c 2% sintakemdikbud go.id/journals/profile/7920 g e o O &, o

OSlNTA @ Author Subjects Affiliations ~ Sources ~ FAQ  WCU Registration Login SRICEAG SR —

Citation Per Year By Gougle Scholar

180
150
120
JOURNAL OF ENVIRONMENTAL SCIENCE AND SUSTAINABLE DEVELOPMENT %
60

30

o

T T T - T - T T - T T T 1
2017 2018 2019 2020 2021 2022 2023 2024 2025

210256 530 Sinta 2

Impact Google Citations Current Acreditation
¥ Google Scholar % Garuda & Website @ Editor URL Journal By Google Scholar
History Accreditation All Since 2020
Citation 530 502
2018 2019 2020 2021 2022 2023 2024 2025 2025 2027 2028 h-index " 1
i10-index 16 15
Garuda  Googl




School of Environmental Science, Universitas Indonesia

VOLUME 6, ISSUE 2

EmmEm e

-
P EsmmmE

*

JESSD
UNIVERSITAS
INDONESIA

11th Edition of Journal of Environmental
Science and Sustainable Development
with 12 articles from Indonesia, Nigeria,
and Malaysia

Focus of these issue with economic
valuation, water demend and supply,
roadside greenbelt effect, urban infra-
structure, r egional sustainable develop-
ment index, the ecological balance of
coastal areas, and other focuse that
related to environmental science and
sustainable development.

=



Journal of Environmental Science and S
Sustainable Development /| N

My Account

Journal Home

About JESSD Home > Journals > School of Environmental Science > JESSD > Vol 6 > 135 2 (2023)
Focus and Scope

Editorial Board

Policy Volume 6, Issue 2 (2023) December 2023

Publication Ethics & Malpractice Policy

Front Matter

Author Guidelines

Reviewers School of Enviror

A PDF  FOREWORD FROM HANDLING EDITOR - 11TH EDITION
Ahyahudin Sodri, School of Environmental Science, Universitas

Peer Review Process Indonesia

Updated Information https://doi.org/10.7454/jessd.v6i2.1234

Article Processing Charge

VOLUME 6, ISSUE 2

Original Research Articles

A PDF  ECONOMIC VALUATION MODEL OF VANNAME SHRIMP
CULTURE AND MANGROVE REHABILITATION
Eirin Meivian Mongi Mongi, School of Environmental Science,
Universitas Indonesia, Jakarta, 10430, Indonesia

K , School of Er Science, Unil
Select an issue: Indonesia, Jakarta, 10430, Indonesia
IA|| Issues v|[ Bi Mufti Petala Patria, School of Environmental Science, Universitas

Indonesia, Jakarta, 10430, Indonesia
https://doi.org/10.7454/jessd.v6i2.1200

Search
Enter search terms: A PDE  ANALYSIS OF COMMUNITY-BASED PATTERN OF WATER
I /m DEMAND AND SUPPLY
Ishaku Dibal Joshua, D of Er

Faculty of Environmental Sciences, Nigerian Army University,

Gombe Rd, Biu, 603251, Nigeria
Abdullahi Chado Salihu, De of Er
Faculty of Environmental Sciences, Nigerian Army University,
Gombe Rd, Biu, 603251, Nigeria
ISSN - ONLINE: 2655- Ayuba Musa Mshelia, D of Et
6847 Faculty of Environmental Sciences, Nigerian Army University,
Gombe Rd, Biu, 603251, Nigeria
. N Nchedo Nnedinma Ubachukwu, Department of Environmental
Tweets by journal_jessd L Faculty of Er Scrences, Nigerian Army
University, Gombe Rd, Biu, 603251, Nigeria
QUESTTO RS https://doi.org/10 7454/jessd v6i2 1214

Advanced Search

1ith Edition of Journal
Science and Sustainal
with 12 articles from It
and Malaysia

A PDE ROADSIDE GREENBELT EFFECTS ON THERMAL COMFORT OF
PEDESTRIAN CORRIDORS AT A BUSY TRAFFIC ROAD

Focus of these issue
valuation, water demn

View Visitor Stats Nur Intan Si , D of L roadside greenbelt eff
Faculty of L e and Envir g structure, r egional sus
Trisakti University, Jakarta, 11440, Indonesia ment index, the ecolc
Reza Fauzi, Department of Landscape Architecture, Faculty of 1 coastal areas, and o
Landscape Architecture and Environmental Technology, Trisakti related to environmer
University, Jakarta, 11440, indonesia sustainable developme
Dibyanti Danniswari, Dep. of L Archil . Faculty
of L Archit and Ei Trisakti
University, Jakarta, 11440, indonesia
Rini Fitri, D of L. Faculty of

Landscape Architecture and Environmental Technology, Trisakti
University, Jakarta, 11440, Indonesia
https://doi.org/10.7454/jessd v6i2.1201

Go Ie A PDE  FULFILLING URBAN INFRASTRUCTURE STANDARDS TO
‘Scholar INCREASE THE CARRYING CAPACITY OF TOURISM
DESTINATION
= Shana Fatina, School of Environmental Science, Universitas
Indonesia, Jakarta, 10430, Indonesia
o Slnta Tri Edhi Budhi Soesilo, School of Environmental Science, Universitas
L n Indonesia, Jakarta, 10430, Indonesia

Rudy Parluhutan Tambunan, School of Environmental Science,
Universitas Indonesia, Jakarta, 10430, Indonesia

https://doi.org/10.7454/jessd.v6i2.1206
aaﬁARUPA

A PDFE  MEASURING THE PERFORMANCE OF SDGS IN PROVINCIAL
LEVEL USING REGIONAL SUSTAINABLE DEVELOPMENT INDEX

3 : : Nurafiza Thamrin, BPS — Statistics Solok Regency, Solok-Padang
X D I menS|OnS KM 20, Gunung Talang, Padang, 27365, Indonesia

Ika Yuni Wulansari, Deparfment of Statistics, Politeknik Statistika

STIS Jatinegara, East Jakarta, 13330, indonesia
. e n a go‘ Puguh Bodro irawan, Departemen Monitoring, Evaluation, Leaming
,. & Research Expert, BPS-Statistics, Central Jakarta, DKI Jakarta,
10710 indonesia

https://doi.org/10. 7454/jessd v6i2.1176

®

S CO u S A PDE  COMMUNITY STRUCTURE OF SEA URCHIN AS AN INDICATOR
OF THE ECOLOGICAL BALANGCE OF COASTAL AREAS

Abdul Wahab Radjab, National Research and Innovation Agency,
Ambon 97233, Indonesia
Intan Rabiyanti, Marine Science Programme, Muhammadiyah
Maluku University, Ambon, 97128, Indonesia
Figih Muharby, Marine Science Program, Pattimura University,
Ambon, 97233, Indonesia
https://doi.org/10.7454/jessd v6i2.1198

A PDE  SUSTAINABLE REPORTING FOR AGRICULTURAL
COOPERATIVES KEY INSIGHTS AND FRAMEWORK
DEVELOPMENT
Lia Dahiia Iryani, Vocational School, Pakuan University, Bogor,
Central Bogor, West Java, 16129, Indonesia
https://doi.org/10. 7454/jessd v6i2.1194

Review Articles

A PDFE  CONVERSION OF CELLULOSE TO 5-
HYDROXYMETHYLFURFURALAS SUSTAINABLE ENERGY: A
BIBLIOMETRIC ANALYSIS BY VOSVIEWER
Royyan Faradis, Department of Chemistry, Facuity of Science and

Data Analytics, Institute Teknologi Sepuluh Nopember, Surabaya



dibya
Rectangle


AU ISy at DAYUS SULYdII, LSpPGillg I Ul LIEIdWIE, Fauuny ul
Humanities, University of Indonesia, Depok 16424, Indonesia

Irmina Kris Murwani, Department of Chemistry, Faculty of Science
and Data Analytics, Institute Teknologi Sepuluh Nopember, Surabaya
https://doi.org/10.7454/jessd v6i2.1158

M PDE  SUSTAINABLE TRANSPORTATION IN SOUTHEAST ASIAN
COUNTRIES: IMPLEMENTATION OF GREEN TRANSPORT
Nafrah Maudina, Department of Govemment Affairs and
Administration, Jusuf Kalla School Government, University of
iyah ¥ , 55183, i
Eko Priyo Purnomo, Department of Government Affairs and
Administration, Jusuf Kalla School Government, University of

https //doi 0rg/10.7454/jessd v6i2.1168

A PDE APECULIAR NATURAL WONDERLAND OF SOUTH CHINA SEA: A
BIRD'S EYE VIEW
Mohamad Nor Azra, Institute of Climate Adaptation and Marine
Biotechnology (ICAMB), Universiti Malaysia Terengganu, Kuala
Nerus, Terengganu, 21300, Malaysia
Mohd Igbal Mohd Noor, Climate Change Adaptation Laboratory,
Institute of Climate and Marine B (ICAMB),
Universiti Teknologi MARA, Shah Alam, Selangor, 40450, Malaysia
Juneta-nor Abu Seman, Faculty of Business Management, Universiti
Teknologi MARA (UiTM) (Pahang), Raub, Pahang, 27600, Malaysia
Lee Seong Wei Dr, Institute for Biodiversity and Sustainable
Development, Universiti Teknologi MARA (UiTM), Shah Alam,
Selangor, 40450, Malaysia
https://doi.org/10.7454/jessd.v6i2.1230

Case-Based Articles

A PDE  ANALYSIS OF MARINE ZONE MANAGEMENT IN DISPUTED

ISLAND TERRITORIES
Khomsin Khomsin, Dep. of ics Ei ing, Faculty of
Civil Planning and Geo Engineering, Institut Teknologi Sepuluh

g ya, 60111,
Danar Guruh Pratomo, D of Ei ),
Faculty of Civil Planning and Geo Engineering, Institut Teknologi
Sepuluh . ya, 60111, i
Ayu Isnania Zahra, Dep: of ics Eng , Faculty of
Civil Planning and Geo Engineering, Institut Teknologi Sepuluh

g ya, 60111,

https://doi.org/10. 7454/jessd v6i2.1181

M PDE A CROSS-CULTURAL ANALYSIS ON THE PRACTICE OF
SUSTAINABLE UNIVERSITY INITIATIVES
David Efendi, Department of Government Studies, Faculty of Social
and Political Sciences, Universitas Muhammadiyah Yogyakarta, D.1
Yogyakarta, 55184, indonesia
Alim Bubu Swarga, Department of Public Affairs Management,
College of Local Administration, Khon Kaen University, Khon Kaen,
40002, Thailand
Moh. ir, D of iology, Ul itas Negeri

1 ya, 60213,

Mohammad Reevany Bustami, Centre for Policy Research and
International Studies, Universiti Sains Malaysia, Penang, 11800,
Malaysia
Ellisha Nasruddin, Graduate School of Business, Universiti Sains
Malaysia, Penang, 11800, Malaysia
https://doi.org/10.7454/jessd v6i2.1192

DIgthI Commons- Home | About | FAQ | MyAccount | Accessibility Statement

ELSEVIER remy (EniL




My Account

Journal Home

About JESSD

Focus and Scope

Editorial Board

Policy

Publication Ethics & Malpractice Policy
Author Guidelines

Reviewers

Article Processing Charge

Peer Review Process

Updated Information

Select an issue:

IAII Issues w || Browse

Search

Enter search terms:

I Search

Advanced Search

ISSN - ONLINE: 2655-
6847

Tweets by journal_jessd

VISITORS

View Visitor Stats

Google

Qsinta
@QARUPA

S Dimensions

s:enago

Scopus’

Digital Commons’

Journal of Environmental Science and
Sustainable Development

' —

N "

Home > Jounals > School of Environmental Science > JESSD
Editorial Board Structure and Responsibilities
Editor-in-Chief

Dr. Herdis Herdiansyah = @ Scopus ID: 57170905600
School of En Jakarta,

Science, Ui
Managing Editor

Dr. Ahyahudin Sodri = @ Scopus |D: 56028045000

School of En Science, Ui Jakarta,

Assistant Managing Editor

Nova Amalia Sakina, S.KM., M.Si. = ‘«D Scopus ID: 57395655700

School of Envi Science, Uni Jakarta,

Assistant Editor

Dr. Azhar Firdaus, M.Si. (=] @ Scopus ID: 57207467702

School of En Science, Ui Jakarta,
Raras Nidya Andarini S, S.Si 2] ‘D Scopus ID:
School of En Science, U Jakarta,

Editorial Board Members
Regional (Associate) Editor for Asia-Pacific

Prof. Dr. Ing. Ir. Misri Gozan, M.Tech [ca] @ Scopus ID: 15759603900

Department of Chemical E , Faculty of Ei 1g, Universitas Depok, West Java, Indonesia

Prof. Shabbir H Gheewala, D. Eng. = ‘D Scopus ID: 6602264724
Joint Graduate School of Energy and Environment, King Mongkuts University of Technology Thonburi, Bangkok, Thailand

Prof. Maizirwan Mel, Ph.D. = @ Scopus ID: 23668032700

International Islamic University Malaysia, Malaysi:

Regional (Associate) Editor for North America

Prof. Christopher Silver, Ph.D, FAICP. = Scopus |D: 7006022959

College of Design, Construction and Planning, University of Florida, Gainesville, Florida, United States of America

Regional (Associate) Editor for Europe

Mari E. Mulyani, D.Phil. = Scopus ID: 55817563600
School of Geography and the Environment, University of Oxford, Oxford, United Kingdom

International Advisory Editorial Boards

Dr. Stefanie Steinebach = @ Scopus ID: 57073897500

HAWK-HHG (Hochschule fur angewandte Wissenschaft und Kunst-Hildesheim/Holzminden/Gottingen), Gottingen, Germany

Prof. Rotimi Williams Olatunji = @ Scopus ID: 48861737000

Lagos State University, Lagos, Nigeria

Prof. Dr.-Arch. Iryana Bulakh = ‘E Scopus 1D: 36080512900
Department of Design of Architectural Environment, Faculty of Architecture, Kyiv National University of Construction and

Architecture, Kyiv, Ukraine

Dr. Rini Astuti =1 @ Scopus ID: 58558918800

Australian National Centre for the Public Awareness of Science, The Australian National University, Canberra, Australia

Dr. Agr. Sc. Ernoiz Antriyandarti, SP, MP, M.Ec = @ Scopus |D: 57201775415

Agribusiness Study Program, Faculty of Agriculture, Sebelas Maret University, Surakarta, Central Java, Indonesia

Dr. Evi Fimawaty = @ Scopus ID: 8128517300

School of En Science, Ui Jakarta,

Prof. Dr. lvandini Tribidasari Anggraningrum 3.Si., M_Si =5 @ Scopus 1D: 6506022840

Department of Ghemistry, Faculty of Indonesia, Depok, West Java, Indonesia

and Science, Uni
Administrator

Nada Ismita Hawa, School of Envirenmental Science, Universitas Indonesia, Jakarta, Indonesia

Jakarta,

Fatmaya Anisa Rahmania, School of Er Science, U
English Editing

Nuraeni, School of Environmental Science, Universitas Indonesia, Jakarta, Indonesia

Home | About | FAQ | MyAccount | Accessibility Statement







Journal of Environmental Science and Sustainable Development

Volume 6 _
Issue 2 December 2023 Article 4

12-31-2023

ROADSIDE GREENBELT EFFECTS ON THERMAL COMFORT OF
PEDESTRIAN CORRIDORS AT A BUSY TRAFFIC ROAD

Nur Intan Simangunsong
Department of Landscape Architecture, Faculty of Landscape Architecture and Environmental
Technology, Trisakti University, Jakarta, 11440, Indonesia, nurintan@trisakti.ac.id

Reza Fauzi
Department of Landscape Architecture, Faculty of Landscape Architecture and Environmental
Technology, Trisakti University, Jakarta, 11440, Indonesia, reza.fauzi@trisakti.ac.id

Dibyanti Danniswari
Department of Landscape Architecture, Faculty of Landscape Architecture and Environmental
Technology, Trisakti University, Jakarta, 11440, Indonesia, dibyanti@trisakti.ac.id

Rini Fitri
Department of Landscape Architecture, Faculty of Landscape Architecture and Environmental
Technology, Trisakti University, Jakarta, 11440, Indonesia, rini fitri@trisakti.ac.id

Follow this and additional works at: https://scholarhub.ui.ac.id/jessd

b Part of the Environmental Studies Commons, Landscape Architecture Commons, and the Urban

Studies and Planning Commons

Recommended Citation

Simangunsong, Nur Intan; Fauzi, Reza; Danniswari, Dibyanti; and Fitri, Rini (2023). ROADSIDE GREENBELT
EFFECTS ON THERMAL COMFORT OF PEDESTRIAN CORRIDORS AT A BUSY TRAFFIC ROAD. Journal of
Environmental Science and Sustainable Development, 6(2), 249-265.

Available at: https://doi.org/10.7454/jessd.v6i2.1201

This Original Research Article is brought to you for free and open access by the School of Environmental Science at
Ul Scholars Hub. It has been accepted for inclusion in Journal of Environmental Science and Sustainable
Development by an authorized editor of Ul Scholars Hub.


https://scholarhub.ui.ac.id/jessd
https://scholarhub.ui.ac.id/jessd/vol6
https://scholarhub.ui.ac.id/jessd/vol6/iss2
https://scholarhub.ui.ac.id/jessd/vol6/iss2/4
https://scholarhub.ui.ac.id/jessd?utm_source=scholarhub.ui.ac.id%2Fjessd%2Fvol6%2Fiss2%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1333?utm_source=scholarhub.ui.ac.id%2Fjessd%2Fvol6%2Fiss2%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/779?utm_source=scholarhub.ui.ac.id%2Fjessd%2Fvol6%2Fiss2%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/436?utm_source=scholarhub.ui.ac.id%2Fjessd%2Fvol6%2Fiss2%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/436?utm_source=scholarhub.ui.ac.id%2Fjessd%2Fvol6%2Fiss2%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.7454/jessd.v6i2.1201

Journal of Environmental Science and Sustainable Development
Volume 6, Issue 2, Page 249-265

ISSN: 2655-6847

Homepage: http://scholarhub.ui.ac.id/jessd

ROADSIDE GREENBELT EFFECTS ON THERMAL COMFORT OF PEDESTRIAN
CORRIDORS AT A BUSY TRAFFIC ROAD

Nur Intan Simangunsong'®, Reza Fauzi!, Dibyanti Danniswari?, Rini Fitrit
!Landscape Architecture Study Program, Faculty of Landscape Architecture and
Environmental Technology, Universitas Trisakti, Jakarta, 11440, Indonesia

“Corresponding author: nurintan@trisakti.ac.id
(Received: 5 May 2023; Accepted: 5 December 2023; Published: 31 December 2023)
Abstract

The increasing number of motorized vehicles in Jakarta is causing environmental damage and
can harm human health. In recent years, the Jakarta local government has the vision to focus
on improving the human mobility network, including the pedestrian networks. As a heavily
trafficked road, Jalan Kyai Tapa, West Jakarta, is used by many people. However, it may feel
uncomfortable to walk there due to heat and sun exposure, which is compounded by extensive
pavement coverage. The thermal condition of the pedestrian corridor is essential to create a
comfortable walking experience. The objective of this study was to analyze the thermal comfort
of the pedestrian corridors at Jalan Kyai Tapa concerning the landscape composition, including
vegetation structure and pavement. This study was conducted quantitatively. This study
identified the vegetation structure, including the tree species, canopy diameter, and height.
Then, we measured the air temperature and relative humidity at predetermined measurement
points to evaluate thermal comfort using the Temperature Humidity Index (THI). The results
showed that the air temperature ranges from 31.01°C to 31.54°C, and the relative humidity
ranges from 56.19% to 57.74%. The average THI value is 28.52 °C, which falls into the
comfortable category. Despite having relatively wide canopies and providing shade, the trees
in this pedestrian corridor do not seem to improve the thermal environment enough to achieve
comfortable conditions for pedestrians. Interestingly, the result shows that, at certain
observation times, points without trees had lower air temperatures compared to other spots with
trees. Trees may not be the most influential factor in improving pedestrian thermal comfort.
Furthermore, the spots near trees with more expansive canopies can be less comfortable than
spots near trees with smaller canopies. Tree species and the planting spacing determine the
efficiency of trees to improve thermal comfort.

Keywords: Koridor; Pedestrian way; Thermal comfort; Vegetation.

1. Introduction

The urban population has kept increasing in the past few decades. The population growth in
Jakarta from 2010-2020 is about 0.92% (Badan Pusat Statistik (BPS), 2021). The population
increase follows the increase in motor vehicles. In 2019, the motor vehicle increase in Jakarta
was 0.7% compared to the previous year. Jakarta, infamous for its severe traffic congestion
due to overloaded motor vehicles, would suffer more. Increasing the number of motor vehicles
means more emissions of air pollutants and greenhouse gases that could eventually harm
human health and the environment. If the environment is damaged, pedestrians are the most
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impacted group of road users, as they are directly exposed to the environment. Adding and
preserving roadside greenbelts in the city is a way to alleviate the negative impact of motor
vehicles on users and the environment.

A roadside greenbelt is a linear green open space formed by landscape elements, such as trees
and shrubs, providing users comfort, safety, and beauty (Departemen Pekerjaan Umum, 1996).
Existing studies found that trees in urban areas play a role in microclimate amelioration, air
quality improvement, carbon dioxide reduction, oxygen production, ecological function, and
city's water supply protection (Nowak et al., 2006; Biao et al., 2010; Simangunsong et al., 2021;
Simangunsong & Fitri, 2021). Greenbelt trees and other forms of urban greenery provide
ecological function and ecosystem services (Childers et al., 2019).

In urban climate, vegetation at roadside greenbelts is an important design element to
ameliorate microclimate and to improve outdoor thermal comfort (Picot, 2004; Spagenberg,
2004). Roadside greenbelts offer various benefits to improve urban environment quality
(Samsoedin & Waryono, 2010), such as ameliorating microclimate, reducing pollutants,
including particle and gas, controlling glare, producing oxygen (Simangunsong et al., 2021;
Simangunsong & Fitri, 2021), reducing noise, controlling wastewater, controlling soil erosion,
reducing stress, preserving biodiversity, providing wildlife habitat, prevention of seawater
intrusion, improving urban aesthetic values, and supplier of groundwater. The vegetation type
and species must be carefully selected by considering its natural habitat, bioclimatic factors,
ecological functions, and architectural functions to optimize the role of roadside vegetation.
Additionally, selecting the local species would make the adaptation more accessible for the
vegetation (Oduor et al., 2016). Vegetation at roadside greenbelts can improve the thermal
environment, not only on a micro scale but also at a city scale.

Roadside greenbelts offer many benefits to the environment that indirectly benefit humans
as well. The direct benefits of roadside greenbelts to humans are providing shade, user safety,
and improving users' comfort, especially pedestrians and cyclists. The position of the greenbelt
influences the wind effect for pedestrians (Zeng et al., 2022). Wind could be dangerous for users
if it is too strong, but mild wind could improve users' thermal comfort, especially in hot weather.
Thermal comfort is the term used to describe satisfaction with the thermal environment. Outdoor
thermal comfort is influenced by the building—environment interaction, which includes various
factors such as height of buildings, relative humidity, air temperature, sky view factor, wind
speed, and street width (Achour-Younsi & Kharrat, 2016). Air temperature and relative humidity
directly influence THI, an index used to measure human body comfort. By paying attention to
the thermal comfort of roadside greenbelts, we can improve the walkability of urban pedestrian
corridors.

Other than thermal comfort, the comfortability of pedestrian corridors is influenced by
circulation, accessibility, safety, cleanliness, and aesthetics. Vegetation in roadside landscape
serves as a view controller, physical barrier (Cabral et al., 2023), microclimate regulator (Cai et
al., 2022), air pollution mitigator (Baldauf, 2020), wildlife habitat (Fischer et al., 2022), and
aesthetic function (Qin et al., 2023). To create a sustainable roadside landscape, we must
carefully select the vegetation species, the amount, and the planting design and manage the
landscape. A pedestrian corridor is formed by softscape (vegetation) and hardscape (pavement,
shelter, etcetera). The interaction between softscape and hardscape determines thermal comfort.

Jakarta's local government initiated the concept of a Smart City in 2014 by improving the
city based on six elements: Smart Economy, Smart Governance, Smart People, Smart Mobility,
Smart Environment, and Smart Living (Syalianda & Kusumastuti, 2021). This concept aims to
address urban problems and solve them. The local government has been improving its public
transportation service to reduce traffic congestion, air pollution, citizen mobility, etcetera. Dinas
Bina Marga DKI Jakarta (a local government organization in charge of roads and public infra-
structure) revitalizes public facilities such as pedestrian corridors to support public
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transportation. Dinas Bina Marga cooperates with the Institute for Transportation Development
Policy (ITDP) Indonesia to plan a human mobility network in Jakarta and realize their vision to
focus on pedestrian networks by improving public facilities for pedestrians and cyclists (ITDP,
2019).

Jalan Kyai Tapa, Jakarta, is a major road with two pedestrian corridors and green belts on the
side. The traffic at Jalan Kyai Tapa is generally quite busy because this road is passed by several
Transjakarta bus routes and is connected to other major roads. Quite a lot of people use
pedestrian corridors at Jalan Kyai Tapa. However, in the afternoon, it may feel uncomfortable
to walk there due to heat and sunlight exposure, and significant coverages of pavements worsen
that. The thermal condition of a pedestrian corridor is essential to create a comfortable walking
experience. Considering the local government's goal to improve the pedestrian corridors, we
need to understand the current conditions of pedestrian corridors in Jakarta in terms of their
thermal comfort. Pedestrian comfort has been widely studied overseas but is still relatively
limited in Indonesia. Existing studies have analyzed pedestrian corridors' comfort in Indonesia
cities concerning its users' preferences (llliyin & Alprianti, 2017), perception (Budiarto et al.,
2019), and facilities quality (Krisnaputri et al., 2023). Only a few studies specifically focus on
the thermal comfort of pedestrian corridors and analyze it quantitatively (Febriarto, 2016). Even
fewer studies exist on the thermal comfort of pedestrian corridors in Jakarta. Studies on
pedestrian corridors in Jakarta primarily relate to transit-oriented development concepts
(Mulyadi, 2020; Wulanningrum, 2021). More quantitative research on the thermal comfort of
pedestrian corridors in Jakarta is needed. This study analyzes the thermal comfort of pedestrian
corridors at Jalan Kyai Tapa concerning its landscape composition, including vegetation
structure and pavement. By analyzing the existing thermal condition of pedestrian corridors at
Jalan Kyai Tapa, this study can briefly illustrate other pedestrian corridors with a similar
condition in Jakarta. Hopefully, this study can help improve the pedestrian corridors in Jakarta.

2. Methods

2.1 Study area

The study area is two pedestrian corridors at Jalan Kyai Tapa, Grogol, West Jakarta. Jalan Kyali
Tapa is a significant road passed by several Transjakarta routes and is connected to other major
roads, such as Jalan Letjen S. Parman and Jalan Daan Mogot (Figure 1). There are two sides of
pedestrian corridors at Jalan Kyai Tapa: (1) the terminal side (north side) and (2) the university
side (south side).

The terminal side has a bus terminal, police station, and traffic gardens. Meanwhile,
university buildings, hotels, restaurants, and other commercial buildings are on the university
side. The tree information in the study area is collected for further analysis. When inventorying
vegetation, existing studies created plots of 100 meters by 100 meters in broad areas, such as
national parks (Haryadi et al., 2019; Maulidiyan et al., 2019), and created belt transects of 100
m in linear areas, such as roadsides (Danniswari & Nasrullah, 2017). Therefore, we divided the
300-meter-long pedestrian corridors into three segments, 100 m-long each. The study area and
the segmentation are shown in Figure 2. The field data was collected from November 2021 until
February 2022.

2.2 Data collection

The study is conducted quantitatively. We collect data on field air temperature, relative
humidity, wind speed, tree species, tree height, and canopy diameter. Air temperature, relative
humidity, and wind speed measurement points are distributed along the corridors. The
measurement is done three times daily at 08:00, 12:00, and 16:00 for seven days during sunny
weather using a digital thermohygrometer. The pedestrian corridors have two sides, the
university side and the terminal side, with a length of 300 m. We observed both corridors and

DOI: https://doi.org/10.7454/jessd.v6i2.1201 251


https://doi.org/10.7454/jessd.v6i2.1201

Journal of Environmental Science and Sustainable Development 6(2): 249-265

divided each corridor into three segments 100 m long. Table 1 shows the location and
measurement point at each corridor side. The number of measurement points at the terminal side
is fewer due to the smaller vegetation coverage on this side.
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Figure. 2 Study area, the pedestrian corridors at Kyai Tapa, and the segmentation
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2.3 Data analysis

The data are analyzed to calculate the Temperature Humidity Index. The THI is estimated to
determine the equivalent temperature perceived by humans by considering the air temperature
and relative humidity. This index has been widely used to measure the human body's comfort
(Isnoor et al., 2021; Putri et al., 2021; Rusdayanti et al., 2021).

Table 1. Location and measurement points

. Total Total Measurement
Pedestrian . Segment ;
. . Location Length measurement points per
corridor side length (m) .

(m) points segment

University side May 12 Monument to 300 100 27 8-11

Aston Hotel
Terminal side Flyover garden to 300 100 16 5-6

Terminal garden

Measured field air temperature and humidity are calculated following the THI formula by
McGregor & and Nieuwolt (1998), shown in Equation 1. Where: THI = Temperature Humidity
Index (°C), T = Air Temperature (°C), RH = Relative Humidity (%).

THI = 0.8 T + (RH x T)/500 (1)

Table 2 shows the categories for THI values. The categories of THI used in this study follow
the categories made by McGregor & Nieuwolt (1998) and Emmanuel (2005), which are
modified by Effendy (2007) for tropical climate use. ldeal environments perceived as
comfortable by humans fall in the range of 27-28 °C for temperature and 40-75% for relative
humidity (Laurie, 1975).

Table 2. THI value categories

THI value (°C) Category

21 >THI<24 Comfortable

25>THI<27 Less comfortable
THI > 27 Not comfortable

3. Results and discussions

3.1 The structure of vegetation

There are two sides of pedestrian corridors at Jalan Kyai Tapa: university and terminal. Each
side is divided into three segments. At segment | of Jalan Kyai Tapa, university side, 30 trees
comprise six species. The canopy diameter varies from 1.5 — 6.4 m, and the height varies from
3.75-9.6 m. The most common species are Mimusops elengi and Ficus virens, each of 11 trees.
There are five trees of Casuarina equisetifolia, 2 of Artocarpus heterophyllus, and 1 of Cerbera
manghas. The vegetation structure of segment I, the university side, is shown in Table 3.

In segment |1, there are a total of 17 trees that consist of 5 different species, which are seven
trees of Ficus virens, six trees of Mimusops elengi, two trees of Cerbera mangas, one tree of
Samanea saman, and one tree of Muntingia calabura. The canopy diameter at segment Il ranges
from 3 — 9 m, and the tree height from 3.2 — 11.2 m. The vegetation structure of segment Il is
summarized in Table 4. Segment 111 has the highest number of trees compared to Segment | and
I1. There are 37 trees of 7 species with the canopy diameter varying from 3.2 — 7 m and the tree
height ranging from 6 — 9 m. This segment is dominated by Ficus virens of 20 trees, Mimusops
elengi of 5 trees, Casuarina equsetifolia of 9 trees, Cerbera manghas of 2 trees, and Samanea
saman of 1 tree. The vegetation structure of segment I11 is shown in Table 5.The number of trees
at the terminal side is fewer than at the university side because the pedestrian corridor is
disconnected at several points due to the entrance/exit way for vehicles to or from the terminal.
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Table 3. Vegetation structure at segment |, university side

Segment  Point Tree Name Tree Size (m) Number
Local Name Scientific Name Canopy Diameter ~ Height

I T1 - - - - -
T2  Tanjung Mimusops elengi 4.8 9.0 2
T3  Tanjung Mimusops elengi 4.8 9.0 2
Ficus Ficus virens 6.4 5.0 1

T4 Ficus Ficus virens 6.4 3.8 1
T5 Nangka Artocarpus heterophyllus 4.8 9.0 1
Tanjung Mimusops elengi 4.8 9.0 1
Bintaro Cerbera manghas 3.6 7.0 1

T6  Ficus Ficus virens 6.4 9.6 1
Tanjung Mimusops elengi 15 4.5 1

T7  Ficus Ficus virens 6.4 9.6 1
Tanjung Mimusops elengi 15 4.5 1
Cemara angin  Casuarina equisetifolia 2.4 6.4 1

T8  Ficus Ficus virens 6.4 9.6 1
Tanjung Mimusops elengi 15 4.5 1
Cemara angin  Casuarina equisetifolia 24 6.4 1

T9  Ficus Ficus virens 6.4 9.6 2
Cemara angin  Casuarina equisetifolia 24 6.4 1
Nangka Artocarpus heterophyllus 4.8 9.0 1
Tanjung Mimusops elengi 15 4.5 1

T10 Cemaraangin  Casuarina equisetifolia 2.4 6.4 2
Ficus Ficus virens 6.4 9.6 1

T11 Ficus Ficus virens 6.4 9.6 3
Tanjung Mimusops elengi 15 4.5 2

Table 4. Vegetation structure at segment |1, university side

Segment  Point Tree Name Tree Size (m) Number
Local Name Latin Name Canopy Diameter Height

I T12  Ficus Ficus virens 4.8 5.8 1
Tanjung Mimusops elengi 3.2 6.4 2

Ficus Ficus virens 35 4.5 1

T13  Ficus Ficus virens 6.4 9.0 1

T14  Bintaro Cerbera manghas 3.6 7.0 1

Ficus Ficus virens 6.4 9.0 1

T15 Ficus Ficus virens 6.4 9.0 1

Bintaro Cerbera manghas 3.0 7.0 1

Trembesi Samanea saman 9.0 11.2 1

T16 - - - - -

T17  Tanjung Mimusops elengi 3.2 4.8 1

Kersen Muntingia celabura 3.2 3.2 1

T18  Tanjung Mimusops elengi 3.2 4.8 1

Ficus Ficus virens 3.2 4.0 1

Tanjung Mimusops elengi 3.2 6.4 1

T19 Ficus Ficus virens 5.6 9.0 1

Tanjung Mimusops elengi 3.2 6.4 1

T20 Cemaraangin  Casuarina equisetifolia 3.2 6.9 1

At segment | of the Terminal side, there are 21 trees of 5 species whose canopy diameter
varies from 3 — 5 m and the height varies from 6 — 10.8 m. This segment has 14 trees of
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Handroanthus chrysotrichus, three trees of Swietenia mahagoni, one tree of Samanea saman,
one tree of Casuarina equisetifolia, and one tree of Pterocarpus indicus.

Table 5. Vegetation structure at segment 111, university side

Segment  Point Tree Name Tree Size (m) Number
Local Name Latin Name Canopy Diameter Height

11 T21  Trembesi Samanea saman 7.5 7.5 1
Cemara angin Casuarina equisetifolia 3.2 6.9 1

T22  Ficus Ficus virens 5.6 9.0 1
Cemara angin Casuarina equisetifolia 3.0 8.3 1
Bintaro Cerbera manghas 3.0 7.0 1

T23  Ficus Ficus virens 3.8 6.0 2
T24  Ficus Ficus virens 3.8 6.0 3
Cemara angin Casuarina equisetifolia 3.0 8.3 1
Tanjung Mimusops elengi 3.0 75 1

T25 Ficus Ficus virens 3.8 6.0 7
Tanjung Mimusops elengi 3.0 75 2
Cemara angin Casuarina equisetifolia 4.5 8.3 1

T26  Ficus Ficus virens 3.8 6.0 6
Cemara angin Casuarina equisetifolia 3.0 8.3 2
Tanjung Mimusops elengi 4.5 75 1
Bintaro Cerbera manghas 3.0 7.0 1

T27 Cemara angin Casuarina equisetifolia 3.0 8.3 2
Ficus Ficus virens 6.4 9.0 1
Tanjung Mimusops elengi 4.5 7.5 1

In segment I, there are only three trees: 2 of Casuarina equisetifolia and 1 of Pterocarpus

indicus. In segment Ill, seven trees consist of 7 of Pterocarpus indicus, 2 of Casuarina
equisetifolia, and 1 of Ficus benjamina. The canopy diameter varies from 2 —4 m, and the height
varies from 10 — 11 m. The vegetation structure of the Terminal side is shown in Table 6.

Table 6. Vegetation structure at segment I, 11, 111, terminal side
. Tree Name Tree Size (m)
Segment  Point Local Name Latin Name Canopy Diameter Height Number

I T1  Tabebuya Handroanthus chrysotrichus 3.0 6.0 1
Trembesi Samanea saman 5.0 10.0 1
T2  Tabebuya Handroanthus chrysotrichus 3.0 6.0 10

T3  Tabebuya Handroanthus chrysotrichus 3.0 6.0 3

T4  Cemaraangin Casuarina equisetifolia 4.0 11.0 1

Mahoni Swietenia mahagoni 3.0 10.0 3

T5 Angsana Pterocarpus indicus 3.0 10.8 2

I T6 - - - - -
T7 - - - - -

T8  Cemaraangin Casuarina equisetifolia 4.0 11.0 1

T9  Cemaraangin Casuarina equisetifolia 2.0 11.0 1

T10 - - - - -

T11 Angsana Pterocarpus indicus 4.0 10.8 1

Il T12 Angsana Pterocarpus indicus 4.0 10.8 1
T13 Angsana Pterocarpus indicus 4.0 10.8 2

T14  Angsana Pterocarpus indicus 4.0 10.8 2

T15 Angsana Pterocarpus indicus 2.0 11.0 1

T16 Beringin Ficus benjamina 2.0 10.0 1
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In previous studies, a more expansive tree canopy and thicker leaves can help reduce air
temperature and improve microclimate (Hanifah & Yulita, 2018). Trees with wider crown
diameters provided a larger shaded area, improving thermal comfort (Boukhabla & Alkama,
2012). The most influential parameter affecting outdoor thermal comfort is leaf area index
(LALI), followed by trunk height, tree height, and crown diameter (Morakinyo et al., 2018). Tall
trees with an extensive leaf area index and canopy diameter (> 6 meters) should be prioritized
when selecting trees to improve outdoor comfort (Zhang et al., 2018). The diameter of the tree
canopy in the study area is mostly less than 5 meters. This length may not be extensive enough
to improve air temperature adequately.

3.2 The thermal environment

The air temperature and relative humidity of Jalan Kyai Tapa are measured at 27 points on the
university side and 16 points on the terminal side. At the university side (Figure 3), the average
air temperature at 08:00 ranges from 30.16-31.29°C.
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Measurement point

08.00 12.00 16.00

Figure. 3 The average temperature of Jalan Kyai Tapa, university side

At 08:00, the lowest air temperature is found at T24 (segment 11), and the highest is found at
T6 (segment I). The average air temperature at 12:00 ranges from 32.8-35.1°C. The lowest air
temperature is T1 (segment I), and the highest is T17 (segment I1). The average air temperature
at 16:00 ranges from 33-34 °C. The lowest air temperature is T1 (segment I), and the highest is
T17 (segment Il). The average air temperatures measured at 08:00, 12:00, and 16:00 are
considered less comfortable for human activities.

At the terminal side (Figure 4), the average air temperature at 08:00 ranges from 30.07-
31.33°C. The lowest air temperature is found at T1 (segment I), and the highest is at T9 (segment
I1). The average air temperature at 12:00 ranges from 33.71-36.03 °C; the lowest is at T1
(segment 1), and the highest is at T9 (segment Il). The average air temperature at 16:00 ranges
from 33.37-34.67 °C, the lowest at T1 (segment 1) and the highest at T9 (segment II). Although
the air temperature ranges differ in three observed times, all three segments' lowest air
temperature is found at T1 and the highest at T9. Based on these values, the air temperature of
the terminal side at 08:00, 12:00, and 16:00 is considered less comfortable for humans.

Figure 5 shows the average relative humidity measured at the university side. The average
relative humidity at 08:00 ranges from 71.99 — 75.94%, the lowest at T26 (segment 11) and the
highest at T18 (segment I1). This temperature is categorized as less comfortable for humans.

At 12:00, the average relative humidity ranges from 56.21 — 61.46%, the lowest at T26
(segment 11) and the highest at T9 (segment I). At 16:00, the average relative humidity ranges
from 62.7 — 65%); the lowest is at T17 (segment 1), and the highest is at T4 (segment I). The
average relative humidity at 12:00 and 16:00 is considered comfortable for humans.
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Figure. 5 Average relative humidity of Jalan Kyai Tapa, university side

The average relative humidity measured at the terminal side is shown in Figure 6. The average
relative humidity at 08:00 ranges from 71.19 — 73.10%, the lowest at T10 (segment I) and the
highest at T4 (segment I). This temperature is categorized as less comfortable for humans. At
12:00, the average relative humidity ranges from 56.0 — 61.4%, the lowest at T14 (segment I11)
and the highest at T1 (segment I). At 16:00, the average relative humidity ranges from 60.74 —
64.3%, the lowest at T7 (segment Il) and the highest at T1 (segment ). The average relative
humidity at 12:00 and 16:00 is considered comfortable for humans.

Additionally, we measured the wind speed at the university side (Figure 7) and terminal side
(Figure 8) of Jalan Kyai Tapa. Generally, the average wind speed at the terminal side is slightly
higher than the university side, possibly due to fewer trees at the terminal side. At the terminal
side, the average is 33.41 km/hour; at the university, the average is 32.86 km/hour.

According to the Beaufort Scale (Stewart, 2008), a 29-38 km/hour wind speed is considered
a fresh breeze. Both sides show a similar tendency where the highest wind speed is found at
12:00, and the lowest is at 08:00. Although wind speed does not influence the THI, the existence
of wind can improve perceived human thermal comfort.

In previous studies, canopy shape is essential in distributing air temperature (Fabbri et al.,
2017). Shade from the tree canopy affects plant evapotranspiration, which increases relative
humidity and absorbs heat energy, leading to decreased air temperature (Perini et al., 2018) and
decreased soil temperature (Morakinyo et al., 2018). At T1 on the university side, although there
were no trees, the average air temperature was lowest, and at T17, it was highest at 12:00 and
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Figure. 7 Average wind speed of Jalan Kyai Tapa, university side

16:00, despite the presence of Mimusops elengi trees. However, at 08:00, T24 had the lowest
temperature, and T6 had the highest. T6 and T24 had Ficus virens and Mimusops elengi trees
nearby, but there were more trees in T24.

The different trends between the morning (08:00) and afternoon (12:00 and 16:00)
observations are likely related to the evapotranspiration activity of the trees throughout the day.
Evapotranspiration is driven by solar radiation, and its rate increases rapidly in the morning,
especially from 07:00 to 10:00, which may cause the cooling benefits of trees in the morning to
be more pronounced than in the afternoon (Sharmin et al., 2023).

3.3 Temperature heat index

We estimate the average THI at the university and terminal sides based on the measured air
temperature and relative humidity in the study area. The average THI of the university side
(Figure 9) at 08:00 ranges from 28.5-29.8 °C, with the lowest average THI found at T24
(segment I11) and the highest at T6 (segment I). At 12:00, the average THI ranges from 30.2-
31.6 °C; the lowest is T1 (segment 1), and the highest is T20 (segment I11). The average THI at
16:00 ranges from 30.6-31.4 °C; the lowest is T1 (segment 1), and the highest is T17 (segment
I1). The average THI at 08:00, 12:00, and 16:00 is considered uncomfortable. The most
uncomfortable time is at 12:00.
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Figure. 10 The average THI at the terminal side

Figure 10 shows the average THI at the terminal side. The average THI at 08:00 ranges from
28.4-29.5 °C, with the lowest THI at T1 (segment I) and the highest at T9 (segment I1). At 12:00,
the average THI ranges from 31.1 — 32.8 °C; the lowest is at T1 (segment I), and the highest is
at T9 and T10 (segment Il). The average THI at 16:00 ranges from 30.9-32.0 °C; the lowest is
at T1 (segment 1), and the highest is at T9 and T10 (segment 1I). The average THI at 08:00,
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12:00, and 16:00 is considered uncomfortable. Like the university side, the most uncomfortable
time is at 12:00.

3.4 Factors that influence thermal comfort

According to the results, at the university side segments I, Il, and I, there are 84 trees with
varying canopy diameters from 1.5 — 9.0 m and varying heights from 3.2 — 11.2 m. Meanwhile,
at the terminal side segments I, I, and I, there are 31 trees with varying canopy diameters from
2.0 — 5.0 m and varying heights from 6.0 — 11.0 m. Trees at Jalan Kyai Tapa have relatively
wide canopy diameters. Trees with wide canopy diameters provide more expansive shaded
areas, improving thermal comfort (Boukhabla & Alkama, 2012). More expansive tree canopy
and denser leaves can help reduce air temperature and improve microclimate (Hanifah & Yulita,
2018). However, based on the THI results, the trees at Jalan Kyai Tapa's pedestrian corridors do
not seem to adequately improve the air temperature and relative humidity to reach a comfortable
state for pedestrians.

Several factors possibly caused the uncomfortable THI results of this study. Generally, the
effectiveness of vegetation affecting outdoor microclimate is determined by five main
parameters: foliage shape and dimensions, trunk height, leaf area density, seasonal cycle, and
daily transpiration (Perini et al., 2018). The shape of a tree canopy is essential in distributing air
temperature (Fabbri et al., 2017). The shade from the tree canopy influences the plants'
evapotranspiration, increasing relative humidity and absorbing thermal energy that decreases air
temperature (Perini et al., 2018) and decreases the ground temperature (Morakinyo et al., 2018).
An existing study found that the most influential parameter affecting outdoor thermal comfort
is leaf area index (LAI), followed by trunk height, tree height, and crown diameter (Morakinyo
et al., 2018). LAI is a one-sided green leaf area per unit ground area (Wu et al., 2020). Another
study suggests that tree arrangement (height-to-distance ratio of trees) is also essential because
the arrangement influences wind speed and sunlight blockade (Zhang et al., 2018). The same
study mentioned that large LAl is likely more significant than canopy diameter and tree height.

Furthermore, tall trees with an extensive leaf area index and canopy diameter (> 6 meters)
should be prioritized when selecting trees to improve outdoor comfort (Zhang et al., 2018).
Vegetation in its best condition can decrease air temperature up to 3.5 °C (Wang & Akbari,
2016). Concerning the results of this study, the trees' canopy diameter in the study area might
not be wide enough to provide adequate improvement to the air temperature, considering the
majority of the tree's canopy diameter is less than 5 meters. However, this study does not
investigate the LAI of each tree, which was found to be the most influential parameter in existing
studies. Further studies on LAI and tree arrangements are required to more accurately determine
the cause of uncomfortable outdoor areas.

Many studies analyzed how urban trees can benefit human thermal comfort. Trees can
alleviate urban air temperature, but not all are equally effective (Richards et al., 2020). Some
studies suggest that taller trees have a better performance at improving street thermal comfort
(Manickathan et al., 2018; Yang et al., 2018). It may be related to how taller trees can pass
through incoming airflow horizontally and remarkably improve pedestrian wind comfort (Kang
et al., 2020). This condition is similar to what we found during field measurement at the
university side, where some spots under Casuarina equisetifolia trees that can pass wind have
lower THI (better thermal comfort) than some spots under Mimusops elengi trees that tend to
have dense canopy. An existing study suggests that trees with a large canopy, short trunk, and
dense canopy can reduce mean radiant temperature effectively (Kong et al., 2017).

Interestingly, we found that T1 has the lowest average air temperature at the university side,
and T17 has the highest temperature at 12:00 and 16:00. However, there is no tree at T1. There
is a Mimusops elengi tree at T17. However, the tendency is different at 08:00. At 08:00, T24
has virens and Mimusops elengi nearby, but the number of trees is more significant at T24. The
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different tendency between morning observation (08:00) and afternoon observations (12:00 and
16:00) is possibly related to the evapotranspiration activity of the trees across the day.
Evapotranspiration is driven by solar radiation, and the rate increases rapidly in the morning,
especially from 07:00 to 10:00, which may cause trees' cooling benefits in the morning to be
more apparent than in the afternoon (Sharmin et al., 2023). The difference between
evapotranspiration rates in the morning and afternoon likely causes the difference in tendency
between morning and afternoon observations. As for the afternoon phenomenon, where T1 (no
tree) has the lowest average air temperature, and T17 (with tree) has the highest, possible
canopy-associated warming occurred during observations. Sharmin et al. (2023) conducted a
study to determine the cooling benefits of 10 urban tree species considering the tree traits and
microclimatic conditions in suburban areas. The study found that there was canopy-associated
warming in the afternoon, and it continued overnight. In the afternoon, the average temperature
under the tree canopy increases by 1.19 °C compared to ambient air temperature. Meanwhile, at
night, the average temperature increases 1.53 °C. Among the observed species in that study, the
species with the highest LAI has the lowest sub-canopy warming effect. The heat from nearby
buildings can also cause the sub-canopy warming effect. A study by Alonzo et al. (2021)
conducted in Washington DC found that trees along streets have a less cooling effect than trees
surrounded by grass or other vegetation due to re-radiated heat from under-tree canopy and
surrounding surfaces. This condition further supports that the air temperature under trees might
be higher than the ambient air temperature, mainly if buildings like the study area surround the
area. This condition may also explain why such a phenomenon is not found on the terminal side,
considering the terminal side has fewer structures and buildings than the university side. On a
side note, it is worth noting that T1 is also located near a small water body, which may also help
decrease the air temperature due to water body evaporation (Chen et al., 2023).

In another case, T9 of the terminal side shaded by Casuarina equisetifolia consistently has
the highest air temperature at 08:00, 12:00, and 16:00, and also the highest THI (worst thermal
comfort). The tree is not a shade tree and only has a canopy diameter of 2 meters. Furthermore,
the planting distance between trees in that area is larger than the canopy diameter, so we suggest
it cannot provide the proper shade to cool down the air temperature. We mentioned that some
spots with Casuarina equisetifolia at the university have better thermal comfort than Mimusops
elengi. This condition indicates that vegetation species alone cannot determine thermal comfort.
It is also related to the planting distance, design, and other elements close to it. The planting
design and the vegetation type must be considered according to the intended usage of the space
(Meili et al., 2021).

Generally, the university side has better thermal comfort than the terminal side. The
university side also has more trees and less pavement coverage than the terminal. Trees can
improve thermal comfort, and to optimize tree function in pedestrian corridors, we should
consider tree characteristics and arrangement. From the results of this study, we discussed that
various factors and the trees determine the thermal comfort of pedestrian corridors' influence on
microclimate, which can be different depending on the time of the day. Our findings offer the
thermal comfort overview of pedestrian corridors in Jakarta during the morning and afternoon,
which was not sufficiently explored in existing studies. This research still has limitations,
specifically in measuring LAI and the distance between trees. Therefore, further research is
required before proposing recommended planting designs and plant selection that can improve
people's thermal comfort, such as reducing air temperature, adjusting relative humidity, and
creating a wind corridor.

4. Conclusion
The findings of this study show that the air temperature of Jalan Kyai Tapa ranges from 31.01-
31.54°C and the relative humidity ranges from 56.19 — 57.74%. The average air temperature
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and relative humidity at Jalan Kyai Tapa are 31.2°C and 57%, respectively. The average THI at
Jalan Kyai Tapa is 28.52°C, which is categorized as uncomfortable. In areas with small tree
spacing, the air temperature tends to be low, and the relative humidity tends to be high. On the
contrary, in areas with large tree spacing, the air temperature tends to be high, and the relative
humidity tends to be low. Although many trees at Jalan Kyai Tapa have relatively large canopies,
they do not adequately improve the air temperature and relative humidity to make the corridor
thermally comfortable for pedestrians. Trees might not be the most influential factor in
improving pedestrian thermal comfort, as we found a measurement point with no tree with the
lowest temperature in the afternoon. Further research about the impact of tree arrangement, tree
selection, and hardscape structure on thermal comfort is necessary to optimize the roadside
greenbelt design for creating comfortable pedestrian corridors.
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Abstract

The increasing number of motorized vehicles in Jakarta is causing environmental damage and
can harm human health. In recent years, the Jakarta local government has the vision to focus
on improving the human mobility network, including the pedestrian networks. As a heavily
trafficked road, Jalan Kyai Tapa, West Jakarta, is used by many people. However, it may feel
uncomfortable to walk there due to heat and sun exposure, which is compounded by extensive
pavement coverage. The thermal condition of the pedestrian c@ridor is essential to create a
comfortable walking experience. The objective of this study was to analyze the thermal comfort
of the pedestrian corridors at Jalan Kyai Tapa concerning the landscape composition, including
vegetation structure and pavement. This study was conducted quantitatively. This study
identified the vegetatiofjiructure, including the tree species, canopy diameter, and height.
Then, we measurefghe air temperature and relative humidity at predetermined measurement
points to evaluate thermal comfort using the Temperature Humidity Index (THI). The results
showed that the air temperature ranges from 31.01°C to 31.54°C, and the relative humidity
ranges from 56.19% to 57.74%. The average THI value is 28.52 °C, which falls into the
comfortable category. Despite having relatively wide canopies and providing shade, the trees
in this pedestrian corridor do not seem to infgrove the thermal environment enough to achieve
comfortable conditions for pedestrians. Interestingly, the result shows that, at certain
observation times, poffl without trees had lower air temperatures compared to other spots with
trees. Trees may not be the most influential factor in improving pedestrian thermal comfort.
Furthermore, the spots near trees with more expansive canopies can be less comfortable than
spots near trees with smaller canopies. Tree species and the planting spacing determine the
efficiency of trees to improve thermal comfort.

Keywords: Koridor; Pedestrian way; Thermal comfort; Vegetation.

1. Introduction

The urban population has kept increasing in the past few decades. The population growth in
Jakarta from 2010-2020 is about 0.92% (Badan Pusat Statistik (BPS), 2021). The population
increase follows the increase in motor vehicles. In 2019, the motor vehicle increase in Jakarta
was 0.7% compared to the previous year. Jakarta, infamous for its severe traffic congestion
due to overloaded motor vehicles, would suffer more. Increasing the number of motor vehicles
means more emissions of air pollutants and greenhouse gases that could eventually harm
human health and the environment. If the environment is damaged, pedestrians are the most
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impacted group of road uvsers, as they are directly exposed to the environment. Adding and
preserving roadside greenbelts in the city is a way to alleviate the negative impact of motor
vehicles on users and the environment.

Aroadside greenbelt is a linear green open space formed by landscape elements, such as trees
and shrubs, providing users comfort ffifety, and beauty (Departemen Pekerjaan Umum, 1996).
Existing studies found that trees in urban areas play a role in microclimate amelioration, air
quality improvement, carbon dioxide gg§luction, oxygen production, ecological function, and
city's water supply protection (Nowak et al., 2006; Biao et al., 2010; Simangunsong et al., 2021;
Efmangunsong & Fitri, 2021). Greenbelt trees and other forms of urban greenery provide
ecological function and ecosystem services (Childers et al., ZW)_

In urban climate, vegetation at roadside greenbelts is an important design element to
ameliorate microclimate and to improve outdoor thermal comfort (Picot, 2004: Spagenberg,
2004). Roadside greenbelts offer various benefits to improve urban environment quality
(Samsoedin & Waryono, 2010), such as ameliorating microclimate, reducing pollutants,
including particle and gas, controlling glare, producing oxygen (Simangunsong et al., 2021;
Simangunsong & Fitri, 2021), reducing noise, controlling wastewater, controlling soil erosion,
reducing stress, preserving biodiversity, providing wildlife habitat, prevention of seawater
intrusion, improving urban aesthetic values, and supplier of groundwater. The vegetation type
and species must be carefully selected by considering its natural habitat, bioclimatic factors,
ecological functions, and architectural functions to optimize the role of roadside vegetation.
Additionally, selecting the local species would make the adaptation more accessible for the
vegetation (Oduor et al., 2016). Vegetation at roadside greenbelts can improve the thermal
environment, not only on a micro scale but also at a city scale.

Roadside greenbelts offer many benefits to the environment that indirectly benefit humans
as well. The direct benefits of roadside greenbelts to humans are providing shade, user safety,
and improving users' comfort, especially pedestrians and cyclists. The position of the greenbelt
influences the wind effect for pedestrians (Zeng et al., 2022). Wind could be dangerous for users
ifit is too strong, but mild wind could impro@isers' thermal comfort, especially in hot weather.
Thermal comfort is the term used to describe satisfaction with the thermal environment. Outdoor
thermal comfor@influenced by the building-environment interaction, which includes vagifjus
factors such as height of buildings, relative humidity, air temperature, sky view factor, wind
speed, and street width (Achour-Younsi & Kharrat, 2016). Air temperature and relative humidity
directly influence THI, an index used to measure human body comfort. By paying attention to
the thermal comfort of roadside greenbelts, we can improve the walkability of urban pedestrian
corridors.

Other than thermal comfort, the comfortability of pedestrian corridors is influenced by
circulation, accessibility, safety, cleanliness, and aesthetics. Vegetation in roadside landscape
serves as a view controller, physical barrier (Cabral et al., 2023), microclimate regulator (Cai et
al., 2022), air pollution mitigator (Baldauf, 2020), wildlife habitat (Fischer et al., 2022), and
aesthetic function (Qin et al., 2023). To create a sustainable roadside landscape, we must
carefully select the vegetation species, the amount, and the planting design and manage the
landscape. A pedestrian corridor is formed by softscape (vegetation) and hardscape (pavement,
shelter, etcetera). The interaction betwe@@softscape and hardscape determines thermal comfort.

Jakarta's local governm@@] initiated the coneept of a Smart City in 2014 by improving the
city based on six elements: Smart Economy, Smart Governance, Smart People, Smart Mobility,
Smart Environment, and Smart Living (Syalianda & Kusumastuti, 2021). This concept aims to
address urban problems and solve them. The local government has been improving its public
transportation service to reduce traffic congestion, air pollution, citizen mobility, etcetera. Dinas
Bina Marga DKI Jakarta (a local government organization in charge of roads and public infra-
structure) revitalizes public facilities such as pedestrian corridors to support public
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transportation. Dinas Bina Marga cooperates with the Institute for Transportation Development
Policy (ITDP) Indonesia to plan a human mobility network in Jakarta and realize their vision to
focus on pedestrian networks by improving public facilities for pedestrians and cyclists (ITDP,
2019).

Jalan Kyai Tapa, Jakarta, is a major road with two pedestrian corridors and green belts on the
side. The traffic at Jalan Kyai Tapa is generally quite busy because this road is passed by several
PIransjakarta bus routes and is connected to other major roads. Quite a lot of people use
pedestrian corridors at Jalan Kyai Tapa. However, in the afternoon, it may feel uncomfortable
to walk there due to heat and sunlight exposure, and significant coverages of pavements worsen
that. The thermal condition of a pedestrian corridor is essential to create a comfortable walking
experience. Considering the local government's goal to improve the pedestrian corridors, we
need to understand the current conditions of pedestrian corridors in Jakarta in terms of their
thermal comfort. Pedestrian comfort has been widely studied overseas but is still relatively
limited in Indonesia. Existing studies have analyzed pedestrian corridors' comfort in Indonesia
cities concerning its users' preferences (Illiyin & Alprianti, 2017), perception (Budiarto et al.,
2019). and facilities quality (Krisnaputri et al., 2023). Only a few studies specifically focus on
the thermal comfort of p@strian corridors and analyze it quantitatively (Febriarto, 2016). Even
fewer studies exist on the thermal comfort of pedestrian corridors in Jakarta. Studies on
pedestrian corridors in Jakarta primarily relate to transit-oriented @Evelopment concepts
(Mulyadi, 2020; Wulanningrum, 2021). More quantitative reaarch on the thermal comfort of
pedestrian corridors in Jakarta is needed. This sty analyzes the thermal comfort of pedestrian
corridors at Jalan Kyai Tapa concerning its landscape composition@including vegetation
structure and pavement. By analyzing the existing thermal condition of pedestrian corridors at
Jalan Kyai Tapa, this study can briefly illustrate other pedestrian corridors with a similar
condition in Jakarta. Hopefully, this study can help improve the pedestrian corridors in Jakarta.
2. Methods
2.1 Study area
The study area is two pedestrian corridors at Jalan Kyai Tapa, Grogol, West Jakarta. Jalan Kyai
Tapa is a significant road passed by several Transjakarta routes and is connected to other major
roads, such as Jalan Letjen S. Parman and Jalan Daan Mogot (Figure 1). There are two sides of
pedestrian corridors at Jalan Kyai Tapa: (1) the terminal side (north side) and (2) the university
side (south side).

The terminal side has a bus terminal, police station, and traffic gardens. Meanwhile,
university buildings, hotels, restaurants, and other commercial buildings are on the university
side. The tree information in the study area is collected for further analysis. When inventorying
vegetation, existing studies created plots of 100 meters by 100 meters in broad areas, such as
national parks (Haryadi et al., 2019; Maulidiyan et al., 2019), and created belt transects of 100
m in linear areas, such as roadsides (Danniswari & Nasrullah, 2017). Therefore, we divided the
300-meter-long pedestrian corridors into three segments, 100 m-long each. The study area and
the segmentation are shown in Figure 2. The field data was collected from November 2021 until
February 2022.

2.2 Data collection 43

The study is conducted quantitatively. We collect data on field ajtemperature, relative
humidity, wind speed, tree species, tree height, and canopy diameter. Air temperature, relative
humidity, and wind speed measurement points are distributed along the corridors. The
measurement is done three times daily at 08:00, 12:00, and 16:00 for seven days during sunny
weather using a digital thermohygrometer. The pedestrian corridors have two sides, the
university side and the terminal side, with a length of 300 m. We observed both corridors and
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divided each corridor into three segments 100 m long. Table 1 shows the location and
measurement point at each corridor side. The number of measurement points at the terminal side
is fewer due to the smaller vegetation coverage on this side.
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Figure. 2 Study area, the pedestrian corridors at Kyai Tapa, and the segmentation
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2.3 Data analysis

The data are analyzed to calculate the Temperature Humidity Index. The THIEfJestimated to
determine the equivalent temperature perceived by humans by considering the air temperature
and relf€f§e humidity. This index has been widely used to measure the human body's comfort
(Isnoor et al., 2021; Putri et al., 2021; Rusdayanti et al., 2021).

Table 1. Location and measurement points

i Total Total Measurement
Pedestrian . Segment s
s Location Length = measurement points per
corridor side = length (m) .

(m) = points segment

University side May 12" Monument to 300 100 27 8-11

Aston Hotel
Terminal side Flyover garden to 300 100 16 5-6

Terminal garden
Measured field air temperature and humidity are cggulated following the THI formula by
McGregor & and Nieuwolt (1998), shown in Equation 1. Where: THI = Temperature Humidity
Index (°C), T = Air Temperature (°C), RH = Relative Humidity (%).

THI = 0.8T + (RH x T) /500 (1

Table 2 shows the categories for THI values. The categories of THI used in this study follow
the categories made by McGregor & Nieuwolt (1998) and Emmanuel (2005), which are
modified by Effendy (2007) for tropical climate use. ldeal environments perceived as
comfortable by humans fall in the range of 27-28 °C for temperature and 40-75% for relative
humidity (Laurie, 1975).

Table 2. THI value categories

THI value (°C) Category

21>THI <24 Comfortable

25 >THI <27 Less comfortable
THI > 27 Not comfortable

3. Results and discussions

3.1 The structure of vegetation

There are two sides of pedestrian corridors at Jalan Kyai Tapa: university and terminal. Each
side is divided into three segments. At segment | of Jalan Kyai Tapa, university side, 30 trees
comprise six species. The canopy diameter varies from 1.5 — 6.4 m, and the height varies from
3.75—9.6 m. The most common species are Mimusops elengi and Ficus virens, each of 11 trees.
There are five trees of Casuarina equisetifolia,2 of Artocarpus heterophyllus, and 1 of Cerbera
manghas. The vegetation structure of segment 1, the university side, is shown in Table 3.

In segment I1, there are a total of 17 trees that consist of 5 different species, which are seven
trees of Ficus virens, six trees of Mimusops elengi, two trees of Cerbera mangas, one tree of
Samanea saman, and one tree of Muntingia calabura. The canopy diameter at segment Il ranges
from 3 — 9 m, and the tree height from 3.2 — 11.2 m. The vegetation structure of segment II is
summarized in Table 4. Segment II1 has the highest number of trees compared to Segment I and
I1. There are 37 trees of 7 species with the canopy diameter varying from 3.2 — 7 m and the tree
height ranging from 6 — 9 m. This segment is dominated by Ficus virens of 20 trees, Mimusops
elengi of 5 trees, Casuarina equsetifolia of 9 trees, Cerbera manghas of 2 trees, and Samanea
saman of 1 tree. The vegetation structure of segment III is shown in Table 5. The number of trees
at the terminal side is fewer than at the university side because the pedestrian corridor is
disconnected at several points due to the entrance/exit way for vehicles to or from the terminal.

DOI: https://doi.org/10.7454/jessd.v612.1201 253




Journal of Environmental Science and Sustainable Development 6(2): 249-265

Table 3. Vegetation structure at segment I, university side

Segment  Point Tree Name Tree Size (m) Number
:E Local Name Scientific Name Canopy Diameter Height
I T - - - - -
T2  Tanjung Mimusops elengi 4.8 9.0 2
T3  Tanjung Mimusops elengi 4.8 9.0 2
Ficus Ficus virens 6.4 5.0 1
T4 Ficus Ficus virens 6.4 3.8 1
TS Nangka Artocarpus heterophyllus 4.8 9.0 1
Tanjung Mimusops elengi 4.8 9.0 1
Bintaro Cerbera manghas 3.6 7.0 1
T6 Ficus Ficus virens 6.4 9.6 1
Tanjung Mimusops elengi 1.5 4.5 1
T7 Ficus Ficus virens 6.4 9.6 1
Tanjung Mimusops elengi 1.5 4.5 1
Cemara angin  Casuarina equisetifolia 2.4 6.4 1
T8 Ficus Ficus virens 6.4 9.6 1
Tanjung Mimusops elengi 1.5 4.5 1
Cemara angin ~ Casuarina equisetifolia 2.4 6.4 1
™ Ficus Ficus virens 6.4 9.6 2
Cemara angin  Casuarina equisetifolia 2.4 6.4 1
Nangka Artocarpus heterophyllus 4.8 9.0 1
Tanjung Mimusops elengi 1.5 4.5 1
T10  Cemara angin  Casuarina equisetifolia 2.4 6.4 2
Ficus Ficus virens 6.4 9.6 1
T11  Ficus Ficus virens 6.4 9.6 3
Tanjung Mimusops elengi 1.5 4.5 2
Table 4. Vegetation structure at segment II, university side
Segment  Point Tree Name - Tre-e Size (m) - Number
- Local Name Latin Name Canopy Diameter Height
IT TI2  Ficus Ficus virens 4.8 58 1
Tanjung Mimusops elengi 32 6.4 2
Ficus Ficus virens 35 4.5 1
T13  Ficus Ficus virens 64 9.0 1
T14  Bintaro Cerbera manghas 3.6 7.0 1
Ficus Ficus virens 64 9.0 1
TI15  Ficus Ficus virens 64 9.0 1
Bintaro Cerbera manghas 30 7.0 1
Trembesi Samanea saman 9.0 112 1
Ti6 - - - . -
T17  Tanjung Mimusops elengi 32 4.8 1
Kersen Muntingia celabura 32 32 1
T18  Tanjung Mimusops elengi 32 4.8 1
Ficus Ficus virens 32 4.0 1
Tanjung Mimusops elengi 32 6.4 1
T19  Ficus Ficus virens 56 9.0 1
Tanjung Mimusops elengi 32 6.4 1
T20  Cemara angin __ Casuarina equisetifolia 32 6.9 1

At segment | of the Terminal side, there are 21 trees of 5 species whose canopy diameter
varies from 3 — 5 m and the height varies from 6 — 10.8 m. This segment has 14 trees of

DOI: https://doi.org/10.7454/jessd.v612.1201

254




Journal of Environmental Science and Sustainable Development 6(2): 249-265

Handroanthus chrysotrichus, three trees of Swietenia mahagoni, one tree of Samanea saman,
one tree of Casuarina equisetifolia, and one tree of Pterocarpus indicus.

Table 5. Vegetation structure at segment 11, university side

5 - Tree Name Tree Size (m) S
egment Point - - .
Local Name Latin Name Canopy Diameter Height

11} T21  Trembesi Samanea saman 75 7.5 1
Cemara angin Casuarina equisetifolia 32 6.9 1

T22  Ficus Ficus virens 5.6 9.0 1

Cemara angin Casuarina equiserifolia 3.0 8.3 1

Bintaro Cerbera manghas 30 7.0 1

T23  Ficus Ficus virens 38 6.0 2

T24  Ficus Ficus virens 38 6.0 3

Cemara angin Casuarina equiserifolia 3.0 8.3 1

Tanjung Mimusops elengi 3.0 7.5 1

T25  Ficus Ficus virens 38 6.0 7

Tanjung Mimusops elengi 3.0 7.5 2

Cemara angin Casuarina equiserifolia 4.5 8.3 1

T26  Ficus Ficus virens 38 6.0 6

Cemara angin Casuarina equisetifolia 30 8.3 2

Tanjung Mimusops elengi 4.5 7.5 1

Bintaro Cerbera manghas 3.0 7.0 1

T27  Cemara angin Casuarina equiserifolia 3.0 8.3 2

Ficus Ficus virens 64 9.0 1

Tanjung Mimusops elengi 4.5 75 1

In segment II, there are only three trees: 2 of Casuarina equisetifolia and 1 of Pterocarpus
indicus. In segment III, seven trees consist of 7 of Pterocarpus indicus, 2 of Casuarina
equisetifolia, and 1 of Ficus benjamina. The canopy diameter varies from 2 —4 m, and the height
varies from 10 — 11 m. The vegetation structure of the Terminal side is shown in Table 6.

Table 6. Vegetation structure at segment I, II, II1, terminal side

Segment  Point Tree Name Tree Size (m) Number
= Local Name Latin Name Canopy Diameter Height

I T1  Tabebuya Handreanthus chrysotrichus 30 60 1

Trembesi Samanea saman 50 10.0 1

T2  Tabebuya Handreanthus chrysorrichus 30 60 10

T3  Tabebuya Handroanthus chrysorrichus 30 6.0 3

T4  Cemara angin Casuarina equisetifolia 40 11.0 1

Mahoni Swietenia mahagoni 30 10.0 3

Angsana Prerocarpus indicus 30 10.8 2

I T6 - - - - -
T7 - - - -

T8  Cemara angin Casuarina equisetifolia 40 11.0 1

T9  Cemara angin Casuarina equisetifolia 20 11.0 1

TIO - - - - -

T11  Angsana Pterocarpus indicus 40 10.8 1

I TI12 Angsana Pterocarpus indicus 40 10.8 1

TI13 2 Pterocarpus indicus 40 10.8 2

Ti4 Pterocarpus indicus 40 10.8 2

T15 Angsana Pterocarpus indicus 20 11.0 1

T16  Beringin Ficus benjamina 20 10.0 1
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In previous studies, a more expansive tree canopy and thicker leaves can help reduce air
temperature and improve microclimate (Hanifah & Yulita, 2018). Trees with wider crown
diameters provided a larger shaded area, improving thermal comfort (Boukhabla & Alkama,
2012).§Bhe most influential parameter affecting outdoor thermal comfort is leaf area i
(LAI), followed by trunk height, tree height, and crown diameter (Morakinyo et al., 2018). Tall
trees with an extensive leaf area index and canopy diamefffj (> 6 meters) should be prioritized
when selecting trees to improve outdoor comfort (Zhang et al., 2018). The diameter of the tree
canopy in the study area is mostly less than 5 meters. This length may not be extensive enough
to improve air temperature adequately.

3.2 The thermal environment

The air temperature and relative humidity of Jalan Kyai Tapa are measured at 27 points on the
university side and 16 points on the terminal side. At the university side (Figure 3), the average
air temperature at 08:00 ranges from 30.16-31.29°C.
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Figure. 3 The average temperature of Jalan Kyai Tapa, university side

At 08:00, the lowest air temperature is found at T24 (segment II), and the highest is found at
T6 (segment I). The average air temperature at 12:00 ranges from 32.8-35.1°C. The lowest air
temperature is T1 (segment I), and the highest is T17 (segment II). The average air temperature
at 16:00 ranges from 33-34 °C. The lowest air temperature is T1 (segment I), and the highest is
T17 (segment II). The average air temperatures measured at 08:00, 12:00, and 16:00 are
considered less comfortable for human activities.

At the terminal side (Figure 4), the average air temperature at 08:00 ranges from 30.07-
31.33°C. The lowest air temperature is found at T1 (segment I), and the highest is at T9 (segment
II). The average air temperature at 12:00 ranges from 33.71-36.03 °C; the lowest is at T1
(segment I), and the highest is at T9 (segment II). The average air temperature at 16:00 ranges
from 33.37-34.67 °C, the lowest at T1 (segment I) and the highest at T9 (segment II). Although
the air temperature ranges differ in three observed times, all three segments' lowest air
temperature is found at T1 and the highest at T9. Based on these values, the air temperature of
the terminal side at§f§:00, 12:00, and 16:00 is considered less comfortable for humans.

Figure 5 shows the average relative humidity measured at the university side. The average
relative humidity at 08:00 ranges from 71.99 — 75.94%. the lowest at T26 (segment II) and the
highest at T18 (segment II). This temperature is categorized as less comfortable for humans.

At 12:00, the average relative humidity ranges from 56.21 — 61.46%, the lowest at T26
(segment II) and the highest at T9 (segment I). At 16:00, the average relative humidity ranges
from 62.7 — 65%; the lowest is at T17 (segment II), and the highest is at T4 (segment I). The
average relative humidity at 12:00 and 16:00 is considered comfortable for humans.
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Figure. 4 The average temperature of Jalan Kyai Tapa, terminal side
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Figure. 5 Average relative humidity of Jalan Kyai Tapa, university side

The average relative humidity measured at the terminal side is shown in Figure 6. The average
relative humidity at 08:00 ranges from 71.19 — 73.10%. the lowest at T10 (segment I) and the
highest at T4 (segment I). This temperature is categorized as less comfortable for humans. At
12:00, the average relative humidity ranges from 56.0 — 61.4%, the lowest at T14 (segment 11I)
and the highest at T1 (segment I). At 16:00, the average relative humidity ranges from 60.74 —
64.3%, the lowest at T7 (segment II) and the highest at T1 (segment ). The average relative
humidity at 12:00 and 16:00 is considered comfortable for humans.

Additionally, we measured the wind speed at the university side (Figure 7) and terminal side
(Figure 8) of Jalan Kyai Tapa. Generally, the average wind speed at the terminal side is slightly
higher than the university side, possibly due to fewer trees at the terminal side. At the terminal
side, the average is 33.41 km/hour; at the university, the average is 32.86 km/hour.

According to the Beaufort Scale (Stewart, 2008), a 29-38 km/hour wind speed is considered
a fresh breeze. Both sides show a similar tendency where the highest wind speed is found at
12:00, and the lowest is at 08:00. Although wind speed does not influence the THI, the existence
of wind can improve perceived human thermal comfort.

In previous studies, canopy shape is essential in distributing air temperature (Fabbri et al.,
2017). Shade from the tree canopy affects plant evapotranspiration, which increases relative
humidity and absorbs heat energy, leading to decreased air temperature (Perini et al., 2018) and
decreased soil temperature (Morakinyo et al., 2018). At T1 on the university side, although there
were no trees, the average air temperature was lowest, and at T17, it was highest at 12:00 and
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Figure. 6 Average relative humidity of Jalan Kyai Tapa, terminal side
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Figure. 7 Average wind speed of Jalan Kyai Tapa, university side

16:00, despite the presence of Minwusops elengi trees. However, at 08:00, T24 had the lowest
temperature, and T6 had the highest. T6 and T24 had Ficus virens and Mimusops elengi trees
nearby, but there were more trees in T24.

The different trends between the morning (08:00) and afternoon (12:00 and 16:00)
observations are likely related to the evapotranspiration activity of the trees throughout the day.
Evapotranspiration is driven by solar radiation, and its rate increases rapidly in the morning,
especially from 07:00 to 10:00, which may cause the cooling benefits of trees in the morning to
be more pronounced than in the afternoon (Sharmin et al., 2023).

3.3 Temperature heat index

We estimate the average THI at the university and terminal sides based on the measured air
temperature and relative humidity in the study area. The average THI of the university side
(Figure 9) at 08:00 ranges from 28.5-29.8 °C, with the lowest average THI found at T24
(segment 1II) and the highest at T6 (segment ). At 12:00, the average THI ranges from 30.2-
31.6 °C; the lowest is T1 (segment 1), and the highest is T20 (segment III). The average THI at
16:00 ranges from 30.6-31 4 °C; the lowest is T1 (segment I), and the highest is T17 (segment
II). The average THI at 08:00, 12:00, and 16:00 is considered uncomfortable. The most
uncomfortable time is at 12:00.
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Figure. 10 The average THI at the terminal side

Figure 10 shows the average THI at the terminal side. The average THI at 08:00 ranges from
28.4-29.5 °C, with the lowest THI at T1 (segment I) and the highest at T9 (segment II). At 12:00,
the average THI ranges from 31.1 — 32.8 °C: the lowest is at T1 (segment I), and the highest is
at T9 and T10 (segment II). The average THI at 16:00 ranges from 30.9-32.0 °C: the lowest is
at T1 (segment I), and the highest is at T9 and T10 (segment II). The average THI at 08:00,
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12:00, and 16:00 is considered uncomfortable. Like the university side, the most uncomfortable
time is at 12:00.

3.4 Factors that influence thermal comfort

According to the results, at the university side segments I, Il, and II, there are 84 trees with
varying canopy diameters from 1.5 — 9.0 m and varying heights from 3.2 — 11.2 m. Meanwhile,
at the terminal side segments [, II, and II, there are 31 trees with varying canopy diameters from
2.0 - 5.0 m and varying heights from 6.0 — 11.0 m. Trees at Jalan Kyai Tapa have relatively
wide canopy diameters. Trees with wide canopy diameters provide more expansive shaded
areas, improving thermal comfort (Boukhabla & Alkama, 2012). More expansive tree canopy
and denser leaves can help reduce air temperature and improve microclimate (Hanifah & Yulita,
2018). However, based on the T§results, the trees at Jalan Kyai Tapa's pedestrian corridors do
not seem to adequately improve the air temperature and relative humidity to reach a comfortable
state for pedestrians.

Several factors possibly caused the uncomfortable THI results of this study. Generally, the
effectivenes@gf vegetation affecting outdoor microclimate is determined by five main
parameters: foliage shape and dimensions, trunk height, leaf area density, seasonal cycle, and
daily transpiration (Perini et al., 2018). The shape of a tree canopy is essential in distributing air
temperature (FabbifF®t al., 2017). The shade from the tree canopy influences the plaif§'
evapotranspiration, increasing relative humidity and absorbing thermal energy that decreases air
temperature (Perini et al., 2018) and decreases the ground temperature (Morakinyo etal., 2018).
An existing study found @t the most influential parameter affecting outdoor thermal comfort
is leaf area index (LAgEJfollowed by trunk height, tree height, and crown diameter (Morakinyo
etal.,2018). LAI is a one-sided green leaf area per unit ground area (Wu et al., 2020). Another
study suggests that tree arraffiement (height-to-distance ratio of trees) is also essential because
the arrangement influences wind speed and sunlight blockade (Zhang et al., 2018). The same
study mentionedf@hat large LAl is likely more significant than canopy diameter and tree height.

Furthermore, tall trees with an extensive leaf area index and canopy diameter (> 6 meters)
should be prioritized when selecting trees to improve outdoor comfort (Zhang et al., 2018).
Vegetation in its best condition can decrease air temperature up to 3.5 °C (Wang & Akbari,
2016). Concerning the results of this study, the trees' candfij diameter in the study area might
not be wide enough to provide adequate improvement to the air temperature, considering the
majority of the tree's canopy diameter is less than 5 meters. However, this study does not
investigate the LAI of each tree, which was found to be the most influential parameter in existing
studies. Further studies on LAl and tree arrangements are required to more accurately determine
the cause of uncomfortable outdoor areas.

Many studies analyzed how urban trees can benefit human thermal comfort. Trees can
alleviate urban air temperature, but not all are equally effective (Richards et 2020). Some
studies suggest that taller trees have a better performance at improving street thermal comfort
(Manickathan et al., 2018; Yang et al., 2018). It may be related to how taller trees can pass
through incoming airflow horizontally and remarkably improve pedestrian wind comfort (Kang
et al., 2020). This condition is similar to what we found during field measurement at the
university side, where some spots under Casuarina equisetifolia trees that can pass wind have
lower THI (better thermal comfort) than some §)ts under Mimusops elengi trees that tend to
have dense canopy. An existing study suggests that trees with a large canopy, short trunk, and
dense canopy can reduce mean radiant temperature effectively (Kong et al., 2017).

Interestingly, we found that T1 has the lowest average air temperature at the university side,
and T17 has the highest temperature at 12:00 and 16:00. However, there is no tree at T1. There
is a Mimusops elengi tree at T17. However, the tendency is different at 08:00. At 08:00, T24
has virens and Mimusops elengi nearby, but the number of trees is more significant at T24. The
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different tendency between morning observation (08:00) and afternoon observations (12:00 and
16:00) is possibly related to the evapotranspiration activity of the trees across the day.
Evapotranspiration is driven by solar radiation, and the rate increases rapidly in the morning,
especially from 07:00 to 10:00, which may cause trees' cooling benefits in the morning to be
more apparent than in the afternoon (Sharmin et al., 2023). The difference between
evapotranspiration rates in the morning and afternoon likely causes the difference in tendency
between morning and afternoon observations. As for the afternoon phenomenon, where T1 (no
tree) has the lowest average air temperature, and T17 (with tree) {f@ the highest, possible
canopy-associated warming occurred during observations. Sharmin et al. (2023) conducted a
study to determine the cooling benefits of 10 urban tree species consideringffhe tree traits and
microclimatic conditions in suburban areas. The study found that there was canopy-associated
warming in the afternoon, and it continued overnight. In the afternoon, the average temperature
under the tree canopy increases by 1.19 °C compared to ambient air temperature. Meanwhile, at
night, the average temperature increases 1.53 °C. Among the observed species in that study, the
species with the highest LAI has the lowest sub-canopy warming effefif) The heat from nearby
buildings can also cause the sub-canopy warming effect. A study by Alonzo et £ (2021)
conducted in Washington DC found that trees along streets have a less cooling effect than trees
surrounded by grass or other vegetation due to re-radiated heat from under-tree canopy and
surrounding surfaces. This condition further supports that the air temperature under trees might
be higher than the ambient air temperature, mainly if buildings like the study area surround the
area. This condition may also explain why such a phenomenon is not found on the terminal side,
considering the terminal side has fewer structures and buildings than the university side. On a
side note, it is worth noting that T1 is also located near a small water body, which may also help
decrease the air temperature due to water body evaporation (Chen et al., 2023).

In another case, T9 of the terminal side shaded by Casuarina equisetifolia consistently has
the highest air temperature at 08:00, 12:00, and 16:00, and also the highest THI (worst thermal
comfort). The tree is not a shade tree and only has a canopy diameter of 2 meters. Furthermore,
the planting distance between trees in that area is larger than the canopy diameter, so we suggest
it cannot provide the proper shade to cool down the air temperature. We mentioned that some
spots with Casuarina equisetifolia at the university have better thermal comfort than Mimusops
elengi. This condition indicates that vegetation species alone cannot determine thermal comfort.
It is also related to the planting distance, design, gl other elements close to it. The planting
design and the vegetation type must be considered according to the intended usage of the space
(Meili et al., 2021).

Generally, the university side has better thermal comfort than the terminal side. The
university side also has more trees and less pavement coverage than the terminal. Trees can
improve thermal comfort, and to optimize tree function in pedestrian corridors, we should
consider tree characteristics and arrangement. From the results of this study, we discussed that
various factors and the trees determine the thermal c@hfort of pedestrian corridors' influence on
microclimate, which can be different depending on the time of the day. Our findings offer the
thermal comfort overview of pedestrian corridors in Jakarta during the morning and afternoon,
which was not sufficiently explored in existing studies. This research still has limitations,
specifically in measuring LAI and the distance between trees. Therefore, further research is
required before proposing fommended planting designs and plant selection that can improve
people's thermal comfort, such as reducing air temperature, adjusting relative humidity, and
creating a wind corridor.

4. Conclusion
The findings of this study show that the air temperature of Jalan Kyai Tapa ranges from 31.01-
31.54°C and the relative humidity ranges from 56.19 — 57.74%. The average air temperature
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and relative humidity at Jalan Kyai Tapa are 31.2°C and 57%, respectively. The average THI at
Jalan Kyai Tapa is 28.52°C, which is categorized as uncomfortable. In areas with small tree
spacing, the air temperature tends to be low, and the relative humidity tends to be high. On the
contrary, in areas with large tree spacing, the air temperature tends to be high, and the relative
humidity tends to be low. Althougfmany trees at Jalan Kyai Tapa have relatively large canopies,
they do not adequately improve the air temperature and rel#gf§e humidity to make the corridor
thermally comfortable for pedestrians. Trees might not be the most influential factor in
improving pedestrian thermal comfort, as we found a measurement point with no tree with the
lowest temperature in the afternoon. Further research about the impact of tree arrangement, tree
selection, and hardscape structure on thermal comfort is necessary to optimize the roadside
greenbelt design for creating comfortable pedestrian corridors.
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