrITERIA project.
Focusing on precipitation, from the analysis of modelled data, it was found that RCP4.5 shows an overall
tendency towards drier condition, though, as expected, this tendency is much more prominent for RCP8.5
at the end of the century. The larger decreasing trends are found for Italy (-25 mm/decade), the
mountainous area of Cyprus (-24.5 mm/decade) and Jordan (44 mm/decade) case studies
Twelve-month SPIs show statistically significant negative trends under both climate change scenarios,
especially for RCP 8.5. According to this scenario, extreme and prolonged droughts are anticipated and
severe mitigation and adaptation strategies need to be implemented, signifying reductions in
groundwater and reservoir levels that will be severely affected.
The two take-home messages derived from the present analysis are:
❑ The case studies inter-comparison stresses the diverse needs on water management along the
Mediterranean and at the same time identifies common messages related to the future changes
on water resources.
❑ Total and intense precipitation exhibit significant negative trends in most cases, while extreme
and prolonged droughts are anticipated, signifying reductions in groundwater and reservoir
levels. The increase of precipitation variability in smaller time scales is likely to affect freshwater
systems by changing the hydrological balance in the study areas with consequences on the Cr(VI)
release mechanism in groundwater of the study areas.
With the completion of the analysis campaigns we will obtain new knowledge of the Cr(VI) intraannual behaviour. Thus, in the light of more information, we can obtain a more concise picture of a
possible relationship between water deficit/surplus and its quality.
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