
 

 

 

Noraduola D R, Mangkoedihardjo S, Santoso R I B, Puwanti I F, Jaya L M G & Cahyadi R 

VERTICAL GREENING APPROACH FOR URBAN KAMPUNG: A SYSTEMATIC REVIEW 

 

5 

T
h
e
or

e
ti
ca

l 
a
nd

 E
m
p
ir
ic
a
l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 

V
ol
um

e
 2

0
  

I
ss

ue
 1

 /
  
F
e
b
ru

a
ry

 2
0
2
5
 

1
.1

.1
.1

.1
.1

.2
 T
h
e
or

e
ti
ca

l 
a
nd

 E
m
pi
ri
ca

l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 
VERTICAL GREENING APPROACH FOR URBAN 

KAMPUNG: A SYSTEMATIC REVIEW 

 

Dwi R NORADUOLA  
Department of Environmental Engineering, Institute Teknologi Sepuluh Nopember, Indonesia 

and 
Department of Architecture and Planning, Faculty of Engineering, Halu Oleo University, 

Kendari, South-East Sulawesi Province, Indonesia 

drnoraduola2023@gmail.com  

 

Sarwoko MANGKOEDIHARDJO 

Department of Environmental Engineering, Institut Teknologi Sepuluh Nopember, Indonesia. 
sarwoko@enviro.its.ac.id  

 

R. Irwan Bagyo SANTOSO 

Department of Environmental Engineering, Institut Teknologi Sepuluh Nopember, Indonesia 
bagyo@enviro.its.ac.id  

 

Ipung F PURWANTI 
Department of Environmental Engineering, Institut Teknologi Sepuluh Nopember Surabaya, 

Indonesia 
 ipung_fp@its.ac.id  

 

Laode M G JAYA 

Faculty of Engineering, Halu Oleo University, Kendari, Southeast Sulawesi Province, Indonesia 

Laodemgj@uho.ac.id  
 

Rusli CAHYADI 
Population Research Centre of the National Research and Innovation Agency (BRIN), Indonesia 

ruslic27@gmail.com  
 
 
Abstract 
Desakota, commonly known as urban kampung, is a distinctive characteristic of urbanization in the Southeast Asian 
region. These communities are particularly susceptible to urban food insecurity and heat stress, making them highly 
vulnerable. This article examines a suitable VGS approach to address these concerns based on the characteristics 
of the urban kampung using a systematic literature review (SLR). The study highlights that the characteristics of 
urban kampungs, such as the physical environment, income levels, and demand size, determine the suitability of 
Productive Façade as a viable solution. This study can support the development of green infrastructure for UHI and 
climate change mitigation and adaptation, improve public health, and promote environmental justice in densely 
populated urban areas with low-income populations. 
Keywords: Food security, thermal comfort, productive façade, social economy, urban kampung, vertical greenery. 
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1. INTRODUCTION  

Southeast Asia is experiencing rapid growth (Ouyang et al., 2016), driven by economic transition (Fan et 

al., 2022). Urbanization in this region shows a substantial correlation between population growth and 

economic development (Fan et al., 2022). Urbanization expands urban areas by converting non-urban 

areas into urban areas (Nuissl & Siedentop, 2021). Southeast Asian countries have experienced a 

significant increase in urban areas, which is closely related to the Gross Domestic Product (GDP) and 

urban population (Ouyang et al., 2016). One of the unique characteristics of urbanization in the Southeast 

Asian region is Desakota, which is popularly known as urban kampung. Urban kampung refers to 

vernacular settlements located within urban areas. The notable distinctions between urban kampung and 

contemporary urban lifestyles are their size, cultural ecology, and predominant settlement location 

(Hawken, 2017).  

The conversion of developed urban land has two spatial consequences: first, it results in a higher 

concentration of buildings in the city center, and second, it extends the city’s peripheral into agricultural 

areas in the peri-urban and rural regions (Shirleyana et al., 2018). The increasing size of urban area can 

result in increased costs of delivering food (Reardon & Timmer, 2014), which may lead to decreased 

affordability of food prices (Minten & Kyle, 1999), impede the attainment of ideal household food 

consumption, and contribute to malnutrition (Huizar et al., 2021), especially among low-income 

populations, who are dominant in urban kampung. At the same time, heavily populated urban regions and 

economic hubs tend to worsen air pollution and intensify the Urban Heat Island (UHI) phenomenon  

(Lestari et al., 2022; Sarker et al., 2024). Urban Heat Island (UHI) is where cities and their suburbs have 

much warmer air and surface temperatures than rural areas (Z.-H. Wang, 2022). Urbanization encourages 

the use of materials that tend to absorb and store large amounts of solar radiation (Arnfield, 2003). In 

addition, an increase in urban atmospheric temperature also occurs through increased levels of Carbon 

Dioxide (CO2) ambient and other "greenhouse" gases which are mainly produced by human activities in 

urban areas (McPherson, 1994). 

Extensive research has been conducted for years to investigate the connection between high outdoor 

temperatures and human health. Urban dwellers with lower socioeconomic status, preexisting health 

problems, or residing in densely populated areas, which are commonly found in urban kampung, have 

been observed to experience elevated levels of UHI and its associated detrimental health effects 

(Chakraborty et al., 2019). Low-income urban populations in Bangkok, Thailand, and Kuala Lumpur, 

Malaysia are more likely to experience heat stress, leading to adverse health and welfare outcomes 

(Arifwidodo & Chandrasiri, 2020; Saun et al., 2020). In Jakarta, Indonesia, residents of slum areas face 

discomfort and risks of heat stress because of their low adaptive capacity (Ufaira et al., 2023). In Sulawesi, 



 

 

 

Noraduola D R, Mangkoedihardjo S, Santoso R I B, Puwanti I F, Jaya L M G & Cahyadi R 

VERTICAL GREENING APPROACH FOR URBAN KAMPUNG: A SYSTEMATIC REVIEW 

 

7 

T
h
e
or

e
ti
ca

l 
a
nd

 E
m
p
ir
ic
a
l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 

V
ol
um

e
 2

0
  

I
ss

ue
 1

 /
  
F
e
b
ru

a
ry

 2
0
2
5
 

1
.1

.1
.1

.1
.1

.2
 T
h
e
or

e
ti
ca

l 
a
nd

 E
m
pi
ri
ca

l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 
Indonesia, the urban kampung communities experience chronic heat stress that exceeds the 

recommended physical activity threshold (Ramsay et al., 2021). In addition, the UHI effect and climate 

change increase the economic cost of urbanization by 2.6 times as much as without the UHI effect 

(Estrada et al., 2017). These findings highlight the urgent need for effective urban planning and adaptation 

strategies. 

Moreover, planting urban green spaces with trees can help to reduce heat temperature (Erlwein & Pauleit, 

2021) and contribute to the urban food supply (Grafius et al., 2020). However, achieving the benefits of 

trees in high-density residential areas like urban kampungs is challenging. The Vertical Greenery System 

(VGS) is a promising strategy to present green elements and their benefits, but the cooling effect produced 

by small green spaces is still uncertain (Gál, n.d.) (C. Wu et al., 2021). In addition, most VGS thermal 

performance studies were conducted in field laboratory experiments, well-planned built environment 

experiments, or computer simulations. The understanding of VGS methods that synergize with non-

uniform urban arrangements or organic patterns, such as urban kampungs, remains inadequate. When 

applying VGS in the community, it is necessary to consider the local context (Noraduola, 2007)(Cahyadi 

et al., 2021). Socioeconomic factors influence the supply, demand, and management of ecosystem 

services (Wilkerson et al., 2018). These concepts are considered when selecting an appropriate VGS 

method for urban kampung.  

2. MATERIAL AND METHOD  

2. 1. Material 

Urban Kampung in Southeast Asia 

The rapid urbanization of Southeast Asian countries has resulted in urban regions with various physical 

and sociocultural structures. One manifestation of this phenomenon is the development of urban blocks 

with business and service buildings along the periphery. In contrast, the inner part grows organically as a 

densely populated settlement, also known as an urban kampung. Urban kampung refers to traditional 

settlements located within urban areas. Urban kampung can be found in a variety of Southeast Asian 

countries, including Singapore, Malaysia, Myanmar, Thailand, Cambodia, and Indonesia, with each 

country having its distinct variation in these communities (Shirleyana et al., 2018). In Indonesia, the word 

"urban kampungs" refers to vernacular settlements characterized by rural attributes and a conventional 

manner of living (Shirleyana et al., 2018). Residents of urban kampung build their homes progressively 

based on their particular needs through informal community interactions ((Lueder, 2018). 
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Furthermore, urban kampung experience organic growth, forming densely populated areas with a high 

concentration of buildings and exhibiting uneven and narrow road layouts and zigzag inter-settlement 

patterns  (Paramita & Matzarakis, 2019). Additionally, they have minimal settlement infrastructure, 

including limited (green) open spaces (Hutama, 2016). 

The reduction of green open space in urban areas harms the local air temperature (Shashua-Bar & 

Hoffman, 2000). Research conducted by Zaki et al. in (Zaki et al., 2020) found that the Kampung Baru 

community in Malaysia has the highest diurnal air temperature compared to neighboring land uses, largely 

due to its dense population. (Paramita & Matzarakis, 2019) demonstrated a direct relationship between 

building density and ambient air temperature increase in urban kampung. Therefore, the urban kampung 

community is most vulnerable due to increased temperatures, which could cause heat discomfort. 

Microclimate Parameters and Outdoor Thermal Comfort 

The urban microclimate refers to the unique atmosphere within a small-scale urban area, which is mostly 

shaped by the adjacent constructed environment (Yang et al., 2018). The urban microclimate is formed 

by variations in outdoor air temperature, surface temperature, humidity, wind speed and direction 

(Bherwani et al., 2020). Therefore, the urban microclimate as a physical environment determines the 

thermal comfort of the outdoors. 

Thermal comfort, defined by the ISO 7730 standard, is a multifaceted relationship between air 

temperature, humidity, and airflow rate. Moreover, it involves factors such as the type of clothing, the level 

of activity, and the metabolic rate of the individual. It measures people's satisfaction with the air conditions 

in a given environment. Comfort conditions can be defined as thermal neutrality, indicating that an 

individual experiences neither excessive coldness nor excessive heat (ISO-7730, 1994). The level of 

outdoor thermal comfort is determined based on urban microclimate and human factors, that is, air 

temperature, radiation, temperature, relative humidity, wind speed, body metabolism, and clothing 

insulation (Elnabawi & Hamza, 2020) . 

165 thermal comfort indices have been created (Ghani et al., 2021), but only 4 (PET, PMV, UTCI, SET*) 

are commonly used to study how people perceive outside temperatures (Kumar & Sharma, 2020). PET 

is one of the suggested guides in the new German procedures for urban and regional planners and is 

cast-off to envisage variations in the thermal factor of urban or regional climates  (Honjo, 2009). The 

outdoor thermal environment impacts the spectrum of thermal comfort or discomfort in various climate 

zones (Potchter et al., 2018). In hot climates, 95% of the studies agree that the "neutral" range of the PET 

index is between 24 ° C and 26 ° C (Potchter et al., 2018). 
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VGS Typology 

Vertical Greenery System (VGS) includes green façades, green walls, green terraces, green woods, and 

vertical agriculture  (Tablada & Kosorić, 2021; X. Wang et al., 2020). VGS is divided into two categories: 

Green Façade (GF) and Living Wall (LW) (Manso & Castro-Gomes, 2015; Palermo & Turco, 2020a). 

Climbing or hanging plants provide vegetative cover in Green Façade (GF) systems   (Fernández-Cañero 

et al., 2012, 2018; Vox et al., 2018). Living Wall (LW) is another type of VGS, a plant arrangement, in 

which where plants are rooted and developed in a unique medium introduced into walls  (Meral et al., 

2018). LW can be categorized into two groups according to their technique of application: continuous and 

modular (Palermo & Turco, 2020b). 

 

FIGURE 1 - TYPOLOGY OF GREEN FACADE 

(a) Direct green façade planted in the soil; (b) direct green façade planted in the container; (c) indirect 

green façade planted in the soil; (b) indirect green façade planted in the container 

Source: (Palermo & Turco, 2020b) 

 

FIGURE 2 - TYPOLOGY OF A LIVING WALL 

. (a) Continuous living wall; (b) Modular living wall 

Source: (Palermo & Turco, 2020b) 

Furthermore, vertical agriculture (VA) is a form of build-integrated agriculture (BIA) that attempts to reduce 

land use and food miles while increasing production by using urban infrastructure (Tablada & Kosorić, 

2021). Building-integrated agriculture (BIA) is a sustainable agricultural system that uses local and 

renewable energy and water sources, using efficient hydroponic growing systems within buildings 

(Tablada & Kosorić, 2021). Façade Agriculture (FA), a modification of the vertical farming framework (VF), 

combines creative development with the use of solar energy on existing surfaces, rooftops, and exteriors 

(Tablada et al., 2020). Façade Agriculture (FA) applies the technique of vertical farming using building 
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facades as vegetable growth mediums (Tablada et al., 2020). (Mangkoedihardjo & Noraduola, 2023) 

applied the same principles to the Productive Façade (PF) terminology. PF or Productive (Green) Façade 

applies climbing crop plants to construct a green layer in front of the building skin (Mangkoedihardjo & 

Noraduola, 2023). 

Incorporating agriculture into urban areas can greatly decrease the use of remnant fuels, improve the 

ecological balance of cities, improve food security and safety, advance the worth of life of city residents, 

and conserve energy in buildings (Y. Wang et al., 2023). In addition, it positively impacts the outdoor 

microclimate and improves the access of urban residents to nature (Noraduola et al., 2024a). 

2. 2. Methods 

Urban open spaces are a vital component of urban infrastructure, playing a crucial role in fostering a 

healthier and more livable society (Faragallah, 2018). To comprehend VGS approaches, which refer to 

vertical urban green spaces that harmonize with the characteristics of urban kampung, one must 

understand the physical environment and its communities. Socioeconomic factors can influence specific 

requirements for infrastructure acquisition in low-income communities (Cahyadi et al., 2021; Noraduola, 

2007). Specific requirements include factors such as physical environment conditions, demand, type of 

system, and source of costs associated with the purchase and maintenance. (Wilkerson et al., 2018) 

argued that socioeconomic factors influence supply, demand, and management of ecosystem services. 

Therefore, an explanatory discussion is conducted to obtain a VGS system that is appropriate for the 

character of an urban kampung.  

Before examining the specific requirements of an urban kampung's green space provision, a preliminary 

study is conducted to determine to what extent urban kampung and/or outdoor thermal comfort are 

discussed in articles on VGS. This article will conduct a Systematic Literature Review (SLR) following the 

PRISMA framework (Shamseer et al., 2015). The SLR executed using Watase Software 

(www.watase.web.id), consists of the following stages, namely: 

1. Identification 

Identification involves searching databases of Scopus-based literature using the keywords ″Vertical 

Gardening System″, ″Living Walls″, ″Green Facade″, and ″Vertical Garden″. The article publication 

period is 2014-2024 from the Q1 to Q4 Journal level, concerning the time of research and development 

of VGS in the urban context, which was assumed to begin around 2013 (Bianco et al., 2017). 

2. Screening 

Screening is performed to sharpen the focus of the study on the literature to be reviewed. In this stage, 

a pre-review is of each journal's title, abstract, and keywords. Only journals that present the results of 
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the experimental study will be used in the next stage since the author is trying to find the VGS design 

parameters that can reduce temperatures in the OTC range that have been tested theoretically and 

practically. Therefore, publications that review articles and discuss topics outside of the thermal 

performance of VGS are not used in the next stage. In addition, publications discussing energy 

savings are not included in the next stage. 

3. Retrieval 

Articles at this stage were downloaded for further review of VGS design parameters. At this stage, 15 

publications as case studies were selected to be used to review the ability of VGS to reduce air 

temperature within the thermal comfort range. Only recent experimental studies that have made 

significant contributions to providing information on the exploration of the cooling effect of VGS and 

the magnitude of this effect have been investigated. 

4. Report 

Reporting is the final stage of SLR and summarises the SLR process, from identification to retrieval. 

At this stage, an SLR diagram will be produced by applying Prisma 2020. 

3. RESULTS AND DISCUSSION 

3. 1. Urban Kampung Context in the VGS Discussion   

The bibliographic database collected articles from several journals, which, based on their keywords, can 

be detailed as follows: 91 journals with the keyword Vertical Greenery, 250 journals with the keyword 

Living Walls, 130 journals with the keyword Green Facade, and 40 journals with the keyword Vertical 

Garden. The graph in Figure 3 shows an increase in the number of publications related to these keywords 

in the last decade. The results of the bibliographic database selection show that 54 articles discuss the 

thermal performance of VGS based on experimental studies, as shown in Figure 4.  

 

FIGURE 3- NUMBER OF SCOPUS-BASED PUBLICATIONS ON VGS IN 2014-2024  

Source: Data analysis based on watase application (2024) 
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FIGURE 4 – PRISMA FRAMEWORK FOR A BIBLIOMETRIC DATABASE 

Source: Data analysis based on Watase application (2024) 

 
Furthermore, research on VGS has been conducted in multiple countries. The bibliometric data obtained 

in this study indicate that most of the research on VGS was carried out in China and Italy, accounting for 

13% of the total research. Meanwhile, research conducted on VGS in Southeast Asian nations, where 

urban kampung is a prominent feature of settlements, revealed that the prevalence of such research 

ranges from 2% to 6%. Specifically, Indonesia has a prevalence of 6%, of which Singapore is 4%, of 

which Thailand is 4%, and of which Malaysia is 2%. However, most of this study does not relate to urban 

size. Most of the research is experimental, focusing either on a smaller model of building construction or 

computer simulations. Until now, limited research has been conducted on VGS in urban kampung. 
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3. 2. OTC in the VGS Discussion   

 

 

FIGURE 5 – PERCENTAGE OF CONTENT DISCUSSION OF VGS ARTICLE  

Source: Data analysis (2024) 

 

Of the 54 articles, only 2% articles specifically discuss OTC as a result of the thermal performance of 

VGS, however, 41% of the articles discuss outdoor air temperature reduction, as shown in Figure 5. 

Therefore, to include a sufficient number of case studies, papers addressing air temperature reduction 

are also considered during the selection process. This resulted in the inclusion of additional references 

that served as benchmarks for the OTC and air temperature, as described in Section 2.1. Furthermore, 

of the 15 case studies, there is only 1 article discussing the thermal performance of VGS on the block or 

neighborhood scale, as shown in Table 1.  

3. 3. Potential reduction in outdoor air temperature and thermal comfort due to VGS 

According to the selected cases listed in Table 1, VGS can decrease air temperature and enhance thermal 

comfort in both outdoor and interior environments. However, achieving increases in thermal comfort at a 

comfort level is possible when the Leaf Area Index (LAI) is greater than or equal to 3 and the highest air 

temperature is 31 oC. These were observed in cases 3, 7, 9, and 11. 

  

0.00 10.00 20.00 30.00 40.00 50.00

Ta reduction inddor

Ta reduction outdoor

OTC

ITC

Solar heat reduction

Thermal efficiency/resistance

Cooling loads reduction

Evaporative cooling
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TABLE 1 - SELECTED CASE STUDY ON THERMAL PERFORMANCE OF VGS 

No Author and 
Year 

Location Scale Focus Air Temp. 
Reduction 

Type 
of 

VGs 
  

Thermal Comfort 
or Existing Air 
Temperature 

  

Additional 
Information 

       B M I O 

1 (Liu & Meng, 
2024) 

Qingdao 
(China) 

    1.45 ◦C LW LW-V system 
improved thermal 
comfort level by 
0.53, 

Mock-up building 
experiment 

      Ta Max (Indoor) = 
37◦C 

 

           
2 (Bakhshoode

h et al., 2023) 
Perth 
(Australia) 

    4 °C GF Ta Max=35°C Mock-up building 
experiment 

          LAI (mx) = 73% 

           
3. (Gao et al., 

2023) 
     3 °C (Max in 

hot day) 
LW Max Ta= 30 °C Envimet 

Simulaion 

           

           
4. (Nugroho et 

al., 2023)  
 

Malang 
(Indonesia) 

    1.7°C (Max). LW Max Ta = 33.9°C Community-scale 
experiment 

         The percentage 
level of suitability of 
the house's air 
temperature is 54% 
on a neutral scale, 

 

           

5. (Tseliou et al., 
2023) 

Athens 
(Greek) 

    0.7 ◦C GF Max ta = 31. 4°C Envimet 
simulation 

         UTCI reduction of 
1.6 ◦C 

 

           

6. (Azkorra-
Larrinaga et 
al., 2023a) 

Araba 
(Spain) 

     GF Max Ta = d 35 ◦C Mock-up building 
experiment 

          The vegetation 
does not influence 
the air 
temperature, 

           

7. (Widiastuti et 
al., 2022) 

Semarang 
(Indonesia) 

        6.5 ◦C  Direct 
GF 

GF temperatures 
both 50% and 90% 
are categorized as 
warm comfort 

Mock-up building 
experiment 

           Up to 80% outdoor 
air temp. GF50% = 
comfort 

Temperature =  31  
C (bare wall). In 
some cases 
Temperature 
>29.1  C for 
GF_50%         and 
> 27.1  C for 
GF_90%. 

                 Up to 90% outdoor 
air temp. GF90% = 
comfort (from 
comfortable Cool to 
warm comfort.) 

The frequency 
distribution was 
found out in 
GF_50% and 
GF_90% by 25% 
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No Author and 

Year 
Location Scale Focus Air Temp. 

Reduction 
Type 

of 
VGs 

  

Thermal Comfort 
or Existing Air 
Temperature 

  

Additional 
Information 

       B M I O 

at range 25.1–
26.0  C. 

           

8. (Perera et al., 
2021) 

 Colombo 
(Srilanka) 

         5.06 ◦C 
(Max) 

Modu
lar 
LW 

Existing mean air 
temperature 
(barewall) = 40 ◦C. 

Building scale 
experiment and 
Envimet 
simulation 

                 Thermal 
performances 
were evaluated  at 
20 cm distance in 
front of the green 
wall, 

            LAI = 3. 9 and 
plant height = 5–
15 cm 

           

9. (Widiastuti et 
al., 2020) 

Semarang 
(Indonesia) 

      3.7 ◦C (max 
in GF 50% 
real climate 

test) 

GF GF_90% was at 
optimum comfort 
zone (23.9–26.4  
◦C) 

Mock-up building 
experiment 

         5.7 ◦C (max 
in GF 90% 
real climate 

test) 

GF GF_50% was in 
warm comfort zone 
(24.2–26.2  ◦C) 

GF also increases 
relative humidity 
and potentially 
creates 
uncomfortable 
indoor thermal 
comfort. 

           Effective 
Temperature of 
Comfort Zone = 
20.5 C - 27.1 

 

         Barewall air 
temperature = 
26.81 

 

           

10. (Acero et al., 
2019) 

Singapore     0. 35 ◦C (in 
low radiation 
conditions) 
 0.15◦C (in 

High 
radiation 
condition) 

LW 29.2◦C (max air 
temperature in Low 
Radiation)  
32,4 ◦C. (max air 
temperature in High 
Radiation) 

Simulation 
experiment 

         Thermal comfort 
perception can be 
reduced by one 
category (e.g. from 
hot to warm 

The highest 
|ΔPET| for HR 
conditions occur 
in the East-facing 
façade 
 

          LAI = 5 

          Thermal 
performances 
were evaluated  at 
3 m distance in 
front of the green 
wall, 
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No Author and 
Year 

Location Scale Focus Air Temp. 
Reduction 

Type 
of 

VGs 
  

Thermal Comfort 
or Existing Air 
Temperature 

  

Additional 
Information 

       B M I O 

11. (Li et al., 
2019a) 

Suzhou 
(China) 

        1-3 ◦C GF T air bare wall =43 
◦C 

Mock-up building 
scale 

          Foliage thickness 
= 7.2 - 30.5 cm 

            Air temperature 
(0.15 m from leaf) 
influences 
microclimate in a 
limited manner 

           

12. (Zhang et al., 
2019) 

     3.6 ◦C (peak 
OT) 

 GF a peak OT of 
38.8°C (room 
without the GF) 

Simulation 
experiment 

             3.6°C (in the peak 
OT) 

LAI = 4.5 

           The peak WBGT in 
the outdoor = 2.7°C  

 

               

13 (Vox et al., 
2018) 

Bari (Italy)         Max Tsurf = 
9 ◦C 

Avg Tsurf = 
6-7 ◦C 

GF Max. Sunny day = 
41.4 °C, 

Mock-up building 
experiment 

            LAI = 2-4 

           

14. (Bianco et al., 
2017) 

Turin (Itali)        7 ◦C LW Maximum external 
air temperature 31 
°C,  

Mock-up building 
experiment 

           Max internal air 
temperature = 28 
°C. 

LAI = 2 

           

15. (Haggag et 
al., 2014) 

Uni Emirat 
Arab 

        5 ◦C LW Indoor 
temperatures 
resulting from VGs 
are 45–47◦C 

Mock-up building 
experiment 

           Comfort 
temperature of 26–
28◦C 

 

B= Building scale 

M = Meso scale 

I = Indoor thermal performance 

O = Outdoor thermal performance 

Source: Data analysis (2024) 

 

3. 4. The physical environment of an urban kampung as a setting for VGS applications 

Socioeconomic factors influence the provision of ecosystem services through green open spaces by 

changing the amount of green open spaces in urban areas (Wilkerson et al., 2018). The availability of 

green open spaces in urban villages is largely determined by the settlements’ way of life and development. 

Urban kampung settlements that grow organically according to needs and population growth result in not 

much open space remaining as green open spaces. Urban villages grow as dense settlements with 
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irregular road layouts and road dimensions as dominant open spaces. In this case, the physical 

environment of urban villages determines the availability of green open spaces. 

The high density of buildings, along with the limited size and fragmented layout of open spaces in densely 

populated places, directly affects the increase in air temperature (Shahmohamadi et al., 2011). As a result, 

urban areas lean towards heater than neighboring rural areas. The UHI phenomenon primarily arises 

from the high solar radiation absorption of urban materials, the structural characteristics of cities and 

urban canyons, the scarcity of green spaces, and the creation of heat by human activities (Fahed et al., 

2020). 

High-density urban areas, such as urban villages, have a high heat capacity, which allows them to absorb 

more solar radiation; low albedo, which contributes to the absorption of Shortwave Radiation (SR); 

impermeability of the area, which makes it difficult for precipitation to penetrate below the ground surface 

resulting in an evaporative cooling deficit (Shahmohamadi et al., 2011). During this scenario, building 

walls and other paved surfaces receive SR from the sun, including direct sunlight, dispersed daylight from 

the atmosphere, and reflected sunlight from the ground and its surroundings (Susorova et al., 2013). In 

addition, there is an exchange of Longwave Radiation (LR) between the land surface and the surrounding 

surface and the sky (Susorova et al., 2013), which has the potential to warm the surrounding air when 

interacting with pollution.  

Building facades using VGS can provide significant thermal benefits because of their ability to manage 

heat differently. The heat transmission courses involved in maintaining leaf energy balance in VGS 

include the captivation of solar radiation, sensible heat exchange through convection between leaves and 

the surrounding air, infrared energy exchange between leaves and the environment, latent heat removal 

through transpiration by plants, and energy storage in tissues (Convertino et al., 2019; Larsen et al., 2014; 

Susorova et al., 2013). VGS can reduce surface temperatures by providing shade, facilitating air cooling 

through evapotranspiration, and reducing wind speed (Akram et al., 2023; Mohd Khairul Azhar Mat 

Sulaiman et al., 2013; Pérez et al., 2022). In addition, VGS can function as a passive energy-saving 

system (Azkorra-Larrinaga et al., 2023b), thereby reducing greenhouse gas emissions. 

Additional physical environmental characteristics of urban kampungs include constrained roadways, 

limited open areas, and fragmented network configurations. During the daytime, roads and narrow open 

spaces can reflect and absorb/store short-wave radiation, whereas, at night, the release of heat in the 

form of infrared radiation is restricted in these areas (Shahmohamadi et al., 2011). In addition, the limited 

presence of open areas and the fragmented layout of the road network, as well as disconnected open 

spaces, contribute to the sluggish airflow and the accumulation of hot air (Kartikawati & Kusumawanto, 
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2013). Weak breezes and limited air movement not only result in stagnant hot air but also contribute to 

the build-up of pollutants, including carbon dioxide (CO2) (Shahmohamadi et al., 2011). CO2 absorbs 

energy from infrared radiation radiated by urban surfaces, resulting in the heating of the surrounding air 

(source: https://climate.mit.edu/ask-mit/howdo-greenhouse-gases-trap-heat-atmosphere), Regrettably, 

the urban microclimate study has not much addressed the correlation between ambient CO2 concentration 

in urban kampung and urban warming, nor has it examined the effectiveness of VGS in absorbing CO2 to 

reduce air temperature. However, VGS can act as a phytoremediation agent because plants absorb CO2 

for photosynthesis, which can help lower pollution and air temperature in urban kampung.  

Furthermore, while relatively little horizontal space is available, a plentiful supply of building facades as a 

consequence of high building density can be used as vertical green areas in urban kampung. This 

presents a unique opportunity to achieve a cooling impact by using vertical space as a means of not only 

reducing surface and air temperatures but also cultivating food.  

3. 5. VGS Type and Suitability in Urban Kampung  

According to models of innovation adoption, innovations that are economical, visually comprehensive, 

and adaptive to societal demands are more likely to succeed in poor areas (Nakata & Viswanathan, 2012). 

Thus, comprehending the VGS can yield specific information about VGS' performance and its 

appropriateness for the intended area or community, especially in terms of being economically feasible 

and easy to procure and maintain. This is important in determining the appropriate method of VGS. Table 

2. presents various aspects of the VGS that can be used as a basis for selecting a VGS method that suits 

urban kampung characters. 

Regarding the supporting structure, the felt bag method is the simplest lightweight assembly technology. 

However, it is not recommended for use in large areas or towering buildings (Zareba et al., 2021). In many 

cases, GF is more widely applied to wide and high walls, because climbing plants can easily and quickly 

cover the wall surface.  

In terms of plant selection, GF promoted the growth of native plants better than LW. However, by 

cultivating native succulents, perennial herbs, and native grass species using a hydroponic water system 

and ensuring regular and careful maintenance every one to two months during active growth, a 100% 

survival rate can be achieved in modular LW  (Dvorak et al., 2021). Unfortunately, hydroponic systems 

used in vertical farming are still considered expensive. In terms of irrigation systems, LW irrigation involves 

a more high-tech irrigation system, since LW is regarded as an artificial ecosystem. On the other hand, 

GF only requires a simple plant watering system.  
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TABLE 2 – COMPARISON BETWEEN THE GREEN FAÇADE AND LIVING WALLS 

Components Green Facade Living Wall References 

The support 

structure and 

air cavity 

 Light structure, such 
as stainless steel wires 
and meshes. 

 Flexible: allowing a 
customized design for 
each project 

The combination of layers 

Structure made of galvanized steel, 

polyethylene, or recycled plastic 

panels 

GF: Fernández-Caero et 

al., 2018 

LW: Fernández-Caero 

et al., 2018 

Container  Rooted within ground 
soil  

 Planter box 
 

Non-woven felt and polypropylene 

pocket 

GF : (Li et al., 2019b) 

LW: Fernández-Caero 

et al., 2018 

Growing 

medium 

 Soil 

 Substrate  

 Hydroponic cultures 

 Organic substrate, such as coco 
peat); sphagnum moss; coconut 
fiber mat, peat moss 

 Inorganic compounds, such as 
rock wool, polyurethane foam, 
perlite, expanded clay, mineral 
wool, etc. 

GF: Fernández-Caero et 

al., 2018 

LW: Fernández-Caero 

et al., 2018; Zareba et 

al., 2021  

Plants  Climbing Plants 

 Hanging plants 

 Plants with twining or 
adventitious roots. 

 Limited to species 
found to be able to 
climb or survive 

 Need time for plants to 
cover the entire wall 

 Epiphytic, lithophytic, and 
bromeliads species, 

 Ferns, succulents, herbaceous 
plants, small shrubs, and climbing 
plants 

 Flowers and edible plants 

 Plant zoning based on sun 
exposure, wind, and temperature. 

 Great diversity and density of 
plants 

 Species. 

 Relatively short time for plants to 
cover the entire wall 

GF : Othman et al., 

2018; Fernández-

Cañero et al., 2018 

LW: Fernández-Cañero 

et al., 2018; (Elghonaimy & 

Eldardiry, 2020); Thakor, 

2020; Palermo & Turco, 

2020 

Irrigation naturally, manually or 

automatically irrigated 

Distributed per sector  

Has horizontal branches with 

drippers 

Hidroponics 

GF : (Othman et al., 

2018)  

LW: Fernández-Cañero 

et al., 2018 

Maintenance Easy Much.  GF : Othman et al., 2018  

LW : Ansari, 2021 

Cost Low Medium to high GF: Fernández-Cañero 

et al., 2018 

LW: Othman et al., 

2018;  
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Furthermore, GF stands out for its simplicity and ease of construction and maintenance, resulting in lower 

costs than LW. Regarding planting media and time, GF takes a long time to take advantage of its thermal 

advantages as a full wall covering. This is because climbing or hanging plants takes a long time to cover 

the entire wall surface. In contrast, LW takes less time because the plants are cultivated separately and 

then transferred to the LW system. In general, although the thermal performance of GF was identified as 

lower than that of LW, GF was regarded as a simpler and easier system, easier to plant native plants, 

and had lower initial and maintenance costs than LW. These characteristics are the main determinant of 

low-income communities' VGS adoption. 

Additionally, an urban kampung is formed and expanded organically through community-based 

interactions outside formal planning frameworks, resulting in the construction of homes in multiple stages 

according to residents' needs (Shirleyana et al., 2018). In an urban kampung, the open spaces creation 

occurs naturally as leftover areas between buildings, with irregular patterns and sizes. The transformation 

of neglected city spaces into green spaces by planting crops to support the neighborhood has been 

applied in the introduction of edible networks as a method of development of productive green open 

spaces (Nyman, 2019). The concepts of productive open urban spaces vary widely from socioeconomic 

aspects of urban agriculture to the environmental functions of plants for pollution absorption, flooding 

control, heat reduction, and biodiversity (Nyman, 2019). In the case of food provision, urban green 

productive systems are formed from urban farms as a complement to urban structures (Kleszcz, 2018). 

Given the context of creating productive open space in urban kampung, the most suitable method would 

be establishing an edible open space initiative using VGS as a physical feature based on nature. This 

would involve creating a small productive open space within an urban kampung. VGS has the potential 

to grow mustard greens, spinach, and kale using the LW system, or to cultivate pumpkin, sweet potatoes, 

long beans, water spinach, and bitter melon using the GF system. Urban kampung communities regularly 

eat those vegetables (Taridala et al., 2021). 

3. 6 Urban Kampung Demand Adressed by VGS 

The outdoor environment affects the indoor room through changes in indoor air temperature, humidity, 

thermal comfort, pollutant concentration, and building energy consumption. The demand for heating and 

cooling depends on population density, weather, building stock, and the behavior of the occupants 

(Staffell et al., 2023). (Murtyas et al., 2021) found that urban kampung microclimate, with external air 

temperatures ranging from 23 ° C to 36 ° C and relative humidity ranging from 42% to 99%, affects indoor 

temperature, by which people adapt by opening windows or using electric fans. Another form of thermal 

adaptation is using transitional spaces such as terraces and hallways for daily activities (Hutama, 2016). 

In this case, urban kampung communities use outdoor areas for their activities, where air movement gives 
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them a more psychological effect of thermal comfort than closed indoor buildings. This demand fits with 

the capacity of VGS, that is VGS can reduce both indoor and outdoor temperatures, as shown in Table 

2.  

Furthermore, the food demand of urban village communities is mainly based on household food 

consumption patterns, with cereals and leafy vegetable products being the most commonly consumed 

foods, accounting for 48% of household food (Colozza & Avendano, 2019). The use of food crops in VGS 

can provide leafy vegetables as food for the community.  At the same time, the Leaf Area Index (LAI) is 

the most imperative aspect in accomplishing a cooling effect (Arpon, 2016; Convertino et al., 2021; 

Dahanayake et al., 2017; Perera et al., 2021; Pérez et al., 2022). In addition, a study by (Gratani et al., 

2016) exhibited that vegetation with high LAI absorbs CO2 efficiently. CO2 absorption is expected to 

reduce the air temperature of urban village settlements in urban blocks because CO2 heats the ambient 

air. 

4. RESEARCH IMPLICATION 

The increase in air temperature and urban food insecurity as spatial consequences of urbanization require 

effective urban planning and adaptation strategies. Within densely populated areas primarily inhabited by 

low-income groups, such as urban kampung, the most suitable VGS method to implement is a Green 

Façade (GF) using crop plants, which can support food provision for the community and improve the 

microclimate of urban kampung. To address vegetable plants that do not reproduce, it is essential to 

adapt the Living Wall (LW) to an affordable system, such as a pocket system made from locally available 

materials. However, based on the selected study case, to obtain environmental cooling in the comfort 

zone of the outdoor thermal comfort index, the VGS must be developed to reach LAI ≥ 3 and the highest 

ambient temperature is 31oC. 

LAI is a biotic parameter directly associated with photosynthesis and evapotranspiration (Poddar et al., 

2017), so it performs an imperative role in defining the extent of the VGS cooling effect. LAI is the portion 

of the sum one-sided leaf surface of the plant canopy per unit of ground or horizontal surface area (LAI = 

leaf area/ground area, m2/m2) in broad-leafed canopies (Arpon, 2016; Convertino et al., 2021; 

Dahanayake et al., 2017; Mohd Khairul Azhar Mat Sulaiman et al., 2013; Pérez et al., 2022; Poddar et 

al., 2017). In the case of vertical greenery, LAI pronounces the portion of the leaf area to the square 

meters of the facade as an alternative to the portion of the leaf area to the square meters of the floor as 

typical (e.g. for green roof applications) (Mohd Khairul Azhar Mat Sulaiman et al., 2013; Perera et al., 

2021). To obtain an LAI of 3, choosing the right types of food plants is necessary. Long-term crops with 

a harvest period of 4-6 months, such as pumpkin and sweet potatoes, have the potential to achieve LAI 
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≥ 3 when compared with short-term food crops, such as water spinach (kangkong). Research conducted 

by (Noraduola et al., 2024) shows that food crops such as sweet potatoes and pumpkins can be 

developed to achieve LAI ≥ 3 and produce a cooling effect in the comfort zone. Good LAI development 

can also be obtained through proper VGS orientation. Several studies have shown that VGS oriented to 

the east has higher LAI than VGS with other orientations  (Fernández-Cañero et al., 2012; Susorova et 

al., 2013). In the case of Singapore, buildings with an East-West direction will better sustain plant 

gardening, especially for building typologies without self-shading configurations (Song et al., 2018). In 

addition, the development of LAI can also be obtained from the arrangement of planting media and 

irrigation systems. 

Moreover, several studies on horizontal green open spaces have shown that connectivity enhances the 

cooling effect. (Honjo & Takakura, 1990) stated that green open spaces with small dimensions but with 

the right distance can provide a wider cooling effect than green open spaces with large dimensions such 

as city parks because they can provide an overlapping cooling effect (Vartholomaios, n.d.). This argument 

is in line with what was stated by (Zupancic & Bulthuis, 2015) that, small green spaces with trees can 

provide a greater cooling effect than large parks with wide open grass. Minimizing the distance between 

small city parks can maximize the cooling effect and increase the flow of cool air and the dispersion of air 

pollution  (Tallis et al., 2011). In this case, the proximity of the distance between VGS as small green 

spaces will determine the level of structural connectivity of the green open space, which will have 

implications for the level of cooling or its cooling effect or at least maintain an ambient temperature of less 

than 31oC in a high-density urban kampung. 

Multifunctionality and connectivity are important parameters of ecological infrastructure (X. Wu et al., 

2020). Therefore, applying VGS in dense urban settlements, such as urban kampung, requires an 

ecological infrastructure approach. In the context of Ecological Infrastructure (IE), small open spaces in 

the urban kampung are developed as productive green open spaces (providing food and supporting the 

local economy) through VGS productive GF on buildings forming open spaces that are expected to reduce 

air temperatures, which has an impact on improving the thermal comfort of outdoor spaces. Ecological 

infrastructure can provide diverse and integrated functional systems (Gong & Hu, 2016). In the application 

of GF using food crops, GF not only plays a role in lowering air temperature and improving the thermal 

comfort of outdoor spaces but also acts as a source of food for urban village communities (Noraduola et 

al., 2024b). The application of food crops in green facades, such as sweet potatoes as a source of 

carbohydrates and pumpkins as a source of vegetables, vitamins, and minerals, can increase access to 

food supplies because food needs are provided in the residential environment. This can provide health 
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benefits for the community, especially for households with nutritional adequacy and, cost efficiency in 

food procurement.  

5. CONCLUSIONS 

Food insecurity and elevated urban temperatures affect public health. Typically, low-income communities, 

such as urban kampung, are more susceptible to harm or danger. This article may contribute to improving 

access to nutritious food and green open space, improving the microclimate of the living environment, 

more equitable distribution of infrastructure, and mitigating the adverse impacts of UHI and climate change 

catastrophes for urban kampung communities. 

Additional research is required to improve the thermal efficiency of VGS at the mesoscale and its off-the-

shelf applications, especially in high-density urban areas. Several studies have shown that appropriate 

irrigation and fertilizers can increase a plant's evapotranspiration capacity. Thus, investigating the 

effectiveness of irrigation and fertilizer methods for VGS, and exploring their potential integration with 

water reuse, recycling, and household or community composting facilities, will improve the thermal 

performance of VGS and address wastewater and solid waste management in urban rural communities, 

which suffer from infrastructure deficiencies. Furthermore, research on VGS network connectivity at the 

block scale is expected to guide the proper layout of VGS to produce optimal cooling effects at the 

residential scale, as several studies on horizontal green spaces have shown the important role of 

connectivity in this regard. In addition, it will be useful to study the optimal CO2 uptake by VGS, which is 

expected to lower air temperatures in urban kampungs. This is especially relevant considering the street 

patterns and open spaces in urban kampungs that can trap pollutants and particles. In technological 

applications, studies are needed on VGS application models that are more accessible and cost-effective 

for procurement and maintenance. In addition, it is important to examine the possibilities and constraints 

associated with VGS applications in society. 

ACKNOWLEDGMENT  

The authors appreciate the financial support from the Institut Teknologi Sepuluh Nopember for this 

research under the BRIN Research by Degree Programme Scholarship. We would also like to thank the 

Faculty of Engineering, Halu Oleo University, for their support during this program. 



 

 

 

 

24 

Noraduola D R, Mangkoedihardjo S, Santoso R I B, Puwanti I F, Jaya L M G & Cahyadi R 

VERTICAL GREENING APPROACH FOR URBAN KAMPUNG: A SYSTEMATIC REVIEW 

 

T
h
e
or

e
ti
ca

l 
a
nd

 E
m
p
ir
ic
a
l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 

V
ol
um

e
 2

0
  

I
ss

ue
 1

 /
  
F
e
b
ru

a
ry

 2
0
2
5
 

1
.1

.1
.1

.1
.1

.1
 T
h
e
or

e
ti
ca

l 
a
nd

 E
m
pi
ri
ca

l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 

REFERENCES 

Acero, J. A., Koh, E. J. Y., Li, X. X., Ruefenacht, L. A., Pignatta, G., & Norford, L. K. (2019). Thermal 
impact of the orientation and height of vertical greenery on pedestrians in a tropical area. Building 
Simulation, 12(6), 973–984. https://doi.org/10.1007/s12273-019-0537-1 

Akram, M. W., Hasannuzaman, M., Cuce, E., & Cuce, P. M. (2023). Global technological advancement 
and challenges of glazed window, facade system and vertical greenery-based energy savings in 
buildings: A comprehensive review. Energy and Built Environment, 4(2), 206–226. 
https://doi.org/10.1016/j.enbenv.2021.11.003 

Arifwidodo, S. D., & Chandrasiri, O. (2020). Urban heat stress and human health in Bangkok, Thailand. 
Environmental Research, 185, 109398. https://doi.org/10.1016/j.envres.2020.109398 

Arnfield, A. J. (2003). Two decades of urban climate research: a review of turbulence, exchanges of 
energy and water, and the urban heat island. International Journal of Climatology, 23(1), 1–26. 
https://doi.org/10.1002/joc.859 

Arpon, J. C. (2016). Green roofs and vertical greenery systems as passive tools for energy efficiency in 
buildings [Doctoral Thesis]. Universitat de Lleida. 

Azkorra-Larrinaga, Z., Erkoreka-González, A., Martín-Escudero, K., Pérez-Iribarren, E., & Romero-
Antón, N. (2023a). Thermal characterization of a modular living wall for improved energy 
performance in buildings. Building and Environment, 234, 110102. 
https://doi.org/10.1016/j.buildenv.2023.110102 

Azkorra-Larrinaga, Z., Erkoreka-González, A., Martín-Escudero, K., Pérez-Iribarren, E., & Romero-
Antón, N. (2023b). Thermal characterization of a modular living wall for improved energy 
performance in buildings. Building and Environment, 234, 110102. 
https://doi.org/https://doi.org/10.1016/j.buildenv.2023.110102 

Bakhshoodeh, R., Ocampo, C., & Oldham, C. (2023). Impact of ambient air temperature, orientation, and 
plant status on the thermal performance of green façades. Energy and Buildings, 296, 113389. 
https://doi.org/10.1016/j.enbuild.2023.113389 

Bherwani, H., Singh, A., & Kumar, R. (2020). Assessment methods of urban microclimate and its 
parameters: A critical review to take the research from lab to land. Urban Climate, 34, 100690. 
https://doi.org/10.1016/j.uclim.2020.100690 

Bianco, L., Serra, V., Larcher, F., & Perino, M. (2017). Thermal behaviour assessment of a novel vertical 
greenery module system: first results of a long-term monitoring campaign in an outdoor test cell. 
Energy Efficiency, 10(3), 625–638. https://doi.org/10.1007/s12053-016-9473-4 

Cahyadi, R., Kusumaningrum, D., Sanusi, & Yansyah Abdurrahim, A. (2021). Community-based 
sanitation as a complementary strategy for the Jakarta Sewerage Development Project: What can 
we do better? E3S Web of Conferences, 249, 01003. 
https://doi.org/10.1051/e3sconf/202124901003 

Chakraborty, T., Hsu, A., Manya, D., & Sheriff, G. (2019). Disproportionately higher exposure to urban 
heat in lower-income neighborhoods: a multi-city perspective. Environmental Research Letters, 
14(10), 105003. https://doi.org/10.1088/1748-9326/ab3b99 

Colozza, D., & Avendano, M. (2019). Urbanisation, dietary change and traditional food practices in 
Indonesia: A longitudinal analysis. Social Science and Medicine, 233. 
https://doi.org/10.1016/j.socscimed.2019.06.007 



 

 

 

Noraduola D R, Mangkoedihardjo S, Santoso R I B, Puwanti I F, Jaya L M G & Cahyadi R 

VERTICAL GREENING APPROACH FOR URBAN KAMPUNG: A SYSTEMATIC REVIEW 

 

25 

T
h
e
or

e
ti
ca

l 
a
nd

 E
m
p
ir
ic
a
l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 

V
ol
um

e
 2

0
  

I
ss

ue
 1

 /
  
F
e
b
ru

a
ry

 2
0
2
5
 

1
.1

.1
.1

.1
.1

.2
 T
h
e
or

e
ti
ca

l 
a
nd

 E
m
pi
ri
ca

l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 
Convertino, F., Vox, G., & Schettini, E. (2019). Convective heat transfer in green façade system. 

Biosystems Engineering, 188. https://doi.org/10.1016/j.biosystemseng.2019.10.006 

Convertino, F., Vox, G., & Schettini, E. (2021). Evaluation of the cooling effect provided by a green façade 
as nature-based system for buildings. Building and Environment, 203. 
https://doi.org/10.1016/j.buildenv.2021.108099 

Dahanayake, K. C., Chow, C. L., & Long Hou, G. (2017). Selection of suitable plant species for energy 
efficient Vertical Greenery Systems (VGS). Energy Procedia, 142, 2473–2478. 
https://doi.org/10.1016/j.egypro.2017.12.185 

Dvorak, B., Yang, S., Menotti, T., Pace, Z., Mehta, S., & Ali, A. K. (2021). Native plant establishment on 
a custom modular living wall system in a humid subtropical climate. Urban Forestry and Urban 
Greening, 63. https://doi.org/10.1016/j.ufug.2021.127234 

Elghonaimy, I., & Eldardiry, D. (2020). Greenery in Cities and Controlling the Reasons of Urban Heat 
Islands-a Sustainable Approach for the Spaces of the Future in Controlling Urban Heat Islands. 
Real Corp 2020: Shaping Urban Change. Livable City Regions for the 21st Century-Aachen, 
Germany, May, 1219–1230. 

Elnabawi, M., & Hamza, N. (2020). Outdoor Thermal Comfort: Coupling Microclimatic Parameters with 
Subjective Thermal Assessment to Design Urban Performative Spaces. Buildings, 10(12), 238. 
https://doi.org/10.3390/buildings10120238 

Erlwein, S., & Pauleit, S. (2021). Trade-offs between urban green space and densification: Balancing 
outdoor thermal comfort, mobility, and housing demand. Urban Planning, 6(1), 5–19. 
https://doi.org/10.17645/UP.V6I1.3481 

Estrada, F., Botzen, W. J. W., & Tol, R. S. J. (2017). A global economic assessment of city policies to 
reduce climate change impacts. Nature Climate Change, 7(6), 403–406. 
https://doi.org/10.1038/nclimate3301 

Fahed, J., Kinab, E., Ginestet, S., & Adolphe, L. (2020). Impact of urban heat island mitigation measures 
on microclimate and pedestrian comfort in a dense urban district of Lebanon. Sustainable Cities 
and Society, 61, 102375. https://doi.org/10.1016/j.scs.2020.102375 

Fan, P., Chen, J., Fung, C., Naing, Z., Ouyang, Z., Nyunt, K. M., Myint, Z. N., Qi, J., Messina, J. P., Myint, 
S. W., & Peter, B. G. (2022). Urbanization, economic development, and environmental changes 
in transitional economies in the global south: a case of Yangon. Ecological Processes, 11(1), 65. 
https://doi.org/10.1186/s13717-022-00409-6 

Faragallah, R. N. (2018). The impact of productive open spaces on urban sustainability: The case of El 
Mansheya Square – Alexandria. Alexandria Engineering Journal, 57(4), 3969–3976. 
https://doi.org/10.1016/j.aej.2018.02.008 

Fernández-Cañero, R., Pérez Urrestarazu, L., & Perini, K. (2018). Vertical greening systems: 
Classifications, plant species, substrates. In Nature Based Strategies for Urban and Building 
Sustainability (pp. 45–54). Elsevier Inc. https://doi.org/10.1016/B978-0-12-812150-4.00004-5 

Fernández-Cañero, R., Urrestarazu, L. P., & Franco Salas, A. (2012). Assessment of the cooling potential 
of an indoor living wall using different substrates in a warm climate. Indoor and Built Environment, 
21(5), 642–650. https://doi.org/10.1177/1420326X11420457 

Gál, C. V. (n.d.). The Influence of Built Form and Vegetation on The Canopy Layer Microclimate Within 
Urban Blocks. 



 

 

 

 

26 

Noraduola D R, Mangkoedihardjo S, Santoso R I B, Puwanti I F, Jaya L M G & Cahyadi R 

VERTICAL GREENING APPROACH FOR URBAN KAMPUNG: A SYSTEMATIC REVIEW 

 

T
h
e
or

e
ti
ca

l 
a
nd

 E
m
p
ir
ic
a
l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 

V
ol
um

e
 2

0
  

I
ss

ue
 1

 /
  
F
e
b
ru

a
ry

 2
0
2
5
 

1
.1

.1
.1

.1
.1

.1
 T
h
e
or

e
ti
ca

l 
a
nd

 E
m
pi
ri
ca

l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 

Gao, Y., Farrokhirad, E., & Pitts, A. (2023). The Impact of Orientation on Living Wall Façade 
Temperature: Manchester Case Study. Sustainability, 15(14), 11109. 
https://doi.org/10.3390/su151411109 

Ghani, S., Mahgoub, A. O., Bakochristou, F., & ElBialy, E. A. (2021). Assessment of thermal comfort 
indices in an open air-conditioned stadium in hot and arid environment. Journal of Building 
Engineering, 40, 102378. https://doi.org/10.1016/j.jobe.2021.102378 

Gong, C., & Hu, C. (2016). The Way of Constructing Green Block’s Eco-grid by Ecological Infrastructure 
Planning. Procedia Engineering, 145. https://doi.org/10.1016/j.proeng.2016.04.199 

Grafius, D. R., Edmondson, J. L., Norton, B. A., Clark, R., Mears, M., Leake, J. R., Corstanje, R., Harris, 
J. A., & Warren, P. H. (2020). Estimating food production in an urban landscape. Scientific 
Reports, 10(1), 5141. https://doi.org/10.1038/s41598-020-62126-4 

Gratani, L., Catoni, R., Puglielli, G., Varone, L., Crescente, M. F., Sangiorgio, S., & Lucchetta, F. (2016). 
Carbon Dioxide (CO2) Sequestration and Air Temperature Amelioration Provided by Urban Parks 
in Rome. Energy Procedia, 101. https://doi.org/10.1016/j.egypro.2016.11.052 

Haggag, M., Hassan, A., & Elmasry, S. (2014). Experimental study on reduced heat gain through green 
façades in a high heat load climate. Energy and Buildings, 82, 668–674. 
https://doi.org/10.1016/j.enbuild.2014.07.087 

Honjo, T. (2009). Thermal Comfort in Outdoor Environment. Global Environmental Research, 13, 43–47. 

Honjo, T., & Takakura, T. (1990). Simulation of thermal effects of urban green areas on their surrounding 
areas. Energy and Buildings, 15(3–4). https://doi.org/10.1016/0378-7788(90)90019-F 

Huizar, M. I., Arena, R., & Laddu, D. R. (2021). The global food syndemic: The impact of food insecurity, 
Malnutrition and obesity on the healthspan amid the COVID-19 pandemic. Progress in 
Cardiovascular Diseases, 64, 105–107. https://doi.org/10.1016/j.pcad.2020.07.002 

Hutama, I. A. W. (2016). Exploring the Sense of Place of an Urban Through the Daily Activities, 
Configuration of Space and Dweller’s Perception: Case Study of Kampung Code, Yogyakarta 
[University of Twente]. https://purl.utwente.nl/essays/83897 

Kartikawati, N., & Kusumawanto, A. (2013). Spatial Control to Reduce Urban Heat Island Effect in Urban 
Housing. Journal of Architecture&ENVIRONMENT, 12(1), 27. 
https://doi.org/10.12962/j2355262x.v12i1.a554 

Kleszcz, J. (2018). Urban Farm as a System of Productive Urban Green – Challenges and Risks. 
Architecture, Civil Engineering, Environment, 11(1), 23–36. https://doi.org/10.21307/acee-2018-
003 

Kumar, P., & Sharma, A. (2020). Study on importance, procedure, and scope of outdoor thermal comfort 
–A review. Sustainable Cities and Society, 61, 102297. https://doi.org/10.1016/j.scs.2020.102297 

Larsen, S. F., Filippín, C., & Lesino, G. (2014). Thermal simulation of a double skin façade with plants. 
Energy Procedia, 57, 1763–1772. https://doi.org/10.1016/j.egypro.2014.10.165 

Lestari, P., Arrohman, M. K., Damayanti, S., & Klimont, Z. (2022). Emissions and spatial distribution of 
air pollutants from anthropogenic sources in Jakarta. Atmospheric Pollution Research, 13(9), 
101521. https://doi.org/10.1016/j.apr.2022.101521 

Li, C., Wei, J., & Li, C. (2019a). Influence of foliage thickness on thermal performance of green façades 
in hot and humid climate. Energy and Buildings, 199, 72–87. 
https://doi.org/10.1016/j.enbuild.2019.06.045 



 

 

 

Noraduola D R, Mangkoedihardjo S, Santoso R I B, Puwanti I F, Jaya L M G & Cahyadi R 

VERTICAL GREENING APPROACH FOR URBAN KAMPUNG: A SYSTEMATIC REVIEW 

 

27 

T
h
e
or

e
ti
ca

l 
a
nd

 E
m
p
ir
ic
a
l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 

V
ol
um

e
 2

0
  

I
ss

ue
 1

 /
  
F
e
b
ru

a
ry

 2
0
2
5
 

1
.1

.1
.1

.1
.1

.2
 T
h
e
or

e
ti
ca

l 
a
nd

 E
m
pi
ri
ca

l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 
Li, C., Wei, J., & Li, C. (2019b). Influence of foliage thickness on thermal performance of green façades 

in hot and humid climate. Energy and Buildings, 199, 72–87. 
https://doi.org/10.1016/j.enbuild.2019.06.045 

Liu, F., & Meng, X. (2024). Integrating the Living Wall with Mechanical Ventilation to Improve Indoor 
Thermal Environment in the Transition Season. Sustainability, 16(10), 4300. 
https://doi.org/10.3390/su16104300 

Lueder, C. (2018). Urban villages and informal settlements as protagonists of urban futures. URBAN 
DESIGN International, 23(1), 4–21. https://doi.org/10.1057/udi.2016.12 

Mangkoedihardjo, S., & Noraduola, D. R. (2023). Productive Façade Placement Determines Building 
Thermal Comfort and Food Security. Israa University Journal for Applied Science, 7(1), 236–251. 
https://doi.org/10.52865/IJJL6363 

Manso, M., & Castro-Gomes, J. (2015). Green wall systems: A review of their characteristics. In 
Renewable and Sustainable Energy Reviews (Vol. 41, pp. 863–871). Elsevier Ltd. 
https://doi.org/10.1016/j.rser.2014.07.203 

McPherson, E. (1994). Cooling Urban Heat Islands With Sustainable Landscapes. in Platt, The 
Ecological City. The University of Massachusetts Press. 

Meral, A., Başaran, N., Yalçinalp, E., Doğan, E., Ak, M. K., & Eroğlu, E. (2018). A comparative approach 
to artificial and natural green walls according to ecological sustainability. Sustainability 
(Switzerland), 10(6). https://doi.org/10.3390/su10061995 

Minten, B., & Kyle, S. (1999). The effect of distance and road quality on food collection, marketing 
margins, and traders’ wages: evidence from the former Zaire. Journal of Development Economics, 
60(2), 467–495. https://doi.org/10.1016/S0304-3878(99)00049-8 

Mohd Khairul Azhar Mat Sulaiman, Maslina Jamil, & Muhammad Fauzi Mohd Zain. (2013, November). 
Solar Radiation Transmission of Green Façade in the Tropics. Conference: Kongres Penyelidikan 
& Inovasi UKM2013. 

Murtyas, S., Hagishima, A., & Kusumaningdyah N.H. (2021). Observed Diverse Indoor Thermal 
Environments of Low-cost Dwellings Located in a Kampung District. Evergreen, 8(1), 229–238. 
https://doi.org/10.5109/4372283 

Nakata, C., & Viswanathan, M. (2012). From impactful research to sustainable innovations for 
subsistence marketplaces. Journal of Business Research, 65(12), 1655–1657. 
https://doi.org/10.1016/j.jbusres.2012.02.005 

Noraduola, D. R. (2007). Water Infrastructure Development for Indigenous People. A Case Study of 
Aquatic Based Culture of Bajo Community. Asian Institut of Technology. 

Noraduola, D. R., Mangkoedihardjo, S., Santoso, R. I. B., Purwanti, I. F., Jaya, L. M. G., & Cahyadi, R. 
(2024a). Façade Assessment of Thermal Fluctuation Attributable to the Productive Facade: 
Shading Coefficient and Spectral Properties Analysis. IOP Conference Series: Earth and 
Environmental Science, 1307(1), 012008. https://doi.org/10.1088/1755-1315/1307/1/012008 

Noraduola, D. R., Mangkoedihardjo, S., Santoso, R. I. B., Purwanti, I. F., Jaya, L. M. G., & Cahyadi, R. 
(2024b). Urban Village Regeneration: Improved Outdoor Thermal Comfort Using a Productive 
Facade (pp. 399–412). https://doi.org/10.1007/978-981-97-5311-6_38 

Nugroho, A. M., Nurlaelih, E. E., Surjono, S., Yanuwiadi, B., & Citraningrum, A. (2023). The Impact of 
Living Wall for Thermal Environmental Comfort: Case Study of Kampung Glintung, Malang, 



 

 

 

 

28 

Noraduola D R, Mangkoedihardjo S, Santoso R I B, Puwanti I F, Jaya L M G & Cahyadi R 

VERTICAL GREENING APPROACH FOR URBAN KAMPUNG: A SYSTEMATIC REVIEW 

 

T
h
e
or

e
ti
ca

l 
a
nd

 E
m
p
ir
ic
a
l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 

V
ol
um

e
 2

0
  

I
ss

ue
 1

 /
  
F
e
b
ru

a
ry

 2
0
2
5
 

1
.1

.1
.1

.1
.1

.1
 T
h
e
or

e
ti
ca

l 
a
nd

 E
m
pi
ri
ca

l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 

Indonesia. Civil Engineering and Architecture, 11(4), 1645–1655. 
https://doi.org/10.13189/cea.2023.110401 

Nuissl, H., & Siedentop, S. (2021). Urbanisation and Land Use Change (pp. 75–99). 
https://doi.org/10.1007/978-3-030-50841-8_5 

Nyman, M. (2019). Food, meaning-making and ontological uncertainty: Exploring ‘urban foraging’ and 
productive landscapes in London. Geoforum, 99, 170–180. 
https://doi.org/10.1016/j.geoforum.2018.10.009 

Othman, J., Azhar, I., & Azlan, A. (2018). Assessing Plant Selections for Vertical Greenery System on 
Commercial Buildings in an Urban Setting. Journal of Architcture, Planning & Construction 
Management, 8(2), 58–67. 

Ouyang, Z., Fan, P., & Chen, J. (2016). Urban Built-up Areas in Transitional Economies of Southeast 
Asia: Spatial Extent and Dynamics. Remote Sensing, 8(10), 819. 
https://doi.org/10.3390/rs8100819 

Palermo, S. A., & Turco, M. (2020a). Green Wall systems: Where do we stand? IOP Conference Series: 
Earth and Environmental Science, 410(1). https://doi.org/10.1088/1755-1315/410/1/012013 

Palermo, S. A., & Turco, M. (2020b). Green Wall systems: Where do we stand? IOP Conference Series: 
Earth and Environmental Science, 410(1). https://doi.org/10.1088/1755-1315/410/1/012013 

Paramita, B., & Matzarakis, A. (2019). Urban morphology aspects on microclimate in a hot and humid 
climate. Geographica Pannonica, 23(4), 398–410. https://doi.org/10.5937/gp23-24260 

Perera, T. A. N. T., Jayasinghe, G. Y., Halwatura, R. U., & Rupasinghe, H. T. (2021). Modelling of vertical 
greenery system with selected tropical plants in urban context to appraise plant thermal 
performance. Ecological Indicators, 128. https://doi.org/10.1016/j.ecolind.2021.107816 

Pérez, G., Coma, J., Chàfer, M., & Cabeza, L. F. (2022). Seasonal influence of leaf area index (LAI) on 
the energy performance of a green facade. Building and Environment, 207. 
https://doi.org/10.1016/j.buildenv.2021.108497 

Poddar, S., Park, D., & Chang, S. (2017). Energy performance analysis of a dormitory building based on 
different orientations and seasonal variations of leaf area index. Energy Efficiency, 10(4), 887–
903. https://doi.org/10.1007/s12053-016-9487-y 

Potchter, O., Cohen, P., Lin, T.-P., & Matzarakis, A. (2018). Outdoor human thermal perception in various 
climates: A comprehensive review of approaches, methods and quantification. Science of The 
Total Environment, 631–632, 390–406. https://doi.org/10.1016/j.scitotenv.2018.02.276 

Ramsay, E. E., Fleming, G. M., Faber, P. A., Barker, S. F., Sweeney, R., Taruc, R. R., Chown, S. L., & 
Duffy, G. A. (2021). Chronic heat stress in tropical urban informal settlements. IScience, 24(11), 
103248. https://doi.org/10.1016/j.isci.2021.103248 

Reardon, T., & Timmer, C. P. (2014). Five inter-linked transformations in the Asian agrifood economy: 
Food security implications. Global Food Security, 3(2), 108–117. 
https://doi.org/10.1016/j.gfs.2014.02.001 

Sarker, T., Fan, P., Messina, J. P., Mujahid, N., Aldrian, E., & Chen, J. (2024). Impact of Urban built-up 
volume on Urban environment: A Case of Jakarta. Sustainable Cities and Society, 105, 105346. 
https://doi.org/10.1016/j.scs.2024.105346 

Saun, F. C., Aghamohammadi, N., Ramakreshnan, L., & Sulaiman, N. M. N. (2020). Evaluation of 
Secondary School  Student’s Outdoor Thermal Comfort during Peak Urban Heating Hours in 
Greater Kuala Lumpur . Journal of Health and Translational Medicine, 23, 3–11. 



 

 

 

Noraduola D R, Mangkoedihardjo S, Santoso R I B, Puwanti I F, Jaya L M G & Cahyadi R 

VERTICAL GREENING APPROACH FOR URBAN KAMPUNG: A SYSTEMATIC REVIEW 

 

29 

T
h
e
or

e
ti
ca

l 
a
nd

 E
m
p
ir
ic
a
l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 

V
ol
um

e
 2

0
  

I
ss

ue
 1

 /
  
F
e
b
ru

a
ry

 2
0
2
5
 

1
.1

.1
.1

.1
.1

.2
 T
h
e
or

e
ti
ca

l 
a
nd

 E
m
pi
ri
ca

l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 
Shahmohamadi, P., Che-Ani, A. I., Maulud, K. N. A., Tawil, N. M., & Abdullah, N. A. G. (2011). The 

Impact of Anthropogenic Heat on Formation of Urban Heat Island and Energy Consumption 
Balance. Urban Studies Research, 2011, 1–9. https://doi.org/10.1155/2011/497524 

Shamseer, L., Moher, D., Clarke, M., Ghersi, D., Liberati, A., Petticrew, M., Shekelle, P., & Stewart, L. A. 
(2015). Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 
2015: elaboration and explanation. BMJ, 349(jan02 1), g7647–g7647. 
https://doi.org/10.1136/bmj.g7647 

Shashua-Bar, L., & Hoffman, M. E. (2000). Vegetation as a climatic component in the design of an urban 
street. Energy and Buildings, 31(3), 221–235. https://doi.org/10.1016/S0378-7788(99)00018-3 

Shirleyana, Hawken, S., & Sunindijo, R. Y. (2018). City of Kampung: risk and resilience in the urban 
communities of Surabaya, Indonesia. International Journal of Building Pathology and Adaptation. 

Song, X. P., Tan, H. T. W., & Tan, P. Y. (2018). Assessment of light adequacy for vertical farming in a 
tropical city. Urban Forestry and Urban Greening, 29, 49–57. 
https://doi.org/10.1016/j.ufug.2017.11.004 

Staffell, I., Pfenninger, S., & Johnson, N. (2023). A global model of hourly space heating and cooling 
demand at multiple spatial scales. Nature Energy, 8(12), 1328–1344. 
https://doi.org/10.1038/s41560-023-01341-5 

Susorova, I., Angulo, M., Bahrami, P., & Stephens, B. (2013). A model of vegetated exterior facades for 
evaluation of wall thermal performance. Building and Environment, 67, 1–13. 
https://doi.org/10.1016/j.buildenv.2013.04.027 

Tablada, A., & Kosorić, V. (2021). Vertical farming on facades: transforming building skins for urban food 
security. In Rethinking Building Skins: Transformative Technologies and Research Trajectories 
(pp. 285–311). Elsevier. https://doi.org/10.1016/B978-0-12-822477-9.00015-2 

Tablada, A., Kosorić, V., Huang, H., Lau, S. S. Y., & Shabunko, V. (2020). Architectural quality of the 
productive façades integrating photovoltaic and vertical farming systems: Survey among experts 
in Singapore. Frontiers of Architectural Research, 9(2), 301–318. 
https://doi.org/10.1016/j.foar.2019.12.005 

Tallis, M., Taylor, G., Sinnett, D., & Freer-Smith, P. (2011). Estimating the removal of atmospheric 
particulate pollution by the urban tree canopy of London, under current and future environments. 
Landscape and Urban Planning, 103(2). https://doi.org/10.1016/j.landurbplan.2011.07.003 

Taridala, S. A., Noraduola, D. Rinnarsuri. ;, & Annas, A. Ayisya. (2021). Pengembangan Pertanian 
Perkotaan untuk Ketahanan Pangan dan Pendinginan Kawasan Pemukiman Masyarakat 
Berpenghasilan Rendah. Laporan Penelitian.The Indonesia - Belarus Research Link Joint 
Funding Research Scheme (Re-Link JFRS) 

Tseliou, A., Melas, E., Mela, A., Tsiros, I., & Zervas, E. (2023). The Effect of Green Roofs and Green 
Façades in the Pedestrian Thermal Comfort of a Mediterranean Urban Residential Area. 
Atmosphere, 14(10), 1512. https://doi.org/10.3390/atmos14101512 

Ufaira, R., Amir, S., Indraprahasta, G. S., & Nastiti, A. (2023). Living in a hot city: thermal justice through 
green open space provision. Frontiers in Human Dynamics, 5. 
https://doi.org/10.3389/fhumd.2023.1237515 

Vartholomaios, A. (n.d.). The impact of green space distribution on the microclimate of idealized urban 
grids. 



 

 

 

 

30 

Noraduola D R, Mangkoedihardjo S, Santoso R I B, Puwanti I F, Jaya L M G & Cahyadi R 

VERTICAL GREENING APPROACH FOR URBAN KAMPUNG: A SYSTEMATIC REVIEW 

 

T
h
e
or

e
ti
ca

l 
a
nd

 E
m
p
ir
ic
a
l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 

V
ol
um

e
 2

0
  

I
ss

ue
 1

 /
  
F
e
b
ru

a
ry

 2
0
2
5
 

1
.1

.1
.1

.1
.1

.1
 T
h
e
or

e
ti
ca

l 
a
nd

 E
m
pi
ri
ca

l 
R
e
se

a
rc

h
e
s 

in
 U

rb
a
n 

M
a
na

ge
m
e
nt

 

Vox, G., Blanco, I., & Schettini, E. (2018). Green façades to control wall surface temperature in buildings. 
Building and Environment, 129, 154–166. https://doi.org/10.1016/j.buildenv.2017.12.002 

Wang, X., Gard, W., Borska, H., Ursem, B., & van de Kuilen, J. W. G. (2020). Vertical greenery systems: 
from plants to trees with self-growing interconnections. European Journal of Wood and Wood 
Products, 78(5), 1031–1043. https://doi.org/10.1007/s00107-020-01583-0 

Wang, Y., Zhang, X., Zhang, Y., Zhang, H., Xiong, B., & Shi, X. (2023). Multi-Objective Analysis of Visual, 
Thermal, and Energy Performance in Coordination with the Outdoor Thermal Environment of 
Productive Façades of Residential Communities in Guangzhou, China. Buildings, 13(6), 1540. 
https://doi.org/10.3390/buildings13061540 

Wang, Z.-H. (2022). Reconceptualizing urban heat island: Beyond the urban-rural dichotomy. 
Sustainable Cities and Society, 77, 103581. https://doi.org/10.1016/j.scs.2021.103581 

Widiastuti, R., Zaini, J., & Caesarendra, W. (2020). Data on records of temperature and relative humidity 
in a building model with green facade systems. Data in Brief, 28. 
https://doi.org/10.1016/j.dib.2019.104896 

Widiastuti, R., Zaini, J., Caesarendra, W., Kokogiannakis, G., & Binti Suhailian, S. N. N. (2022). Thermal 
insulation effect of green façades based on calculation of heat transfer and long wave infrared 
radiative exchange. Measurement: Journal of the International Measurement Confederation, 188. 
https://doi.org/10.1016/j.measurement.2021.110555 

Wilkerson, M. L., Mitchell, M. G. E., Shanahan, D., Wilson, K. A., Ives, C. D., Lovelock, C. E., & Rhodes, 
J. R. (2018). The role of socio-economic factors in planning and managing urban ecosystem 
services. Ecosystem Services, 31, 102–110. https://doi.org/10.1016/j.ecoser.2018.02.017 

Wu, C., Li, J., Wang, C., Song, C., Haase, D., Breuste, J., & Finka, M. (2021). Estimating the Cooling 
Effect of Pocket Green Space in High Density Urban Areas in Shanghai, China. Frontiers in 
Environmental Science, 9. https://doi.org/10.3389/fenvs.2021.657969 

Wu, X., Zhang, J., Geng, X., Wang, T., Wang, K., & Liu, S. (2020). Increasing green infrastructure-based 
ecological resilience in urban systems: A perspective from locating ecological and disturbance 
sources in a resource-based city. Sustainable Cities and Society, 61, 102354. 
https://doi.org/10.1016/J.SCS.2020.102354 

Yang, W., Lin, Y., & Li, C.-Q. (2018). Effects of Landscape Design on Urban Microclimate and Thermal 
Comfort in Tropical Climate. Advances in Meteorology, 2018, 1–13. 
https://doi.org/10.1155/2018/2809649 

Zaki, S. A., Azid, N. S., Shahidan, M. F., Hassan, M. Z., Md Daud, M. Y., Abu Bakar, N. A., Ali, M. S. M., 
& Yakub, F. (2020). Analysis of urban morphological effect on the microclimate of the urban 
residential area of Kampung Baru in Kuala Lumpur using a geospatial approach. Sustainability 
(Switzerland), 12(18). https://doi.org/10.3390/SU12187301 

Zareba, A., Krzeminska, A., & Kozik, R. (2021). Urban vertical farming as an example of nature-based 
solutions supporting a healthy society living in the urban environment. Resources, 10(11). 
https://doi.org/10.3390/resources10110109 

Zhang, L., Deng, Z., Liang, L., Zhang, Y., Meng, Q., Wang, J., & Santamouris, M. (2019). Thermal 
behavior of a vertical green facade and its impact on the indoor and outdoor thermal environment. 
Energy and Buildings, 204. https://doi.org/10.1016/j.enbuild.2019.109502 

Zupancic, T., & Bulthuis, M. (2015). THE IMPACT OF GREEN SPACE ON HEAT AND AIR 
POLLUTION IN URBAN COMMUNITIES: A META-NARRATIVE SYSTEMATIC REVIEW. 


