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ARTICLE INFO ABSTRACT
. . Urban watersheds in arid and semi-arid regions are at the forefront of water
Article type: management challenges due to their inherent vulnerability from limited precipitation

Research Paper and the dual pressures of climate change and human development. The Kashmar

urban watershed, with a low annual average rainfall of approximately 205 mm and
physiographic characteristics prone to rapid runoff generation, is a prime example of
such sensitive systems, yet a quantitative assessment of its hydrological response to

Article history future climate scenarios has been lacking. The primary objective of this research is to
Received: 20 May 2025 fill this knowledge gap by quantifying the potential impacts of climate change on
surface runoff generation potential in this basin and identifying its most vulnerable
Revised: 22 July 2025 sub-basins. To this end, four General Circulation Models (GCMs) were first
evaluated, and the optimal IPSL-CM5A-MR (R?=0.56) model was selected.
Accepted: 31 July 2025 Precipitation data from this model under RCP emission scenarios for the future period

Published online: 05 August 2025 (2020-2100) were then extracted and downscaled using the BCSD method.

Subsequently, surface runoff volume was estimated using the empirical Barlow
method, which is based on the classification of the basin's physical characteristics and
daily rainfall intensity. Trend analysis was performed using the Mann-Kendall test.
The results revealed a decreasing (though statistically non-significant) trend in annual
precipitation for most scenarios, particularly the pessimistic RCP8.5 scenario, under
which the reduction reaches approximately 41 mm in the far-future period (2070-
2100). This significant drop in the system's input will lead to a sharp decline in runoff
generation potential; projections for the RCP8.5 scenario indicate a runoff volume
decrease of 16.7% in the near-future (2020-2038) and up to 29.1% in the far-future
(2070-2100). The spatial vulnerability analysis identified sub-watershed A, with an
area of 6588 ha and a predominance of Type E lands (steep slopes), as the most

Keywords: vulnerable part of the watershed to future changes. In conclusion, the findings confirm
] ) the high sensitivity of the Kashmar watershed's surface water resources to climate
Climate Modeling, Ecosystem change. The projected runoff reduction poses a serious threat to the region's water and

Sustainability, General Circulation {food security. While acknowledging the inherent uncertainties in modeling, this study,

Model (GCM), Barlow Method, as the first quantitative estimate for the watershed, underscores the urgent need for a

Downscaling, Emission Scenarios fundamental revision of water resource management approaches and the development
' " |of effective, evidence-based adaptation strategies.
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EXTENDED ABSTRACT

Introduction: Water, a vital natural resource, is crucial for sustaining ecosystems and human societies. Climate
change, driven by human activities like fossil fuel overuse and land-use changes, significantly impacts the
hydrological cycle and global water distribution, leading to variations in rainfall, increased temperatures, and
altered surface flows, thus affecting water availability. Runoff, a key part of this cycle, is sensitive to climate
change, with altered patterns causing widespread issues for water management and environmental planning. In
arid regions like Iran with limited water resources, studying climate change's impact on runoff is critical. This
21st-century challenge requires thorough investigation, especially in urban areas vulnerable due to urbanization
and land-use changes. Altered rainfall and rising temperatures can change runoff volume, cause flash floods,
and affect urban water supply. The Kashmar urban catchment, with low average rainfall, is susceptible to these
changes. This research investigates climate change's impact on its runoff using the physically-based Barlow
method for accuracy and regional statistical methods, comparing them to improve understanding of runoff
patterns under climate change for better water management. While many studies examine climate change's
effect on runoff, few combine regional rainfall-runoff and Barlow methods in arid urban areas. This study
evaluates climate change's effect on runoff harvesting in Kashmar by combining these methods. The Barlow
method is chosen for its simplicity and accuracy in urban areas. This research innovatively integrates
downscaled climate model data with the Barlow method to predict future runoff changes, helping identify
critical areas for urban water management and adaptation strategies.

Methodology:The study area encompasses three hydrological sub-watersheds located upstream of the city of
Kashmar, covering a total area of 12,239.8 hectares. It is characterized by a semi-arid to arid climate and diverse
topography. The region exhibits a wide range of elevations, with most areas featuring steep to very steep slopes
and a dominant southerly aspect. Land use is primarily composed of poor rangelands (53.19 percent) and rocky
areas (44.58 percent), with the underlying geology mainly consisting of low-permeability stony units. The
research methodology involved the extraction and evaluation of climate model data from CMIP5 via the ESGF
database for both the historical period (1989-2005) and the future period (2020-2100), focusing on four
selected models: GFDL-ESM2G, IPSL-CM5A-MR, MIROC-ESM, and NorESM1-M. The performance of these
models was assessed using statistical metrics including the coefficient of determination (R?), root mean square
error (RMSE), mean absolute error (MAE), and correlation coefficient (R). Greenhouse gas emission scenarios
RCP2.6, RCP4.5, RCP6.0, and RCP8.5 were employed for analysis across four future time horizons (near, mid-
first, mid-second, and far). Precipitation data were downscaled using the statistical Bias Correction and Spatial
Disaggregation (BCSD) method, and runoff was estimated using the Barlow method, based on the physical
characteristics of the sub-watersheds and daily precipitation classifications. The projected precipitation and
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estimated runoff data were prepared for statistical analysis. The performance of the climate models in simulating
historical data was evaluated using statistical indicators, and trends in precipitation and runoff changes across
different time periods under the RCP scenarios were analyzed using the non-parametric Mann-Kendall test. The
presence of autocorrelation in the time series was examined using autocorrelation functions (ACF) and partial
autocorrelation functions (PACF), and if detected, its effects were removed using the Hamed and Rao method.
Results and Discussion: The results of the climate model performance evaluation indicated that the IPSL-
CM5A-MR model demonstrated the best performance in simulating the historical precipitation of the study area,
with the highest correlation coefficient (0.56) and coefficient of determination (0.72). The analysis of the annual
precipitation trend using the Mann-Kendall test revealed that in the near-future period (2020-2038), there is an
increasing trend under RCP2.6 and RCP8.5 scenarios, and a decreasing trend under RCP4.5 and RCP6
scenarios. A similar trend was observed in the mid-future period (2039-2069). In the far-future period (2070-
2100), the RCP2.6 scenario showed an increasing trend, while the other scenarios indicated a decreasing trend.
The analysis of the annual precipitation trend for the entire projected period (2020-2100) showed that most
scenarios exhibit a decreasing trend in precipitation, although this decrease is not statistically significant at the
five percent confidence level. The estimation of runoff volume using the Barlow method indicated that sub-
watershed A has a higher potential for runoff generation due to its larger area of steep-sloped and low-
permeability land. In the near-future period (2020-2038), an increase in runoff is projected under RCP2.6,
RCP4.5, and RCP6 scenarios, while a decrease is expected under the RCP8.5 scenario. In the mid-future period
(2039-2069), only the RCP2.6 scenario shows an increase, while the other scenarios indicate a decrease. In the
far-future period (2070-2100), the decreasing trend intensifies across all scenarios. The results obtained from the
Barlow method show a reasonably good agreement with the actual conditions of the study area, considering the
local and hydrological characteristics of the region.

Conclusion: The findings of the present research indicate that the phenomenon of climate change plays a
significant role in altering the surface runoff in the Kashmar urban watershed. The analysis of various
greenhouse gas emission scenarios reveals that fluctuating climatic factors, particularly a potential decrease in
precipitation across most scenarios, could lead to a reduction in future runoff. Due to its consideration of the
watershed's physical characteristics and rainfall categorization, the Barlow method proves to be a suitable tool
for estimating runoff in this region. The results of this study underscore the critical importance of seriously
considering the phenomenon of climate change and its implications for water resources in the Kashmar region,
highlighting the necessity for precise planning and the adoption of effective adaptation strategies to ensure
sustainable water resource management.
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Figure 4 - Simulated annual precipitation by the IPSL-CM5A-MR model under RCP emission scenarios across
different time periods
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Figure 5- Barlow coefficient map of the study area
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Figure 6- Relationship between annual rainfall and maximum 24-hour rainfall in the base period
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