Volume 7, Issue 2 - Serial Number 24, Summer 2026 Online ISSN: 2783-0764

Journal Homage https://www.srds.ir/
https://www.srds.ir/article_234548.html?lang=en

Assessing the impact of climate change on surface water resources (Case study:
Babolrood watershed)

Saleh Arakhi **, Somayeh Emadodin?, Sayed Hussein Roshun?®

L. Associate Professor, Department of Geography and GIS, Faculty of Human Sciences, Golestan University, Gorgan, Iran.

2 Associate Professor, Department of Geography and GIS, Faculty of Human Sciences, Golestan University, Gorgan, Iran.

3, Ph.D. Graduated in Watershed Management, Department of Watershed Management, Faculty of Natural Resources, Sari
Agricultural Sciences and Natural Resources University, Sari, Iran.

Received Date: 02 July 2025 Accepted Date: 19 October 2025

Abstract

Background and Objective: In recent years, climate change and human activities have increasingly
intensified the global water scarcity crisis. These changes have disrupted the hydrological cycle,
placing surface water resources under serious threat in terms of accessibility, quality, and
sustainability.

Methodology: To assess the impact of climate change on surface water resources in the Babolrood
watershed, meteorological and hydrometric data were initially collected. After addressing statistical
deficiencies, removing outliers, and selecting a common temporal baseline, future climate variables
(precipitation, minimum temperature, and maximum temperature) were projected for the period 2020—
2100 using the CanESMS5 climate model under IPCC ARG scenarios SSP1-2.6, SSP2-4.5, and SSP5-
8.5 within the SDSM framework. Streamflow simulation for the future period was conducted using
downscaled data processed through an Artificial Neural Network (ANN). Finally, to identify trends in
the projected data, non-parametric Mann—-Kendall and Sen’s slope estimator tests were applied using
the R software environment.

Results and Findings: Trend analysis of streamflow using the Mann—Kendall test, Sen’s slope
estimator, and the ANN model over the period 2021-2100 revealed a weak and statistically
insignificant decreasing trend across all SSP climate scenarios. The most pronounced decline was
observed under the SSP5-8.5 scenario. Minimum temperature exhibited a non-significant increasing
trend, potentially indicating nighttime or cold-season warming, while precipitation showed no
discernible trend. The ANN model results were consistent with the statistical tests, confirming a
gradual reduction in streamflow, thereby underscoring the need for sustainable water resource
management in the face of climate change. These findings not only confirm the direct impact of
climate change on surface water resources but also highlight the importance of employing intelligent
models for long-term analysis and sustainable water resource management. Moreover, they underscore
the necessity of integrated approaches and region-specific analyses in future studies.
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Extended Abstract

Introduction

Water, as a vital element of life, plays a crucial role in regulating the global climate.
Nevertheless, climate change has posed serious threats to surface water resources in terms of
availability, quality, and distribution. These threats arise from rising temperatures, altered
precipitation patterns, sea-level rise, and extreme weather events, all of which disrupt the
hydrological cycle. Climate change refers to significant alterations in temperature and
precipitation over extended periods, and the rapid growth of industrial activities along with
the increase in greenhouse gas emissions in recent decades has disturbed the Earth’s climatic
balance. The observed rise in global temperature since the pre-industrial era has intensified
fluctuations in the magnitude and distribution of precipitation, and projections suggest that the
average global temperature will increase substantially by the end of the century. Such changes
exert both quantitative and qualitative impacts on surface water resources, including
intensified hydrological and agricultural droughts, reduced river flows, increased flooding,
and aggravated water quality issues such as eutrophication, elevated nutrient concentrations,
and decreased dissolved oxygen. These consequences have created profound challenges for
water resource management and highlighted the necessity of adopting adaptive strategies. To
assess climate change, Global Climate Models (GCMs) have been developed, which simulate
the interactions among oceans, atmosphere, sea ice, and land surfaces in a hierarchical and
integrated system. These models serve as essential tools for reconstructing past climates and
projecting future climatic changes.

Methodology

In accordance with the objectives of the study, climatic and hydrological data, including daily
precipitation, minimum temperature, maximum temperature, and streamflow, were obtained
from meteorological and hydrometric stations within the watershed, provided by the
Mazandaran Meteorological Organization and the Regional Water Company. After
eliminating outliers, correcting statistical deficiencies, and conducting homogeneity and
randomness tests, a common baseline period across the stations (September 23, 1994 to
September 21, 2024) was established for model input. Following the initial data analysis and
baseline selection, future climatic data were projected. For this purpose, the Sixth Assessment
Report of the IPCC (AR6, CMIP6) and the CanESM5 climate model were employed to
simulate the period 2020-2100 under scenarios SSP1-2.6, SSP2-4.5, and SSP5-8.5 using the
Statistical DownScaling Model (SDSM). To generate stochastic data for future periods, daily
records from rain-gauge stations during the baseline period (1994-2014), along with outputs
from the general circulation model under the aforementioned scenarios, were utilized. This
choice was necessitated by the limitation of CMIP6 historical simulations up to 2014 and the
availability of observed measurements within this statistical period. After projecting climatic
variables (precipitation, minimum temperature, and maximum temperature) for the future
period, streamflow simulation was conducted using the generated data within an Artificial
Neural Network (ANN) framework. Finally, to identify trends in the projected series, non-
parametric Mann—Kendall tests and Sen’s slope estimator were applied in the R software
environment.

Results and Findings

The results of the Mann—Kendall test and Sen’s slope estimator revealed that maximum
temperature shows an increasing trend across all scenarios, with Z values ranging from 1.478
to 1.926. This indicates a gradual upward tendency in maximum temperature. The p-value in
scenario SSP5-8.5 was 0.054, which is close to the statistical significance threshold of 0.05,
while in the other two scenarios it was slightly higher. Kendall’s T was positive but very small
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in all scenarios, confirming the presence of a very weak increasing trend. Sen’s slope was also
positive in each case, reflecting a slow but steady rise in temperature over time. Thus,
although the increasing trend in maximum temperature was observed in all scenarios, only
SSP5-8.5 approached statistical significance. Despite the weak intensity, the large dataset
suggests that this trend may be climatically meaningful. Analysis of precipitation data showed
no significant trends. In SSP1-2.6, Z was negative (-0.519), indicating a weak decreasing
tendency, but the p-value of 0.603 was far from significance. In the other two scenarios, Z
was positive but less than 1.2, with p-values above 0.25. Kendall’s T was extremely small
(less than 0.005) and Sen’s slope equaled zero in all scenarios, confirming the absence of
meaningful changes in precipitation during the study period. Future streamflow projections
using the ANN model indicated decreasing trends in all scenarios, with negative Z values.
However, none of the p-values reached the 0.05 significance level. In SSP5-8.5, the p-value
was 0.138, closer to significance compared to the other scenarios. Kendall’s T was negative
and very small (less than 0.006) in all cases, showing a very weak decreasing trend. Sen’s
slope was more negative in SSP2-4.5 and SSP5-8.5 than in SSP1-2.6, suggesting that stronger
climate change and global warming are associated with greater reductions in streamflow. This
decline may be attributed to rising temperatures, increased evapotranspiration, altered
precipitation patterns, and more frequent droughts, all recognized consequences of climate
change. Overall, the findings highlight a gradual rise in maximum temperature, no significant
changes in precipitation, and weak but concerning reductions in streamflow under high-
emission scenarios. Although most trends are statistically weak, their direction—particularly
under SSP5-8.5—carries important climatic and management implications.

Conclusion

These findings confirm the direct influence of climate change on surface water resources,
revealing rising maximum temperatures, stable precipitation, and weak but concerning
declines in streamflow under high-emission scenarios. They emphasize the importance of
intelligent modeling approaches, such as SDSM and ANN, for long-term projections and
sustainable water management. Moreover, the results highlight the need for integrated
strategies and region-specific analyses to address future climatic challenges. Although most
detected trends are weak statistically, their direction—particularly under SSP5-8.5—
underscores significant implications for adaptation, resilience, and effective resource planning
in the face of global warming.
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