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Introduction

Regarding water scarcity and climate change in Iran, it is necessary to choose an appropriate model
for water resources management. To study the effects of climate change, the outputs of AOGCMs
Models were used (Lane et al., 1999). Downscaled weather data using LARS-WG model were then
used in the watershed simulation model to estimate the streamflow and crop water requirement so as
to evaluate the effects of climate change. Hydrologic models were, indeed, needed to simulate the
streamflow, and input to the watershed simulation model so as to estimate water supply in the
watershed. WEAP model can be used for investigating and simulating the water system performance
under the influence of climate and management scenarios. (Tarek et al., 2017). The purpose of this
study was, thus, to investigate the climate change impacts on the amount of streamflow to water
supply into the Sattarkhan reservoir as well as the allocation of water in Aharchay watershed.

Methodology

Historical data were used to develop and calibrate the rainfall-runoff. The projections of a GCM
were downloaded and downscaled using LARS-WG. The modified weather and resultant streamflow
were then implemented in WEAP to analyze climate change impacts on water allocation.

Climate Prediction
GCMs models were different, based on several criteria such as differences in representing coupled
ocean-land system and carbon dioxide concentration. Greenhouse gas emissions scenarios and AlB,

A2 and B1 were reported by the Intergovernmental Panel on Climate Change (IPCC) to simulate the
possible effect of climate change in future.

Downscaling
The LARS-WG model is a statistical downscaling model which have a better performance in
comparison to other statistical models such as SDSM (Karamouz et al., 2012a).
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Rainfall-runoff model

IHACRE model is used to perform the rainfall-runoff simulation. It consists of two interconnected
linear and non-linear sections that are defined for the calculation of losses and conversions of the
effective rainfall to runoff (Croke et al. 2005).
Simulation and uses different scenarios

WEAP model, which is based on the mass balance equilibrium of water, is used to simulate basin
water resources. This model needs historical hydrometric and synoptic station data. The years 2008
and 2025 are selected as the base and end years for modeling such purposes, respectively.

Results and discussion
Downscaling model

LARS-WG model was used for downscaling precipitation, temperature and sunshine hour data.
Considering the confidence level of 0.05 for both Kolmogorov-Smirnov and t -tests, the critical p -
values were obtained 0.275 and 2.57, for a sample size of 12. The statistical analysis showed that the
differences between the generated and observed values are acceptable. Calculating the average value
monthly during 2011-2030 indicated that rainfall decreased by 5.3%. Compared to the observation
period, the same statistics for the minimum and maximum temperature increased by 0.5 and 0.6
degrees Celsius under A1B scenario, respectively.

IHACRES model results

Daily observation for the periods of 2008-2005 and 2011-2009 were used for the calibration and
validation of IHACRES, respectively. Based on the results, R2 value for the calibration period was
0.65, and the values of RMSE and MAE metrics were 1.4 and 0.3, respectively. Input into the
reservoir in the future periods was estimated by the developed IHACRES model. Data generated by
LARS-WG under the A1B climate change scenario were, then, utilized. The results showed that the
streamflow peak in the historical period in April was higher than that in the forecast period.
However, this peak occurred earlier in March due to the changes in the rainfall pattern.

CropWat results

To analyze the effect of climate change on the evapotranspiration, the outputs of the LARS-WG
model were used. Regarding the correlation between the weather variables (Ahmadi, 2010), the
linear regression equation for the relative monthly humidity in the form of E. . (2) was used:

RH = 84.1 — 1.425un + 1.83T i, — 1.62Tpax + 0.14Rain )

Where RH: Relative humidity (%), Tmax: Maximum temperature (°C), Tmin: Minimum
temperature (°C), SUN: Sunshine hours, Rain: Precipitation (mm).

The amount of agricultural water demand increases by increasing the minimum and maximum
temperature and decreasing precipitation in future periods. The crop water demand under A2
scenario is obtained 18067 (m%/ha), showing 7% increase compared to the A1B and B1 scenarios,
which increases by 6% and 5%, respectively.

WEAP

If the weather conditions, the domestic water demand, and the total land area for cultivation are
kept fixed during the whole simulation period, water deficit in the agricultural sector will be 6.7
million cubic meters. This is due to increased crops’ water demand in this sector which is not
satisfied. The demand coverage for this sector in the months of December, January and February for
all three scenarios is 100%. The lowest deficit is under scenario B1 with 84.8 million cubic meters,
which shows a better performance comparing to two other scenarios A2 and A1B, by %23 and %12,
respectively.
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Conclusion

In this research, the effect of climate change is analyzed on Aharchay water resources system
using the GCMs model (HADCM3) projections under A1B, A2 and B1 scenarios. The findings
showed that the agricultural sector will suffer a shortage of water supply in future under A2 scenario.
The results also indicated that the lowest deficit in this sector is resulted under the B1 scenario, as
84.8 million cubic meters. The domestic sector will, in turn, have the most water deficit under

scenario A2 in 2024, as 3.3 million cubic meters, while B1 scenario will result in less deficit.
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Table 1- Evaluation of LARS-WG model during calibration period (1986-2007)

Variable R2 RMSE MAE MBE
Min.
Temperature 0.99 0.34 0.29 -0.16
Max.
Temperature 0.99 0.45 0.35 -0.12
Rain 0.85 5.37 4.17 -1.75
Sunshine 0.98 0.24 0.2 0.005
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Table 2- Maximum value for Kolmogorov-Smirnov and T test

Max. Rain Min. Temp Max. Temp Sun shine
Value K-S T-test K-S T-test K-S T-test K-S T-test
Value 0.0176 1.055 0.158 1.191 0.153 0.935 0.131 14
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Fig. 4- Comparison of average monthly observed and generated with A1B scenario, a)Maximum
temp., b) Mimimum temp., ¢)Sunshine hour, d) Rain
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Table 3- Seasonal and annual variations of runoff (2015-2025)

B1 A2

Annual Atumn Sum.  Spring Win. Annual  Atumn Sum.  Spring Wint.
2015 59.5 54.4 2.6 47.9 133.1 60.1 41.1 2.1 56.4 139.7
2016 74.2 23.1 9.9 53.3 210.4 66.1 18 1.9 75 169.3
2017 46.9 48 159 53 70.9 29.8 13.4 2.9 61.9 41.2
2018 47.8 47 1.9 69.6 82.8 43.1 37.6 1.6 75.5 57.7
2019 30 215 3.4 33.8 61.6 31.2 17 2.6 41.6 63.7
2020 45 34.8 9 40.7 95.4 40.7 26.3 7.3 44.2 85.1
2021 23.8 15.4 6.2 45.3 28.5 24.6 12.1 4.7 51.4 30.2
2022 39.7 24.2 5.3 59.4 69.8 35.9 18.1 4 63.7 57.8
2023 23.1 23.2 1.1 34.5 33.7 22.1 18.2 0.8 40.4 28.9
2024 25.1 55 1.9 16.6 27 22.3 41.7 1.3 18.5 27.8
2025 38.5 16.9 5.5 42.6 89.1 37.6 12.9 4.3 49 84.2
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