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High-resolution climate projections over Israel (about 8 km) have been obtained
with the regional model COSMO-CLM, nested into the CORDEX-MENA simula-
tions at 25 km resolution. This simulation provides high-resolution spatial variabil-
ity of total precipitation and precipitation intensity. Projections are presented not
only in terms of average properties, but also using a subset of extreme temperature
and precipitation indices from the standard Expert Team on Climate Change Detec-
tion and Indices (ETCCDI) for the period 2041–2070 with respect to 1981–2010
(RCP4.5).
A general increase in seasonal mean temperature is projected throughout the
domain with peaks of ~2.5 �C, especially in winter and autumn. Extreme tempera-
ture indices show increases, larger in the minimum than in the maximum tempera-
tures. Regarding total seasonal precipitation, decreases were found in the north and
central Mediterranean climate parts of Israel, with reductions reaching ~40%, and
increases of the same percentage in the most southern arid parts during winter and
spring. An increase in precipitation intensity is shown mostly for the southern arid
part of the region, with some indications of extremity also in the north. This spatial
pattern probably results from a decrease in cyclones’ occurrences, which mainly
influences the northern and central parts of Israel, and an increase in convective
activity in the south.
The outcome of this study can serve as a basis for priority setting and policy formu-
lation towards better climate adaptation.
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1 | INTRODUCTION

Future prediction of local hazards can be performed mainly
through outputs of climate models. While global circulation
models (GCMs) are a most comprehensive tool for studying
climate conditions and even local regimes, they have often
been criticized when used for modelling the complex climate
regime of the Mediterranean region (e.g., Lionello et al.,
2014). The main concern is the coarse resolution of the

models that is problematic in identifying mesoscale pro-
cesses and especially local weather conditions due to the
complex terrain of the Mediterranean region. This issue is
important, and problematic, when aiming to represent pre-
cipitation and temperature extremes in the eastern Mediterra-
nean (EM), the Levant region and Israel. In order to bridge
the gap between GCM’s and simulations of local climatic
variables, downscaling methods were developed (Wilby and
Wigley, 1997), as for example, the statistical downscaling
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for precipitation in Israel, performed by Alpert et al. (2008)
and Rostkier-Edelstein et al. (2015).

There are two main approaches for downscaling GCMs;
the first is a statistical approach known to be less computa-
tionally demanding; developing statistical relations between
grid points of GCMs and observed local atmospheric condi-
tions. The second is a dynamical approach; GCM outputs
are used to force regional climate models (RCMs) that can
better represent the physical and dynamical characteristics of
the specific region due to their higher resolution (Giorgi and
Gutowski, 2015).

The strategy of dynamical downscaling, adopted in this
study, appears to be especially challenging and important for
simulating local climate features in the EM and Israel and
for supporting impact studies over the whole area (also
where observations are not available for the development of
statistical downscaling). The EM climate conditions are
characterized by moderate air temperatures during the rainy
winter season and dry and stable hot weather conditions dur-
ing summer. The region’s climate is intensely affected by
external forcing of both mid-latitude and tropical origins
(e.g., Alpert et al., 2005). The rain regime is characterized
by relatively limited number of rainy days, that is, relatively
high intensity of rain, with large inter- and intra-seasonal
variations. While rainy events are typically associated with
intrusions of cold air masses of north European origin that
pass over the warm water of the Mediterranean Sea (Alpert
and Reisin, 1986), the other days are characterized by pro-
longed dry conditions (Saaroni et al., 2015) including polar
cold and dry intrusions (Saaroni et al., 1996). Penetration of
warm humid masses originating from tropical Atlantic
and/or equatorial regions of eastern Africa and the Arabian
Sea also appear during the winter and the transitional sea-
sons (Krichak et al., 2004; 2015; Ziv et al., 2005; De Vries
et al., 2013). Topographical (local) and coastal (mesoscale)
effects (e.g., land–sea breezes) influence the spatial distribu-
tion of climate features in this region (Krichak et al., 2010).
Such effects are especially notable in the mountainous and
immediate coastal areas of the EM (Hochman et al., 2017a).

Extreme weather events have vast environmental impli-
cations in the Levant with essential influence on human life,
economy and ecosystems (Ziv et al., 2014; Kelley et al.,
2015). While monthly means provide useful climatological
information to detect slow climate change processes, envi-
ronmental impacts are often the result of short-term phenom-
ena occurring well into the distribution tails of daily data
(Zhang et al., 2011). To gain a uniform perspective on
changes in weather and climate extremes, an internationally
coordinated core set of 27 indices of temperature and precip-
itation extremes was defined by the Expert Team on Climate
Change Detection and Indices (ETCCDI; Klein-Tank et al.,
2009; Zhang et al., 2011). These extreme indices have multi-
ple applications in climate research due to their robustness
and have been widely used for analyzing past and future

trends in extremes (e.g., Samuels et al., 2011; Smiatek et al.,
2011; Soares et al., 2012; Dominguez et al., 2013; Turco
et al., 2013; Zollo et al., 2016; Samuels et al., 2017; Zit-
tis, 2017).

Samuels et al. (2017) have evaluated the ability of
23 models, participating in the Coupled Model Inter-
comparison Project phase 5 (CMIP5), to predict extreme pre-
cipitation indices (EPI) in the 21st century over the
EM. Overestimations in EPIs were observed in CMIP5
models as compared to observations. These overestimations
were related to the inadequate representation of topography
in the GCMs, due to relatively coarse spatial resolutions.
Furthermore, the above mentioned authors concluded that
while total precipitation is projected to decrease, extreme
precipitation is projected to increase, at least for the Fertile
Crescent region. Such a trend has been shown over the Med-
iterranean region for the second half of the 20th century
(Alpert et al., 2002; Zhang et al., 2005; Yosef et al., 2009;
Ziv et al., 2014), though insignificant for the Middle East
and Israel, attributed to the high inter-annual variability of
precipitation in this region.

Following Hochman et al. (2017a) the main purpose of
this study is to employ the COSMO-CLM model in dynami-
cally downscaling the CMCC-CM global model to an 8 km
grid resolution over the region of Israel, in order to project
average and extreme changes in precipitation and tempera-
ture until 2070. In that work, in fact, authors have showed
that increasing the spatial resolution of the COSMO-CLM
model, from 50 to 8 km, improves the simulation of extreme
precipitation and temperatures over Israel, due to better rep-
resentation of the complex terrain and of the location of land
and sea in the model. Furthermore, Hochman et al. (2017a)
stressed that improvement in the simulation of precipitation
and temperature due to increased spatial resolution of the
model is mostly found for the very local scale station obser-
vations and especially in the simulation of daily extremes
and less for seasonal and spatial averages in gridded
data sets.

2 | DATA AND SETUP OF EXPERIMENT

The RCM used in this study is COSMO-CLM (Rockel
et al., 2008), which is the climate version of the three-
dimensional, non-hydrostatic mesoscale weather forecast
model COSMO-LM (Steppeler et al., 2003; Baldauf
et al., 2011).

The RCM COSMO-CLM has been used to perform two
simulations over the Coordinated Regional Downscaling
Experiment Middle East North Africa (CORDEX-MENA;
e.g., Ozturk et al., 2018; Bucchignani et al., 2018) domain
(Figure 1a; 27�W–76�E, 7�S–45�N) defined in the frame of
the CORDEX initiative (Giorgi et al., 2009) at spatial reso-
lutions of 0.44� (~50 km) and 0.22� (~25 km). The domain
includes North Africa, southern Europe and the whole
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Arabian Peninsula, offering considerable challenges for
assessing and understanding future local climate change, due
to its large size, including highland areas, wide coastal areas
and deserts.

An optimized model configuration, after a sensitivity
analysis, was adopted (Bucchignani et al., 2016a), which
uses the parameterization of albedo derived from the Mod-
erate Resolution Imaging Spectroradiometer (MODIS) data
(Lawrence and Chase, 2007), which more realistically
describes the Earths’ surface reflectivity. Also, the
National Aeronautics and Space Administration Goddard
Institute for Space Studies Aerosol Optical Depth (NASA-
GISS AOD) distribution (Tegen et al., 1997) and the
Tiedtke Cumulus Convection parameterization were used
(Tiedtke, 1989). The domain includes a relaxation zone of
at least 15 grid points from each side and the first year of
simulation (1979) was removed, as the spin-up period is
influenced by initial conditions, following the methodology
already employed in previous studies (e.g., Zollo et al.,
2016). Accordingly, climate projections over the 21st cen-
tury have been conducted (Bucchignani et al., 2018)
adopting the same spatial resolutions. The future projec-
tions are performed under the IPCC representative concen-
tration pathway 4.5 (RCP4.5) scenario (Moss et al., 2010),

which assumes that greenhouse gases will increase and
peak around 2040, and then will start to decline. Initial
and boundary conditions were derived by the global cli-
mate model CMCC-CM (Scoccimarro et al., 2011), which
was found to represent EPI in the EM relatively well
(Samuels et al., 2017).

Successively, a high-resolution simulation over a domain
encompassing Israel has been performed at a 0.0715� resolu-
tion (~8 km, named ISR8, hereafter), nested into the 0.22�

resolution simulation (~25 km) in order to project climate
changes until 2070. The 8 km simulation is performed over
the domain shown in Figure 1a (the embedded rectangle),
which is larger than the region of Israel. It is standard prac-
tice to perform simulations over domains larger than the area
of interest, in order to reduce boundary effects. Then, results
were analysed only over Israel (Figure 1b–d). Validation
results under perfect boundary conditions, that is, derived
from ERA-Interim reanalysis have been presented in
Hochman et al. (2017a). The models’ topography at the
different spatial resolutions, 50, 25 and 8 km, is shown in
Figure 1b–d, respectively.

In the present work, the model output for ISR8 driven by
CMCC-CM is validated against E-OBS and APHRODITE
data sets in terms of seasonal bias in the average climate

FIGURE 1 CORDEX-MENA domain and the nested domain of 8 km resolution (a) and topography in the three nested grids of the COSMO-CLM model at
50 (b), 25 (c) and 8 km (d) resolutions. HSURF is the elevation above sea level in the model. Results in this study were evaluated only over Israel [Colour
figure can be viewed at wileyonlinelibrary.com]
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properties. E-OBS (Haylock et al., 2008) is a widely used
gridded data set of precipitation and temperature at a 0.25�

spatial resolution, available for the period 1980–2011. It has
been designed to provide the best estimate of grid box aver-
ages, to enable direct comparison with RCMs (Tanarhte
et al., 2012). Here, E-OBS was used to evaluate mean tem-
perature biases. It should be noted that recent studies have
shown that the E-OBS data set tends to underestimate pre-
cipitation in the EM region, especially during very wet days
(Zittis et al., 2017). The APHRODITE data (Yatagai et al.,
2008; 2012), is a gridded data set at a 0.25� spatial resolu-
tion, of daily precipitation over the EM region, for the period
1980–2004, whereas over Israel the database has a much
higher spatial resolution (~5 km). This data set is based on a
dense network of rain gauges in the Middle East, already
proven to serve as a good evaluating tool for climate models
performance. In addition, when APHRODITE was com-
pared to other gridded data sets it demonstrated the effects of
orography on precipitation (Yatagai et al., 2008).

Finally, climate projections in terms of seasonal averages
of precipitation, temperature and extreme climate indicators,
for 2041–2070 and the reference period 1981–2010, were
investigated over Israel. The extreme indices considered in
the present study represent a subset of the standard ETCCDI
ones. Six temperature and eight precipitation indices
(Tables 1 and 2, respectively) have been selected, previously
evaluated in Hochman et al. (2017a).

3 | RESULTS

3.1 | Evaluation of seasonal mean temperature and
precipitation

Spatial patterns of seasonal mean temperature bias for ISR8
with respect to E-OBS for 1980–2011 are presented in
Figure 2. General underestimations, that is, colder model,
are found especially in the winter (DJF) seasonal tempera-
tures, inherited from the driving GCM (CMCC-CM;
Bucchignani et al., 2018), whereas some overestimations
(model is warmer) are found in the eastern parts of Israel in
the summer (JJA). Because the maximum daily temperature
during the summer is governed by the Etesian winds
together with the sea–land breeze circulation (Levi et al.,
2011), it is speculated here that the 8 km simulation does not
adequately represent the cool sea–land breeze winds, thus
producing overestimations, which are probably smoothed
out in the mean daily temperatures (Hochman et al., 2017a).
However, because the Etesian winds are a larger-scale phe-
nomenon, they are probably simulated well by the RCM
simulation (e.g., Dafka et al., 2017). Other feedbacks within
the model may be responsible for the overestimation of sea-
sonal temperatures, such as the soil moisture–air temperature
coupling (e.g., Seneviratne et al., 2010; Zittis et al., 2014).

The negative temperature biases (Figure 2) matching the
positive precipitation ones (Figure 3) hints at this.

Spatial patterns of seasonal precipitation bias for ISR8
against APHRODITE for 1980–2004 are presented in
Figure 3. Generally, a west–east pattern of overestimations
in the coastal plains and underestimations in the mountain-
ous regions is found in the seasonal precipitation, especially
in the winter months (DJF). Furthermore, for the summer
season (JJA), in which no significant precipitation events
occur, simulations do not show any bias, indicating their
good skill. Seasonal temperature and precipitation biases of
the CMCC-CM model and the 0.44 and 0.22� simulations
over the entire MENA-CORDEX domain were earlier pre-
sented in Bucchignani et al. (2018).

The above mentioned findings for both the seasonal
mean bias in temperature and precipitation are consistent
with the results of Hochman et al. (2017a), which exten-
sively evaluated the ISR8 simulation, under perfect bound-
ary conditions, driven by ERA-Interim reanalysis.

3.2 | Projections of seasonal mean temperature and
precipitation

Surface air (2 m) temperature and precipitation are the most
basic climatic variables with large environmental implica-
tions. Even if extremes can have larger environmental
impacts, projection of the seasonal means is important and is
a pre-condition for in depth further analysis of extremes.

TABLE 1 List of indicators considered for temperature

Label Description Units

SU Summer days—annual count of days when the
daily Tmax is above 25�

days/year

90p Tmax 90th percentile of daily Tmax
�C

TXx Annual maximum value of daily Tmax
�C

TR Tropical nights—annual count of days when
the daily Tmin is above 20�

days/year

10p Tmin 10th percentile of daily Tmin
�C

TNn Annual minimum value of daily Tmin
�C

TABLE 2 List of indicators considered for precipitation

Label Description Units

SDII Mean precipitation on wet days (>1 mm) mm/day

CWD Maximum number of consecutive wet days
(>1 mm)

days/year

Rx1day Maximum of daily precipitation mm/day

R10 Number of days with precipitation ≥10 mm/
day

days/year

R20 Number of days with precipitation ≥20 mm/
day

days/year

99p 99th percentile of daily precipitation mm/day

90p 90th percentile of daily precipitation mm/day

CDD Maximum number of consecutive dry days
(<1 mm)

days/year
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Figure 4 presents ISR8 projections of seasonal tempera-
ture and precipitation as a difference between 2041–2070
and 1981–2010, under RCP4.5 scenario. A pronounced
increase in the mean temperature is predicted throughout the
entire domain with peaks of up to ~2.5 �C (Figure 4, top
row). The largest increase appears in the autumn (SON) and
in the winter (DJF). In spring (MAM) a west–east gradient is
found showing larger temperature increases in the eastern
part of the domain as compared with the western part, a
trend seen also for the autumn, and partly for the winter.
However, in the summer (JJA), a north–south gradient takes
place with a larger temperature increase in the southern half
of Israel, that is, the semi-arid and arid regions. It is worth
noting that in the recent decades the strongest warming was
observed in summer and weakest in the winter (Ziv et al.,
2014). Till the 1990s even some cooling in the winter was

observed in contrast to significant summer warming (Ben-
Gai et al., 1999). Furthermore, earlier GCM and RCM pro-
jections of mean seasonal temperatures in the MENA
domain (e.g., Laprise et al., 2013; Lelieveld et al., 2016;
Ozturk et al., 2018) have suggested that the strongest
increase in mean temperature will take place in the summer
season using ≥50 km resolution simulations. Hochman et al.
(2017a) have showed that the higher 8 km resolution better
reproduces the maximum temperature, due to better simula-
tion of the sea–land breeze, especially in summer. This
might explain the slightly smaller increase in temperature
during the summer, when the sea–land breeze is most effec-
tive as opposed to the winter and autumn seasons. The
breeze might be strengthening in a warmer climate due to
the different rates of land and sea warming (Alpert et al.,
2006; Sutton et al., 2007).

FIGURE 2 ISR8 seasonal mean temperature bias (�C) with respect to E-OBS for 1980–2011 [Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE 3 ISR8 seasonal precipitation bias in mm/month, with respect to APHRODITE for 1980–2004 [Colour figure can be viewed at
wileyonlinelibrary.com]
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Regarding precipitation (Figure 4, bottom row), a gen-
eral decrease is well noted over most parts of the domain,
covering the entire study area for the autumn (SON); a
reduction reaching ~40%. However, increases are noted in
the most southern arid part for winter (DJF) and spring
(MAM). The dominant reduction trend may be explained by
two global to large-scale mechanisms. The first one is the
expected expansion of the Hadley Cell towards the Poles in
a warmer climate, a trend that is already being observed
(Held and Soden, 2006; Lu et al., 2007; Seidel et al., 2008).
The second one is the increase in the occurrence of the posi-
tive phase of the NAO that is associated with northwards
migration of the east Atlantic/European cyclone tracks dur-
ing winter (Eichler et al., 2013; Tamarin-Brodsky and Kaspi,
2017). The projected migration of synoptic systems north-
wards finds expression in the increase of Red Sea Trough
(RST) frequencies (Hochman et al., 2017c).

Note that ISR8 produces close to zero precipitation dur-
ing the summer (JJA); therefore, there is a large difference
between the two periods because very small changes present
very large differences percentage-wise (Figure 4).

3.3 | Projections of extreme temperatures and
precipitation

Figure 5 presents the projections for various extreme temper-
ature indicators (ETI), through the differences of 2041–2070
and the reference period 1981–2010, as simulated by ISR8.
A pronounced increase is found in all ETIs. Note that the
increase in the annual minimum temperature (TNn) is larger
than that of the annual maximum temperature (TXx).

Regarding EPI an interesting and complex spatial pattern
arises from the high-resolution simulation shown here for
the first time (Figure 6). The mean precipitation of wet days

FIGURE 4 ISR8 projected change in seasonal mean temperatures (top row, in �C) and precipitation (bottom row, in %), for 2041–2070 minus 1981–2010,
under RCP4.5 scenario [Colour figure can be viewed at wileyonlinelibrary.com]
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(>1 mm; SDII) is projected to decrease in the northern and
central parts of the country while an increase is shown for
the most southern arid part, in agreement with the results for
the seasonal rainfall of winter and spring (see Figure 4, bot-
tom row). A most similar pattern is seen for the 90th percen-
tile of daily precipitation (90p) that is projected to decrease
in the north and central parts of Israel and increase in the
southern part by ~8 mm/day. However, the 99th percentile
of daily precipitation (99p) is projected to decrease in the
centre of the country, but to increase in the northern and
southern parts, by ~20 mm/day. The maximum of daily pre-
cipitation (Rx1day) shows a similar spatial pattern as the
99p, that is, an increase of ~15 mm/day in the northern and
southern parts of the country. This goes along with the para-
doxical increase in extreme daily precipitation in spite of

decrease in total rainfall over the Mediterranean as reported
by Alpert et al. (2002).

The consecutive wet days (CWD) index is projected to
decrease by about 2 days in the north of Israel and about
1 day in the central and southern parts of the country. The
number of days exceeding the 10 and 20 mm thresholds
(R10 and R20, respectively) are projected to decrease by
3–4 days. The consecutive dry days (CDD) index is pro-
jected to increase by ~20 days in most of the study region,
except for a slight increase especially in the central moun-
tainous region and in the northern coastal part of the country.
This is in accordance with the projection of a shorter winter
and longer summer due to the projected significant decrease
in the occurrence of Cyprus Lows and the projected increase
in the frequency of the Persian Trough, shown by Hochman

FIGURE 5 ISR8 projections for extreme temperature indicators, 2041–2070 minus 1981–2010, under RCP4.5 scenario. Tropical nights (TR), summer days
(SU), 10th percentile of daily Tmin (10p), 90th percentile of daily Tmax (90p), annual maximum value of daily Tmax (TXx), annual minimum value of daily
Tmin (TNn) [Colour figure can be viewed at wileyonlinelibrary.com]
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et al. (2017b; 2017c). It should be noted that since the dry
summer season in Israel lasts from May to September, the
CDD index for this region represents the period between the
last day of precipitation in spring and the first day in the
autumn, which do not have any correlation with the daily/
seasonal/annual rainfall characteristics. On the other hand,
observed and projected characteristics of rainy days refer to
the entire rainy period, so that, for example the CWD index
represents wet spells quite well. Thus, we focused on the
winter season (DJF), having more than two thirds of the
annual rainfall (Saaroni et al., 2010). The projection of the
CDD and CWD indices for DJF (Figure 7) shows a similar
pattern as the annual one (Figure 6), but with different
values. A general increase in CDD for DJF is shown, which

is strongest in the southern part of the domain, with peaks
reaching ~8 days. Also, a small decrease is demonstrated in
the north. For the CWD index, a mirror image is shown with
respect to CDD, that is, the largest decrease is on the north-
ern part, with peaks reaching ~2 days and a slight increase at
the southern tip. This means that shorter wet spells and lon-
ger dry periods are projected for the winter season under
increased greenhouse gas concentrations.

4 | SUMMARY AND CONCLUSIONS

The main aim of this study was to project, for the first time,
temperature and precipitation changes for the 21st century

FIGURE 6 ISR8 projections for extreme precipitation indicators, for 2041–2070 minus 1981–2010, under RCP4.5 scenario Consecutive Dry Days (CDD),
Consecutive Wet Days (CWD), Number of days with more than 10mm (R10), Number of days with more than 20mm (R20), Mean precipitation on wet days
(SDII), 90th percentile of daily precipitation (90p), 99th percentile of daily precipitation (99p), Maximum of daily precipitation (Rx1day) [Colour figure can be
viewed at wileyonlinelibrary.com]
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including extremes at very high resolution (about 8 km),
over the region of Israel. In particular, a subset of ETCCDI
indices was projected for the middle term (2041–2070) of
the 21st century, under the RCP4.5 scenario. These aims
were achieved by dynamically downscaling the CMCC-CM
Global model with the COSMO-CLM regional model, in a
configuration optimized by CMCC over the CORDEX-
MENA domain (Bucchignani et al., 2016a; 2016b). A pre-
condition to project extremes was to evaluate the ability of
the model to assess average properties of the seasonal pre-
cipitation and temperatures. The work is based on an earlier
study, which evaluated the ability of the COSMO-CLM
model in representing the climatology of the subset of
ETCCDI indices (Hochman et al., 2017a). They have shown
that increasing the spatial resolution from 50 km to 8 km
improves the simulation of climate and climate extremes
over Israel due to the better representation of topography
and the location of land and sea in the model, especially with
respect to station data and for the daily extremes and less for
seasonal and spatial averages.

Based on the relatively good representation of current
conditions, future projections were derived here. It was
shown that a general increase in seasonal mean temperatures
is projected throughout the domain with peaks of ~2.5 �C,
being the highest in the winter and autumn, when comparing
the period 2041–2070 and 1981–2010. All extreme tempera-
ture indices project a significant increase with larger increase

in the minimum temperatures as compared with maximum
temperatures.

Regarding precipitation, decreases are projected for the
northern and central parts of the domain, with reductions
reaching ~40% in autumn, and an increase of the same order
of magnitude for the most southern arid part, for the winter
and spring seasons. Note that the absolute precipitation
amounts are very different between the northern Mediterra-
nean climate and the southern arid climate; the region show-
ing projected reductions in precipitation is larger than the
region showing increases. An interesting and more complex
spatial pattern arises from the high-resolution simulation of
extreme precipitation indicators. A projected tendency
towards drier conditions is confirmed by the simulation for
the Mediterranean climate and semi-arid climate of Israel, in
agreement with low-resolution projections (Samuels et al.,
2017). However, an increase in precipitation intensity is
shown mostly for the southern arid part of the region that
may be attributed to increase in the occurrence of active
RST. For the 99th percentile of daily precipitation (99p)
indications of increases (i.e., extremity) are also seen for the
northern part of the country. This features can be captured
only by high-resolution simulations, and could not be cap-
tured by the global models in earlier projections of extreme
precipitation (e.g., Samuels et al., 2013, 2017) but also with
regional models at lower resolution (e.g., Önol and Semazzi,
2009; Smiatek et al., 2011; Bozkurt et al., 2012). The

FIGURE 7 ISR8 projections for CDD for winter (DJF, left) and CWD for winter (CWD DJF, right), for 2041–2070 minus 1981–2010, under RCP4.5
scenario [Colour figure can be viewed at wileyonlinelibrary.com]
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general decrease in precipitation probably results from the
decrease already seen and projected in cyclones occurrence
(e.g., Tamarin-Brodsky and Kaspi, 2017; Hochman et al.,
2017b), which mainly influence the northern and central
parts of Israel.

The work described in this study is an ongoing joint
Italian–Israeli research effort, focusing on assessing the
impacts of climate change, especially precipitation and tem-
perature on fresh water resources in the EM. This is neces-
sary for identifying and projecting socioeconomic and
environmental vulnerability caused by climate change. The
outcomes of this study and the ones to follow, will serve as a
basis for priority setting and policy formulation towards cli-
mate adaptation at the regional level.
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