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Investigation of Climate Change Effect on Hydropower Energy
Generation by Karun 4 Dam

Fahimeh Amini Naghani?, Rasoul Mirabbasi Najafabadi**, Reza Zamani?, Mohammad Ali Nasr Esfahani*

Abstract

Investigation of the potential impacts of climate change on hydropower generation and reservoir
operation at the basin is a necessary issue. In this research, the effect of climate change on the generation
of hydroelectric energy in the Karun 4 dam was investigated. For this purpose, after collecting the
required data, temperature and precipitation variables were generated using general circulation models
(GCM) under RCP4.5 and RCP8.5 climate scenarios for the upcoming period (2029-2050). Then, the
temperature and precipitation values were downscaled for the future period using the changes factor
method. The generated time series were used as inputs for the IHACRES rainfall-runoff model and the
runoff were simulated under different scenarios. Then the effect of runoff variation under considered
scenarios in the amount of generating hydroelectric energy was investigated. Climate predictions
indicate an increase of 1.72 and 2.4° C in the long-term average annual temperature, and a reduction in
the annual precipitation of 5% and 14% under the RCP 4.5 and RCP 8.5 scenarios, respectively, in the
period of 2029-2050. The results of rainfall-runoff modeling indicate that the average annual inflow
into the dam reservoir will be decreased 21% and 34% under the scenarios RCP 4.5 and RCP 8.5,
respectively. In order to investigate the effect of runoff reduction on reservoir status and hydroelectric
generation, the reservoir of Karun 4 Dam was simulated with WEAP software. The results showed that
the generated hydroelectric energy by the Karun 4 Dam in the upcoming period (2029-2050) will be
decreased by 17% and 31% under RCP 4.5 and RCP 8.5 scenarios, respectively.

Keywords: Climate change, Hydropower energy, Karun 4 basin, IHACRES, WEAP.
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Investigation of Climate Change Effect on Hydropower Energy
Generation by Karun 4 Dam

Fahimeh Amini Naghani'®, Rasoul Mirabbasi Najafabadi!’*, Reza Zamani'®, Mohammad Ali Nasr Esfahani!®

Introduction

Hydropower generation in dam reservoirs is completely dependent on the height of water stored in the
reservoir, which is also dependent on the hydrological conditions of the region and will be affected by
climate change. Climate change leads to an increase in temperature, a decrease in precipitation, a shift
in the peak point of runoff due to snowmelt, and a decrease in runoff. It is obvious that the runoff
entering the dam reservoir will be different under these conditions and consequently the amount of
hydropower energy production will be reduced under normal reservoir operating conditions. Therefore,
Investigation of the potential impacts of climate change on hydropower generation and reservoir
operation at the basin is a necessary issue. Numerous studies have been conducted on this subject around
the world.

Madani et al. (2014) examined the effect of climate change on hydropower generation in the highlands
of California. The results showed that energy production increased from January to April under the wet
scenario and increased from January to March under the dry scenario, but decreased in the other months.
Hamududu and Killingtveit (2016) examined hydropower generation under future climate scenarios for
the Zambezi River in South Africa. The results show that the reduction in water resources will lead to
a reduction of hydropower production by 9% in 2020, 18% in 2050 and 28% in 2080 under the A1B
emission scenario. Fan et al. (2020) examined the effect of climate change on hydropower production
in China. The results showed that hydropower is very sensitive and vulnerable to climate change, so
that by 2100 under the RCP4.5 scenario at the rate of 67.49 billion kWh and under the RCP8.5 scenario
at the rate of 153.29 billion kwh will be reduced compared to 2011.

The aim of the present study is to investigate the effects of climate change on the amount of runoff
entering the reservoir of Karun 4 Dam and consequently the amount of hydropower generation of this
dam under RCP 4.5 and RCP 8.5 climate scenarios.

Methodology

Karun 4 Dam is located in Chaharmahal and Bakhtiari province, 180 km southwest of Shahrekord,
which has been built on the Karun River, 670 km from the Karun River tributary to the Persian Gulf.
This dam is the largest two-arched concrete dam in Iran and the fifth tallest dam in the world, which
has the ability to generate hydropower at a rate of 2107 GWh per year. The area of Karun River basin
in the area of Karun 4 Dam is about 12813.4 square kilometers and the average annual rainfall height
of the basin is estimated at about 680 mm. Also, the average evaporation from the surface of the dam
lake is estimated to be 1811.2 mm. The average annual flow of the river is 4927.44 million cubic meters
and the minimum temperature and maximum temperature in the dam position are reported to be 8.0 and
32.4 degrees Celsius, respectively.
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In this research, the effect of climate change on the generation of hydroelectric energy in the Karun 4
dam was investigated. For this purpose, after collecting the required data, temperature and precipitation
variables were generated using general circulation models (GCM) under RCP4.5 and RCP8.5 climate
scenarios for the upcoming period (2029-2050). The base period in this study was 1984 to 2005 and the
future period was 2029 to 2050. Also, the outputs of AOGCMs, according to the fifth report, were
checked by the average outputs of four AOGCM models have been used. Then, the temperature and
precipitation values were downscaled for the future period using the changes factor method (Zamani
and Berndtsson, 2018). The generated time series were used as inputs for the IHACRES rainfall-runoff
model and the runoff were simulated under different scenarios (Jakeman and Hornberger, 1993).

In this study, the mean monthly time series of rainfall and temperature in the basin and the monthly
discharge of the basin in the 16-year period (1984-1990) for model calibration and a 6-year period
(1991-2005) were used as the validation period of the IHACRES model. Then the effect of runoff
variation under considered scenarios in the amount of generating hydroelectric energy was investigated.
In order to model the dam reservoir, WEAP software was used to evaluate the effect of runoff changes
due to climate change on hydropower generation of Karun 4 dam.

Discussion and Conclusion

The results showed that the average monthly temperature increases in both scenarios, which in the future
period under the RCP8.5 scenario will be more than the RCP 4.5 scenario. Also, the decrease in the
average rainfall in the future period (2029-2050) under the RCP 8.5 scenario is greater than the RCP
4.5 scenario. The changes in the average monthly rainfall are expected to be irregular in the coming
period, so that in some months the changes are estimated to increase and in some months to decrease.
Climate predictions indicate an increase of 1.72 and 2.4 °C in the long-term average annual temperature,
and a reduction in the annual precipitation of 5% and 14% under the RCP 4.5 and RCP 8.5 scenarios,
respectively, in the period of 2029-2050. Also, according to the results, the highest increase in
precipitation and the lowest increase in temperature compared to the base period is predicted for spring
season under the RCP 4.5 scenario. The largest decrease in the average rainfall in the future period
(2029-2050) is expected to occur in winter under both scenarios. The highest temperature increase will
be related to the summer season under the RCP 8.5 scenario by 2.52 °C. The results of rainfall-runoff
modeling indicate that the average annual inflow into the dam reservoir will be decreased 21% and 34%
under the scenarios RCP 4.5 and RCP 8.5, respectively. In order to investigate the effect of runoff
reduction on reservoir status and hydroelectric generation, the reservoir of Karun 4 Dam was simulated
with WEAP software. The results showed that the generated hydroelectric energy by the Karun 4 Dam
in the upcoming period (2029-2050) will be decreased by 17% and 31% under RCP 4.5 and RCP 8.5
scenarios, respectively.

Keywords: Climate change, Hydropower energy, Karun 4 basin, IHACRES, WEAP.

The most important references

FanJ.,J. Hu, X. Zhang, L. Kong, F. Liand Z. Mi. 2020. Impacts of climate change on hydropower
generation in China. Mathematics and Computers in Simulation, 167: 4-18.

Hamududu B. H. and A. Killingtveit. 2016. Hydropower production in future climate scenarios,
the case for the Zambezi River. Energies, 9(7): 502. Doi: 10.3390/en9070502

Jakeman A. J. and G. M. Hornberger. 1993. How much complexity is warranted in a rainfall-
runoff model?. Water Resources Research, 29: 2637—2649.

Madani K., M. Guégan and C. B. Uvo. 2014. Climate change impacts on high-elevation
hydroelectricity in California. Journal of Hydrology, 510: 153-163.

Zamani R. and R. Berndtsson. 2018. Evaluation of CMIP5 models for west and southwest Iran
using TOPSIS-based method. Theoretical and Applied Climatology, 137(1-2): 533-543.



