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The Effect of Climate Change on Climate Variables and Runoff Kamal-
Saleh Watershed in Markazi Province

Zahra Fahimirad?, Taher Rajaee?, Nazanin Shahkarami®
Abstract

In this study, to predict the effect of climate change on hydro-climate variables in the study area, based
on downscaled outputs from atmosphere general circulation models, the most appropriate scenarios
were used. For this purpose at first, by valid trend tests, climate change in the case study was valued
during the base period (1976-2005). Then the CanESM2 model under RCP2.6, RCP4.5, and RCP8.5
scenarios in three future periods (2039-2010) (2040-2069) and (2070-2099) was used, and the SDSM
model was used to downscale the climatic data. The results of the simulation for future periods and
comparison the results with the base period indicated that average temperature increase between 1.3 to
5.7 (°C), the mean annual precipitation under the RCP4.5 scenario for all three future periods decrease
and for RCP8.5 scenario for all three periods increase and also for RCP2.6 it has a reduction of
precipitation for 2010-2039 and precipitation increase for other two future periods. The IHACRES
model was used to simulate runoff. The results showed that for all periods and RCPs scenarios, the
runoff decreases between 10 to 38% in comparison with the basic period. Based on the results of this
study, increasing temperature and decreasing precipitation over the next years will reduce the runoff
and water resources of the region due to increased evaporation and transpiration, which in the future
will increase the probability of increasing drought and flood in the region. Therefore, to adapt to climate
change, appropriate managerial approaches at the watershed should be considered.
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Abstract

In this study, to predict the effect of climate change on hydro-climate
variables in in the Kamal Saleh Dam basin located in the central province
of Iran in the future, based on downscaled outputs from atmosphere
general circulation models, the most appropriate scenarios were used. For
this purpose at first, by valid trend tests, climate change in the case study
was valued during the base period (1976-2005). One of them is usually
known as Kendall’s statistic, has been widely used to test for randomness
against trend in hydrology and climatology. It is a rank-based procedure,
which is robust to the influence of extremes and good for use with skewed
variables and another one which is Sen's slope is an estimator method
proposed by Sen for determining the trend line slope in a time series of
data. It is a nonparametric method that uses a median slope for the time
series of data by analyzing the difference between observations of a time
series. To investigate the effects of climate change, climate parameters on
temperature and precipitation in future periods (2039-2010), (2069-2040)
and (2070-2070) using CanESM2 general circulation model outputs,
under RCP2.6 emission scenarios, RCP4.5 and RCP8.5 were simulated.
The CanESMZ2 is a comprehensive model and fourth generation of general
circulation models (CGCM4) and is part of the CMIP5 models series and
the Fifth Report (AR5) of Intergovernmental Panel on Climate Change
(IPCC). In order to downscale temperature and precipitation from
CanESM2 output under RCP8.5, RCP4.5, RCP2.6 climate scenarios,
SDSM4.2 model was used and after model calibration and verification,
each scenario in the three periods 2039- 2010, 2069-2040 and 2070-2070
compared to the base period. This model is one of the most widely used
statistical tools of downscaling that is useful in meteorological,
hydrological, geographical and environmental studies. The data are
divided into two calibration and verification steps for each model. The
calibration period from 1976 to 1990 and the period from 1991 to 2005
are considered as verification periods. The results of the simulation for
future periods and comparison the results with the base period indicated
that average temperature increase between 1.3 to 5.7 (°C), the mean annual
precipitation under the RCP4.5 scenario for all three future periods
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decrease and for RCP8.5 scenario for all three periods increase and also
for RCP2.6 it has a reduction of precipitation for 2010-2039 and
precipitation increase for other two future periods. In order to investigate
the impact of climate change on the surface inflow to the dam, it is
necessary to use a simulation model to extract runoff using inputs
variables .To simulate runoff, IHACRES conceptual model was used in
this research, which is briefly explained in the following. In this research
tried to evaluate a method with minimum required parameters in order to
reduce the uncertainty related to the parameters in the conceptual
methods. Therefore, the IHACRES model has been used. To evaluate the
performance of the models and compare obtained results some
Performance criteria are used. The root mean square error (RMSE). Mean
absolute error (MAE), and Nash-Sutcliffe coefficient (NS), and
Coefficient of correlation (R) are used. The results showed that for all
periods and RCPs scenarios, the runoff decreases between 10 to 38% in
comparison with the basic period. Based on the results of this study,
increasing temperature and decreasing precipitation over the next years
will reduce the runoff and water resources of the region due to increased
evaporation and transpiration, which in the future will increase the
probability of increasing drought and flood in the region. Therefore, to
adapt to climate change, appropriate managerial approaches at the
watershed should be considered.

1.  Introduction

In this study, to predict the effect of climate change on hydro-climate variables in the study area, based
on downscaled outputs from atmosphere general circulation models, the most appropriate scenarios
were used.

2. Materials and Methods

By valid trend tests, climate change in the case study was valued during the base period (1976-2005).
One of them is usually known as Kendall’s statistic, has been widely used to test for randomness against
trend in hydrology and climatology. It is a rank-based procedure, which is robust to the influence of
extremes and good for use with skewed variables and another one which is Sen's slope is an estimator
method proposed by Sen for determining the trend line slope in a time series of data. It is a
nonparametric method that uses a median slope for the time series of data by analyzing the difference
between observations of a time series. Then the CanESM2 model under RCP2.6, RCP4.5, and RCP8.5
scenarios in three future periods (2039-2010) (2040-2069) and (2070-2099) was used. The CanESM2
is a comprehensive model and fourth generation of general circulation models (CGCM4) and is part of
the CMIP5 models series and the Fifth Report (AR5) of Intergovernmental Panel on Climate Change
(IPCC) and the SDSM model was used to downscale the climatic data. This model is one of the most
widely used statistical tools of downscaling that is useful in meteorological, hydrological, geographical
and environmental studies. To simulate runoff, IHACRES conceptual model was used in this research,
which is briefly explained in the following. In this research tried. To evaluate the performance of the
models and compare obtained results some Performance criteria are used. The root mean square error
(RMSE). Mean absolute error (MAE), and Nash-Sutcliffe coefficient (NS), and Coefficient of
correlation (R) are used.

3. Results

The results of the simulation for future periods and comparison the results with the base period indicated
that average temperature increase between 1.3 to 5.7 (°C), the mean annual precipitation under the
RCP4.5 scenario for all three future periods decrease and for RCP8.5 scenario for all three periods
increase and also for RCP2.6 it has a reduction of precipitation for 2010-2039 and precipitation increase
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for other two future periods and for all periods and RCPs scenarios, the runoff decreases between 10 to
38% in comparison with the basic period

4.

Discussion and Conclusion

Based on the results of this study, increasing temperature and decreasing precipitation over the next
years will reduce the runoff and water resources of the region due to increased evaporation and
transpiration, which in the future will increase the probability of increasing drought and flood in the
region. Therefore, to adapt to climate change, appropriate managerial approaches at the watershed
should be considered.
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