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Abstract

Despite Iran’s rich cultural, historical, and technological foundations in architecture and urban planning, the
current conditions reflect a significant weakness and inefficiency in confronting natural and human-made disasters.
Therefore, urban development plans must increasingly prioritize strategies that enhance resilience and reduce the
vulnerability of the urban fabric. This study aimed to analyze the historical evolution of the urban fabric
surrounding the Cheshmeh Kileh River in the city of Tonekabon, focusing on its vulnerability to flooding over
time. The research was applied in terms of purpose, relies on both documentary and field data, and followed a
spatial execution method. Using sequential aerial imagery of the study area (at intervals of 20 to 25 years),
necessary maps were prepared and analyzed within a GIS environment. The findings indicated that, despite rising
awareness of the dangers associated with construction in river buffer zones, the extent of encroachment into the
river’s margins during the two decades from the 1990s to the 2010s increased fivefold compared to the earlier
period from 1969 to 1994. This reflects a significant rise in the vulnerability of the urban fabric to flooding. The
underlying causes include the absence of approved flood management legislation, failure to define clear urban
river boundaries amidst unregulated urban growth, lack of scientific approaches to implementing existing
regulations, and limited institutional understanding of construction restrictions and zoning guidelines near urban
rivers.
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Highlights
- Ahistorical analysis of the urban fabric within flood-prone zones reveals a significant quantitative and
qualitative expansion over time, which has considerably increased the vulnerability of these areas to
flooding.

- The lack of coordination among various urban management agencies has contributed to the failure in
addressing and preventing vulnerable construction practices in past decades.

Extended Abstract

Introduction

Today, the growing attention to natural and human-made hazards stems from the significant financial and human
losses they inflict on human settlements, particularly cities. Flooding is considered one of the most destructive
natural hazards, and modern society has not yet been able to fully control or mitigate its impacts. Numerous factors
contribute to the occurrence of floods in a given region. In addition to being influenced by climatic events, flood
risk is closely tied to the amount, intensity, spatial distribution, and temporal patterns of precipitation. Furthermore,
watershed characteristics, such as land use patterns and human interventions, play a critical role. One key
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contributing factor is the expansion of impervious surfaces within watersheds due to urban development and the
construction of infrastructure on previously permeable soils. As these surfaces increase, the soil’s capacity to
absorb runoff decreases, which leads to reduced infiltration, lower drainage efficiency, shortened time of
concentration, and ultimately, an increase in flood intensity within the watershed.

Methodology

Increasing the capacity of cities in such a way that they can return to their normal conditions with the
least cost and in the shortest possible time in the event of an accident is one of the areas of interest for
researchers in the field of urban planning. The design, construction and maintenance of critical
infrastructure is usually based on standards that are rigorous, so that they can withstand any weather or
climate pressure. However, due to climate change, weather characteristics may change, leading to an
increase in the frequency or magnitude of potential disasters.

Results and discussion

An examination of available records from the National Cartographic Center of Iran indicated that aerial
photography of the study area was conducted in three different periods, specifically in the years 1969,
1994, and 2014. To better understand the patterns of urban development and the formation of built-up
areas surrounding the Cheshmeh Kileh River, the location of buildings within these zones was identified
and mapped using these aerial images. Over time, particularly in recent years, urban expansion has
increasingly encroached upon the officially designated river buffer zone. Moreover, critical land uses,
such as administrative and security offices, educational facilities, and essential urban infrastructure and
utilities, have been established within this area, and their presence continues to grow, further aggravating
the situation in what should be considered a no-construction zone. In addition to these violations, a
significant concern is that the currently designated buffer zone does not align with floodplain boundaries
defined by a 25-year return period event. Without urgent revision and proper delineation of flood-prone
zones following the national river setback regulations, the number of buildings, especially those with
sensitive functions, constructed within these prohibited zones in the urban fabric of Tonekabon is likely
to increase. Based on the available data, both the quantitative and qualitative vulnerability of the urban
fabric adjacent to the Cheshmeh Kileh River has increased over time. Furthermore, the rate of
vulnerability growth in the most recent period showed a marked acceleration.

Conclusion

The analysis of the data in the mentioned periods showed that, until 1969, a total of 12 buildings with
residential use were located in the river. Between the years 1969 and 1994, twenty new buildings were
built in the area of the river basin, and this construction process in the next period, i.e., between the years
1994 and 2014, was associated with more growth, and 101 new buildings were added to the number of
previous buildings. During the first 25-year period, the presence of inappropriate land uses within the
flood-prone zone was limited to residential and administrative functions. However, in the subsequent
20-year period, the number and diversity of these land uses significantly increased to include residential,
commercial, religious, administrative, transportation and warehousing, tourism and recreational, as well
as sports-related activities. Given that urban flood resilience is the outcome of a continuous process, it
is essential for urban management authorities to periodically assess the vulnerability of the built
environment and evaluate the effectiveness of implemented measures within the framework of various
development plans. This will determine whether the city is moving towards reducing vulnerability over
time or whether factors are creating challenges in achieving resilience. Another benefit of assessing at
specific time intervals is identifying factors that have been overlooked in urban planning.
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