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Abstract. With the rapid expansion of urban areas, roadside green
infrastructure has become a critical element of sustainable urban planning.
While green areas along highways and streets occupy a relatively small share of
the urban carbon sink, they provide disproportionate ecological and social
benefits, including improved air quality, carbon sequestration, effective
stormwater management, heat island mitigation, and support for biodiversity.
This study employs a qualitative comparative case study approach, drawing on
literature and policy analysis from Kyoto (Japan), Hangzhou (China), and
Riyadh (Saudi Arabia), to evaluate how differing climatic and urban contexts
shape the design, performance, and challenges of roadside vegetation. The
findings highlight that canopy type, planting methodology, and policy
frameworks have a strong influence on the effectiveness of RGI, particularly in
regulating temperature, controlling pollution, and supporting ecological
connectivity. However, the study also identifies common challenges across
contexts, such as spatial constraints, high maintenance demands, and
vulnerability to climate extremes. Addressing these issues requires integrated
strategies that combine ecological design, long-term governance, and context-
specific policies. The paper concludes by emphasizing that effective roadside
greening can enhance urban resilience, provided it is supported by informed
planning and sustained management.

Keywords: urban vegetation, street trees, roadside landscaping, carbon
sequestration, urban tree management

Received 16.06.2025. Revised 15.10.2025. Accepted 13.11.2025. Available online 30.12.2025

* the corresponding author



https://doi.org/10.32523/2616-7263-2025-153-4-96-110
https://orcid.org/0009-0007-3909-6205
https://orcid.org/0000-0003-3846-2203
https://orcid.org/0000-0002-1869-9150
https://orcid.org/0000-0002-9947-6716
https://orcid.org/0000-0003-0799-8574

Green areas on highways and streets: a comprehensive study of the benefits and challenges of
implementing vegetation on roadways

Introduction

Even the most diminutive natural elements may effectuate substantial transformation in the
urban milieu. Trees serve as the city's “lungs” and reservoirs of “carbon stock”, while landscaping
approaches often reflect cultural significance, emotions, and symbolism. In addition to aesthetics,
these aspects impact human psychology and bring movement and energy to otherwise boring
urban landscapes [1]. The built environment is primarily influenced by transportation
infrastructure, which has enduring impacts on mobility systems as well as the broader
environmental, economic, and social framework [2, 3]. Highways are vital to national development
initiatives, serving as crucial infrastructure that addresses social needs and supports economic
progress.

Cities distinguished by their “green” character are increasingly imperiled by the deterioration
of natural components, especially street trees. Landscapes are influenced by several human
factors, including land use, urban design configurations (e.g., roadway layouts), vandalism, and
stewardship [4]. Intense traffic volumes exacerbate the deterioration of roadside vegetation [5].
Consequently, roadside air quality has become a significant public health issue. In Europe,
vehicular traffic was responsible for around 60% of particle number emissions in 2010, with
concentrations in heavily trafficked urban areas reaching as high as 90% [6]. Vulnerable
establishments, including educational institutions, healthcare facilities, and the residential regions
situated within 150 meters of main thoroughfares, face heightened danger.

Urban habitats impose particularly severe circumstances on trees, characterized by thermal
stress, suboptimal soils, drainage complications, and spatial constraints. Inadequate planting
tactics may result in resource wastage and tree death. Meticulous consideration of species
selection, planting timing, and ecological conditions is essential for ensuring survival [7].

Empirical research substantiates the ecological significance of roadside plantings. In Nagpur,
India, avenue plantings and institutional landscapes featured a diverse array of trees, with
roadside plants yielding the most biomass due to their larger tree diameters [6]. Mediterranean
Cypress barriers in Istanbul lowered nanoparticle concentrations by as much as 37%, yielding
direct health advantages for pedestrians [6]. These examples demonstrate that well-designed
roadside vegetation promotes air quality, reduces surface temperatures, enhances thermal
comfort for walkers, and reduces carbon footprints.

Nevertheless, obstacles persist. Restricted tree-pit dimensions, inadequate drainage, and soil
compaction often impede sustained growth [8]. Although several studies emphasize the comfort
of car occupants, surveys indicate that drivers usually underestimate the benefit of roadside
plantings, despite their extensive ecological and public health importance [9]. This contradiction
underscores the need for comprehensive strategies that integrate transportation, health, and
environmental concerns.

Sustainable road-building approaches are increasingly being used. Green roads constructed
using carbon-neutral or recycled materials can help reduce emissions, absorb excess heat, and
decrease dependence on natural resources [10]. These strategies correspond with international
climate objectives and provide an opportunity to integrate roadside green infrastructure (RGI)
with sustainable engineering methodologies.

Conceptual background

Principles of RGI. RG] encompasses the integration of vegetation and ecological design into
transport corridors to deliver multiple benefits, including pollution reduction, temperature
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regulation, and biodiversity enhancement. Vegetation can act as both a filter and a barrier,
capturing fine particles on its leaves and thereby reducing human exposure. However, dense
vegetation may also restrict airflow, potentially leading to localized pollutant buildup [11].

Airborne particulate matter (PM) and ultrafine particles (UFPs), primarily emitted by vehicles,
pose a significant health hazard [12]. Roadside trees can reduce exposure for pedestrians, cyclists,
and residents, though the effectiveness varies by canopy structure, density, and species-specific
tolerance to air pollution [13, 14]. Highway vegetation acts as a porous medium, influencing
airflow, pollutant dispersion, and deposition [15, 16]. In this way, roadside trees are not merely
ornamental - they serve as living infrastructure, providing measurable ecological services [17].

Considerations for the selection of species. Species selection is a cornerstone of successful RGI.
Criteria include growth rate, drought and pollution tolerance, canopy density, and lifespan [7].
Tree girth and canopy architecture are also critical: dense, broad canopies improve shading and
particulate capture but may trap pollutants in narrow street canyons [12]. Optimal species,
therefore, balance pollution removal capacity with site-specific spatial and climatic constraints
[1,18].

Biodiversity considerations extend beyond trees to include associated insects, birds, and
pollinators, which rely on roadside vegetation as habitat and movement corridors [19]. Tree
selection should therefore favor species that support diverse ecological interactions, enhancing
urban biodiversity resilience. However, trade-offs exist: long-lived species grow slowly, while fast-
growing trees often have short lifespans [20]. Proactive planning must therefore combine
functional, ecological, and aesthetic criteria in species choice.

Components of RGI. The efficacy of RGI is contingent upon both biological and structural
elements. Essential elements include tree-pit dimensions, drainage conditions, pruning intensity,
adjacent land use, sidewalk width, and the existence of bicycle paths or tree guards [4]. The urban
environment influences the interaction of these components with pollution loads and human use.

Sustainable engineering approaches complement RGI by enhancing vegetation. Green roads
built using recycled or carbon-neutral materials, such as fly ash, slag, rice husk ash, synthetic
rubber, or plastic, decrease greenhouse gas emissions and improve road durability [10]. This
integration converts roadways from carbon-intensive to environmentally beneficial
infrastructure.

The nascent idea of green corridors - transport pathways aimed at enhancing fuel economy,
minimizing CO, emissions, and fostering biodiversity - demonstrates the intersection of ecological
design and transportation planning [21]. International instances, such as Denmark and Vatican
City attaining carbon neutrality, illustrate how RGI and green roads may aid in accomplishing
global sustainability objectives.

The methodology

This study employs a qualitative, comparative case study methodology, complemented by a
critical literature review, to investigate the components, performance, and challenges of roadside
green infrastructure (RGI) in urban environments. Three cities - Kyoto, Japan; Hangzhou, China;
and Riyadh, Saudi Arabia were selected based on their contrasting climate zones, urbanization
patterns, and distinctive green infrastructure practices. The research proceeded in three stages:

1) Document analysis - a review of peer-reviewed publications, policy reports, and case
studies (2014-2023) with an emphasis on urban ecology, environmental engineering, and
landscape planning.
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2)  Comparative analysis - evaluation of key RGI parameters, including: tree species
selection and canopy types, planting methodologies, temperature control, air pollution mitigation,

and biodiversity value.

1-Table. Comparative overview of RGI practices in Kyoto, Han

Indicator Kyoto, Japan Hangzhou, China

gzhou, and Riyadh.
Riyadh, Saudi Arabia

climate, with a
pronounced urban
heat island effect

climate,
hot and humid
summer

Urban context Dense, historic Rapidly Low-density,
city; compact urbanizing car-dependent
urban form megacity; metropolis

mix of old/new
districts
Climate zone Moderately humid | Humid subtropical | Arid climate,

extremely high summer
temperatures

Dominant canopy type

Mixed deciduous-
evergreen (e.g.,
Zelkova, Ginkgo,

Broadleaf
deciduous and
evergreen mix

Drought-tolerant
evergreen species
(e.g., Date palm, Acacia,

grates;emphasis
on aesthetic

integration with
parkways and

Camphor trees) (e.g., Platanus, Conocarpus)
Cinnamomum,
Osmanthus)
Planting methodology Narrow tree pits Large avenue Spaced plantings along
with stone plantations; wide boulevards;

irrigation-supported
roadside plantations

methods

barriers near
traffic corridors;
emphasis on
particulate capture

with layered
vegetation;
integration of
water bodies for

alignment with waterways
streets
Pollution control Vegetation Green corridors Limited direct air

filtration; emphasis on
dust suppression and
shading

cooling
Temperature regulation | Shading + Combined shading | Shade provision
evapotranspiration | + water cooling primary; high
reduce the surface | effects in summer | evapotranspiration
heat island limited by aridity

Biodiversity value

Supports
pollinators and
native urban fauna

High tree diversity
enhances bird and
insect populations

Limited diversity;
mostly monocultures
adapted to arid soils

Unique challenges

Space constraints
in historic
districts; root

High urban
growth pressures;
risk of

Extreme heat, scarce
water, soil salinity; high
cost of irrigation
maintenance
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confinement in monoculture
narrow pits disease outbreaks
Tree survival rate factors | Soil compaction, Competition for Dependence on artificial
limited pit volume | space with irrigation; vulnerability
infrastructure; to drought and water
intensive scarcity
maintenance
needed
Policy/management Strong emphasis Integration of Strategic greening in
focus on cultural “eco-civilization” | line with Vision 2030
landscape policies into urban | sustainability goals
preservation greening

3) Performance indicators - identification of measurable outcomes, such as: decline in the
temperature of the air and the surface; Pollutant absorption efficacy (e.g., PM2.5, NOx); Spatial
configurations and tree survival rates (e.g., the design of tree pits, the presence of grates); The
influence of land use patterns on the sustainability of vegetation.

This comparative paradigm aims to provide context-specific insights on optimizing RGI to
mitigate environmental stresses while improving urban resilience and livability.

Comparative case studies

Kyoto city, Japan

In Kyoto, Japan, a study highlights the relationship between local land use planning and the
growth of street trees, which are considered essential ecological assets. These trees provide
ecological connectivity, alleviate heat island effects, and support wildlife. Effective street tree
planting involves careful design, selection of appropriate species, and measures to protect them
from pedestrian damage. Local planners have enhanced tree conditions through detailed attention
to planting strategies, reflecting the complex factors influencing urban success in developed
regions [6].

Hangzhou city, Zhejiang province, China

Roadside trees are vital to urban forests, enhancing the environment by cooling and
humidifying air during summer through solar radiation management. However, quantifying their
impact on air temperatures is challenging due to their complex 3D structures and varying planting
types. Research in China indicated that umbrella canopy designs yield the best cooling effects,
while columnar shapes provide the least benefit. Canopy cover reduces the amount of solar energy
reaching road surfaces, thereby helping to lower air temperatures. The cooling and humidification
effects are closely linked to canopy shape, with species featuring pileate, spherical, or high
pyramidal canopies recommended for plantings along highways. Two-sided plantings are also
advocated for metropolitan areas [22].

Riyadh'’s green highway

The thoughtful landscape strategy for highways in Saudi Arabia enhances not only aesthetics
but also functionality, fostering increased tree cover and biodiversity, and creating urban
ecological corridors. This design approach reflects the understanding of the past, rooted in the
Elemental Heritage of Saudi Arabia, which influences the city's evolution through culture, ecology,
history, architecture, and topography. By integrating these factors, the design preserves historical
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and cultural elements while ensuring development, emphasizing a balance of the core elements:
Fire, Earth, Water, and Wind. To highlight the similarities and differences across the three contexts,
Table 1 presents a comparative overview of RGI practices, linking canopy types, planting
methods,
and key challenges in Kyoto, Hangzhou, and Riyadh.
Challenges and future direction
Despite proven benefits, roadside plantations remain highly vulnerable in rapidly urbanizing
regions. In Asia, mature trees are frequently removed to accommodate road widening, metro
corridors, or subterranean infrastructure such as gas lines and sewage systems [3,7]. These
pressures result in fragmented planting strips, reduced soil volumes, and higher mortality rates.
Future directions for RGI must address three interlinked challenges:
o Spatial constraints - ensuring adequate soil, drainage, and continuous
planting strips rather than isolated pits;
o Biodiversity protection - integrating ecological restoration and corridor
planning into roadside design [19];
o Governance and perception - overcoming the undervaluation of vegetation by
motorists and ensuring long-term stewardship.

Findings/Discussion

Structural and biological factors influencing RGI performance. Efficient RGI depends on the
harmonious integration of biological and structural elements. In the three case studies, several
crucial elements were consistently recognized as vital for success: (i) the choice of pollution-
resistant and rapidly growing species, (ii) regular maintenance practices including pruning and
canopy management, and (iii) adequately sized and continuous tree pits to facilitate healthy root
growth [1, 20]. Complementary infrastructure components - such as bike lanes, flowerbeds, and
expansive sidewalks - are similarly significant in mitigating soil compaction and protecting root
zones from trampling [23]. These approaches, when combined, promote resilient canopies,
enhance pollution collection efficiency, and promote ecological stability in densely populated
urban environments.

Climatic and ecological advantages. Unique meteorological and urban characteristics
influenced the environmental benefits of RGI in each location.

- Kyoto, Japan: Low-canopied, terrestrial trees improved ecological connectedness and
alleviated the urban heat island phenomenon. Meticulous species selection yielded elevated
survival rates, especially in settings of space limitation [6].

- In Hangzhou, China, umbrella-shaped canopies lowered surface air temperatures by as
much as 2.5 °C relative to asphalt, while dual-sided roadside plants enhanced shade and soil
moisture retention [22].

- Riyadh, Kingdom of Saudi Arabia: In the dry environment, green roadway designs created
ventilation corridors that enhanced microclimatic comfort. These techniques amalgamate
ecological design with cultural legacy, underscoring the synergy between contemporary
infrastructure and old environmental wisdom.

Comprehensive research indicates that canopy shape has a significant impact on air pollution
deposition, ventilation, and temperature regulation. Porous vegetation may promote the
dispersion of pollution, but thick foliage can entrap delicate particulate matter in urban street
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canyons, exacerbating near-road air quality. This highlights the importance of tailoring canopy
design to individual sites. Socio-ecological issues. Notwithstanding their advantages, RGI
initiatives encounter considerable limitations.

The fast urban growth in Asian megacities often results in the elimination of older trees,
creating fragmented and narrow planting strips with reduced ecological efficacy [23]. Recently
planted roadside trees have experienced elevated death rates due to vandalism, inadequate care,
grazing pressures, and persistent exposure to automobile pollution [20]. In India, roadside
plantings face significant biotic stressors, including encroachment, overcrowding, and fires, which
compromise their long-term viability despite extensive planting initiatives [20].

The urban form also presents issues. Elevated roadway canyons impede ventilation and entrap
pollutants, exacerbating exposure levels for pedestrians [23]. Although barriers, such as fences or
plant belts, help mitigate traffic-related air pollution (TRAP), they may also raise societal concerns
over accessibility, aesthetics, and fire hazards [26, 32]. Moreover, conflicts between root systems
and urban infrastructure (e.g., sidewalks, drainage systems) hinder the long-term viability of RGI
projects [20].

Innovative practices and future directions. Emerging strategies demonstrate how RGI can
evolve beyond conventional street tree planting. Incorporating recycled materials, including fly
ash, plastics, and steel slag, into pavement construction improves road durability while lowering
CO, emissions [24]. Similarly, Low Impact Development (LID) practices, such as rainwater
harvesting for irrigation in Taichung (Taiwan), integrate water-sensitive design into
transportation infrastructure [27]. Bioengineering techniques, including slope stabilization with
native vegetation, further enhance erosion control and reduce landslide risks [28, 29]. At the global
level, advanced climate mitigation approaches, including direct air capture and peatland
restoration, underscore the importance of integrating urban RGI with broader negative-emission
strategies [24]. While resource-intensive, these technologies complement the immediate benefits
of strategically placed vegetation, which captures pollutants most effectively when located near
emission sources [30]. Policy implications for urban planners. The comparative evidence from
Kyoto, Hangzhou, and Riyadh suggests several actionable insights:

- Structural design is decisive: Canopy shape, pit size, and planting layout influence
pollutant control more strongly than species choice alone [11, 23].

- Context-specific approaches are essential: Cooling should be prioritized in humid regions
(Hangzhou), ventilation in the arid areas (Riyadh), and ecological connectivity in dense historic
districts (Kyoto) [6, 22].

- Socio-ecological resilience must be built in: Without adequate maintenance, protection
from vandalism, and adaptation to local biotic pressures, even well-designed RGI projects suffer
high mortality [20].

- Circular economy and eco-design add value: Recycled construction materials, water-
sensitive designs, and ecosystem-based engineering practices improve both sustainability and
cost-effectiveness [24, 27].

In sum, RGI has demonstrated strong potential to mitigate air pollution, reduce thermal stress,
and enhance urban biodiversity. Yet, its long-term effectiveness depends on balancing ecological,
structural, and socio-economic factors while adopting context-sensitive planning frameworks that
align with both local and global sustainability goals.
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Conclusion

This comparative analysis of RGI in Kyoto, Hangzhou, and Riyadh highlights the commonalities
and unique challenges of implementing urban vegetation policies in diverse climatic and cultural
contexts. Kyoto exemplifies the significance of ecological connectedness in densely populated
urban environments, Hangzhou showcases the cooling capabilities of umbrella-shaped canopies,
and Riyadh highlights the need for ventilation corridors in desert regions.

The results validate that structural elements - such as canopy type, planting arrangement, and
tree pit design - are crucial for reducing pollution and managing thermal conditions. Nonetheless,
these advantages are often compromised by socio-ecological obstacles, such as insufficient
maintenance, biotic stressors, and urban encroachment. Innovative strategies, such as the use of
recycled materials, water-sensitive design, and bioengineering methods, offer promising avenues
for enhancing resilience and sustainability.

The policy implications are evident: urban areas must implement context-specific, multi-
faceted solutions that emphasize structural design, guarantee long-term maintenance, and
integrate circular economy concepts. Consequently, roadside green infrastructure may transition
from a decorative element to an essential aspect of climate-responsive and socially resilient urban
development.
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2 JI.H. T'ymusaee amuindarsl Eypazus yammuik yHugepcumemi, Acmaxa, Kazaxcmax
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Anpgarna. KananblK aymMaKTapAblH KapKblHJbl KeHeliMeH 6ipre »o0J1 60MbIHAAFbI KaChLI
MHQPaAKYpBLJIbIM OPHBIKTHI KaJja KocClapJ/iay/ZblH MaHbI3/lbl 3JIeMeHTiHe alHanyaa. /JlereHMeH,
aBTOMarucTpajbZiap MeH Kellesjep OOHBIHAAFbl Kacbll alMaKTap KaJaJjblK KeMipTek
CiHipriuiHiH cajblCThIpMasbl TYp/e LaFbIH YJeCiH ajaTbIH 60Jica /13, 0J1ap 3KOJOTHUSJIBIK, XKoHe
9JIeyMeTTIK TYpFblaH aWTapJ/blKTal naija akesefi. OnapZblH KaTapblHJA ayaHbIH calacblH
YKaKCcapTy, KOMipKbIIKbIIAbI CiHipy, Hecep CyJapblH THIMAI 6acKapy, «KalaJblK Kby apajbl»
dCcepiH TOMEH/JEeTY oHe OMOalyaHTYpJIIKTI Koagay 6ap. bya 3eprreyne Kuoto (PKanonus),
Xanwxoy (KpiTai) xkoHe Ip-Pusig (Cayg Apabusicel) KaJsiaJlapblHAAFbl 9/1e0UeTTep MEH CasiCaTThIK,
TajJJjlayFa HeTri3JleJiTeH canaJjblK CaJbICTbIpMaJibl KeUC-CTaAu JAICI KOJIJAAHBLIBII, 3PTYpJi
KJIMMaTTBhIK J>KoHe ypOaHUCTIK IKaFAaWaapAblH Ko0J OOWBIHJAFbl KerasJaH/bIPY/blH
»KoOaJlaHyblHa, TUIMAiMIriHe xoHe KUbIHJABbIKTapblHA KaJlall acep eTeTiHi O6aFrajsaHajbl. 3epTTey
HOTWXKeJlepl  TaXAIH Typi, OTBIPFbI3y odJicTepi »KoHe casAcU IIeHOepJsiep Kachla
MHQPpaKypBLJIIBIMHBIH TUIMJAIJITiIHE, 9cipece TeMnepaTypaHbl peTTey, JJaCTaHy/bl OaKblIay KoHe
9KOJIOTUSIJIBIK, 0alIaHbICTBLIBIKTBI KAMTaMachl3 eTyre auTapJ/blKTal bIKNaJl eTeTiHiH KepCeTTi.
CoHbIMeH KaTap, 0apJ/iblK KOHTEKCTep VIIiH OpTaK MaceJejiep aHBbIKTalAbl: KeHICTIKTiH,
IIEeKTEeYJIJIIr, 2KOFapbl KYTiM LIBIFbIHAAPHI )KOHE KJIUMATThIK TOTEHIIE KaFAaujapra 0CalJblK,
By Macesiesiepi mienny yiiiH 3K0JIOTUSJIBIK, )KOOasiay, y3aK Mep3iM/ii 6acKkapy koHe KOHTEKCTKe
COMKeC casicaTThl YWJIECTIpeTiH KelleHZi cTpaTerusap KaxeT. KOpbITbIHJbLIAU KeJjie, TUIMAI
»KOJ1 O0WBbI KerajJaH/Jblpy KajajJapAblH TYPaKTbUIbIFbIH apTThipa aJjafbl, erep oJ cayaTTbl
YKOcCHapJiay »KaHe yHeJii 6acKkapyMeH KaMTaMachI3 eTiJice.

TyHiH ce3aep: KajaiblK 6eciMAIKTep, Jaja arallTapbl, >XOJ KHUEriH KerajaJaHAbIpY,
KeMipTeKTi CiHipy, KaJa/JblK aFalITapzbl 6ackapy.

Kypartynaaiin Caudyial, Myxammag Peiican Pexmanl,
JI.A. JKakcbuibikoBa2, A.M. Cayp6aeBaz’, K.K. ApbiHOB?

1YHueepcumem UHCeHepuu u mexHo.iozuil, /laxop, llakucma
2Egpa3ulickuli HQOYuUoHaAbHbIU yHUgepcumem um. JL.H. T'ymuneea, Acmana, KazaxcmaHn

3es1éHble 30HBI BA0JIb ABTOMArucTpaJsiei 1 yjaul: KOMIJIEKCHbIN B3TJIAA HA
NperMylIecTBa M BbI30Bbl BHEAPEHUS PACTUTE/TbHOCTH B JOPOKHYI0 HHPPaACTPYKTYpy

AHHoTanuA. C ObICTPBIM pacIIMpeHHEM T'OpPOJCKUX TEPPUTOPUN NPUAO0POXKHAs 3esieHast
MHPPACTPYKTypa  CTAaHOBUTCS  BaKHEMIIMM  3JIeMEHTOM  YCTOMYMBOTO  TOPOJCKOrO
nJIaHUpoBaHUs. HecMOTps Ha TO YTO 3eJieHble 30HbI BJJ0JIb aBTOMAarucTpasei 1 yaul 3aHUMaroT
OTHOCUTEJIbHO HeGOJIbLIYIO JJOJII0 TOPOJCKOr0o YrjepoJHOro MOrJIOTUTENsl, OHU 00ecrneyruBaroT
HecopasMepHO GO0JIbIIME IKOJOTUYECKHE U COLMaJIbHble MPEUMYLIeCTBa, BKIKOYasl yaydlleHne
KauecTBa BO3/yxa, CEKBECTpaLUI0 yriepo/a, 3¢deKTHBHOE ynpaBjeHUe JUBHEBBIMU BOJAMHY,
cHWKeHHUe 3P PeKTa ropo/iCKOTo TENJIOBOTO OCTPOBA U MOAAEPKKY 6Mopa3Hoobpasusi. B faHHOM
MCC/IeJJOBaHUHM UCIOJIb3yeTCsl KaueCTBEHHbIM CPaBHUTEIbHbINA METO/i KeHC-CTaAu, OCHOBAaHHbIM
Ha aHaJIu3e JIMTepaTypbl U NOJUTUYECKUX cTpaTeru B Kuoto (Anonus), Xanwkoy (Kurait) u 3p-
Pusane (CaynoBckass ApaBus), AJs OLEHKH TOro, KakK pasJ/iMuHble KJWMaTHYeCKHe U
ypOaHHUCTHYECKHME KOHTEKCTbl BJIUSIIOT Ha MpPOeKTUpOBaHHUe, 3QPEeKTUBHOCTb M MHPOOJIEMbI
IPU/I0POXKHON PaCTUTENbHOCTH. Pe3ysibTaThl IOKA3bIBAIOT, YTO TUI KPOHBI, METO/Ibl TOCA/IKU U
NOJIMTUYECKHE PaMKHU OKa3blBAlOT 3HAUYUTEJbHOE BJMSAHUE Ha 3PQPEeKTUBHOCTb 3eJIeHOU
MHPPACTPYKTYpbl, OCOGEHHO B pEryJHpOBaHHUMU TeMIlepaTypbl, KOHTpOJIe 3arpsi3HEHUs WU
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noJJlepKKe 3KOJOTMYEeCKOM CBsI3aHHOCTU. OJHAKO HCCAelOBaHUE TaKXe BbISBUJIO 0OIUe
npo6JsieMbl [AJis BCEX KOHTEKCTOB, TaKhe KaK NPOCTPAHCTBEHHble OTrpaHHWYeHHUs, BbICOKasi
NOTPEOHOCTDb B yXO/I€ U YI3BUMOCTb K KJIMMAaTHYECKUM 3KCTpeEMyMaM. PellieHre 3THX BOIPOCOB
TpebyeT WHTErPUPOBAHHBIX CTPATErHM, COYETAIIIMX 3KOJOTUYECKUH JU3aiH, AOJTOCPOYHOE
yIpaBJeHHe U KOHTEKCTHO-CIeluPUIEeCKy0 MOJUTHUKY. B 3ak/oyeHre NMOJYepKUBAETCS, YTO
3pdeKTUBHOE 03esleHEHUE JOPOXKHBIX TEPPUTOPUNA MOXKET MOBBICUTb YCTOMYMBOCTb TOPOJIOB
IPU YCJOBUHU €r0 MO/IEPKKH 'PAaMOTHBIM IJTAHUPOBAHUEM U MTOCTOSTHHBIM YIIPaBJIEeHUEM.

KiueBbie c/10Ba: ropo/ickasi paCTUTENbHOCTb, YJIWYHbIE [EpeEBbs, O3eJleHEHUE BJ0Jib
JlOpOr, yTJepo/iHbIN 6a/laHC, yIIpaBJeHUE TOPOACKUMHU IePEBbSIMMU.

References

1. Guneroglu N., Bekar M., Kaya Sahin E. Plant selection for roadside design: the view of
landscape architects // Environmental Science and Pollution Research. -2019. -Ne26(33). -P.
34430-34439.DOI: 10.1007/s11356-019-06562-4.

2.  Meyer M., Hunter M., Eisenman A. Comparison of “Green Road Rating” Systems: Final Report.
Sustainable Streets and Highways [9s1ekTpoHHBIH pecypc].

3. Adzar . A., Zakaria R., Aminudin E., Rashid M. H. S. A,, Munikanan V., Shamsudin S. M., Rahman
M. F. A., & Wah C. K. Development of operation and maintenance sustainability index for penarafan
hijau jabatan kerja raya (pHJKR) green road rating system // IOP Conference Series: Materials
Science and Engineering. -2019. -Ne527(1). DOI: 10.1088/1757-899X/527/1/012058.

4. Tan X, Shibata S. Factors influencing street tree health in constrained planting spaces:
vidence from Kyoto City, Japan // Urban Forestry and Urban Greening. -2022. -N267. DOI:
10.1016/j.ufug.2021.127416.

5. Angelstam P., Khaulyak 0., Yamelynets T., Mozgeris G., Naumov V., Chmielewski T. ],
Elbakidze M., Manton M., Prots B., & Valasiuk S. Green infrastructure development at European
Union’s eastern border: Effects of road infrastructure and forest habitat loss // Journal of
Environmental Management. -2017. N¢193. -P. 300-311. DOI: 10.1016/j.jenvman.2017.02.017.

6. Ozdemir H. Mitigation impact of roadside trees on fine particle pollution // Science of the
Total Environment. -2019. -N2659. -P. 1176-1185. DOI: 10.1016/j.scitotenv.2018.12.262.

7. Lahoti S., Lahoti A, Joshi R. K., & Saito O. Vegetation structure, species composition, and
carbon sink potential of urban green spaces in Nagpur City, India // Land. -2020. N29(4). DOI:
10.3390/1and9040107.

8. Zaki S. A, Toh H. ], Yakub F,, Saudi A. S. M., Ardila-Rey ]. A., & Muhammad-Sukki F. Effects of
roadside trees and road orientation on thermal environment in a tropical city // Sustainability
(Switzerland). -2020. -N212(3). DOI: 10.3390/su12031053.

9. Shaaban K, Shakeel K., Rashidi T. H., & Kim [. . Measuring users’ satisfaction of the road
network using structural equation modeling // International Journal of Sustainable
Transportation. -2022. -N216(9). -P. 792-803. DOI: 10.1080/15568318.2021.1934916.

10. AttahiruY. B., Aziz M. M. A,, Kassim K. A., Shahid S., Wan Abu Bakar W. A., NSashruddin T. F.,
Rahman F. A, & Ahamed M. 1. A review on green economy and development of green roads and
highways using carbon neutral materials // Renewable and Sustainable Energy Reviews. -2019. -
Ne101. P. 600-613. DOI: 10.1016/j.rser.2018.11.036.

JLH. I'ymuses ambiHdarsl Eypasus yammulk yHugepcumemiuiy XABAPILBICHI. N94(153)/ 2025 107
TexHUKA/IbIK FolAbIMAAD HCaHe MeXHOA02USAAAP CepUsICbl
ISSN: 2616-7263. elSSN: 2663-1261



Quratulain Saifullah, Muhammad Faisal Rehman, L.A. Zhaksylykova, A.M. Saurbayeva, K.K. Arynov

11. ZhengT., ZhangS., LiX. B, WuY, JiaY.P., WuC. L. He H. Di & Peng Z. R. Impacts of vegetation
on particle concentrations in roadside environments // Environmental Pollution. -2021. -Ne282.
DOI: 10.1016/j.envpol.2021.117067.

12. Wang H., Maher B. A, Ahmed I. A. M. & Davison B. Efficient Removal of Ultrafine Particles
from Diesel Exhaust by Selected Tree Species: Implications for Roadside Planting for Improving
the Quality of Urban Air // Environmental Science and Technology. -2019. -Ne53(12). -P. 6906-
6916. DOI: 10.1021/acs.est.8b06629.

13. Ozdemir H. Mitigation impact of roadside trees on fine particle pollution // Science of the
Total Environment. -2019. -N2659. -P. 1176-1185. DOI: 10.1016/j.scitotenv.2018.12.262.

14. Singh H., Bandyopadhyay S., Kumar A., Singh M., Malik A., Kumari G., Raturi A., Yadav S. K,
Kumar M., Barthwal S., Thakur A., & Rawat P. S. Understanding the physiological and biophysical
response of urban roadside plantations for assessing adaptation and mitigation mechanisms
toward vehicular emissions // Urban Climate. -2022. -N¢44. DOI: 10.1016/j.uclim.2022.101183.
15. Muthu M,, Gopal J., Kim D. H. & Sivanesan I. Reviewing the impact of vehicular pollution on
road-side plants - future perspectives // Sustainability (Switzerland). -2021. -N213(9). DOI:
10.3390/su13095114.

16. Hashad K,, Yang B., Baldauf R. W., Deshmukh P., Isakov V., & Zhang K. M. Designing roadside
green infrastructure to mitigate traffic-related air pollution using machine learning // Science of
the Total Environment. -2021. -N2773. DOI: 10.1016/j.scitotenv.2020.144760.

17. Yang H., Chen T, Lin Y., Buccolieri R., Mattsson M., Zhang M., Hang ]J. & Wang Q. Integrated
impacts of tree planting and street aspect ratios on CO dispersion and personal exposure in full-
scale street canyons // Building and Environment. -2020. -N2169. DOI:
10.1016/j.buildenv.2019.106529.

18. Deshmukh P., Isakov V., Venkatram A., Yang B., Zhang K. M., Logan R. & Baldauf R. The effects
of roadside vegetation characteristics on local, near-road air quality // Air Quality, Atmosphere
and Health. -2019. -N212(3). -P. 259-270. DOI: 10.1007/s11869-018-0651-8.

19. New T. R, Sands D. P. A, Taylor G. S. Roles of roadside vegetation in insect conservation in
Australia // Austral Entomology. -2021. -N260(1). -P. 128-137. DOI: 10.1111/aen.12511.

20. Ragula A, Chandra K. K. Tree species suitable for roadside afforestation and carbon
sequestration in Bilaspur, India // Carbon Management. -2020. -P. 369-380. DOI:
10.1080/17583004.2020.1790243.

21. Demir E. Bektas T., Laporte G. A review of recent research on green road freight
transportation // European Journal of Operational Research. -2014. -Ne237(3). -P. 775-793. DOI:
10.1016/j.ejor.2013.12.033.

22. CaiY, LiC, YelL, Xiao L., Gao X,, Mo L., Du H., Zhou Y. & Zhou G. Effect of the roadside tree
canopy structure and the surroundings on the daytime urban air temperature in summer //
Agricultural and Forest Meteorology. -2022. -Ne316. DOI: 10.1016/j.agrformet.2022.108850.

23. Huangy., Lei C, Liu C. H., Perez P., Forehead H., Kong S., & Zhou ]. L. A review of strategies for
mitigating roadside air pollution in urban street canyons // Environmental Pollution. -2021. -
Ne280. DOI: 10.1016/j.envpol.2021.116971.

24. Tiwari A., Kumar P. Integrated dispersion-deposition modelling for air pollutant reduction
via green infrastructure at an urban scale // Science of the Total Environment. -2020. -Ne723. DOI:
10.1016/j.scitotenv.2020.138078.

25. Kumar P, Zavala-Reyes |. C., Tomson M. & Kalaiarasan G. Understanding the effects of
roadside hedges on the horizontal and vertical distributions of air pollutants in street canyons //

108  N24(153)/2025 JLH. I'ymunes ameiHdarsl Eypasus yaimmuik yHugepcumeminiy XABAPIIBICHI
TexXHUKA/IbIK FblAbIMOAP HCaHE MEXHO102USAAP CEPUSIChI
ISSN: 2616-7263. eISSN: 2663-1261



Green areas on highways and streets: a comprehensive study of the benefits and challenges of
implementing vegetation on roadways

Environment International. -2022. -Ne158. DOI: 10.1016/j.envint.2021.106883.

26. Hashad K, Yang B., Baldauf R. W., Deshmukh P., Isakov V. & Zhang K. M. Enhancing the local
air quality benefits of roadside green infrastructure using low-cost, impermeable, solid structures
(LISS) // Science of the Total Environment. -2020.-N2717. DOI: 10.1016/j.scitotenv.2020.137136.
27. Lin].-Y,, Chen C.-F., Ho C.-C. Evaluating the effectiveness of green roads for runoff control //
Journal of Sustainable Water in the Built Environment. -2018. -Ne4(2). DOLI:
10.1061/jswbay.0000847.

28. Klatzel F. Green roads: Building environmentally friendly, low maintenance rural roads
through local participation [3s1eKTpoHHBIH pecypc].

29. Bhatti U. A, Yu Z, Hasnain A, Saqib &, Nawaz A., Yuan L., Wen L. Mughair & Bhatti A.
Evaluating the impact of roads on the diversity pattern and density of trees to improve the
conservation of species [3/1eKTpOHHBIN pecypc]. Pexxum JlocTyna:
https://doi.org/10.1007/s11356-021-16627-y

30. Chen X, Wang X., Wu X., Guo J. & Zhou Z. Influence of roadside vegetation barriers on air
quality inside urban street canyons // Urban Forestry and Urban Greening. -2021. -N263. DOI:
10.1016/j.ufug.2021.127219.

Information about the authors:

Quratulain Saifullah - Master of Construction Management, University of Engineering and
Technology, Lahore. CEO of Bimace Studio, operating under the Republic of Pakistan, Australia and
the USA. Address: 10 Cartmell Way, Balga, WA 6061, Australia.

Muhammad Faisal Rehman - Master of science in urban Infrastructure Planning and Management,
Associate professor, University of Engineering and Technology, Grand Trunk Road

(G.T.Road), 54890, Lahore, Punjab, Pakistan.

Saurbayeva A.M. - corresponding author, PhD, Senior lecturer at the Architecture Department of
L.N. Gumilyov Eurasian National University, Satpayev str., 2, 010000, Astana, Kazakhstan
Zhaksylykova L.A. - Master of architecture, acting associate professor, Architecture Department of
L.N. Gumilyov Eurasian National University, Satpayev str., 2, 010000, Astana, Kazakhstan

Arynov K.K. - Doctor of architecture, Head of the Architecture Department of L.N. Gumilyov
Eurasian National University, Satpayev str., 2, 010000, Astana, Kazakhstan

Kypatynaiin Caundysnna - Kypbuibic MeHeakMeHTI Maructpi, MHkeHepusi oHe TEXHOJIOTHUS
yHuBepcuTeTi. Bimace Studio komnaHusiceiHBIH 6ac fupekTopsl, o [lakicTan, AycTpanus xKaHe
AKIII 3aHHaMachl ascblHAa XKyMmbic icTeifii. Mekenxkaibl: 10 Cartmell Way, Balga, WA 6061,
AycTtpanus.

Myxamman @eiican Pexman - Kasanblk HHOPaKYpbLIBIM/Ibl >KOCHapJay oHe O6acKapy
caJIacblH/ZIaFbl FbIJIBIM MArvucTpi, foueHT, UHxKeHepud XoHe TeXHoJorud yHuBepcureTi, ['panj-
Tpauk xkoubl (G.T. Road), 54890, Jlaxop, [lengxka6, [IakicTaH.

Cayp6aeBa A.M. - xar-xabap aBtopbl, PhD, JLH. T'ymuneB arTbiHfarbl Eypasus yJaATTBIK
yHUBepcUuTeTiHiH, «CayseT» kKadeApacblHbIH, aFa OKbITyuibichl, CoaTnaeB keueci, 2, 010000,
ActaHa, Ka3akcTaH.

KakcbubikoBa JILA. — caysieT Maructpi, JI.LH. 'ymuneB ateiHaarel Eypasusa yaTThIK

JLH. I'ymuses ambiHdarsl Eypasus yammulk yHugepcumemiuiy XABAPILBICHI. N94(153)/ 2025 109
TexHUKA/IbIK FolAbIMAAD HCaHe MeXHOA02USAAAP CepUsICbl
ISSN: 2616-7263. elSSN: 2663-1261



Quratulain Saifullah, Muhammad Faisal Rehman, L.A. Zhaksylykova, A.M. Saurbayeva, K.K. Arynov

yHUBepcUTeTiHiH «CaysieT» KadpeapacbiHbIH JoLeHT M.a., CotnaeB keuueci, 2, 010000, ActaHna,
KazakcTaH.

ApeiHoB K.K. - coyset gokTtops, JIL.H. 'ymuneB ateiHgarbl Eypasus yaTTbIK yHUBEPCUTETIHIH,
«Caynet» kadenpacbiHbIH MeHrepyiuici, CoTnaes keiueci, 2, 010000, Actana, KazakcTaH.

Kyparynain Caudysna — MarucTp ynpasjeHUsl B CTPOUTENbCTBE, YHUBEPCUTET UHKEHEPHUU U
TexHoJsioruy, Jlaxop. [eHepanbHbIM AUpeKTOp cTyAuU Bimace, ocyuecTBiswoen AedTeJlbHOCTb
B paMKax 3aKoHozaTesbcTBa [lakucrana, ABctpanuu u CIIA. Aapec: 10 Cartmell Way, Balga, WA
6061, ABcTpanus.

Myxammap @eiican PexMaH — Maructp Hayk B 006/1aCTH IIJIAaHUPOBAHUA U YIIpaBJIeHUS TOPOJCKOM
MHPPACTPYKTYpPOH, AOLEHT, YHUBEPCUTET UHXKEHEePUU U TexHoJsiorul, ['pansa-Tpank Poyg (G.T.
Road), 54890, Jlaxop, [lenka6, [lakucraH.

CaypbaeBa A.M. - aBTOp A KoppecnoHzaeHuud, PhD, crapmuii npenogaBaTesb Kadeapbl
«ApxuTekTypa» EBpasuickoro HaumoHaJbHOro yHuBepcurteta uM. JL.H. 'ymunesa, yi. Catnaesa,
2,010000, Actana, KazaxcraH.

KaxkcbuibikoBa JILA. - MarucTp apxXMTeKTypbl, H.0. JOLEHT KadeApbl «ApXUTEKTypa»
EBpa3uiickoro HanuoHasbHOro yHuBepcuteta um. JILH. 'ymuinena, ya. Carnaea, 2, 010000,
ActaHa, KaszaxcrtaH.

ApbiHoB K.K. - f0KTOp apXuUTeKTyphl, 3aBefyouiuil kapeapoi «ApxutekTypa» EBpasuiickoro
HallMoHaJIbHOrO yHHMBepcuTeTa UM. JI.H. 'ymuiieBa, yi. Catnaena, 2, 010000, Acrana, Kazaxcras.

-Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of the

Creative Commons Attribution (CC BY NC) license (https://creativecommons.org/licenses/by-nc/4.0/).

110 Ne4(153)/ 2025 JLH. I'ymunes ameiHdarsl Eypasus yaimmuik yHugepcumeminiy XABAPIIBICHI
TexXHUKA/IbIK FblAbIMOAP HCaHE MEXHO102USAAP CEPUSIChI
ISSN: 2616-7263. eISSN: 2663-1261



