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Climate change is one of the main challenges that has affected human life in recent
decades. It plays a significant role in changing runoff due to its effects on
temperature and precipitation. Therefore, evaluating this phenomenon is very
important for assessing water resources and land management based on sustainable
development. This research aimed to investigate the effects of climate change on
runoff using the Budyko framework. Four sub-watersheds named Olang Asadi,
Ardak Band Sarooj, Zoshk, and Kardeh Dam were selected from the QareQom
watershed. Then, using the downscaled temperature and precipitation data of the
CORDEX project of the GFDL-ESM2M model, under two emission scenarios
(RCP4.5 and RCP8.5), the runoff variation was evaluated for the times period of
2006-2100. The Nash-Sutcliffe statistic for the results produced by the Budyko-
Zhang model for the studied areas was between 0.72-0.87, which indicated the
appropriate performance of this model in runoff estimation. In addition, the results
of the GFDL-ESM2M model indicated an increase in temperature and a decrease in
rainfall under both RCP4.5 and RCP8.5 climate scenarios. The temperature
forecasts from GCM indicated a warmer climate in the future with a significant
upward trend and a significant decrease in precipitation with a significant
downward trend, both of which play an important role in reducing future runoff.
The results of the Mann-Kendall test showed that the runoff in all the studied areas
under both RCP4.5 and RCP8.5 scenarios and during the period of 1989-2100 had a
downward trend. It can be concluded that the increase in temperature and also the
decrease in precipitation in the future can reduce the runoff.
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EXTENDED ABSTRACT

Introduction: The importance and role of water in human life and the stability of the ecosystems is not hidden
from anyone, therefore it has always been the focus of researchers and experts. The prediction results of many
models (General Circulation Models) show that the amount and intensity of changes in climate phenomena such
as rainfall and temperature are increasing in different regions of the world. The International Panel on Climate
Change (IPCC) stated that the increase in temperature in successive decades causes considerable changes in the
hydrological cycle such as the increase of water vapor in the atmosphere, changes in the pattern and intensity of
precipitation, changes in extreme events, reduction of snow cover, widespread melting of ice as well as changes
in soil moisture and runoff. Quantitative investigations of climate change effects on hydrological characteristics
such as runoff discharge can be necessary to develop sustainable solutions for water resource management and
help decision-makers for future planning. The effects of land use, vegetation, and climate change on runoff can
generally be identified using hydrological models. In general, increasing surface runoff can increase the
occurrence of floods and droughts and decrease water resources. To investigate the impact of climate change in
future periods, first, the future climate variables must be simulated. By summarizing the previous research
regarding the effects of climate change on hydrological processes and its importance in water resources
management, the main purpose of this research was to evaluate the effects of climate change on two parameters
of rainfall and temperature, and consequently on runoff in selected areas of northeastern Iran.

Methodology: In this research, four sub-watersheds of Zoshk, Olang Asadi, Ardak Band Sarooj, and Karde
Dam were selected from the QareQom watershed with different morphological and geological characteristics.
Then, data related to monthly precipitation, monthly minimum, maximum, and mean temperature, monthly
evaporation, and monthly discharge were obtained from the meteorological and hydrometric stations located in
the study area. In addition, to investigate the impacts of climate change on runoff in future time periods, the
GFDL-ESM2M model related to the fifth report was used along with two released scenarios of RCP8.5 and
RCPA4.5 for the studied area. To determine the trend of predicted data of temperature, precipitation, and runoff in
the future, the Mann-Kendall test was used. The Budyko's framework was also used to estimate future runoff.
To evaluate the accuracy of the Budyko-Zhang model, the estimated data were compared to those measured in
the hydrometric station using three statistics including determination coefficient (R?), relative error (RE) and
Nash-Sutcliffe coefficient (NSC).

Results and Discussion: The results showed that the Budyko-Zhang model has a good ability to estimate the
runoff of the studied areas so that the value of R? varies from 0.73 to 0.94 and the NSC was obtained above 0.7
in all areas, which shows the proper efficiency of the model. Based on the results, temperature has an upward
and significant trend during the statistical period (1989-2100) in all areas in both RCP. Precipitation has a
downward trend in the future, but this trend was not statistically significant in all areas under RCP4.5, whereas
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in RCP8.5, it showed a significant trend. In addition, the runoff had a decreasing trend in the studied period,
which was significant in Karde station in both scenarios. In the Ardak and Zoshk stations, this trend was
significant under RCP4.5 but not significant under RCP8.5, while these results were the opposite in the Olang
Asadi station.

Conclusion: As a conclusion of this research, the following can be mentioned:

e The results of the Budyko-Zhang model, with an R? coefficient of about 0.73-0.94, and a Nash-
Sutcliffe coefficient of 0.72-0.87, indicate high agreement between observed and estimated runoff
values, which shows very good ability of the model in estimating future runoff.

e Compared to the base period, the GCM model predicted higher temperature and lower precipitation for
the future in all four sub-watersheds.

e  The results of the Mann-Kendall test showed that in all sub-watersheds, temperature has an upward and
significant trend under both scenarios, while the precipitation has a downward trend in the future,
which was not significant under RCP4.5 scenario, and significant under the RCP8.5 scenario.

e Finally, it can be said that the temperature forecast from the GFDL-ESM2M model indicates a warmer
climate in the future and plays an important role in reducing future runoff, also, the predicted decrease
in rainfall can lead to the reduction of runoff in the future years.
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Table 2- Estimation of coefficient K in each sub-watershed
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Figure 2- Comparison of estimated values of E, from BC method (before and after correction of parameter k)
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Table 3- Estimation of coefficient ® in each area
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Table 4- Estimation of model confidence level analysis indicators
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Figure 3- Comparison of observed (blue line) and estimated (orange line) runoff based on Zhang's empirical
equation in the Budyko framework
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Table 5- Results of Mann-Kendall temperature analysis during 1989-2100 under RCP4.5 and RCP8.5 scenarios

RCP8.5 RCP4.5
2 - sided , Kendall test Positive 2 - sided , T
p-value Kendall's tau Significance p-value Kendall's tau 550l 0je>
<0.001 0.782 0.05 <0.001 0.578 Sl
<0.001 0.768 0.05 <0.001 0.573 03,8
<0.001 0.755 0.05 <0.001 0.568 Gl Sl
<0.001 0.782 0.05 <0.001 0.578 S
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Figure 4- Simulated temperature time series curve (°C) of Ardak Sub-watershed for the period of
1989-2100 under RCP4.5 and RCP8.5 scenarios
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Figure 5- Simulated temperature time series curve (°C) of Karde Sub-watershed for the period of 1989-2100
under RCP4.5 and RCP8.5 scenarios
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Figure 6- Simulated temperature time series curve (°C) of Olang Sub-watershed for the period of 1989-2100 under
RCP4.5 and RCP8.5 scenarios
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Figure 7- Simulated temperature time series curve (°C) of Zoshk Sub-watershed for the period of 1989-2100 under
RCP4.5 and RCP8.5 scenarios
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Table 6- Results of Man-Kendall analysis of precipitation during 1989-2100 under RCP4.5 and RCP8.5 scenarios

RCP8.5 RCP4.5
2p:vse:Idueed Kendall's tau Keng?élnti??;aic():séitive Zp:\f;:jueg Kendall's tau Sl 0590 333
0.0001 -0.241 0.05 0.104 -0.282 St
0.0002 -0.238 0.05 0.051 -0.292 83,8
0.001 -0.199 0.05 0.42 -0.262 Gl S
0.0001 -0.243 0.05 0.099 -0.283 «S.JS}
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Figure 8- Simulated precipitation time series curve (mm) of Ardak sub-watershed for the period of 1989-
2100 under RCP4.5 and RCP8.5 scenarios
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Figure 9- Simulated precipitation time series curve (mm) of Karde sub-watershed for the period of 1989-
2100 under RCP4.5 and RCP8.5 scenarios
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Figure 10- Simulated precipitation time series curve (mm) of Olang sub-watershed for the period of 1989-2100 under
RCP4.5 and RCP8.5 scenarios
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Figure 11- Simulated precipitation time series curve (mm) of Zoshk sub-watershed for the period of 1989-2100 under
RCP4.5 and RCP8.5 scenario
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Table 7- Results of Man-Kendall analysis of runoff during 1989-2100 under RCP4.5 and RCP8.5 scenarios
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Figure 12- Simulated runoff time series curve (mm) of Ardak sub-watershed for the period of 1989-2100 under
RCP4.5 and RCP8.5 scenarios
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Figure 13- Simulated runoff time series curve (mm) of Karde sub-watershed for the period of 1989-2100 under
RCP4.5 and RCP8.5 scenarios
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Figure 14- Simulated runoff time series curve (mm) of Olang sub-watershed for the period of 1989-2100 under
RCP4.5 and RCP8.5 scenarios
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Figure 15- Simulated runoff time series curve (mm) of Zoshk sub-watershed for the period of 1989-2100 under
RCP4.5 and RCP8.5 scenarios
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