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The city of Mashhad, with a population of more than 3 million people, ranks as Iran's
second-largest city. To enhance its resilience against environmental hazards, the adoption
of new technologies is increasingly essential. On May 26, 1403, during a 48-minute rain
due to the formation of a cumulonimbus cloud and the strengthening of its ascending
conditions by a Trough on top of it, a flood occurred in the city of Mashhad led to heavy
financial and human losses in different areas. This study aims to explore both natural and
human factors contributing to the flood through a holistic approach. To analyze the
synoptic meteorological causes, data from the ERA-5 and its maps were utilized in
GrADS. Additionally, Landsat satellite imagery and digital elevation data were employed
to identify waterways and canals. Google Earth and GEE software were also used to assess
changes in the landscape. The results showed that in terms of intensity and duration of
rainfall, the rainfall was unprecedented rainfall, and according to the threshold of 95%
percentile, it is considered as extreme rainfall category (above 95% percentile). The results
of this study clearly show that human encroachments, especially in urban construction and
the expansion of urban roads and highways perpendicular to the seasonal and dry rivers of
the city, have strongly affected the water flow pattern and increased the risk of floods. The
neglect of urban geomorphology, including the destruction of natural water pathways, the
construction of barriers against water flows ways like those in the Seyyedi region, and the
expansion of roads perpendicular to these waterways, was intensified flooding issues in
various areas in Mashhad city.
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Introduction

Natural hazards are catastrophic phenomena originating from atmospheric, geological, and hydrological
processes. These hazards encompass earthquakes, floods, volcanic eruptions, landslides, tsunamis, and droughts
(Smith, 2009, Watson et al., 2007). Flooding and drought represent two extremes of a singular issue
(Hamidianpour, 2012). Floods manifest when water levels in rivers, streams, dry canals, and underground
conduits exceed their normative thresholds due to specific conditions, such as intense precipitation. When water
surpasses the designed capacity of these systems and inundates anthropogenic areas, it results in damage or
disruption to essential life-support systems. This may include temporary interruptions in transportation networks
(such as roads, highways, and public thoroughfares), commercial activities, industrial operations, or even urban
recreational spaces (Jha et al., 2011; Sayyad et al., 1400). Urban flooding presents a significant and escalating
challenge for both developed and developing countries (Hossain and Meng, 2020 «Josipovic and Viergutz, 2023 ¢
Nsangou et al., 2022). From 1990 to 2022, 4713 floods have been recorded in 168 countries; which has affected
more than 2.3 billion people and has also caused the death of almost 200 thousand people and has been
responsible for more than 1.3 trillion dollars in economic damage. Following the flood event on May 15, 2024,
accompanied by substantial precipitation, the city of Mashhad demonstrated an inadequate capacity to manage
the influx of rainfall. The urban flood management systems remain underdeveloped and vulnerable, leading to
significant human and economic repercussions. This study aims to investigate the underlying factors contributing
to this incident.

Materials and Methods

The geographical focus of this research is the city of Mashhad, situated between longitudes 59°15' to 60°36' and
latitudes 35°43' to 37°8', within the Kashafrud River valley, bordered by the Binalood and Hezar Masjed
mountain ranges. To fulfill the objectives of this investigation, daily meteorological data from the Mashhad
synoptic weather station were analyzed for the statistical period from September 1951 to August 2024. In
addition, Landsat 7 and 8 satellite data were utilized to analyze the historical development of construction in
Mashhad. This analysis was conducted using programming within the Google Earth Engine environment,
leveraging the database provided by Pesaresi and Politis (2023). To extract existing waterways and channels, a
Digital Elevation Model (DEM) was created, and various algorithms available in ArcMap software were
employed. The study adopted an analytical-descriptive and semi-experimental methodology, incorporating
quantitative techniques through Geographic Information Systems (GIS) and remote sensing. For drought
evaluation, the Standardized Precipitation Index (Z normal) developed by Edwards and Mckee (1997) was
applied. Additionally, precipitation thresholds were determined using the 95th and 99th percentile methods. A
rainy day was defined as any day with recorded precipitation exceeding 1 mm, as referenced by Hamidianpour
(2014) and Alijani et al. (2014). To calculate the rainfall return period, EasyFit software was employed to fit
over 50 statistical distributions to the data. Ultimately, the three-parameter Weibull distribution was identified as
the most suitable model for this analysis. This comprehensive approach provides a robust framework for
understanding the factors contributing to the flooding event in Mashhad and aids in developing strategies for
improved urban flood management.

Results

The average annual rainfall in Mashhad is recorded at 244.54 mm. The highest rainfall was observed during the
water year 1965 (Sep) - 66 (Aug), reaching 425.79 mm, while the lowest was only 92 mm in the water year 2014
(Sep) - 2015 (Aug). Recent years have seen significant drought conditions, particularly in the water years 2021
(Sep) - 2022 (Aug) and 2022 (Sep) - 2023 (Aug), with the most severe drought occurring in 1976 (Sep) - 77
(Aug). A significant flooding event took place on May 26, 1403, when heavy rain of 38 mm fell within just 45
minutes. This intense rainfall exceeds the 99th percentile threshold, categorizing it as an extreme weather event.
The rainfall was attributed to the influx of convective clouds and Mediterranean weather systems, which brought
high humidity into the region, particularly influenced by a cold front. This interaction resulted in the formation
of thick cumulonimbus clouds, leading to increased precipitation intensity. Geographically, Mashhad's urban
development has historically centered around the Kashfroud River and nearby villages, such as Sanabad and
Noghan, as well as holy shrine of Imam Reza, located about 1.5 km from Sanabad. Over time, the city expanded
from these initial settlements towards the southern foothills. Most urban construction has concentrated in areas 7,
8, 9, and 12, reflecting the city's growth trajectory and its relationship with surrounding waterways. The most
important natural drain and drainage channel of Mashhad city is the Kashf River (290 km), which reduces the
risk of flooding and water ponding in Mashhad city in particular. This river originates from the mountains of
Hazar Masjid and Binalud, and after passing through Mashhad, it joins Harirud River. Due to the increase in
population and the digging of unnecessary wells, this river has dried up and has water only during floods. The
old canals of Mashhad have also undergone changes due to urban development and many of them have been
removed or turned into concrete canals. As one of the most important culverts of the city, Igbal culvert plays a
vital role in collecting runoff and reducing the risk of flooding.
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Based on field observations and reports disseminated through official media outlets, the locations and districts
that experienced incidents, damage, and fatalities—specifically twelve individuals as reported by municipal
authorities in Mashhad—during the flood include: Seyedi neighborhood, Enghelab Square, Telvizion Square
(Jumhouri), the terminal vicinity, Hor Street, Namazi Boulevard, the intersection of Jahad and Esteghlal, Shahid
Kaveh Boulevard, Shahid Naseri Boulevard, and the Sarafrazan area.

Conclusion

The flood of May 1403 in Mashhad can be attributed to a combination of factors, primarily linked to
urbanization and land use changes. Key contributors included:

1. Unauthorized Constructions: Many buildings were erected without proper oversight or adherence to
regulations, particularly in vulnerable areas. These constructions often obstructed natural water flow.

2. Development on Riverbanks speatially dry and seanonal rivers: Structures built along the edges of rivers
(e.g. Roads) and other waterways disrupted their natural paths, increasing the risk of flooding when heavy rains
occurred.

3. Poor Drainage Planning: Inadequate drainage systems and poor in underpasses. This lack of foresight
exacerbated the flooding situation during intense rainfall events.

4. Blockage of Waterways: The obstruction of main waterways due to urban development further hindered
the natural drainage processes, leading to accumulation of water and subsequent flooding.

5. Land Use and Land Cover Change (LULC): The rapid growth of urban areas transformed the landscape,
reducing permeable surfaces and increasing runoff. This shift was identified as a significant factor contributing
to the flooding.

Overall, the interplay between urbanization and environmental management practices played a critical role
in the severity of the flood, highlighting the need for better planning and infrastructure to mitigate future risks.
Addressing these issues through sustainable urban development and effective drainage systems is essential for
reducing vulnerability to similar events in the future.

Keywords: Urban Flood, Enviromntal Hazards, Extream Events, Physical Geography, Mashhad City.
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