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Abstract

Climate change effects on the hydrological system of the basin
by changing amount of precipitation and temperature and,
because of the interaction among systems, it would influence
the environmental, economic, and social systems. The
intensity of these unfavorable effects could be different given
that vulnerability of the systems. Accordingly, presenting
appropriate strategies is of importance for reduction of system
vulnerability. Therefore, use of water security indicators
considerably facilitates evaluating effective adaptation
strategies. In this study, Tashk-Bakhtegan, with high
interaction among its systems, was studied. Firstly, To
simulate the effects of climate change, precipitation and
temperature variable were extracted from the Atmosphere-
Ocean General Circulation Model (CanESM2 and MPI-ESM-
LR, GFDL-ESM2G) by the new scenario of greenhouse gases
(RCP2.6). To minimize uncertainty caused by the downscaling
method, three methods of multisite downscaling (XDS,
Sequential k-nearest neighbor imputation method (SKNN) and
Statistical Downscaling Model-Decision Centric (SDSM-
DC)) were used. The integrated dynamic model for the
catchment scale was then prepared. The effects of the climate
change scenario and its adaptation strategies were simulated in
the basin for a future period. Finally, measures of water
security indicators were identified based on social, economic
and environmental dimensions during the base and future
period. Moreover, the influences of appropriate strategies on
the reduction of vulnerability have been evaluated on the basis
of change in indicators. The results showed that to decrease the
vulnerability of system in the future period it is necessary to
increase the economic water productivity in agricultural sector
by increasing the irrigation efficiency and to reduce the
agricultural activity. It is also essential to increase industrial
activity for the economic and social indemnity.
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Fig. 1-The location of Tashk-Bakhtegan study area
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Table 1- Characteristics of CanESM2, MPI-ESM-LR and GFDL-ESM2G model
Pr=Precipitation, Tasmin, Tasmax= temperature

MPI-ESM-LR, GFDL-ESM2G and CanESM2 s Juae Oilasuiv ) Joss

Pr=_,b g Tasmin ,Tasmax= ySlas g Jilus glod

Resolution
Model Name (a(tlrgrc])gsipizgge) F t?asr;)]g:)trlglr; Host institute Used parameter References
xlatitude)
Canadian Center for Arora et al
CanESM2 2.8°%2.8° daily Atmospheric Pr,Tasmin, Tasmax '
(2011)
Research, Canada
MPI-ESM- Max Planck Institute for Roeckner
LR 1.9°x1.9° daily Meteorology, Pr,Tasmin, Tasmax etal.
Germany (2006)
NOAA/Geophysical Fluid Donner et
GFDL- ouno . Dynamics Laboratory . L (2011
ESM2G 2.5°x2 daily (GFDL), Pr,Tasmin, Tasmax  al. (2011)

United States
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Table 2- Dimensions and indicators of water security evaluation
ol Castol o (g 5L g alal =Y Jgo

Dimensions Indicator Criterion Criterion Reference
value used
Dependence on groundwater(percent) 50 UNSD Ministry of Energy
water use intensity 0.4 UNSD (2011b);
Management and
. Planning
Environmental Organization (2005)
A Water Right for the Environment(MCM) 580 basin Bagheri (2016)
Use Static Aquifer Volume 0 USGS -
The share of water consumption in the agriculture 92.4 countr -
sector(percent) P ’ g Mmlst%gg Energy
The share of water consumption in the industry 1.2 Country Mana(geme)r’]t and
sector(percent) Planning
The share of water consumption in the services 6.4 country Organization (2005)
. sector(percent)
Economic Total economic water Productivity IRR/m3 124228 country Statistical Center of
Agricultural economic water Productivity IRR/m3 3005 country Iran; Ministry of
- Energy (2000,2001);
Industry economic water Productivity IRR/m3 382677.7 country Management and
- - — Planning
Services economic water Productivity IRR/m3 460697 country Organization (2005)
The share of Employment in the agricultural sector 18 country
(percent)
The share of Employment in the industrial sector 31.7 country Statistical Center of
(percent) Iran;
The share of Employment in the services sector 47.9 country
(percent)
Labor productivity in the agricultural sector (1076 155693865 country
IRR/ person )
Labor productivity in the industrial sector (10°6 318979334 country
IRR/ person )
) Labor productivity in the services sector (10"6 IRR/ 191285500 country
Social person ) Statistical Center of
Total Labor productivity (1076 IRR/ person ) 180649002 country Iran; Ministry of
Employment productivity in the agricultural sector 42 country Energy (2000);
(person/MCM ) Management and
Employment productivity in the industrial sector 5902 country Planning
(person/MCM ) Organization (2005)
Total Employment productivity (person/MCM ) 219 country
Employment productivity in the services sector 1635 country
(person/MCM )
Per capita income 52471796 country
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Fig. 2- Pearson correlation diagram of observed and simulated values in observation station (198-2011)
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Fig. 3- Mean absolute error diagram of observed and 5|mulated values in observatlon station (198-2011)
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Fig. 4- Future precipitation of sub-basins in comparision with that of present
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Fig. 5- Future temperature of sub-basins in comparison with that of present
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Table 3- Comparing the Status of water resources in the sub-basins for the base period (2001-2011) versus
the future period (2020-2049)

(Yore-vefa) STo,5 L(YoeV-YeVY) alio,90 ;0 ddgn ;0 o molie Cardg dumlio T Joua

Area Ground water(MCM) Runoff(MCM) Inflow to Lake(MCM)
Present Future Present Future Present Future
Sub basin 1 3442 3395 1294 1342 - -
Sub basin 2 5509 2836 349 286 - -
Sub basin 3 752 622 - -
Sub basin 4 13638 9034 64 39 - .
Sub basin 5 17388 943 16 15 - -
Basin 24326 16209 2480 2305 456 102
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Fig. 6- Average water withdrawal and return flow associated to the different economic sectors 2001-2011
(Jamab, 2013)
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Table 4- Economic indicators in service, industrial and agricultural sectors for the whole basin in the base
period (2001-2011)
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Types of Economic water Employr_ne_:nt Labor productivity Added value
consumption IRIV 3 productivity (10% IRR/ person) (10° IRR)
Productivity m (person/MCM )
Services 599295 2580 231 18,296,426
Industry 2643248 9811 238 1,521,271
Agriculture 2076 41 51 5,785,202
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Fig. 7- The diagram of the status of water security indicators: (a) Environment (b) Economic and (c) social
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