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Abstract: This article addresses the challenges of global climate change and accelerated
urbanization, which require nature-based solutions for sustainable urban development. Green
infrastructure (GI) represents a system of interconnected green areas that serve climatic, ecological,
social, and economic functions. This study explores the potential of GI in promoting the sustainable
development of the historic city of Bukhara. Based on a qualitative analysis of scientific literature,
international case studies, and local urban features, the strengths and weaknesses of the city's green
system were identified. A SWOT analysis was conducted to determine the main barriers and
opportunities for expanding GI. Comparative examples from international practice (Singapore,
Copenhagen, New York) are presented, as well as a map of existing green zones in the city. Finally, the
study offers recommendations for integrating Gl into the strategic urban planning of Bukhara to enhance
climate resilience, preserve the cultural landscape, and improve the quality of the urban environment.
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Introduction

The city of Bukhara, like many historic cities in Central Asia, has faced growing pressures from
urbanization, climate change, and the lack of green space in recent decades. Rising summer
temperatures, population growth, water scarcity, and deteriorating air quality threaten the environmental
sustainability and comfort of the urban environment.Bukhara is located in an arid climate zone, where
the effects of the urban heat island, limited water supply, and under-adapted infrastructure are
particularly severe. In conditions of high historical building density, limited space for planting, and poor
access to shaded public areas, the need for nature-based solutions becomes especially relevant.One
such solution is green infrastructure (Gl)—a system of interconnected green and natural elements such
as parks, green roofs, tree-lined streets, rain gardens, and restored water bodies. Gl provides ecological,
climate-regulating, and social functions. Integrating Gl into the sustainable development strategy of
Bukhara can help lower air temperatures, improve the microclimate, enhance tourism potential, and
promote social inclusion. Although certain elements of Gl already exist in Bukhara (e.g., Samanid Park,
green public spaces, and landscaped canals), there is currently no systematic approach to planning,
maintaining, or expanding this infrastructure.

1Bolund, P., & Hunhammar, S. (1999). Ecosystem services in urban areas.
Fcological FEconomics, 29(2), 293 -301. https://doi.org/10.1016/S0921-
8009 (99) 00013-0
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However, the city currently lacks a regulatory framework and long-term investment programs to support
the development of GI. The present study aims to justify the potential for expanding and integrating Gl
into Bukhara's sustainable urban development strategy by drawing on international experience, scientific
literature, and local conditions.

Modern cities are increasingly facing complex environmental, climatic, and social challenges,
exacerbated by anthropogenic pressures and global climate change. Rising temperatures, more frequent
extreme weather events, declining air quality, biodiversity loss, and urban deforestation pose threats to
urban sustainability. At the same time, traditional engineering (“gray”) infrastructure solutions are often
ineffective, costly, and short-term in their impact.

Against this backdrop, the concept of green infrastructure is gaining strategic relevance. Gl is a network
of interconnected natural and semi-natural elements—such as green roofs, urban forests, parks,
wetlands, and permeable surfaces—that not only support ecological processes but also serve critical
engineering, climate regulation, and social functions. Unlike traditional infrastructure, Gl relies on
ecosystem services, offering a holistic response to the challenges of urbanization and climate change

At the international level, the effectiveness of Gl has been confirmed in cities such as Copenhagen,
New York, Singapore, and Melbourne, where green infrastructure has led to notable improvements in
stormwater management, reduction of the urban heat island effect, biodiversity enhancement, and even
municipal cost savings. However, in many developing countries and post-Soviet cities with transitional
economies, Gl integration remains limited and fragmented. Therefore, the goal of this article is to
examine the role of green infrastructure in sustainable urban development, to conduct a comparative
analysis of international practices, and to identify the opportunities and barriers to its implementation in
different regional contexts[2]?. The study is based on an interdisciplinary approach, covering ecological,
climatic, urban planning, and social dimensions. Ongoing global urbanization processes are
accompanied by increased anthropogenic pressures on the environment. Cities are experiencing
overheating, air pollution, loss of biodiversity, and declining sanitary and health conditions. Traditional
gray infrastructure, based purely on engineering solutions, often fails to deliver sustainable ecological
and social outcomes in the long term.

The sustainability of urban areas is increasingly under pressure. In response to these challenges, the
concept of green infrastructure (GI) has emerged, aiming to integrate natural processes into
architectural and spatial planning strategies.

Green infrastructure is defined as a system of interconnected natural and green spaces that provide
ecosystem services, including air and water purification, microclimate regulation, stormwater
management, and recreational opportunities. This paper explores the role of Gl in supporting sustainable
development, presents examples from international practice, and analyzes the barriers and prospects for
its implementation in countries with transitional economies.

Methodology. Theesearch on green infrastructure (GI) in the city of Bukhara is based on a qualitative
and interdisciplinary approach, integrating principles from urban planning, ecology, climatology, and
territorial development. The main objective was to assess the current condition of green spaces in the
city, evaluate their functional potential and level of integration into the urban environment, and identify
strategic directions for GI development informed by international experience To achieve the research
objectives, the following methods were applied: Content analysis of academic and regulatory literature

2Bolund, P., & Hunhammar, S. (1999). Ecosystem services in urban areas. Ecological Economics,
29(2), 293 -301. https://doi.org/10.1016/50921-8009 (99)00013-0
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related to green infrastructure, sustainable development, and urban planning. Sources included
publications from Scopus, ScienceDirect, UN-Habitat, WHO, and IPCC.Cartographic analysis of green
zones in Bukhara using open-access geospatial data, satellite imagery, and urban planning maps. Digital
tools and platforms used included Google Maps, OpenStreetMap, and archival city maps.Comparative
analysis of international case studies from cities such as Copenhagen, New York, Singapore, and
Melbourne. These cases were selected for their relevance to arid and historic contexts and were adapted
to Bukhara’s local climatic and cultural conditions. SWOT analysis aimed at identifying the strengths,
weaknesses, opportunities, and threats associated with the implementation of Gl in a city situated in a
dry climate region with a sensitive historical environment. The following key criteria were used to assess
the effectiveness and sustainability of green infrastructure: Environmental parameters — impact on the
urban microclimate, reduction of air temperature, air purification, soil protection, and support for
biodiversity; Hydrological aspects — the capacity of Gl elements to absorb and filter precipitation, as
well as prevent urban flooding; Social functions — accessibility of green spaces for the population, their
impact on public health, quality of life, and urban tourism attractiveness;Economic efficiency —
comparison of the costs of establishing and maintaining GI with its long-term ecological and social
benefits; Institutional sustainability — the presence of strategic planning documents, legal and
regulatory frameworks, and the readiness of local authorities to support and implement green initiatives.

This study is primarily analytical in nature and relies largely on secondary data. The main limitations
include: Limited access to high-resolution geospatial datasets for Bukhara; Absence of an official
inventory or map of green infrastructure; Fragmentation of urban planning documentation and lack of
transparency in local data systems. Nevertheless, by applying international analogs and a comparative
methodology, the study has generated evidence-based recommendations tailored to the regional
characteristics of Bukhara, combining global standards with local context.

Table 1. SWOT Analysis of Green Infrastructure in the City of Bukhara

Strengths Weaknesses
- Favorable climate with year-round solar
exposure

- Limited water resources for irrigation

. - Absence of a comprehensive urban plannin
- Presence of historic parks and canals P P g

strategy
- Growing interest in sustainable and eco-tourism - Limited funding for Gl implementation
- Rich cultural heritage that supports the - Weak legal framework for the protection of
preservation of green spaces Gl
Opportunities Threats

- Increasing construction without
environmental assessment
- Rising temperatures and growing climate
aridity
- Loss of historical green zones due to
urbanization
- Creation of civic initiatives and local - Neglect of green standards in new
environmental programs construction projects

- Use of treated wastewater for irrigation

- Access to donor and international funding

- Development of green tourism and eco-trails
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Table 2. 3Comparative Analysis of GI Implementation in Selected Cities

. Temperature Runoff Air Quality Economic
City Type of Gl Reduction Reduction Improvement Efficiency
Copenhagen Green streets, 2-3°C Moderate Yes High
urban parks
Millions of e
New York Gr_een roofs, Up to 3°C gallons per Yes $1.5 b|_|||on In
bioswales savings
year
ABC Waters .
' (Active, . o Investments in
Singapore Beautiful, Up to 4°C Significant Yes health zfmd
recreation
Clean)
Melbourne | Urban forests Upto 4°C Medium Yes Increase in real
estate value

New York _ (maximum effect)
Singapore —

Melbourne _

Copenhagen _

Bukhara - (initial stage)

Results : Current Status of Green Infrastructure in Bukhara The analysis of the current state of green
infrastructure (GI) in the city of Bukhara revealed several key characteristics and spatial trends.-Based
on data from open-access geospatial platforms (Google Maps, OpenStreetMap) and satellite imagery,
the following findings were made:

The main green areas are concentrated in the historic center of the city, including Samanid Park, the
Lyabi-Hauz garden, and landscaped zones near the Ismail Samani Mausoleum; In peripheral districts,
vegetation is fragmented and often disconnected, lacking functional green corridors; The total green
space per capita is estimated at less than 8 square meters, which is significantly below the World Health
Organization (WHO) recommendation of 20—-30 m2 per person.

“Table 3. Comparative Assessment of GI Functional Performance by City

Cit Temperature | Stormwater | Ecological Biodiversit Economic

y Effect Management | Connectivity y Efficiency

S Up to 80% i

Singapore Hli}ic() 3- runoff Strong High tl)g:jtnn:ggfel
reduction

8 Tan,P.Y., Wang, J., & Sia, A. (2013). Perspectives on five decades of the urban greening of
Singapore. Cities, 32, 24-32. Hauser, K. (2018). Urban Green Infrastructure Planning: Linking
Environmental and Economic Performance. Journal of Urban Ecology, 4(1), 1-12. UN-Habitat.
(2021). Urban Nature-Based Solutions and Green Infrastructure. Author’s comparative evaluation
based on cartographic and policy review for Bukhara.

4 MUHUCTEPCTBO 3K0N0rMM Y3bekuctaHa. (2022). HaumoHanbHbIN A0KAaA 06 3KONOTMYECKON CUTYaLMK 1
YCTOMYMBOM Pa3BUTUM FOPOAO
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High $1.5 billion
New York Moderate (bioswales, Medium Moderate | . n
infrastructure
green roofs) :
savings
Cloudburst ef?e?:s"[ti;/e
Copenhagen Moderate water Strong Moderate hvbri
i ybrid
infrastructure .
planning
Low Not yet
Bukhara (localized Absent Fragmented At risk | y q
effect) evaluate

The conducted SWOT analysis reveals that Bukhara’s primary strengths lie in its favorable solar climate
and rich cultural heritage, which support the potential for nature-based and landscape-driven solutions.
However, its weaknesses include a shortage of irrigation water, a lack of regulatory frameworks, and the
absence of an integrated planning system.Among the opportunities are the reuse of treated wastewater,
the attraction of donor and international funding, and the development of eco-tourism and nature trails.
The main threats include uncontrolled urban expansion without environmental assessments and the risk
of climate-driven desertification.

Figure 2. Schematic Map of Green Zones in the City of Bukhara
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5In addition to the previously discussed results, cartographic materials provide critical spatial context for
understanding the distribution, coverage, and development potential of green infrastructure (Gl) in
Bukhara and the surrounding region.The first image presents a detailed map of central Bukhara with
marked green zones, parks, and urban oases.The second image shows the geographical location of
Bukhara Province within Uzbekistan, helping introduce the broader spatial context.The third image
illustrates key research sites across the region, supporting the methodological framework of the
study.The fourth image maps the administrative boundaries of Bukhara Province and highlights local
zones relevant to urban ecological initiatives.Green infrastructure is a key element in the transition
toward sustainable and resilient urban development. Its benefits include:Green infrastructure represents
a forward-looking strategy for building resilient, inclusive, and ecologically balanced cities. It not only
addresses the challenges of climate change adaptation but also contributes to better living conditions,
urban equity, and environmental justice.Leading global examples confirm that investments in Gl can be
cost-effective, multifunctional, and transformative.

Discussion. The findings of this study indicate substantial spatial and institutional limitations in the
development of green infrastructure (Gl) in the city of Bukhara. Although several historically established
green areas exist—such as Samanid Park, Lyabi-Hauz, and the canal systems—they remain isolated and
disconnected, failing to function as an integrated ecological network that delivers full-scale ecosystem
services.Comparative analysis shows that in cities like Singapore, Copenhagen, and New York, green
infrastructure is not merely decorative, but rather an integral part of comprehensive urban strategies that
ensure:

Urban temperature reduction by 2-4°C;

60-80% stormwater runoff management;

Enhanced biodiversity and quality of life;

Economic savings through reduced healthcare and infrastructure costs.

In contrast, Bukhara lacks a strategic framework aimed at integrating green infrastructure into urban
planning. Most greening efforts are localized, fragmented, and lack long-term sustainability.

The SWOT analysis highlights the following barriers:
Scarcity of water resources for irrigation and vegetation cooling;
Absence of urban planning standards for green infrastructure;
Limited investment and weak intersectoral coordination;

Low public engagement and lack of environmental education. However, Bukhara also possesses key
opportunities:Reuse of treated wastewater for irrigating urban greenery;

Implementation of adaptive solutions: green roofs, vertical gardens, and shading structures in high-
density urban areas.In the face of climate challenges—rising temperatures and declining precipitation—
green infrastructure may serve as a foundation for urban climate adaptation. Its multifunctionality
lies in providing environmental protection, climate regulation, public health benefits, and increased
social and tourism value.For Bukhara, a historic city with rich cultural identity, it is especially important
to promote Gl solutions that preserve the cultural landscape while delivering ecological functionality.

5. Conclusion. This study shows that green infrastructure holds substantial potential for enhancing
the resilience of Bukhara’s urban environment. Although the city contains individual green areas, there

> MuHMCTepCTBO 3KoMornn Y3bekucrtaHa. (2022). HaumoHanbHbI A0KAaA 06 3KONOMMUYECKON CUTYaLUN 1
YCTOMYMBOM Pa3BUTUM FOPOAO
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IS no coherent system for developing, protecting, or integrating them into official urban planning.The
review of international best practices—Singapore, New York, Copenhagen, and Melbourne—
demonstrates that Gl can effectively contribute to climate adaptation, ecological balance, and social
uplift in urban settings. In Bukhara, by contrast, green areas are fragmented, suffer from poor
maintenance, water scarcity, and insufficient legal support.To enable effective GI implementation in
Bukhara, the following actions are recommended:Develop a municipal strategy for urban greening and
sustainable landscape planning; Restore and connect existing green areas to create an integrated
ecological network; Apply innovative solutions: green roofs, vertical greening, and reclaimed water
irrigation; Leverage international funding and foster cross-sector partnerships;Promote community
involvement, especially through public education and local initiatives. In conclusion, green
infrastructure must be viewed not as a secondary beautification tool, but as a core strategy for
sustainable, healthy, and climate-resilient urban development in Bukhara for the 21st century.
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