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Figure 8: Monthly Average Discharge Time Series of Mehran river (1979-2019)
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Figure 12: Forecast Plot from ARIMA(1,1,1)(2,0,2) Model for the Next 10 Years
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Table 9- Flood Discharge Values for Different Return Periods (m3/s) (Observed and Predicted Data)
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Table 11- Percentage Change in Water Level Relative to Percentage Change in Roughness Coefficient
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Abstract

Climate change is having a significant impact on natural phenomena such as floods. The effective management
and risk assessment of floods, as well as the organization of river systems, are essential in reducing the risks to
human life and property damage caused by flooding.This study assesses the 3.5 and 7-year moving average
graphs and finds that precipitation has gradually entered a triennial period. It is expected that the precipitation in
the Mehran river basin and its flow rate will increase. The Ambrageh climate map shows that Tabriz was located
in a semi-arid and cold area 20 years ago, but now it is located in a dry and cold area. It is expected that the
flood flow will increase due to these changes. Monthly flow rates for the next 10 years were predicted using the
time series model (2,0,2) (1,1,1) ARIMA. The HEC-HMS software was used to estimate the flow rate for
different return periods under two scenarios: a) estimating the flow rate based on available data and b)
estimating the flow rate based on available and predicted data. The flow rate showed a 5.24% increase in the
200-year return period under the second scenario. Furthermore, hydraulic modeling of the Mehran river using
the HEC-RAS software indicated that the width of the 200-year flood in climate change conditions would be
10% higher than current conditions. Additionally, the water level would increase by 11% under these
conditions. The study employed the SAW multi-criteria decision-making method to combine structural and
biological methods in managing flood risks and reducing the damage to human life and property. The Mehran
river was selected as the focus for implementing these methods based on modeling results, field visits, and
review of reputable publications and articles.

Key Words: Floodzooming, Climate change, Evaluation of the flood risk, SAW. HEC-Geo RAS Model

Introduction

Climate change, driven by increasing greenhouse gas emissions, has exerted profound impacts on hydrological
cycles over the past few decades, leading to more frequent and intense floods. Projections from the
Intergovernmental Panel on Climate Change (IPCC) indicate that even with stabilized greenhouse gas
emissions, climate change will persist for centuries, resulting in higher temperatures, more extreme precipitation
events, and flash floods. These changes have rendered urban and rural areas increasingly vulnerable due to
rising population densities, urbanization, and land-use changes. Traditionally, flood management has focused on
structural measures such as levees and dikes. However, contemporary approaches emphasize a combination of
structural and non-structural measures, particularly multi-criteria decision-making and environmentally friendly
methods, to mitigate flood impacts. This study selected the Mehranrud river in Tabriz as a case study to
investigate the effects of climate change on discharge and flood behavior using advanced forecasting models,
hydraulic modeling, and multi-criteria decision-making techniques. The primary objective was to develop
strategies to reduce flood-related casualties and financial losses while ensuring environmental sustainability and

the safety of urban infrastructure.

Materials and Methods

A multi-faceted approach, combining statistical, hydrological, hydraulic, and multi-criteria decision-making
methods, was employed to assess and manage flood risk in the Mehranrud river. The ARIMA model was used
to forecast future changes in river discharge. Historical discharge data from the Liqvan-Heravi hydrometric
station were analyzed after normalization. The ARIMA model with parameters (2,0,2)(1,1,1) was selected using
SPSS, offering the lowest errors and highest prediction accuracy. The HEC-HMS model and SCS method were
then used to estimate flood discharge for various return periods (2 to 200 years) under two scenarios: historical
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data and projected data. This comparative approach clearly demonstrated the impact of climate change on
increasing flood intensity and frequency. The HEC-RAS software was employed for hydraulic analysis and
flood zone delineation, calculating water surface profiles based on continuity, momentum, and energy equations.
Climate change impacts on flood extent and water depth were simulated. Additionally, sensitivity analysis was
conducted on the roughness coefficient, revealing its significant influence on water levels and flood extent.
Finally, the Simple Additive Weighting (SAW) multi-criteria decision-making method was used to select the
optimal management scenario based on criteria such as cost, ease of implementation, structure lifespan, and
material supply. After weighting and aggregation, a combined approach of structural and biological measures
was selected as the best option for flood management.

Results and Discussion

The results indicate that climate change has significantly impacted the discharge and flood behavior of the
Mehranrud river. Analysis of annual precipitation data revealed a shift towards a wetter period since 1993-1994,
with a projected 24.5% increase in discharge for longer return periods. This increases the risk of more frequent
and severe floods, especially in urban areas. Hydraulic modeling using HEC-RAS demonstrated that climate
change not only increases discharge but also expands floodplains and elevates water levels. For a 200-year
return period, flood extent increased by 10% and water surface elevation by 11%, posing significant threats to
urban areas. Sensitivity analysis of the roughness coefficient highlighted its crucial role in determining flood
extent and severity. The SAW method identified a combination of structural and biological measures as the
optimal management strategy. This approach, which includes levees, bank stabilization, and increased riparian
vegetation, reduces casualties, financial losses, and enhances ecosystem health. It offers a sustainable solution

with increased environmental resilience and lower long-term maintenance costs.
Conclusion

This research demonstrates that climate change has profoundly impacted the hydrological and hydraulic
behavior of the Mehranrud river, necessitating a reassessment of flood management strategies. The projected
increase in discharge and the identified vulnerabilities in urban areas underscore the need for proactive
measures. Hydraulic modeling and sensitivity analysis emphasize the importance of accurate parameterization
and the consideration of climate change impacts in flood risk assessment. The combined structural and
biological approach offers a promising solution for sustainable flood management. This study provides a
comprehensive framework for flood risk management in similar regions, aiding decision-makers in developing
effective strategies to protect infrastructure and communities from future floods.
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