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Water scarcity can mean scarcity in availability due to physical shortage, 
or scarcity in access due to the failure of institutions to ensure a regular 
supply or due to a lack of adequate infrastructure.

Water scarcity already affects every continent. 

Water use has been growing globally at more than twice the rate of 
population increase in the last century, and an increasing number of 
regions are reaching the limit at which water services can be sustainably 
delivered, especially in arid regions.

UN WATER, 2021

https://www.unwater.org/water-facts/scarcity/



Climate Change and Desertification Impacts on Water Scarcity and Use

❖Reduced water retention capacity of degraded soils amplifies floods, reinforces 
degradation processes through soil erosion, and reduces annual intake of water 
to aquifers, exacerbating existing water scarcities.

❖Reduced vegetation cover and more intense dust storms were found to 
intensify droughts.

❖Moreover, secondary salinisation in the irrigated drylands often requires 
leaching with considerable amounts of water.

❖Consequently, different types of soil degradation increase water scarcity both 
through lower water quantity and quality.

❖All these processes reduce water availability for other needs.

IPCC SRCCL, Chapter 3 Desertification, 2018



Climate Change and Desertification Impacts on Water Scarcity and Use

❖In this context, climate change will further intensify water scarcity in some 
dryland areas and increase the frequency of droughts. 

❖Higher water scarcity may imply growing use of wastewater effluents for 
irrigation, and the use of untreated wastewater increase soil degradation 
processes, in addition to negative human health impacts. 

❖Climate change, thus, will amplify the need for integrated land and water 
management for sustainable development.

IPCC SRCCL, Chapter 3 Desertification, 2018



-Aim of the presentation is to give a brief technical 
information on the present and future climate of the 
Euphrates and Tigris Basins and the Western Asia region

-and to make an evaluation of results of some of our climate
change modeling studies on these regions.







1- Köppen-Geiger Present Day Global Climate Classification (1980-2016)



2- Southwest Asia Köppen-Geiger Present Day Climate Classification (1980-2016)





Dust Weather 
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Spatial and Temporal Patterns of the 
Climate Model Simulations of Future 
Changes in Global and Asia Climate 
including Climates of Turkey and Midle 
East Regions 
(IPCC AR5, 2013; Ozturk et al. 2013, 2014, 2015, 2017, 2018; Turp et al. 2013, 2014; Türkeş et 
al., 2020, etc.)



Multi-model simulated changes in global annual mean 
surface temperatures relative to 1986–2005 (IPCC AR5, 2013)

Global surface temperature change for the end of the 21st century is likely to 

exceed 1.5°C relative to 1850 for all RCP scenarios 

•Equilibrium climate 
sensitivity is likely in 
the range 1.5°C to 
4.5°C (high 
confidence), extremely 
unlikely less than 1°C 
(high confidence), and 
very unlikely greater 
than 6°C (medium 
confidence).



Coupled Model Intercomparison Project Phase 5 (CMIP5) multi-model mean 

results for the scenarios RCP2.6 and RCP8.5 in 2081–2100 of annual 

temperature changes have shown that projected warming in 21st century will be 

the greatest over land and at most high northern latitudes and will be the least

over the Southern Ocean and parts of the North Atlantic Ocean, by the end of 

this century under both scenarios.

Spatial Patterns of Projected Surface Temperature 
Changes over the period 2081 to 2100 (IPCC AR5, 2013)



Spatial Patterns of Projected Precipitation Changes
over the period 2081 to 2100 (IPCC 5AR, 2013)

The CMIP5 multi-model mean results for the scenarios RCP2.6 and RCP8.5 in 2081–2100 of 
annual precipitation changes have shown that projected precipitation will likely increase in high 
latitudes and the equatorial Pacific Ocean and some mid-latitude and monsoonal rainfall regions, 
and will likely decrease in most subtropical  regions including the Mediterranean Basin, northern
part of the Mesopotamia and Turkey, by the end of this century under the RCP8.5 scenario.

RCP 2.6 RCP 8.5
Annual







Forcing Data and Experiment Design
➢HadGEM2-ES global climate model of the Met Office Hadley Centre and MPI-ESM-MR 
global model of the Max Planck Institute for Meteorology were used as forcing data.

➢RCP4.5 (mid-range mitigation) and RCP8.5 (high emission) scenario outputs of 
HadGEM2-ES and MPI-ESM-MR were given to regional climate model as an input.   

➢RCP4.5 Stabilization without overshoot pathway where total radiative forcing is 
stabilized at 4.5 W/m² post 2100, and RCP8.5 Rising radiative forcing pathway leading to 
8.5 W/m² in 2100. 

➢In this study, RegCM4.3.5 version was used to downscale the global climate data to 50 
km  resolution. Grell scheme was used as a cumulus convection scheme with the Fritsch-
Chappell type closure.

➢Comparison of simulated air temperature and precipitation data of the RegCM4.3.5 
regional climate model was made with the CRU observational dataset over the Central 
Asia for the period of 1980 – 2000.



Fig. 3 Geographical distribution patterns of changes in projected mean air temperatures (oC) over Central Asia from the regional 
climate model (RegCM4.3.5), forced by HadGEM2-ES global climate model with RCP4.5 scenario and RCP8.5 scenario for the 
climatology of 2070-2100 future period, with respect to the reference period of 1970-2000: (a, i) winter, (b, j) spring, (c, k) 
summer and (d, l) autumn seasons, respectively. Same results but with the Max Planck Institute (MPI-ESM-MR) dataset are: (e, 
m) winter, (f, n) spring, (g, o) summer and (h, p) autumn seasons.
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Fig. 4. Same as Fig. 3, but for changes in total precipitation (mm/day).
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Fig. 5 Geographical distribution patterns of changes in projected mean air temperatures over Turkey and its nearby 
surroundings from the regional climate model (RegCM4.3.5), which is forced by the global climate model HadGEM2 
with RCP4.5 emission scenario for the climatology of 2020 - 2050 future period with respect to the climatology of 
1970 - 2000 reference period: (a) winter, (b) spring, (c) summer and (d) autumn seasons.



Fig. 6 Same as Fig. 5, but for changes in projected mean air temperatures with RCP8.5 emission scenario for the 
climatology of 2020 - 2050 future period with respect to the climatology of 1970 - 2000 reference period: (a) winter, 
(b) spring, (c) summer and (d) autumn seasons.



Fig. 7 Geographical distribution patterns of changes in projected total precipitation amounts over Turkey and its 
nearby surroundings from the regional climate model (RegCM4.3.5), which is forced by the global climate model 
HadGEM2 with RCP4.5 emission scenario for the climatology of 2020 - 2050 future period with respect to the 
climatology of 1970 - 2000 reference period: (a) winter, (b) spring, (c) summer and (d) autumn seasons.



Fig. 8 Same as Fig. 7, but for changes in projected total precipitation amounts with RCP8.5 emission scenario for 
the climatology of 2020 - 2050 future period with respect to the climatology of 1970 - 2000 reference period: (a) 
winter, (b) spring, (c) summer and (d) autumn seasons.



9- Present Day (1980-2016) 10- Future (2071-2100)





Fig. 11 Differences in 
drought frequency (DF; 
events per decade) and 
average severity of events 
(DS; severity per decade) 
between 2071–2100 and 
reference period (1981–
2010) under the RCP4.5
and the RCP8.5. 
➢It is projected based on 

the SPEI drought index 

that drought frequency 

and average severity of 

drought events in the 

future will increase most 

parts of the semi-arid 

and dry subhumid 

subtropical and 

Mediterranean climate 

regions and semi-humid 

and humid temperate 

mid-latitude climate 

regions of the World.



➢Mean temperatures will increase more in the far future than it will be 
in mid future and near future periods. According to the worst-case 
scenario outputs (RCP 8.5), this increase will be stronger.

➢Results obtained from regional model which was driven by global model 
of the Max Planck Institute (MPI-ESM-MR global model) are milder 
than results of regional model driven by HadGEM2-ES global model.

➢The results show that air temperatures in the region will increase from 
3 °C up to 7°C on average for period of 2070-2100.



➢In the future, a decrease in amount of precipitation is also expected for 
the region according to outputs of regional model driven by scenario 
outputs of two global models.

➢Although we have used the results of different global climate models 
together with regional climate model run, significant warming trends 
and decrease in precipitation for the domain was projected by all models.

➢Therefore, the projected warming and decrease in precipitation might 
powerfully affect the mostly drylands (arid and semi-arid environments) 
of the study area including the Middle East and make most part of the 
the large Asian continent evidently vulnerable to climate change.



➢As we discussed here, most parts of the Mediterranean basin may experience both 
significant increases in surface air temperature and evapotranspiration, and 
reductions in annual precipitation, and as a consequence these regions could 
experience more arid climates with increasingly severe droughts.

➢For instance, it is projected based on the SPEI drought index that drought frequency 
(events per decade) and average severity of drought events (severity per decade) in the 
future period of 2071–2100 under the RCP4.5 and the RCP8.5 will increase most parts 
of the semi-arid and dry subhumid subtropical and Mediterranean climate regions and 
semi-humid and humid temperate mid-latitude climate regions of the World.

➢Some studies have also suggested that water availability to meet water rights demand 
may be inadequate in up to 40–50% of years under the more pessimistic climate change 
scenario, compared with a 6–20% rate in the baseline scenario in the Mediterranean 
climate regions.

➢An important lesson from the climate change modelling and projections is that 
increasing competition for water resources, combined with changes in temperature, 
precipitation, and runoff, all of which would affect agriculture. 



➢Consequently, farmers need to adapt their production systems, 
switching crops, changing cultivars and sowing dates, increasing 
irrigation, etc. 

➢These decisions in turn reshape the process of change, may provide 
different opportunities for land-use management, and change irrigation 
and water management needs.

➢Some studies also focused on demand for irrigation applications showed 
that water demands from irrigated agriculture tend to increase as a 
consequence of the simulated changes in temperature and precipitation.

➢The magnitudes of these changes depend on crop types and their 
prevalence in the region.



the Euphrates and Tigris Basins
should never turn into a desert


