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Abstract: Seasonal drought is often overlooked because its impacts are less devasting than meteoro-
logical or hydrological drought. Nevertheless, short-term drought can have significant impacts on
soil moisture content, agricultural crop yield, and sand and dust storms. Using data obtained from
bias-corrected regional climate modelling (RCM) outputs, future seasonal drought is investigated
over the water-scarce Arab domain using SPI-3. The climate modelling outputs include three down-
scaled mainframe GCMs downscaled using a single RCM for two climate scenarios: RCP4.5 and
RCP8.5. Results across the region exhibit spatial and temporal variability. For example, Rift Valley,
in the eastern sub-Sahara, projects less frequent and less severe drought, particularly during the
winter (DJF) months. Conversely, the Morocco Highlands and adjacent Mediterranean coast signals
a dramatic increase in drought by end-century during winter (DJF) and spring (MAM). Moderate
increase in drought indicated in the greater Mashreq in spring (MAM) can be linked to sand and
dust storm risk. Thirdly, autumn drought (SON) is linked to increased forest fire risk in the Levant.
Projected increases in drought frequency and severity call for adaptation measures to reduce impacts.

Keywords: drought; climate change; Arab domain

1. Introduction

The Middle East and North Africa, also known as the Arab region, is perpetually
faced with multiple complex issues that arguably possess one common denominator:
drought. Water scarcity is most obviously connected to drought, impacting agriculture and
food security [1–4], ecosystems [5,6], drinking water demand [7], and energy sustainabil-
ity [1]. Drought also perpetuates other climate-related extreme events such as floods [8],
forest fires [9], desertification [6], and sand and dust storms [10–12]. Lastly, geopolitical
challenges in the region have been interlinked to drought including migration [13,14],
conflict [1,14–16], and vulnerable population groups [1,4,17].

Drought is not a new phenomenon in the region. Geological evidence has revealed
drought recurrence as early as the Aceramic Neolithic period [18,19]. Several atmospheric
circulation patterns influence precipitation patterns, most notably North Atlantic Oscilla-
tion (NAO) and El Niño–Southern Oscillation (ENSO), which have partially triggered the
most extreme disasters in the region [17,20,21]. Drought was blamed for devasting famine
in Sudan during the 1980s and 1990s [4], the near collapse of the camel husbandry economy
in Jordan during the mid-20th century [22], and a severe decline wheat and barley produc-
tion during 2007–2010 in the Tigris-Euphrates Basin [14]. Thus, the question is not whether
drought is a recurring problem. Rather, it is whether drought frequency and severity are
increasing due to climate change and the potential impacts upon differing sectors.

Often overlooked due to smaller scale, short-term or seasonal drought can be crucial
to detect reduction in soil moisture content and is a risk factor for climate-related extreme
events. Over the last 75 years, a study conducted by Spinoni et al. [23] detected over 420
short term drought events in countries across the Arab region. Although these events
are less severe and shorter in duration compared to meteorological drought, they occur
over twice as often [23].Trend analysis in the region has revealed an expected increase in
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droughts, particularly in the Maghreb, Sahel, Levant, and Arabian Peninsula [21,24–26].
Although precipitation exhibits interannual variability, meteorological data reveals gener-
ally decreasing rainfall over the last half-century in Marrakesh (Morocco), Tripoli (Libya),
Latakia (Syria), Sana’a (Yemen) [26], Jeddah (Saudi Arabia) [27], and Baghdad (Iraq) [12,26].
However, trend analysis is not sufficient, partly due to sparsely located meteorological
stations. Moreover, trend analysis may not reveal short-term drought linked to crop failure,
sand and dust storms, and other impacts. Climate modelling outputs are best to assess
future conditions. This study uses bias-corrected regional climate modelling outputs cou-
pled with a widely known drought index (SPI) to predict short-term drought impacts in
the region. Previous drought index analyses in the region have been limited to selected
areas, focused on longer meteorological drought, and have not considered climate change
impacts (i.e., [16,22,23,27–30]).

2. Data and Analysis Methods
2.1. MENA-CORDEX and RICCAR

Regional climate modelling (RCM) outputs used for this study were obtained from
the Middle East/North Africa (MENA) Domain, established as part of the Coordinated
Regional Climate Downscaling Experiment (CORDEX) and bias-corrected for the Regional
Initiative for the Assessment of Climate Change Impacts on Water Resources and Socio-
Economic Vulnerability in the Arab Region (RICCAR). Also known as the Arab Domain
(Figure 1), the resultant CORDEX boundaries establish common RCM outputs across
all Arab States (Algeria, Bahrain, Djibouti, Egypt, Iraq, Jordan, Kuwait, Lebanon, Libya,
Mauritania, Morocco, Oman, State of Palestine, Qatar, Saudi Arabia, Somalia, Sudan, Syria,
Tunisia, United Arab Emirates (UAE), and Yemen) (excluding Comoros due to its distant
geographical location) and includes transboundary water basins and atmospheric processes
affecting the region [21].
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Figure 1. The CORDEX-MENA/Arab Domain and selected subdomains: Senegal River (SR), Mo-
roccan Highlands (MH), Mediterranean Coast (MD), Lower Sahara (LS), Ethiopian Highlands (EH),
Rift Valley (RV), Horn of Africa (HA), Western Mashreq (WM), Upper Euphrates Basin (EU), Zagros
Mountains (ZM), and Western Arabian Peninsula (WA).

Three global climate models (GCMs) were downscaled based on a 0.44◦ grid (~50 km)
using one RCM (Table 1). Two climate scenarios evaluated as part of CMIP5 were se-
lected: RCP4.5, representing a moderate scenario and RCP8.5 representing an extreme,
or business-as-usual scenario. Subsequently, bias-correction was conducted using the
Distribution Based Scaling method [31] coupled with the WATCH-forced ERA-Interim
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(WFDEI) dataset [32] for the period 1980–2009 [21,33]. Although bias-correction can invite
controversy, the methodology is recommended for hydro-climate analyses [34–36].

Table 1. Global climate models and the regional climate model used for the downscaling over the CORDEX-MENA/Arab Domain.

Model Type Name Institute Reference(s)

GCM CNRM-CM5 CNRM (Centre National de Recherches Météorologiques,
Paris, France) [37]

GCM EC-EARTH EC-EARTH Consortium, Europe [38]

GCM GFDL-ESM2M GFDL (Geophysical Fluid Dynamics Laboratory,
Princeton, NJ, United States) [39]

RCM RCA4 SMHI (Swedish Meteorological and Hydrological Institute,
Norrkoping, Sweden) [40]

Projected changes in seasonal temperature, previously unpublished, indicate an in-
creasing trend across the Arab domain. In general, changes in temperature are generally
distributed throughout the year for both RCP4.5 (Table 2, Figure S1) and RCP8.5 (Table 3,
Figure S2). However, the region generally projects an increase >1.5 ◦C by mid-century,
compared to the recent reference period. In addition, certain subdomains signal a greater
warming trend during winter (DJF). For example, the Upper Euphrates projects an increase
of 2.9–3.5 ◦C by mid-century. Also, the temperature is expected to increase 3.0–3.7 ◦C in
the Zagros Mountains by mid-century.

By end-century, the expected increase in temperature is more dramatic, generally
exceeding 4 ◦C for RCP8.5, the more likely scenario [41]. The EU is most affected, signaling
increases >5 ◦C during spring (MAM) and summer (JJA). Similarly, the Senegal River (SR)
also projects an increase >5 ◦C during the winter (DJF).

Precipitation is more variable and exhibits seasonality. The Moroccan Highlands
(MH) projects the greatest decreases in precipitation for both RCP4.5 (Table 4, Figure S3)
and RCP8.5 (Table 5, Figure S4). During winter (DJF), a significant decrease is expected
(up to 47%) by end-century. Spring (MAM) also projects a definitive decrease in rainfall.
Decreases to a lesser extent are expected in the Western Mashreq (WM) and Ethiopian
Highlands (EH); the latter represents the headwaters of the Nile River basin.

Table 2. Mean ensemble change in temperature (◦C) compared to the reference period for selected subdomains, RCP4.5,
based on three downscaled GCMs and one RCM.

Subdomain
Reference Period (1986–2005) Mid-Century (2046–2065) End-Century (2081–2100)

DJF MAM JJA SON DJF MAM JJA SON DJF MAM JJA SON

MH 9.6 16.4 26.9 18.7 2.0 1.5 0.6 1.4 1.5 2.0 1.9 2.1
MD 13.6 20.4 27.7 22.6 1.6 1.4 0.7 1.1 1.3 1.5 1.9 1.7
SR 25.5 31.2 27.4 26.9 1.8 1.0 1.9 1.8 2.4 1.8 2.3 1.9
EU −0.8 9.7 22.9 13.1 2.9 2.2 0.9 1.5 2.0 2.4 2.5 2.0

WM 8.8 17.0 26.3 19.8 2.1 1.5 0.6 1.3 1.5 1.6 1.8 1.9
ZM 4.2 15.7 27.7 17.4 3.0 2.0 0.8 1.6 2.3 2.1 2.3 2.1
WA 15.5 25.5 33.7 26.2 2.4 1.7 0.6 1.4 2.0 1.8 1.8 1.8
LS 20.9 30.0 31.3 27.8 2.2 1.6 1.7 1.9 2.4 2.4 2.4 2.3
EH 20.7 23.7 21.6 21.2 1.6 1.5 1.3 1.4 2.1 2.1 1.6 1.6
HA 24.5 27.5 27.5 26.3 1.0 1.3 1.0 1.0 1.3 2.0 1.3 1.3
RV 24.0 24.0 22.3 23.6 1.2 1.2 1.4 1.1 1.7 1.4 1.6 1.5

Note: Refer to Figure 1 for the full names and locations of the subdomains.
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Table 3. Mean ensemble change in temperature (◦C) compared to the reference period for selected subdomains, RCP8.5,
based on three downscaled GCMs and one RCM.

Subdomain
Reference Period (1986–2005) Mid-Century (2046–2065) End-Century (2081–2100)

DJF MAM JJA SON DJF MAM JJA SON DJF MAM JJA SON

MH 9.6 16.4 26.9 18.7 2.8 2.7 1.2 2.1 3.4 4.4 4.2 4.4
MD 13.6 20.3 27.7 22.6 2.3 1.7 1.3 1.8 2.8 3.2 3.8 3.6
SR 25.5 31.2 27.4 26.9 2.8 1.7 2.4 2.4 5.1 3.8 4.4 4.0
EU −0.8 9.7 22.8 13.2 3.5 3.2 1.6 1.9 4.1 5.2 5.3 4.3

WM 8.8 16.9 26.3 19.9 2.6 2.0 1.0 1.7 3.2 3.5 3.6 4.0
ZM 4.2 15.6 27.7 17.5 3.7 2.6 1.6 2.3 4.6 4.6 4.8 4.5
WA 15.5 25.4 33.7 26.2 3.1 2.3 1.3 2.0 4.2 4.1 3.7 3.9
LS 20.9 30.0 31.3 27.9 3.1 2.1 2.3 2.5 4.9 4.6 4.6 4.6
EH 20.7 23.7 21.6 21.2 2.2 2.0 1.7 1.8 4.2 4.3 3.0 3.1
HA 24.5 27.5 27.5 26.3 1.4 1.9 1.4 1.5 2.6 4.0 2.5 2.7
RV 24.1 24.0 22.3 23.6 1.7 1.7 1.9 1.6 3.7 3.2 3.3 3.1

Note: Refer to Figure 1 for the full names and locations of the subdomains.

Table 4. Mean ensemble change in precipitation (mm/month) compared to the reference period for selected subdomains,
RCP4.5, based on three downscaled GCMs and one RCM.

Subdomain
Reference Period (1986–2005) Mid-Century (2046–2065) End-Century (2081–2100)

DJF MAM JJA SON DJF MAM JJA SON DJF MAM JJA SON

MH 30.7 24.3 4.6 24.3 −6.3 −2.1 0.6 −3.3 −4.8 −4.8 0.3 −3.0
MD 18.4 4.3 1.0 6.3 −0.7 0.6 0.0 0.5 1.9 −0.4 −0.1 0.1
SR 0.4 24.1 205.4 81.3 −0.2 0.5 1.4 3.6 −0.1 2.2 −3.6 7.6
EU 63.3 64.0 11.3 40.8 5.0 4.1 0.3 1.0 6.8 2.8 1.3 −3.6

WM 51.7 20.7 1.8 19.1 1.5 1.3 −0.1 −0.1 2.1 −0.2 0.0 −3.9
ZM 48.5 36.6 2.7 20.9 −1.6 3.7 0.1 3.4 1.4 0.6 0.5 0.2
WA 10.7 16.1 2.8 7.3 −1.4 0.3 0.6 2.2 −0.3 0.2 0.6 0.9
LS 0.0 3.1 47.2 7.9 0.0 0.1 −1.8 0.6 0.0 −0.4 −6.4 1.7
EH 8.2 57.3 202.0 71.0 −1.7 −6.1 −8.1 −0.4 0.3 −5.5 −8.0 0.4
HA 4.6 30.9 8.5 29.7 1.0 0.1 −0.1 8.1 2.3 4.2 0.0 8.5
RV 48.9 98.5 39.3 80.8 6.1 4.3 −1.9 6.7 13.6 12.4 0.3 5.7

Note: Refer to Figure 1 for the full names and locations of the subdomains.

Table 5. Mean ensemble change in precipitation (mm/month) compared to the reference period for selected subdomains,
RCP8.5, based on three downscaled GCMs and one RCM.

Subdomain
Reference Period (1986–2005) Mid-Century (2046–2065) End-Century (2081–2100)

DJF MAM JJA SON DJF MAM JJA SON DJF MAM JJA SON

MH 29.9 24.1 4.6 25.0 −7.8 −4.5 0.5 −3.8 −14.1 −10.0 0.9 −5.3
MD 18.9 4.2 1.0 7.1 −2.5 0.1 −0.1 −0.8 −3.1 −0.9 −0.3 −1.2
SR 0.3 23.8 204.8 81.6 0.0 1.8 5.1 4.7 −0.1 1.7 13.7 15.0
EU 64.9 62.8 11.4 40.6 −0.7 5.6 −0.1 −2.8 −2.5 2.7 0.6 −0.4

WM 52.2 20.5 1.7 19.0 −3.2 0.3 −0.4 −1.8 −4.5 −1.9 −0.3 −3.8
ZM 48.4 37.0 2.8 20.6 0.3 −0.3 0.4 −1.0 −0.1 −3.8 0.2 1.8
WA 10.4 16.3 2.8 7.1 −1.8 0.3 0.9 1.1 −1.7 −2.6 1.6 2.6
LS 0.0 3.1 46.5 7.6 0.0 0.3 −0.7 1.4 0.0 0.5 5.1 3.9
EH 7.9 57.5 201.2 70.0 −0.6 −3.5 −1.0 1.0 −1.4 −7.4 −0.5 4.7
HA 4.4 31.0 8.2 28.7 2.9 1.4 −0.5 8.1 3.4 5.4 0.9 13.6
RV 48.1 98.6 39.5 79.7 9.8 4.8 −1.9 8.2 16.2 13.3 −2.1 14.9

Note: Refer to Figure 1 for the full names and locations of the subdomains.

Conversely, other areas in the Arab domain project an increase in seasonal precipita-
tion. By end-century, summer (JJA) trends disagree in the Senegal River (SR), but project
a notable increase (up to 18%) during autumn (SON). The Rift Valley (RV) also signals
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increasing precipitation through most of the year; the greatest increase is 34% during
winter (DJF).

2.2. Calculation of SPI

The Standardized Precipitation Index (SPI) is a well-recognized drought indicator
developed by McKee et al. [42] and recommended by the World Meteorological Organiza-
tion. Based solely on precipitation, the index is simple to calculate and can be applied at
multiple temporal scales. Calculations are based on long-term precipitation records, which
are fitted to a probability distribution, and then transformed into a normal distribution
such that the mean SPI for a given location is zero. Positive values indicate wetter condi-
tions and negative values signal drier conditions. A drought event occurs when the SPI is
continuously negative and reaches an intensity of ≤−1.0. The drought concludes once the
SPI no longer is ≤0 and values are positive. The drought intensity is determined by the
absolute value of the summed SPI during the drought duration [42].

In this context, the 3-month SPI (SPI-3) was calculated for each of the four climatologi-
cal seasons: winter from December to February (DJF), spring from March to May (MAM),
summer from June to August (JJA), and autumn from September to November (SON).
This indicator was selected because of its ability to identify agricultural drought as demon-
strated by its strong correlation with vegetation response [43]. For SPI-3, a drought event
commences once the SPI reaches −1.0 or less for two consecutive months [44]. Droughts
are considered severe if during an event, the index reaches a value of ≤−1.5 at least once
and extreme if it is ≤−2.0 [42].

Monthly RCM outputs from 1970 to 2100 were used to fit the underlying SPI distribu-
tion, similar to the methodology described by Spinoni et al. [45]. This approach minimize
bias; if periods were calculated separately, historical conditions established as the norm
may be regarded as an outlier in the future, thus rendering future drought conditions as
unrealistic [45]. Each of the RCM outputs were converted to raster data. SPI calculations
were calculated separately for each RCM model in ArcMap (version 10.6) using the SPI
calculator developed by Jo [46], which uses an algorithm based on SPI calculations.

The resultant SPI-3 values were processed and presented based on the mean value
based on all models for each scenario. Drought events were determined for each 0.44◦

pixel using the ‘run theory’ [47] by identifying the commencement of drought events, the
severity, and the duration. Drought frequency (DF) is defined by the average number of
events over a 10-year period for each season, evaluated for three different time periods: the
reference period (1986–2005), mid-century (2046–2065), and end-century (2081–2100). The
drought severity (DS) refers to the average severity for each of the same time periods.

3. Results and Discussion

Historical and projected drought was calculated based on the 3-month SPI using
precipitation obtained from bias-corrected regional climate modelling outputs. The mean
change in the number of events based on RCP4.5 (Figure 2) and RCP8.5 (Figure 3) reveal
projected seasonal drought variability. It is noted that although the historical RCM outputs
are independent of the future scenarios, bias-corrected historical models will have some
slight differences due to the overlapping control period. Bias correction is conducted for
the entire data period; thus, model output will marginally vary whether the historical data
was coupled with RCP4.5 or RCP8.5. These minor disparities are transferred to the SPI
calculations but the difference in the result are minimal. The reported change in drought
frequency at mid- and end-century correspond to the appropriate reference period, whether
based on RCP4.5 or RCP8.5.
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SPI-3 was indeterminate during the winter (DJF) season in the Lower Sahara Desert
(LS). During this period, precipitation is zero, both for the reference period and future
periods for both scenarios (Tables 4 and 5). SPI is problematic in hyperarid regions because
the index is dependent on the normalization of precipitation data. Null precipitation values
are unable to be fitted to a gamma distribution and thus SPI is incalculable [48].

During the recent reference period, the Rift Valley (RV) revealed high recurrence
of drought during the winter months (DJF). This was attributed to westerly low-level
moisture flux divergence and subsidence linked to an eastward shift of atmospheric circula-
tion [49]. To a lesser extent, winter repeated events are apparent in the Horn of Africa (HA),
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consistent with previous studies [23,50]. However, precipitation is projected to generally
increase through end-century for both scenarios (Tables 4 and 5) owing to western Indian
Ocean warming, resulting in less drought frequency (DF). Nevertheless, strong interan-
nual variability is expected to persist due to El Niño–Southern Oscillation and dipole
phenomena [51].

Conversely, the Moroccan Highlands and adjacent Mediterranean coast indicated
little drought recurrence during the reference period for all seasons. Seasonal drought is
expected to increase significantly, particularly during the winter (DJF) and spring (MAM)
months by end-century. This expected trend is caused by changes in the North Atlantic
Oscillation, cyclonic activity shifting northward, and Azores High transference [52].

To a lesser extent, drought frequency is expected to increase during the autumn (SON)
in Morocco. This period coincides with the seedling stage of rainfed crops. Increase DF
during the winter (DJF) and spring (MAM) growth periods is expected to induce adverse
impacts upon soil moisture and plant transpiration, thus reducing the length of the growth
period. As a result, rainfed wheat (durum) yield is expected to decrease 13% by mid-century
near Rabat, Morocco [53].

Projected DF trends over the greater Mashreq (including WM, EU, and ZM) are in
disagreement, particularly during the spring (MAM). By mid-century, the area will exhibit
a decrease in events, particularly for RCP4.5 (Figure 2), but an increase by end-century
for RCP8.5 (Figure 3). These projected changes will have an unclear impact upon sand
and dust storm (SDS). SDS activity prevails during April-June in the region, due to south
and south-easterly winds known as “sharqi” [12]. Although SPI demonstrates a weak
positive correlation with SDS [10], increasing DF may give rise to increased dust particles
that can be carried by the turbulent sharqi wind systems [11]. Dust storm frequency also
occurs during the SON period, due to north-westerly winds called “shamal” [12]; however,
changes in DF during this period are nearly nil.

Although increasing DF is generally negligible during the autumn (SON), isolated
areas signal an increase in DF. Drought has been linked to recurrent forest fires in Lebanon,
including several simultaneous fires that occurred in October 2019 [54].

Drought frequency is interlinked with drought severity (DS). The severity of an event
is determined by the absolute value of the sum of all SPI values during an event. Here,
DS is defined by average severity, not the total severity, for both RCP4.5 (Figure 4) and
RCP8.5 (Figure 5). Although DF and DS exhibit a strong correlation (~0.8), certain regions
may expect a modest increase in DF, but a definitive increase in DS. For example, the
Ethiopian Highlands (EH) projects a 4% decrease in rainfall during summer (JJA, Table 4);
corresponding DF will increase slightly coupled with a 73% increase in severity by mid-
century. In the Moroccan Highlands (MH) and adjacent Mediterranean coast, end-century
drought increases during winter (DJF) do correspond to increasing DS. However, in this
same area, increasing DS is approximately the same magnitude during summer (JJA), but
event frequency only changes slightly.
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4. Concluding Remarks

Across the Arab region, projected changes in seasonal drought exhibit spatial and
temporal variability. The Moroccan Highlands and adjacent coast are expecting significantly
increasing drought frequency and severity, particularly during the winter (DJF) and spring
(MAM) months by end-century. To a lesser extent, seasonal drought is also expected to
increase in the greater Mashreq region. This increasing drought provokes grave concerns
in the water scarce Arab region. Seasonal drought has been linked to decreasing crop yield
in Morocco, SDS in Iraq, and forest fires in Lebanon. These disasters are expected to recur
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due to climate change. Although drought cannot be prevented, action can be taken to
mitigate impacts.

On the other hand, future seasonal drought is expected to recur less often in sub-
Saharan Africa, including the Rift Valley due to projected increasing precipitation. However,
such conditions can bring about other challenges such as flood. In addition, strong year-
to-year rainfall fluctuations are expected to continue, stemming from El Niño–Southern
Oscillation and Indian Ocean dipole phenomena.

The Arab region accounts for approximately 5% of global greenhouse gas emissions,
but demand growth in Gulf Cooperation Council (GCC) countries is of concern. On a
per capita basis, GCC economies are among the highest carbon dioxide (CO2) emitters,
surpassing some industrialized countries [55]. However, most population groups in the
region that are most affected by climate change have negligible impact on emissions. Thus,
adaptation measures to mitigate impacts, including drought, are necessary.

Geospatial assessments help identify areas most vulnerable to drought to target
adaptation measures. Successful agricultural measures in the region include shifting the
crop calendar [53], cultivating drought-tolerant crops [56], and rainwater harvesting [57].
Non-conventional water resources, including fog and dew, have been proposed to mitigate
drought in forests [58], reducing fire risk. Any proposed adaptation measures should
consider rapid urbanization, migration, and land use change, often overlooked [59].

This study was the first to evaluate future drought frequency and severity across the
Arab region. Future research includes meteorological and hydrological drought to assess
impacts upon reservoirs and groundwater. Moreover, this study solely focused on SPI,
which only considers precipitation, eliminating temperature. Thus, other drought indices
such as the Standardised Precipitation-Evapotranspiration Index (SPEI) [60] may offer
an improved assessment. RCM outputs at a 10 km spatial scale for the greater Mashreq
domain are forthcoming soon from RICCAR, which will enable more detailed analysis.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/atmos12070856/s1, Figure S1: Mean change in temperature (◦C) at mid-century (middle)
and end-century (right) compared to the reference period (left) based on RCP4.5 for winter (DJF),
spring (MAM), summer (JJA), and autumn (SON), Figure S2: Mean change in temperature (◦C)
at mid-century (middle) and end-century (right) compared to the reference period (left) based on
RCP8.5 for winter (DJF), spring (MAM), summer (JJA), and autumn (SON), Figure S3: Mean change
in precipitation (mm/month) at mid-century (middle) and end-century (right) compared to the
reference period (left) based on RCP4.5 for winter (DJF), spring (MAM), summer (JJA), and autumn
(SON), Figure S4: Mean change in precipitation (mm/month) at mid-century (middle) and end-
century (right) compared to the reference period (left) based on RCP8.5 for winter (DJF), spring
(MAM), summer (JJA), and autumn (SON).
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