Environmental
Hazards

Management

Iranian Hazardology Association

University of Tehran Press Online ISSN: 2383-0530

Home Page: https://jhsci.ut.ac.ir

Annual Economic Flood Risk Assessment in the Golestan Province

| Seyed Mossa Hosseini® " | Mojtaba Yamani®

Ghadimi*

Sara Moallemi Goriji* | Mehrnoosh

1. Ph.D Candidate of Geomorphology, Department of Physical Geography, Faculty of Geography, University of Tehran,
Tehran, Iran. Email: s.moalemigorji@ut.ac.ir

2. Corresponding Author, Associate Professor, Department of Physical Geography, Faculty of Geography, University of
Tehran, Tehran, Iran. Email: smhosseini@ut.ac.ir

3. Professor of Geomorphology, Department of Physical Geography, Faculty of Geography, University of Tehran, Tehran,
Iran. Email: myamani@ut.ac.ir

4. Associate Professor, Department of Physical Geography, Faculty of Geography, University of Tehran, Tehran, Iran. Email:
ghadimi@ut.ac.ir

ARTICLE INFO ABSTRACT

. Objective: Expected Annual Damage (EAD) is a quantitative indicator widely used to

Article type: ; ;
R H Articl assess flood risk and support flood management planning, land-use development, and
esearch Article safety enhancement in at-risk areas. Golestan Province, located in northern Iran,
experiences recurrent flood events that result in significant economic losses. The objective
of this study is to estimate EAD at the county level across Golestan Province. Method: To
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instantaneous discharge—were collected for the period from the 1989-1990 to the 2023—
2024 water years. Return periods were estimated and frequency analysis of peak
discharges was performed using EasyFit software. EAD values were then calculated by
integrating the damage—probability curve for each county. Results: The results indicate
that among the counties of Golestan Province, Galikesh County has the highest expected
annual flood damage (8,553 million IRR), while Bandar Torkaman County has the lowest
(251 million IRR). Conclutions: Further analysis shows that land-use change from forest
to agriculture on steep slopes, along with the concentration of urban and rural settlements
at sub-basin outlets, are key factors contributing to higher flood damages in Galikesh and
Maraveh Tappeh compared to other counties. The findings of this study can support

managerial decision-making, prioritization of risk-reduction investments, and the

Peak Discharge, development of effective strategies to mitigate the economic impacts of flooding.

Damage—Probability Curve.
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Introduction

Floods are among the most destructive natural hazards in Iran, particularly in northern provinces such
as Golestan. This region frequently experiences flood events due to heavy rainfall and complex
topography. In recent decades, Golestan has undergone several severe floods, including a significant
event in 2019 that caused extensive damage to infrastructure and private property. Historical records
indicate that the area's hydrological and geomorphological conditions, combined with changes in land
use, have increased its vulnerability to flood hazards. Traditional flood control measures have become
increasingly unreliable due to uncertainties related to climate change and shifting rainfall patterns.
Consequently, modern flood management now emphasizes risk-based approaches that quantify
potential losses. One such approach is the Expected Annual Damage (EAD) index, which provides a
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probabilistic estimate of the average long-term flood damage. This index is widely used in risk
assessment and resource allocation. While several studies have investigated the impacts of flooding in
various parts of Golestan Province, a comprehensive assessment of expected economic losses due to
flooding across all counties has not yet been conducted. This study aims to address that gap by
estimating the EAD for the entire province, using data on historical flood losses and peak discharge.
The findings will help identify high-risk areas and support the development of effective flood risk
management strategies.

Methods

This study utilized historical flood damage data, peak discharge records, and flood location
information sourced from the Regional Water Organization and the Golestan Province Watershed
Management Organization. Additionally, digital elevation data and land use maps were employed to
enhance spatial interpretation. Initially, hydrometric stations in each county were surveyed, and a
representative station was chosen based on the frequency of recorded flood events. Instances of flood
occurrences were correlated with peak discharge values, and the economic losses were adjusted to
reflect the fiscal year 2024. The relationship between discharge and damage was evaluated using the
coefficient of determination (R?). Frequency analysis was conducted using Easy Fit software. After
testing multiple probability distributions, the most suitable distribution for each county was selected
based on the Anderson-Darling, Kolmogorov—-Smirnov, and chi-square criteria. Discharge values for
return periods ranging from 2 to 1000 years were estimated, and a logarithmic function was fitted to
establish a continuous discharge—return period relationship. The expected annual damage (EAD) was
calculated by integrating the damage probability curve using the inverse of return periods as event
probabilities. Only counties with valid and meaningful damage functions were included in the final
estimation of EAD.

Results

Analysis of flood data from the water years 1990-1991 to 2023-2024 reveals significant changes in
annual flood losses across the counties of Golestan province. The average annual economic losses
during this period amount to 2,136 million Rials. A strong correlation was found between peak
discharge and flood losses, with R2 values ranging from 0.70 to 0.97. The flood frequency analysis
produced well-fitting logarithmic discharge-return period curves for all counties. The estimated
expected annual loss (EAD) values demonstrate clear spatial differences: Galikesh reported the highest
EAD at 8,553.89 million Rials, followed by Maraveh Tappeh and Ramian. In contrast, the lowest
EAD values were observed in Bandar Torkaman and Bandar Gaz. Overall, these results indicate that
the economic risk associated with floods varies significantly across the province, reflecting differences
in hydrological behavior and exposure patterns among the counties

Conclusions

The results of this study reveal significant spatial variations in flood-related economic risk across the
counties in Golestan province. The high Expected Annual Damage (EAD) values observed in counties
such as Galikesh and Maraveh Tepe are attributed to a combination of hydrological behavior,
topographic conditions, and flood exposure patterns. An analysis of land-use change using Google
Earth Engine (GEE) indicates that the expansion of agricultural areas on sloping lands, along with the
growth of rural and urban settlements near the outlets of sub-basins, has increased the sensitivity of
these regions. These changes have led to heightened economic losses during floods. Counties with
lower EAD values display distinct spatial and hydrological characteristics, implying that variations in
flood exposure and watershed responses significantly influence flood risk throughout the province. By
combining historical flood loss data with peak discharge measurements, we established a reliable basis
for estimating expected annual losses and identifying areas with high economic vulnerability. Overall,
the findings underscore the importance of considering land-use dynamics, watershed characteristics,
and historical flood behavior in regional flood risk assessments. The EAD values derived from this
study can aid provincial planning efforts by pinpointing priority areas for risk reduction, enhancing
resource allocation, and guiding the development of targeted flood management strategies.
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