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Introduction

Climate change is a serious challenge to human interest by its adverse effect on various sectors,
such as water sources, agriculture, and energy. According to IPCC report, the average annual
temperature of the earth has been raised between 0.3 to 0.6° because of the spread of the greenhouse
gases, and this report predicts this amount will increase between 1 to 3.5 until 2100(Boberg et al
2010).

To study the effect of greenhouse gases in the atmosphere and the oceanic-atmospheric, general
circulation model in regional scale is the most efficient vehicle. These models have been developed
to simulate the current climate. They also performed well in predicting future changes in the climate
and simulating interactions of soil, atmosphere, and oceans (IPCC, 2007). The effect of climate
change on water sources is assessed using rainfall-runoff models by simulating hydrological
processes. Studying future climate change and its likely events will help planners and water sources
administrators to cope with the future challenge. Considering these likely changes will contribute to
objective planning toward optional operations. Predicting future runoff value is one of the most
important factors about dam construction, water transferring, agricultural growth and industrial
activities.

Semenov (2008) assessed LARS-WG performance by data from 20 representative stations.
Babaeian et al, (2004) and Khaliliagdam, et al( 2013), studied the effect of climate change on the
hydroelectric reservoir of Jor Dam by the microclimate model LARS-WG and scenarios B1, B2, and
A1B. Output results of the model showed that Tmin and Tmax will increase to the amount of 0.3-0.6
degrees. As a result, available water reservoirs of behind the dams for hydroelectric generation are
affected by the decreased rainfall. BaniHabib et al, (2016), simulated the input flow of Shahcheraghi
Dam using the generator LARS-WG, data downscaling, and the function of artificial neural networks
on output of LARS. They found that nightly and daily temperatures rise 1.1 and 1.2 degrees from
2015 to 2040, and rainfall will decrease by 9% during January. By simulating artificial neural
networks, it was determined that the input flow will experience 2.4-4.1 % decrease based on different
scenarios.

2. Materials and methods
The method adopted in this study is experimental.
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2.1. Study area and data

The Sarab Basin has part of Behesht-Abad (sub-basin of North Karoun Basin) Basin. The size of
Sarab Basin is 975kmz2. This basin is accountable for around 70% of the surface water resources of
the Behesht-Abad Basin. Thus it plays an important role in terms of natural resources, agriculture,
and the economy. Any change in climatic factors will have serious economic consequences.
To evaluate the impact of climate change, this work was carried out in three stages. At the first step,
the trend in historical data was investigated using the non-parametric Mann-Kendall method. Then in
the second step, the changes in the temperature and precipitation were detected. The evidence of
climate change, such as changes in the Tmax, Tmin, Rainfall, and discharge, were tested. In the third
step, the Lars-WG database output was used as a data source for future temperature and precipitation
under AR4 scenarios.

2.2 Trend test

The Mann-Kendall test was used for detecting trends in long time series. This approach is based
on the idea that what has happened in the past gives an idea of what will happen in the future. A
trend can be considered as the general movement over time of a statistically detectable change. A
downward trend means that the variable consistently increases; however, the trend may or may be
non-linear. If the computed Z-statistic comes out as z > + 1.96, there is an upward trend at alpha >
0.05. If the computed Z-statistic shows z < -1.96, there is a downward trend at alpha > 0.05. Z-test
statistic can be determined from one of the following relationships:

[n(n—1)2n+5) - X%, t;(t; — 1) (2t; + 5)]

var (s) = 18 @
=D .9
JVar(S)
Zy=40 S=0 (2)
$S+1 S<0
L/Var(S)

A Z-statistic greater than 1.96 and 2.58 indicates a significant trend in levels of 5% and 1%,
respectively. If the Z-statistic value is positive, the trend of data series is upward. For a negative Z-
statistic value, the trend is downward.

2.2.1 Description of LARS-WG

LARS-WG model is a single site stochastic weather generator for generating future daily climatic
data, e.g. rainfall, radiation, Tmin, and Tmax, which generates the simulated time series based on
current data ((Johnson et al. 1996). This model has been gradually improved to provide a means to
simulate the future climate projections (Semenov and Barrow 2002, Semenov 2008).

The simulation of rainfall events is based on alternating wet and dry series. For rainy days
(precipitation > 0.0 mm) the values are generated from the semi-empirical distribution of the
corresponding month. That is independent of the rainfall of previous days or the length of the wet
series (Semenov, 2002). The daily Tmax and Tmin are calculated in the form of a stochastic process
with daily mean and standard deviation related to a given day with the wet or dry condition. Based on
Fourier series, temperature values (Z,) are estimated. Residuals are calculated by subtracting mean

values from observed values as an index for fitness. Through autocorrelation analysis of time series,
the minimum and maximum temperatures can be obtained. LARS-WG has integrated 15 GCM
models and 3 diffusion scenarios, including B1, A2, and A1B for the periods 2011-2030, 2046-2065,
and 2081-2099(Semenov 2008).
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Discussion:

The climate change impact on the water cycle plays a role in exacerbating hydro-climatic hazards.
Sarab Basin due to supplying more than 70% of the water of Beheshtabad River (transferring water
from Karun Basin to Zayandeh Rood Basin), has a good position in water-resource planning. In order
to study the effects of climate change on water resources, hydrometric and climatological data were
used from the 1987-2014 period. The Mann-Kendall nonparametric test was used to determine data
trends and for the prediction of climatic variables, and it was done with the HADCM3 model. Also, it
was considered with climate change scenarios and done with an estimation of water resources in the
horizon of 2006-2036. The test results indicate a significant trend of increasing temperatures,
evaporation, and no changes in the trend of precipitation at the significance level of 95%. The results
of the model and trending indicate a decrease in discharge from 11.1 ™ to 5.9 ™, A decrease of 53%
in discharge due to changes in development policy, temperature, evapotranspiration, and runoff
volume will lead to a decrease of 184.4 million m*. 55.6 million m® of this amount is resulting from
an increase in the temperature and evaporation, and 132.8 million m’resulting from economic
development programs in the basin. Thus, the volume of transferable water will be reduced from 355
million m*to 168 million m°.
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Value Jan Feb  Mar  Apr May Jun Jul Aug Sep  Oct Nov Dec Annual
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Table 2- Mathematical relations used for validation

Equ.2 NRMSE,

Equ.3(R)
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Table 3-Validation the results of climate variables of the model (2010-2013)

Station Value NRMSE R
T min 0.12 0.79
Shahrekord T max 0.09 0.98
Rain 0.21 0.36
T min 0.11 0.86
Farsan T max 0.09 0.98
Rain 0.11 0.47
T min 0.13 0.83
Kohrang T max 0.10 0.98
Rain 0.20 0.53
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Table 4- Comparison of the minimum temperature of the base periods (1981-2013)
and predicted(2014-2059)

Value Apr May Jun  Jul Sep Oct Nov Dec Jun Feb Marc
Observation 1.3 6.4 94 133 101 53 13 -34 -75 -75 -26

Model 2.3 7.7 10.6 154 112 65 21 -15 -28 -16 15
Mann-Kendall 37 31 25 22 23 26 11 13 35 36 4

(1FAY-1£74) w9 (VFL=1TAY )AL 0590 dilale dinis (Slod dwslio -0 fou>
Table 5- Comparison of the maximum temperature of the base period (1981-2013)
and predicted (2014-2059)

Value Apr May Jun Jul Aug Sep Oct Nov Dec Jun Feb Marc
Observation 14.8 20.9 27.7 323 29.2 24 15 88 46 5 10.2
Model 15.9 21.8 28.6 32.8 296 248 162 93 55 56 114
Man-Kendall 1.3 0.33 0.58 0.4 -065 045 051 -21 01 16 24 27

(IFAr—1EY)o0d guw (i 9 (1FT—1FAY )l 0595 ldle b3k dwlis -1 Jeus
Table 6- Comparison of Monthly Precipitation of Basic Period (1981-2013) and predicted (2014-2059)

Value Apr May Jun Jul
Observation 78.9 32.3 17 0
Model 112.4 475 6.9 0
Man-Kendall 2.4 2.6 0.95 1.5

Sep Oct Nov Dec Jun Feb  Marc
0 135 944 1037 1048 112 127
0 157 85 106 873 91 1215

0.99 052 0.74 041 1 019 29
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Fig. 6- Annual precipitation and its trend line in Sarab basin (1992-2013)
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Fig. 8- Comparison of observed and estimated model discharge (1987-2013- and 2006-2036)
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Table 7- Water requirement and it’s projects for the year 2025 in the Sarab basin.

Projects Valume(MCM)

Banahidar Dam 20.4

Alej Dam 14.5

Bidekan 13.3
Gojan Dam 33

Water supply(Rastab-Choliche) 7.8
Water supply Laran 6.7
Darebad Dam 20
Industrial and Drink 13

Sum 128.8
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