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ABSTRACT

Accelerating climate change and its intensifying impacts on dry and semi-arid cities
highlight the urgent need for adaptive, green-infrastructure-based approaches in urban
spatial planning. Birjand, characterized by an arid climate, limited water resources, and
unbalanced urban expansion, faces high vulnerability to rising temperatures, urban heat
island effects, severe drought, and flash floods. Despite scattered studies on green
infrastructure in Iran, the simultaneous examination of spatial justice, spatial distribution of
green spaces, and their role in climate adaptation in small arid cities such as Birjand remains
limited, revealing a significant research gap. This study aims to identify effective green
infrastructure strategies for climate adaptation within Birjand’s urban spatial planning. A
mixed-methods approach was employed, including vegetation change analysis using NDVI
derived from Sentinel-2 imagery (2017-2024), GIS-based spatial analysis (spatial
autocorrelation and kernel density), statistical analysis of expert questionnaires (n = 50)
using SPSS, and qualitative interviews with urban and environmental specialists. The
findings indicate that Birjand’s green infrastructure is currently at a lower-to-moderate
performance level. Green space distribution is spatially uneven and clustered (concentrated
in central, high-density districts and insufficient in the south and west). Weak connectivity
within the green network reduces ecosystem services, while public awareness and urban
planning practices inadequately reflect the role of green infrastructure in climate resilience.
NDVI analysis shows a relative decline in vegetation cover during the study period, driven
by climatic pressures and urban expansion. Key strategies highlighted by the study include
the use of drought-resistant native species (e.g., Haloxylon, Tamarix, Melia azedarach),
adoption of smart irrigation systems, establishment of continuous green corridors,
development of pocket parks and green roofs/walls, and strengthening community
engagement through education. These measures not only enhance climate and
environmental resilience but also promote spatial justice and improve quality of life within
Birjand’s urban planning framework.

By offering a localized framework tailored to the dry-climate cities of eastern Iran, this
study contributes new insights to the existing literature and provides practical
recommendations for integrated climate-responsive policymaking.
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Extended Abstract

Introduction

Recently, research on how to manage cities and socio-cultural, economic and environmental systems has
increased in order to promote sustainable urban management. In Iranian studies, simultaneous analysis of
spatial justice, spatial self-congruence and experts' perceptions of green infrastructure in arid climates has been
less investigated. With the acceleration of climate change and its intensification of its effects on arid and semi-
arid cities, the need to adopt adaptive approaches based on green infrastructure in urban planning has become
more apparent than ever. Due to its arid climate, limited water resources, and unbalanced urban expansion,
Birjand is highly vulnerable to hazards such as temperature increases, urban heat islands, severe droughts, and
flash floods.

Study Area

Birjand is the capital of South Khorasan Province (Figure 3) and is located at geographical coordinates of 32
degrees and 52 minutes north latitude and 59 degrees and 13 minutes east longitude. The city is located at an
altitude of about 1491 meters above sea level and is located in a mountainous and relatively dry region. Birjand
is located on the northern slopes of the Bagheran Mountain Range, and this location has created special
climatic conditions for it. The distance from this city to the eastern border of Iran with Afghanistan is about 140
kilometers, which has made its geopolitical position more prominent.

Material and Methods

This research is of an applied-developmental type and is designed with a mixed approach that uses a
combination of quantitative and qualitative methods to comprehensively examine green infrastructure strategies
in adapting to climate change in the city of Birjand. The statistical population includes experts and specialists
related to urban planning, green space, environment, and crisis management in the executive bodies of Birjand
(municipality, Landscape and Green Space Organization, Regional Water Company, Environmental Protection,
and academics). Purposive sampling was conducted and 50 experts with bachelor's degrees and above and
relevant work experience were selected as respondents to the questionnaire; the aim of the research was not to
generalize the results to all citizens, but to achieve an elite consensus for formulating adaptation strategies in
the city of Birjand.

Result and Discussion

The central part and areas in the north and south of the city have a higher density of green spaces, which are
especially dense along the main streets such as Modares, Tohid, and Moallem (in residential neighborhoods,
especially in the south of the city). The northern, eastern, and western areas of the city have less developed
infrastructure, and green spaces in these areas are scattered and limited. This pattern indicates a greater
concentration of green infrastructure in densely populated areas, which plays an important role in reducing the
effects of heat, improving air quality, and managing surface water. Green spaces also help adapt to climate
change by reducing ambient temperature, absorbing carbon, and creating cool spaces for residents; especially in
central areas such as Abuzar, Taleghani, and Beheshti, the need for climate adaptation is greater. In the next
section, analyzing the demographic characteristics of the respondents to the questionnaire can help to better
understand their social, economic, and cultural backgrounds. This information can help to analyze the results of
other sections of the questionnaire and examine their relationship to climate change adaptation strategies
through green infrastructure. Given that 40% of the respondents have a bachelor's degree, 30% have a master's
degree, and 20% have a doctorate or higher, it can be concluded that the population of respondents is generally
at a high level in terms of education. This distribution indicates that people with higher education are more
likely to participate in discussions related to green infrastructure and climate change. Also, these people may
have more awareness of environmental issues and their opinions and experiences in this field are more
valuable.

Conclusion

The aim of this research was to identify the distribution pattern of green spaces, evaluate environmental
indicators, and analyze the relationship between climate characteristics and the development of green
infrastructure in order to increase urban resilience. The results of the analyses showed that the use of drought-
resistant native species and the use of modern irrigation methods (such as drip irrigation or the use of treated
wastewater) can be considered as an effective solution in the management and sustainable development of
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green space infrastructure. Also, the findings showed that the lack of coherent policymaking in the field of
distribution of urban green space infrastructure and the lack of comprehensive plans based on environmental
justice have caused some urban areas, especially underserved areas, to be deprived of sufficient access to green
spaces. On the other hand, a qualitative study of interviews conducted with urban experts showed that proper
irrigation management, the use of drought-resistant native plants, and the continuous expansion of green spaces
are among the most effective solutions for strengthening the role of green infrastructure in combating climate
change. Therefore, focusing on creating a continuous network of green space infrastructure, especially along
wind routes and in the southern areas of the city, can significantly increase the role of this infrastructure in
reducing Birjand's climate vulnerability.

Key words: Adaptation, Climate Change, Green Infrastructure, Birjand.
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