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Accepted: 2025/01/19 significantly intensified pressures on land and natural resources,
profoundly affecting climate and land use changes. This study
investigates the impacts of these changes on flood hydrographs for
various return periods in the AqQala region, Iran, under conditions of
deep uncertainty regarding future scenarios.

Methods: The descriptive-survey research method was used. The
data-gathering tool was the questionnaire, which its validity was
verified through face validity. The study population included farmers
who used shared water wells to provide water for agriculture (N=478).
Using Cochran's formula, the sample size was 214 farmers who were
selected by the simple random sampling method. Data were analyzed
using SPSS software.

Findings: Both CMIP5 and CMIP6 scenarios project increases in future
precipitation and temperature, with CMIP5 predicting greater
precipitation changes than CMIP6. If the current land use change trend
continues, the study area will experience an expansion in urban and
barelands and a reduction in forest, agricultural, and pasture areas,
resulting in larger floods. The analysis reveals that land use changes
exert a greater influence on future floods than climate change alone.
Combined effects of climate and land use changes lead to substantial
increases in flood peak discharge, with projections showing a 128%
rise under CMIP5 and 38% under CMIP6 worst-case scenarios for a
100-year return period. This underscores the necessity of integrating
both factors into adaptive pathway planning. Advanced modeling
techniques are crucial for enhancing predictive accuracy and guiding
policymakers in devising robust strategies to mitigate flood damages
under deep uncertainty.
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Extended Abstract

Introduction

Industrial development and population
growth have accelerated deforestation and
environmental degradation, significantly
driving up greenhouse gas emissions over
recent decades. The effects of climate change
have become increasingly pronounced,
particularly in low-latitude regions like Iran,
where critical variables such as temperature
and precipitation are experiencing notable
shifts.  Flood characteristics, heavily
influenced by the geographic and climatic
conditions of the study area, necessitate
methodologies specifically tailored to
distinct research objectives. Climate change
alters the spatial and temporal distribution
of precipitation, directly affecting the
availability, quality, and management of
water resources. Simultaneously, land use
changes significantly influence flood
magnitude and the resulting damages.

This study examines the combined impacts
of climate change and land use change on
future flood hydrographs in the AqQala
region, employing comparative analyses
under CMIP5 and CMIP6 scenarios. By
leveraging advanced climate models,
including the dynamically enhanced CMIP6
framework and its SSP scenarios, this
research delivers more accurate projections
of future climate conditions. The urgency of
this investigation is underscored by recent
catastrophic flooding events in Iran, such as
the 2019 floods in Golestan and Mazandaran
provinces, which highlighted the
vulnerabilities of current flood management
systems. The findings emphasize the
necessity of integrating climate and land use
change considerations into adaptive
strategies, enabling decision-makers to
mitigate future flood risks effectively under
conditions of deep uncertainty.

Materials and Methods

This study was conducted in three main
phases: 1) predicting precipitation and
temperature (both minimum and maximum)
using climate models; 2) forecasting land use
changes for the years 2050 and 2080; and 3)
conducting hydrological modeling to
generate hydrographs under defined

scenarios. Climate projections were based
on the CMIP5 (RCP2.6 and RCP8.5) and
CMIP6 scenarios (SSP126, SSP370, SSP585),
which were downscaled using LARS-WG.
Historical land use maps from 1991, 2002,
and 2018 were classified using satellite
imagery and ENVI software, while future
maps were predicted using TerrSet's Land
Change Modeler (LCM). Hydrological
modeling was implemented with Autodesk
SSA for rainfall-runoff simulation. The study
focuses on the Gorganrud Basin, located in
Golestan Province, Iran, which covers an
area of approximately 10,000 km? upstream
of AgQala. This basin experiences annual
rainfall ranging from 250 to 550 mm and
shows significant seasonal flow variations.
The rainfall frequency analysis was
performed using HyfranPlus, and synthetic
hyetographs were developed based on
regional Intensity-Duration-Frequency
(IDF) curves. Physiographic parameters,
including Curve Number (CN) values and
concentration time, were derived using
ArcGIS and Arc-Hydro Tools. Various
scenarios combining climate and land use
changes were defined to evaluate future
flood risks and to assess adaptive strategies
for flood management. Model validation was
carried out using statistical metrics such as
R?, NSE, and the kappa coefficient, ensuring
robust predictions for future conditions.

Findings

The study used a 30-meter resolution SRTM
Digital Elevation Model (DEM) to map a 14.5
km stretch of the Gorganroud River in
AgQala County. Various maps, including flow
direction, drainage networks, sub-basin
delineation, and slope zoning maps, were
created using ArcGIS and the Arc-Hydro
extension. Land use maps for the years 2018,
2050, and 2080 were overlaid with soil
hydrological groups to generate Curve
Number (CN) maps. The concentrations and
lag times were calculated using the NRCS
method within ArcGIS, and land use areas for
the specified years were categorized into
forest, agriculture, urban, barren land,
pasture, and water. The results indicate that
urban and barren land are expected to
expand, while forest, agricultural, and
rangeland areas are projected to decline by
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2050 and 2080. The weighted average CN for
the study area increases from 77.84 in 2018
to 79.94 in 2050 and 81.09 in 2080. This rise
leads to reduced lag and concentration
times, ultimately increasing runoff and flood
risks. The rainfall-runoff model was
validated using historical hydrometric data
for various return periods.

Discussion

Simulations under eight CMIP5 and fifteen
CMIP6 scenarios revealed significant
variations in peak discharge values. For
CMIP5, peak flows under a 100-year return
period ranged from 965 to 1450 m?3/s, with
the highest flows occurring in scenarios F08,
F06, and F07. Conversely, CMIP6 scenarios
showed lower peak flows, ranging from 454
to 876 m3/s, with S12, S05, and S07
presenting the highest peaks. Notably,
despite higher projected rainfall in certain
scenarios, peak discharges under CMIP6
were lower due to reduced fluctuations in
annual rainfall. On the other hand, changes
in land use consistently increased peak
discharges across all scenarios. Comparing
the scenarios representing land use for
2018, 2050, and 2080 (S01, S05, and S12),
there is a steady increase in peak flow.
Overall, land use change has a more
pronounced impact on flood magnitudes
than climate change in the CMIP6 scenarios.
The peak discharge increases by 128%
under the worst-case CMIP5 scenario and by
38% under the CMIP6 scenarios. These
findings align with previous studies and
highlight CMIP6's enhanced accuracy due to
advanced methodologies. The results affirm
the critical influence of both climate and land
use changes on future hydrological
responses.

Conclusion

This study examines the combined effects of
climate change and land use changes on future
flood hydrographs in AgqQala. Climate models
CMIPS and CMIP6 predict increases in both
rainfall and temperature, with CMIP5
forecasting higher levels of rainfall. Current
land use trends show a rise in urban and bare
land areas, while forests, agriculture, and
pasture lands are declining. This shift reduces
soil infiltration and increases surface runoff,

leading to larger and more destructive floods.
The findings emphasize the need to address
both climate and land use changes in flood
management strategies. Improved modeling
techniques enhance predictive accuracy,
providing policymakers with the tools to
develop adaptive measures in the face of
significant uncertainty. Comprehensive
assessments of these dual impacts are crucial
for creating effective strategies to mitigate
flood risks and damages.
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