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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. 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.
From a climate change perspective, it is important to investigate the
changing precipitation patterns and, thus, assess the vulnerability of the
aquifers.
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A high spatial resolution analysis is performed 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.
� 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.

� The project is in progress and more sampling and analysis campaigns are to be done for each case study area that will
provide significant knowledge of the Cr(VI) intra-annual behavior. 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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Data and Methods
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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.
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Current observational data of precipitation totals and available Cr(VI)
concentrations, either from the project or previous studies are collected
(Table 1) to provide a comprehensive picture of the problem to be tackled.

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 12-month
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.

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 0.11q 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 following indices are assessed:

Table 1. Observational total precipitation and Cr(VI) concentrations during the wet and dry period,
respectively, for the CrITERIA project study areas.

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.
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.

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 

TPdry trend (mm/decade) -6.5  | -13 n.s. | -1.8 -1.6 | n.s. -4.4  | -6.5 n.s. | n.s. 
near diffs (%)    -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 

 

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.

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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IT Pollino RCP 4.5 IT Pollino RCP 8.5

GR Evia RCP 4.5 GR Evia RCP 8.5

TR Mersin RCP 4.5 TR Mersin RCP 8.5

CY Troodos RCP 4.5 CY Troodos RCP 8.5

JO Zarqa River RCP 4.5 JO Zarqa River RCP 8.5

 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 10.6 / 5.1�20.2f,g 337a 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 

CY-Kiti-Pervolia 345d 13.74 / 0.45�23.85h 70d 12.0 / 0.54�23.0h 

CY-Kokkinochoria 327d 6.99 / 2.31�18.04h 77d 7.04 / 0.34�18.37h 

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 
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 

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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