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Urban planning's primary goal is to enhance citizens' quality of life. However, poor
implementation can heighten a community's vulnerability to hazards like floods. This
study examines land use along Tabriz's riverbanks, focusing on both approved and
deteriorated urban areas. Given the crucial role of vegetation in urban flood management,
changes in riparian vegetation were also analyzed.

To achieve this, the city's riverbanks were categorized and analyzed within three distinct
buffer zones: 15, 30, and 500 meters. Vegetation changes were quantified using satellite
imagery from the United States Geological Survey and by calculating the Normalized
Difference Vegetation Index (NDVI) from 1980 to 2023.

The results reveal a predominance of residential, commercial, and industrial land uses
within the studied river basins, alongside a substantial reduction in vegetation cover
throughout the study period. These transformations and land-use modifications are
particularly pronounced in the city center and at river confluences. Contributing factors
include governmental oversight in urban planning and implementation, elevated land
values driven by land-use changes, and increased societal demand for land in these
regions. Moreover, despite 70% of buildings exhibiting acceptable construction material
quality, the city remains highly vulnerable to severe flood damage. This highlights an
urgent need to reinforce existing structures, particularly in dilapidated zones, and to
comprehensively re-evaluate current land-use policies.
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Introduction

Urban flooding has emerged as a significant threat to the sustainability of metropolitan areas worldwide in recent
decades. A 2012 United Nations report identified flooding as the most frequent hazard impacting 633 major cities
globally. This phenomenon is exacerbated by climate change, rapid urbanization, and the replacement of natural
permeable surfaces with impermeable covers. In contrast, vegetation, a vital component of green infrastructure,
plays a crucial role in moderating runoff and reducing flood intensity by storing water in tree crowns, promoting
evaporation and transpiration, and increasing soil permeability. Research indicates that a mature tree can absorb
up to 3,455 liters of rainfall in its crown.

Numerous studies, both domestic and international, have investigated this issue. Hedayi et al. (2007) observed an
increased basin curve number in the Madraso River watershed since 1971, leading to intensified runoff. Azimi et
al. (1401) attributed rangeland degradation in flood-prone areas of Golestan primarily to livestock overgrazing.
Hosseini et al. (1402) utilized the NDVI index in Qirokarzin County to demonstrate that human activities have
reduced upstream vegetation cover and increased flood occurrences. Internationally, Bora et al. (2023) found that
green spaces and permeable pavements in Ahmedabad, India, reduced flood volume by 23% and flood-affected
area by 1.5%. Wang et al. (2024) in Beijing and Gu and Leo (2024) in Hong Kong have also examined flood risk
in high-density urban centers. Initiatives such as China's "Sponge City" project further underscore the effectiveness
of green infrastructure in flood management.

The Tabriz metropolis faces high vulnerability to floods due to three rivers—Mehranehroud, Qorichai, and
Divanchai—that flow through the city and converge in its central area (Baghmisheh Stone Bridge). The presence
of degraded areas along these riverbanks further intensifies this vulnerability. Despite this, the role of vegetation
in urban flood management in Tabriz has received limited attention. This research aims to evaluate urban flood
management by examining the role of vegetation along Tabriz's river boundaries and assessing the status of land
uses in degraded areas. Specifically, this study seeks to answer two main questions: (1) What is the status of land
uses in the degraded areas along the river boundaries? (2) Has urban vegetation decreased?

Materials and Methods

This quantitative correlational study was conducted for practical purposes. Data were gathered from various
sources: river courses from OpenStreetMap (OSM) and Google Earth; riverbeds and boundaries from the East
Azerbaijan Regional Water Organization and Azarpymayash Consulting Engineers; and satellite images from the
U.S. Geological Survey (USGS). Given the diverse nature of river boundaries, three buffer zones—15 meters, 30
meters, and 500 meters—were defined and extracted using ArcGIS 10.7's Buffer tool.

Vegetation cover change over a 43-year period (1980-2023) was assessed using Landsat 3 (60-meter pixel) and
Landsat 9 (30-meter pixel) images, from which the Normalized Difference Vegetation Index (NDVI) was
calculated. Subsequently, land use mix, building quality, and the condition of dilapidated structures within these
three buffer zones were analyzed.

Results

Findings indicate that within the 500-meter boundary, residential land use covers 42,506 linear meters and an area
of 8,320,590 square meters (29.79%), supporting a large number of four-person households. Approximately
318,772 people in this area are at risk of flooding. Commercial use accounts for 9,895 plots, followed by industrial
use with 1,303 plots. Residential density in the Tea Square boundary, which aligns with areas of worn urban fabric,
is higher than in other regions and also exhibits the lowest vegetation cover.

Building quality analysis revealed that 70% of plots are in acceptable condition, while 2.3% are damaged and 7.5%
require repair. Within the dilapidated urban fabric, 17,091 out of 19,571 plots (87%) lack modern metal and
concrete structures, relying instead on vulnerable materials such as adobe, mud, wood, and brick.

NDVI analysis showed a decrease in vegetation cover from 25.6% (7,894,800 square meters) in 1980 to 20.6%
(6,211,800 square meters) in 2023. A comparison of aerial photographs from 1967 and 2023 revealed that the most
significant destruction occurred in the Baghmisheh Stone Bridge area (Seh Rud location). This area has
experienced substantial population expansion since 1967 due to its high economic value within the city center.
Additionally, critical points such as the Bolor Tower (with an entrance lower than street level), bridges with
inadequate openings, and underground entrances to the University Metro Station in the Mehraneh-Rood area are
predicted to cause significant damage to floodplains. Factors exacerbating this situation include official
negligence, urban congestion, licensing irregularities, profits from converting green spaces, and the preferential
use of specific land strata for city center development.

Conclusion
The results demonstrate that while vegetation is a necessary component of flood risk management, it alone cannot
completely eliminate flood risk in Tabriz. Flooding results from the interaction of multiple factors, including
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climate change, urban congestion, uncontrolled physical development, reduced land permeability, and poor urban
planning. Therefore, effective flood control requires a simultaneous review of construction regulations,
development capacity in floodplains, strengthening urban drainage systems, and sustainable management of
upstream basins.

Proposed solutions include using native plant species, implementing smart irrigation systems, fostering public
education, enforcing strict regulations for preserving green spaces, developing vegetation on roads and rooftops,
retrofitting dilapidated structures, and reviewing current urban policies. These findings underscore the need for an
integrated approach to comprehensive flood management, ensuring that green spaces are not merely an alternative
development method but an integral part of the urban management system. While greening can mitigate some
deficiencies, it cannot compensate for the consequences of unsustainable development and poor decision-making.
Future urban policies should therefore consider the diversity of urban textures and integrate the quantitative
qualities of vegetation conservation into urban planning regulations to foster resilient and sustainable cities.
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