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Global warming, caused by the increase in greenhouse gas concentrations in recent
decades, has led to significant changes in climatic parameters, which can impact
surface water resources and, consequently, hydropower production. The Karun
basin, as one of the most important sources of water supply and hydropower
generation in the country, plays a crucial role due to its large reservoir dams. This
study evaluates the impact of climate change on the surface water resources of the
Karun basin and hydropower generation at the Shahid Abbaspour Dam under future
scenarios of RCP emissions. For this purpose, an Artificial Neural Network (ANN)
model was used to simulate and predict hydro-climatic data and hydropower
generation. The simulation results indicate that, in future periods, the annual
hydropower production will vary between a 2.5% increase and a 22.3% decrease
compared to the baseline period. Furthermore, under the optimistic scenario
(RCP2.6), the changes in hydropower energy show a non-significant increase, while
under the pessimistic scenarios (RCP4.5 and RCP8.5), a significant decrease in
energy production is confirmed. These results suggest that climate change could
have considerable negative effects on surface water resources and hydropower
production in the future, highlighting the need for water resource management and
long-term planning.
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EXTENDED ABSTRACT

INTRODUCTION

The extensive use of fossil fuels has led to the escalation of greenhouse gas emissions and subsequent
climate change, posing serious threats to human life and natural ecosystems. Renewable energy
sources, especially hydropower, offer a viable solution to mitigate these impacts. Hydropower plants
are particularly favored due to their environmental and economic benefits; however, their performance

is highly dependent on hydrological conditions, which are vulnerable to climate change. In Iran, the
Shahid Abbaspour Dam plays a critical role in supplying hydropower and ensuring the stability of the
regional energy network. Therefore, this study aims to assess the impacts of climate change on surface
water resources and hydropower production in the Karun Basin under RCP scenarios.

DATA AND METHODOLOGY

The study area is the Karun River Basin, a major source of water and hydropower production in Iran.
To predict future climate impacts, hydro-climatic outputs from the HadGEM2-ES model under
RCP2.6, RCP4.5, and RCP8.5 scenarios were utilized for the periods 2021-2040, 2041-2060, and
2061-2080. Input data including reservoir inflow, outflow, and storage volume, with various time
delays, were fed into a Multilayer Perceptron (MLP) Artificial Neural Network. Based on model
performance evaluation metrics, the MLP11 configuration was selected for final simulations due to its
superior predictive accuracy (Table 1).

Table 1: Input scenarios to the neural network for modeling hydroelectric energy of Shahid Abbaspour Power
Plant (Source: Authors)

Input Function Model Number
Hydropower (t)={ Qt(in) } MLP1
Hydropower (t)={ Qt(out) } MLP2
Hydropower (t)={ V(t) } MLP3
Hydropower (t)={ Qt(in), Qt(out), V(t) } MLP4
Hydropower (t)={ Qt(in), Qt-1(in), Qt-2(in) } MLP5
Hydropower (t)={ Qt(out), Qt-1(out), Qt-2(out) } MLP6
Hydropower (t)={ V(t), V(t-1), V(t-2) } MLP7
Hydropower (t)={ Qt(in), Qt-1(in), Qt-2(in), Qt(out), Qt-1(out), Qt-2(out) } MLP8
Hydropower (t)={ Qt(in), Qt-1(in), Qt-2(in), V(t), V(t-1), V(t-2) } MLP9
Hydropower (t)={ Qt(out), Qt-1(out), Qt-2(out), V(t), V(t-1), V(t-2) } MLP10
Hydropower (t)={ Qt(in), Qt-1(in), Qt(out), Qt-1(out), V(t), V(t-1) } MLP11
Hydropower (t)={ Qt(in), Qt-1(in), Qt-2(in), Qt(out), Qt-1(out), V(t), V(t-1) } MLP12
Hydropower (t)={ Qt(in), Qt-1(in), Qt-2(in), Qt(out), Qt-1(out), Qt-2(out), V(t), V(t-1) } MLP13
Hydropower (t)={ Qt(in), Qt-1(in), Qt-2(in), Qt(out), Qt-1(out), Qt-2(out), V(t), V(t-1), V(t-2) } MLP14

To select the best neural network model, the values of goodness-of-fit criteria in both the training and
testing phases for the fourteen models used are presented in Table 1. As observed, the MLP11 model
with six input variables-including inflow, outflow, and reservoir volume (current and one-month
lagged)-demonstrated superior performance in hydropower energy modeling. This model yielded the
highest values of correlation coefficient and coefficient of determination, as well as the lowest root
mean square error (RMSE) in both the training and testing phases, and was therefore selected as the
optimal model.

RESULTS AND DISCUSSION

Simulation results indicated that in future periods, hydropower production would vary between a 2.5%
increase and a 22.3% decrease compared to the historical baseline. Under the RCP2.6 scenario, annual
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hydropower production exhibited an insignificant upward trend, while under the RCP4.5 and RCP8.5
scenarios, a significant downward trend was detected. The greatest declines in energy production are
projected for May and July, whereas the highest increases are expected in February. Seasonal analysis
revealed more severe reductions in energy production during spring and summer seasons. Trend
analysis over 60 years using the Mann-Kendall and Sen’s slope tests confirmed a statistically
significant decline in hydropower production under the RCP8.5 scenario.

CONCLUSION

This study underscores that climate change could exert substantial adverse effects on hydropower
production at the Shahid Abbaspour Dam, particularly under pessimistic emission scenarios.
Consequently, long-term planning and integrated water and energy resource management are essential
to mitigate the potential impacts of climate change and to ensure sustainable hydropower production.
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