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Abstract

Climate Change and prediction of its impacts on Earth’s
system is an important issue in order to reduce the vulnerability
and to have appropriate measures to deal with it. In this
context, deep uncertainty is the key factor in Climate Change
studies. In this study we used the regional risk assessment
framework (RRA) to integrate assessment of river basin
situation considering deep uncertainties. In this regard, the
Zrebar Lake basin was selected as a case study for assessing
the proposed methodology. The calibrated SWAT model was
used for simulation of the Zrebar Lake basin in the base and
climate change condition. The downscaled outputs of RCP2.6,
RCP4.5 and RCP8.5 emission scenarios of nine GCM models
in three projected periods (2011-2040 and 2041-2070 and
2071-2100) were entered into the model to simulate the effects
of climate change. After assessing changes in vulnerable
factors in Zarebar Lake basin in order to improve the condition
of these factors, adaptation strategies were evaluated with
regional risk assessment framework. The results showed that
the mean annual temperature was increased by 0.3°C in the
first projection period, by 0.6°C in the second projection period
and by about 1°C by the end of the twenty-first century. Also
the mean annual precipitation in the three projected periods
was increased respectively by about 38.5, 66.0 and 87.1 mm.
Assessment of the climate change impacts on risk receptors
showed that the crop yield and the recharge of aquifers faced
the greatest damage under climate change condition. Also,
rainfed wheat dealt with more damage compared to other
crops. The results indicated the need for appropriate
infrastructure in order to cope with the effects of the climate
change.
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Table 1- List of the global climate models used in

this study
03lw] 3,90 GCM s Je - Jouo
Model Country Resolution

BCC-CSM 1-1 China 128*64
CNRM-CM5 France 256*128
CSIRO-MK3-6-0  Australia 192*96
GFDL-ESM2M us 144*90
HadGEM2-AO0 Korea 192*145

IPSL-CM5A-LR  France 96*96
MIROC5 Japan 256*128
MPI-ESM-LR  Germany 192*96
NorESM1-M Norway 144*96
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Fig. 4- Average temperature changes in studied periods for different months
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Table 4- Results of model calibration and validation
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Parameter Calibration Validation
R? RMSE R? RMSE
Discharge m®¥sec) 0.65 0.64 0.80 052
Nitrate (ppm) 0.89 0.70 0.82 1.87
Phosphate(ppm)  0.56  0.87 0.52 0.96
The volume of
(MCM)lake 0.79 024 0.33 0.34
Groundwater level 086 096 0.79 117
(m)
Warm Up Calibration Validation

Tnflow 1o the lake (m3/s)

Observation discharge wmms Simulation discharge I

Fig. 6- Simulated and observed discharge in
calibration and validation periods
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Table 5- Vulnerable elements in base period and percent of changes in future
03] 55 Lyl ol yendd o y3 9 Uno 2593 45 o dycanw] (sAVZe —O Jgun

2011-2040 2041-2070 2071-2100

Studied parameter Base Average Average Average

Wheat (ton/hec) 3 -3.36% -8.35% -12.4%

Dry wheat (ton/hec) 1.2 -6.5% -16.5% -28.5%

Barley (ton/hec) 2.4 -3.08% -7.85% -10.55%

= Dry barley (ton/hec) 1.0 -6.75% -17.5% -29.25%
= Tomato (ton/hec) 153 -5% -11.5% -16.5%
Alfalfa (ton/hec) 7.8 -4.4% -12.15% -16%

Tobacco (ton/hec) 2.3 -6.5% -14.85% -21.9%

Apple (ton/hec) 12.0 -4.1% -8.8% -16.4%

o Recharge (mm/year) 128.7 -3.5% -71.9% -10.8%
3 § Nitrate (mg/lit) 52 5.350% 8% -12.9%

© Phosphate (mg/lit) 0.15 -2.9% -7.6% -13.25%

- Discharge (mm H20) 6880 +2.17% +5.7% +8.55%
§ o Nitrate (kg/year) 5680 +1.9% +5% +8.5%
g = Phosphate (kg/year) 117 +1.9% +5.3% +8.2%
o Sediment (kg/year) 460.5 +1.81% +5.1% +7.8%
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Table 6- Classification of yield exposure
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Exposure Classes Range (%)
Very low <5
Low 5-10
Medium 10-25
High 25-50
Very high >50
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Table 7- Classification of sediment and discharge
exposure
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Exposure Classes Sediment Discharge
range (%) range (%) G opegd @po (605 5 w20 CulS (605 Bl o Eoudse
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Fig. 9. a- Land use in the region, b- Classification of vulnerabilities based on yield during the periods
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Fig. 10. a- Classification of vulnerabilities based on discharge during the studied periods, b- Classification of
vulnerabilities based on sediment during the studied periods
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Table 8- Classification of nutrients exposure
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Exposure Classes Nitrogen Phosphate
range (%) range (%)
Very low <5 <3
Low 5-10 3-6
Medium 10-20 6-10
High 20-35 10-15
Very high >35 >15
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Fig. 11. a- Classification of vulnerabilities based on nitrogen during the studied periods, b- Classification
of vulnerabilities based on phosphate during the studied periods
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Fig. 12- Long term average of evapotranspiration in base time and future periods
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Fig. 13- Classification of vulnerabilities based on
nitrogen in groundwater during the studied periods
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Fig. 14- Classification of vulnerabilities based on
groundwater recharge during the studied periods
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Table 9- Classification of recharge and groundwater
nutrients exposure
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Exposure Recharge Nitrogen Phosphate
Classes range (%) range (%) range (%)
Very low <7 <3 <2
Low 7-15 3-7 2-4
Medium 15-25 7-15 4-10
High 25-40 15-25 10-20
Very high >40 >25 >20
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