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Abstract

	 Smart City characteristics, as exemplified by Smart Environment, in the form of green space, and Smart 

Mobility, as described by Transit-Oriented Development (TOD), are compared for Singapore and Bangkok. The 

two cities have different histories, social, cultural, economic, and physical attributes that are reflected in their 

Smart City Planning approach. Singapore has an efficient, top-down approach that can be business-friendly, 

while Bangkok is more of a hybrid that reflects aspects of national and local-level governance, but also includes 

the private sector. Despite differences in planning and governance systems, and progress towards Smart City 

development, endpoints of the Smart City visions embraced by the two cities have some distinct similarities 

with respect to Smart Mobility and Smart Environment. These similarities include consideration of green space, 

TOD, ICT (Information and Communication Technology) applications, and “smart hubs” that link the private 

sector and institutes of higher education, as part of the Smart City movement. While ICT technology is 

demonstrated to have an important role in assessing Smart Environment performance and seamless public 

transit, we emphasize that community consultation is essential in shaping the Smart City path and framing the 

support role for ICT. As illustrated in our case studies, it can be concluded that a Smart City design philosophy 

provides a rich diversity of opportunity to enhance sustainability, resilience, and wellbeing of a community with 

respect to future disruptions, including climate change and pandemics.
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1. Introduction

	 Singapore has been featured in the mass media and critically examined in the academic literature as a 

leading example of a modern, Smart City (Gooneratne, 2019; Yee, 2019; Chang & Das, 2020; Demirel, 2023; 

Jiang et al., 2023; Thales Group,  2023). But, what does it mean to be a “Smart City”? Certainly, Information 

and Communication Technologies, or ICT, play an important role in Smart City development (Batty et al., 2012), 

but how central is that role? Is it the main driver and focus or instead does it play a support role? Stübinger 
and Schneider (2020) noted that their search of “Smart City” in the Google Scholar database produced more 

than 2,500,000 hits; and yet the definition and characterization of Smart City continue to be debated (e.g. 

Albino et al., 2015; Kummitha & Crutzen, 2017; Joss et al., 2019; Mora et al., 2019; Das, 2020). Our position 

in this paper, and outlined in more detail previously (Chang & Das, 2020; Irvine et al., 2022a), is that Smart 

City development must emphasize an approach that is community-focused and participatory, in which ICT 

plays a support role that enhances sustainability, liveability, wellbeing, and resilience. 

	 Smart City should in some way be entwined with the concepts of sustainability, liveability, and resilience, 

yet, as with the definition of Smart City, characterizing smart sustainable, or smart resilient cities remains 

contentious (Haarstad, 2017; Angelidou et al., 2018; Martin et al., 2018; Khan et al., 2020; Lopez & Castro, 

2021; Zhu et al., 2020). Indeed, as individual concepts related to community development, it has been argued 

that resilience and liveability have ambiguous definitions (Tan et al., 2014; Meerow et al., 2016; Ahmed et al., 

2019; Higgs et al., 2019) that potentially render the terms meaningless in practical application. In this paper, 

we use the United Nations Development Programme (UNDP, 2013) definition of resilience: “an inherent as well 

as acquired condition achieved by managing risks over time at individual, household, community and societal 

levels in ways that minimize costs, build capacity to manage and sustain development momentum, and maximize 

transformative potential.” This definition includes consideration at different societal scales and accommodates 

the idea of build back better or bouncing forward (Hynes et al., 2020; Zhao et al., 2020). Furthermore, to guide 

our understanding of wellbeing in the paper, we refer to the Canadian Index of Well-Being whereby wellbeing 

is “The presence of the highest possible quality of life in its full breadth of expression focused on but not 

necessarily exclusive to: good living standards, robust health, a sustainable environment, vital communities, an 

educated populace, balanced time use, high levels of democratic participation, and access to and participation 

in leisure and culture” (Smale & Hilbrecht, 2014).

	 Irvine et al. (2022a) employed a 7-pillar approach to characterize Smart City for their recent project in 

Thailand:  Smart Environment, Smart Economy, Smart Energy, Smart Mobility, Smart People, Smart Living, and 

Smart Governance. Furthermore, they conducted a literature review of existing Smart City Indexes and found 

that measures of internet access/smart phone use, green space, health care access, energy use, employment 

in creative industries, and green mobility share, were the top most frequently included indicators amongst the 

542 identified. In consideration of space and depth of discussion, we have elected to focus on two smart 

pillars in this paper, Smart Environment and Smart Mobility, although we will illustrate how the other pillars 

are interconnected. Irvine et al. (2022a) reported that the most frequently cited Smart Environment indicator 

was green space, and surprisingly, this indicator was second most frequent (tied with health care access) after 

the measure of internet access/smart phone use. 

	 Given this background, the objective of our paper is to illustrate and clarify how Smart City concepts 

are directly connected to considerations of sustainability, resilience, and community wellbeing. We expect that 

this objective will clarify some of the uncertainties identified with the definitions and interactions of Smart City, 
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resilience, and community wellbeing; in effect, providing rationale for Smart City implementation. In addressing 

this objective, we take a case study approach by comparing Smart City initiatives associated with green 

space (Smart Environment) and Transit-Oriented Development (Smart Mobility) in Singapore and Bangkok. 

This comparison is novel in that we examine Smart City approaches for two Southeast Asian nations that have 

their own uniquely regional setting. Frequently, Smart City comparisons are made for the Global North, and 

while Singapore often is included in such case studies, normally the comparison is with a western country, 

or a more developed Asian country such as China or Taiwan (Dameri et al., 2019; Johnston, 2019; Noori et 

al., 2020; Kubina et al., 2021; Shamsuzzoha et al., 2021; Simonofski et al., 2021; Orejon-Sanchez et al., 2022; 

Demirel, 2023; Jiang et al., 2023).

	 We examine Transit-Oriented Development (TOD) and green space planning and implementation in 

Singapore and Bangkok, addressing both broader, general trends, and using a specific case study for each, 

to frame a critical comparison of the approaches being pursued to achieve their Smart City goals. We note 

that the discussion for Bangkok represents a departure from traditional Smart City research in that it includes 

presentation of the visioning and design process for possible futures, following the Research through Designing 

paradigm (Lenzholzer et al., 2013; Irvine et al., 2022a; 2023; in press) that specifically addresses questions 

such as “How does a design have to function to fit natural processes (e.g., climate, hydrology, ecology)?”; 

How does a large scale design intervention work within a landscape system?”; or “Can the design bring about 

a shift in people’s sensing, thinking or behavior?”.

2. Methodology

	 We used a hybrid, integrative reflection approach for this paper, in which an integrative literature review 

(Torraco, 2005; Whittemore & Knafl, 2005; Snyder, 2019) is the principal research tool that is supported by 

primary data collection and reflections from the authors’ own Smart City research projects. The research 

framework and workflow are summarized in Figure 1. An integrative review has the objective to assess, critique, 

and synthesize the literature on a research topic in a way that enables new perspectives to emerge, where in 

our case we compare Smart City initiatives and progress between Singapore and Bangkok. Although we relied 

heavily on directed searches from the peer-reviewed literature, we also incorporated government reports, mass 

media reports, and open-access, web-sourced data. Google Scholar was used for the peer-reviewed literature 

search with keywords including “Singapore Smart City”, “Bangkok Smart City”, “Transit-Oriented Development”, 

“Car Congestion in Thailand”, “Mass Transit in Thailand”, “Urban Green Space” “Nature-based Solutions”, 

“Research through Designing”, “Community Wellbeing”, and “Resilience”. More than 375 articles were identified 

as relevant, reviewed and synthesized in this process, with the principal 105 references being reported in this 

paper. We strove to include the most recent literature in our review (73% of the references are between 2019 

and 2025), but we did not discount earlier references that included important historical perspectives and theory.

	 Primary data collection and design work for Thailand occurred in association with the Nava Nakorn Smart 

District and Benjakatti Park Nature-based Solution ecosystem services assessment projects. For the Nava 

Nakorn project, surveys were conducted face-to-face and online with a total of 770 community members and 

industry representatives. These surveys were used to guide the community development design visioning by 

Landscape Architecture, Architecture, Urban Design, and Design, Business, and Technology Management studio 

classes in the Faculty of Architecture and Planning at Thammasat University. The face-to-face surveys were 

conducted with Nava Nakorn residents (n=241) by students from the Urban Design program between February 
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and mid-March, 2020, and completed just prior to Covid restrictions. The online surveys were conducted by 

students from the Urban Design and Design, Business, and Technology Management programs between end-

March and April, 2020. It was necessary to conduct these surveys online due to Covid restrictions. The online 

surveys were administered to two separate groups, the general Nava Nakorn and Thammasat University 

communities (n=506) and Nava Nakorn industries (n=23). The survey and design methodologies are discussed 

in detail by Irvine et al. (2022a) and in general followed the research through designing principles outlined by 

Lenzholzer et al. (2013). The water quality monitoring presented for Benjakitti Park reflects the use of IoT 

(Internet of Things) and big data approaches to Smart City management, specifically for the case of Smart 

Environment. Water temperature, air temperature, specific conductivity, turbidity, and pH are being recorded 

at 1 minute time intervals in the inlet and outlet of a constructed wetland in the park to assess water quality 

treatment efficacy and the effort has been ongoing since 5 December 2023. 

 

Figure 1. Research framework and workflow.

3. Discussion

3.1 General considerations of TOD and green space

	 Ibraeva et al. (2020) noted that TOD integrates concepts from transport engineering and planning, land 

use planning, and urban design to develop sustainable, convenient, and desirable transportation networks that 

maximize the efficiency of services by concentrating urban development around transit stations. In their 

discussion, Niu et al. (2019) focus more explicitly on the links with local neighborhood, suggesting TOD reflects 

“… a compact and mixed-use neighborhood arranged around a transit station site, which, together with the 

surrounding public space, is the center of the neighborhood. The transit station site serves as a transportation 

hub connecting the neighborhood with other areas, while the public space is an important activity and meeting 

place of the area.” In particular, TOD seeks to reduce the dependence on automobiles and thereby accrues 

environmental, sustainability, and community wellbeing benefits, including reductions in greenhouse gas and 

PM2.5 emissions, and reduction in fossil fuel consumption (Nahlik & Chester, 2014; Nasri & Zhang, 2014; Ali 

et al., 2021). TOD has been linked explicitly to both Smart Growth and Smart City planning and development 
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(Wey, 2015; Arora et al., 2025; Suryawan et al., 2024; Ogundare, 2024; Yahia et al., 2025) as a means to 

achieving the afore-noted environmental, sustainability, and community wellbeing benefits. Knowles et al.  (2020) 

acknowledge that while the concept of TOD enjoys broad appeal, barriers remain to more widespread 

implementation, but they also discuss some important pathways to address those barriers through Smart 

Mobility principles. While TOD may not be a fit for every city, it is occurring in both Singapore and Bangkok 

and offers a constructive ideal for guidance in developing desirable urban form.

	 Irvine et al. (2021) recently reviewed the non-monetary value of urban green space and noted co-benefits 

included better physical and mental health, enhanced community wellbeing, enhanced management of urban 

runoff quality and quantity, and mitigation of the urban heat island. They recommended that the non-monetary 

value of urban green space might be quantified using an ecosystem services approach. Irvine et al. (2020) 

summarized results of a hedonic pricing approach to monetize the value of wetlands (green space) in urban 

areas of Australia and Singapore. The hedonic pricing approach has been used extensively to monetize the 

value of green space (Lupp et al., 2016; Park et al., 2017; Daams et al., 2019; Sohn et al., 2020).

3.2 TOD and green space in Singapore 

3.2.1	TOD

	 In this section, we discuss Singapore’s TOD as a tool and strategy to develop well-planned transport 

networks through the metro train services, popularly known as MRT (Mass Rapid Transit) and extensively 

complemented by island-wide public bus services. Given the small size of the city-state at around 734 km
2 

and with a very high population density of 8,058 persons/km
2
 (Singapore Department of Statistics, 2025), 

Singapore has always given preference towards popularising public transport over extensive use of private 

vehicles. To incentivise using public transport, Singapore’s Land Transport Authority keeps the fares affordable 

for all passengers and with subsidies for elderlies and school children. A McKinsey Report (Knupfer et al., 

2018) noted that public transport is the most affordable in Singapore, according to a study of 10 major cities 

worldwide. Secondly, according to the same report (Knupfer et al., 2018), the public transport system in 

Singapore is highly efficient with the ease of ticketing and transport-related services,  facilitating traveller use 

and navigation. Third, the number of private vehicles on the island nation is heavily controlled by the state as 

a means of managing traffic movement and a conscious effort is made towards a smart and sustainable 

transport option through increasing use of public transport. Finally, the Singapore Land Transport Authority 

(LTA), together with the Urban Redevelopment Authority (URA) and other government agencies are working 

on making public transport available within a short walking distance from every residential neighbourhood with 

heavy transport infrastructure development such as new bus lanes, more loop services to nearest MRT stations, 

and extensive network of new MRT lines with TODs playing a major role in enhancing a greener, sustainable, 

and efficient public transport landscape in Singapore. Singapore has continuously and incrementally deployed 

technologies, including private participation, to enhance TODs and efficient urban mobility (see Yuan, 1998) 

and these smart mobility characteristics also are linked to Smart Living through connections of community 

wellbeing. 

	 The first MRT train was operationalised in 1987 and today the system covers a total distance of around 

230 km together with another 28 km of light rail transit (LRT) connectivity across the island nation. While there 

are 8 MRT lines currently operational, many more extensions and new lines either are planned or under 

construction (Figure 2). One of the important lines under construction is the RTS (Rapid Transit System) Link 

between Woodlands in Singapore’s north to Johor Bahru in Malaysia that will help in seamless travel between 
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the two countries with a capacity to serve 10,000 commuters every hour. The RTS Link has been well-planned 

as part of a larger TOD development and connected to existing travel networks and to civic amenities around 

the Woodlands neighbourhood for a seamless and efficient public transport experience. The RTS Link should 

be ready for commercial operation by the end of 2026. As Kidokoro (2020) noted, multimodal and efficient 

connectivity has been prioritised in Singapore’s TOD planning and development.

Figure 2. Singapore’s MRT system as of 2024 (Source: Land Transport Authority, Singapore).

	 Singapore’s TODs consist of an extensive network of buses with around 350 bus routes that connect 

the nook and corners of the island nation. The majority of bus routes are planned in a way that connects most 

of the MRT lines across its routes so that it provides an efficient and seamless connectivity between various 

modes of public transport. Singapore bus services increasingly are investing in sustainable resources and 

therefore, electric and hybrid buses are being used across the island, consistent with Smart Energy principles. 

Singapore’s TOD system also has been complemented by modes of active mobility such as bicycle and walking 

routes that connect neighbourhoods to the nearest bus stops and MRT stations for seamless and sustainable 

travel options.

 

3.2.2	Green space

	 From the independence of Singapore in 1965, the city-state has initiated an integrated and centralised 

urban planning approach through the Garden City concept, including extensive green coverage across the 

island. The idea was to provide green and shade to the increasingly developing urban landscape, residential, 

and industrial buildings. Roads were well-planned with trees along the pedestrian routes for better shade and 

cooling (Er, 2021). 
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	 By 1998, the Garden City concept evolved into the ‘City in a Garden’ concept, with Singapore envisioned 

as a bustling metropolis nestled within a green oasis (O’Neill, 2023). This evolved vision led to new architectural 

development which beautified buildings skywards through the additions of green walls, rooftop gardens, and 

sky terraces (O’Neill, 2023). In 2020, the Singapore National Parks Board (NParks) introduced the next evolution 

of the concept in the form of the ‘City in Nature’ vision which aimed to ensure a green, liveable, and sustainable 

home for future generations of Singaporeans (Er, 2021). The bold new vision builds towards increasing the 

number of trees, parks, and green spaces around the city (Er, 2021).

	 By 2015, over 47% of Singapore was covered in green spaces which consisted of parks, community 

gardens, nature reserves, roadside and skyrise greenery, as well as unoccupied statelands, making Singapore 

one of the greenest countries in the world (Gan, 2015). As of 2022, through the combined efforts of the Ministry 

of National Development and NParks, Singapore has planted over 540,000 trees, contains over 300 parks, 190 

km of nature ways, 380 km of park connectors, 155 ha of skyrise greenery, 3,347 ha of nature reserves, and 

94% of households are just a 10-minute walk away from a park (National Parks Board (NParks), 2023). 

	 The increased green coverage across Singapore is consistent with the concept of green urbanism. 

According to Newman (2010), green urbanism is an approach to urban planning which leads to the development 

of settlements that focus on achieving harmony with nature as well as creating communities and lifestyles that 

are more sustainable and utilise fewer resources. One notable policy that has helped to support Singapore’s 

Garden City goals is the Singapore Green Plan (SGP), a comprehensive 10-year plan and a nation-wide 

movement launched in 1992 to balance the environmental and economic goals of the country (Leng,  1994). 

The plan went through two more iterations in 2012 and 2030. SGP 2012 charted Singapore’s path towards 

environmental sustainability through an increased emphasis on reduced waste generation and increased 

recycling efforts (Tortajada & Koh, 2021). SGP 2030 charted ambitious targets aimed at reducing carbon 

emissions, that included Smart Energy initiatives, to ensure a climate-resilient and green sustainable future 

with net-zero emissions (Tan, 2021).

	 In 2014, Singapore’s Smart Nation initiative was launched and it was aimed at infusing various information 

and communication technologies into both the public and private sectors, so as to improve the lives of citizens 

while also improving the country’s productivity, following the concepts of Smart Governance (e.g. digital 

government services), Smart Economy (e.g. through FinTech sandboxes), Smart Living (e.g. through smart 

health and the health hub), and Smart People (e.g. the web-based student learning space and SkillsFuture 

lifelong learning program)(Skills Future Singapore [SSG], 2025; Woo, 2020). Over the years, through the 

employment of digital tools and Smart Technologies, Singapore NParks has been able to achieve remote 

monitoring of the flora across the country as well as automated lawn management via the use of robots and 

sensors, ultimately helping to not only improve the productivity and lived experiences of Singaporeans but also 

ensure more efficient monitoring of the wellbeing of Singapore’s green spaces (Miller, 2023). 

3.2.3	Case study: Punggol Digital District

	 One notable product of Singapore’s Smart Nation initiative is the creation of the Punggol Digital District 

(PDD), Singapore’s first smart and sustainable district which brings together industry and academia within the 

wider community, to create a green space where everyone can live, work, and play effectively (Sipahi & Saayi, 

2024). The PDD design and implementation is fully consistent with TOD theory and the above-discussed green 

space principles. Furthermore, it aims to provide an ecosystem for key growth sectors in Singapore’s digital 

economy such as cybersecurity, artificial intelligence, FinTech, and smart living (Lim, 2024), thereby linking 

aspects of Smart Economy and Smart Living pillars. 
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	 Unveiled in 2018, the PDD is designed with an integrated masterplan and green technology to help 

create a more liveable and sustainable environment for the community at a local district level and foster a 

thriving business and lifestyle ecosystem that attracts talent and enables innovation (Smart Nation, 2024). The 

PDD is strategically designed to bring together the Singapore Institute of Technology (SIT)’s campus and the 

Jurong Town Corporation (JTC)’s Business Park, in order to create Singapore’s first truly smart district (Lai & 

Chuan, 2018). The Business Park, in particular, was awarded the Platinum Award by the Building and Construction 

Authority’s Green Mark Districts for adopting the highest level of sustainable design and construction strategies 

when constructing its low-energy green buildings (Kit, 2024). Figure 3 illustrates the construction of these 

green buildings. 

Figure 3. The construction of green buildings at the JTC Business Park (Jurong Town Corporation [JCT], 2024)).

The low-energy designs are consistent with the Smart Energy concepts of Smart City.

	 The district also will be served by the upcoming Punggol Coast MRT, a bus interchange, new bus stops, 

a 200-room hotel, a hawker centre, a community club, and a heritage trail to accommodate both locals and 

tourists in the area (The Business Times, 2024). The PDD aims to accelerate the pipeline of industry-ready 

talent by encouraging students and professionals to collaborate and pursue new, creative ideas that can be 

readily tested and utilised by businesses within the PDD (Smart Nation and Digital Government Office, 2025a). 

Spanning 50-hectares, the PDD is envisioned as a mini-Silicon Valley, where it is the centre of digital and 

cybersecurity industries and is expected to generate 28,000 high-tech jobs as well as accommodate 12,000 

SIT students (Tan, 2024). 

	 The PDD features some notable district-wide infrastructure and services aimed at achieving sustainability, 

the first of which is an Open Digital Platform that will integrate the management of the various buildings within 

a single estate system, as well as centralise the data collection of these systems allowing innovators to plug 

into the platform and access the data to create community-centric solutions (Urban Redevelopment Authority 

[URA], 2025). Secondly, the PDD will feature a District Cooling System which centralises cooling needs and 

reduces the district’s carbon footprint (URA, 2025). Thirdly, the PDD will feature Pneumatic Waste Collection 

via a district-wide underground vacuum-pipe network which will eliminate the need for waste collection trucks 

and remove odour from refuse chutes (URA, 2025). 
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	 Fourthly, the PDD will contain a Smart Energy Grid that enables consumers to adopt clean sources of 

energy for daily use (e.g. charging electric vehicles) and achieve greater energy efficiency and savings through 

smart metering (URA, 2025). Fifthly, the district will see Singapore’s tallest industrial building constructed with 

timber, resulting in a carbon performance that is 98% lower than the benchmark level set for non-residential 

buildings (The Business Times, 2024). Lastly, the whole district is designed to be ‘car lite’, with shared car 

parks and vehicular access roads located underground to free up the ground level for public-use, bicycles, 

and pedestrians, ensuring that there are 50% fewer carpark spaces than a normal estate (The Business Times, 

2024). 

	 Through the integration of green spaces and smart infrastructure across its district, the PDD will be able 

to keep its energy consumption levels and carbon footprint low, ensuring that it is highly liveable and 

environmentally sustainable for everyone (Lim, 2024). The smart and sustainable initiatives implemented in the 

PDD will act as a pilot project to determine if the model can be applied to other districts in the future so that 

Singapore may reach its national net-zero goal by 2050 (Lai & Chuan, 2018). Figure 4 illustrates the PDD’s 

district-wide sustainability.

 

Figure 4. The PDD’s district-wide sustainability (Source: (JCT, (2024)).

	 The PDD will open in phases, with the first phase beginning from September 2024 and so far, 65% of 

the spaces have been taken up for both the business park and retail spaces (Lim, 2024). In addition, the 

Oversea-Chinese Banking Corporation (OCBC) is investing about S$500 million into building its new innovation 

hub in the PDD as well as partnering with SIT to drive innovation and talent development in FinTech via the 

establishment of a learning lab and providing scholarships, further contributing to the collaboration between 

industry and academia within the wider Singapore community (Goh, 2024).
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3.3 TOD and green space in Bangkok 

3.3.1	TOD

	 In this section we focus our discussion on the city of Bangkok (BMA) and Bangkok metropolitan region 

(BMR), the five provinces comprising the peri-urban area of BMA, as collectively they represent the primate 

area of Thailand. However, in discussing Smart City policy, we must acknowledge that the Thai Digital Economy 

Promotion Agency (DEPA) very much emphasizes Smart City projects in secondary cities. The traffic congestion 

of Bangkok globally is well-known and there appears to be a number of factors that contribute to this situation, 

including fragmented, weak, and unequal governance of the transportation system; the uneven geography of 

transportation nodes and public transportation (including small road area ratios); and planning that favors 

automobile use (including underpriced parking)(Pujinda & Yupho, 2017; Marks, 2020; Ayaragarnchanakul & 

Creutzig, 2022). Suggestions to alleviate the congestion have included increased parking rates, traffic surge 

toll pricing, improved driver training, and undertaking land readjustment projects to widen small roads, increase 

road connectivity, and upgrade road area ratios to be more consistent with major cities such as New York 

and Tokyo (Pujinda & Yupho, 2017; Marks, 2020; Bhu-Anantanondh et al., 2021; Ayaragarnchanakul & Creutzig, 

2022). 

	 However, aspects of TOD also should be considered. Public transit in BMA/BMR consists of a somewhat 

overwhelming array of options and connections, including motorcycle taxi, tuk tuk, automobile taxi, red trucks 

(backs of pick-up trucks with seating), public vans, public buses, BTS (skytrain), and MRT (Metropolitan Rapid 

Transit). In 2022, an average of approximately 401.4 thousand passengers used the BTS per day, up from 

216.4 thousand in 2021 (Statista, n.d.), as the result of reduced Covid restrictions. On a peak day in February, 

2023, ridership reached 1,577,330 (Abhasakun, 2023). If we consider that the BMA/BMR population is 

approximately 11 million people in 2023 and assume most users will undertake a round trip, even on the peak 

day, ridership represents only 14% of the population. First opened in 1999, the BTS has expanded its service 

to include about 68 km of track, now reaching north to Khu Khot in Pathum Thani province, approximately 30 

km from downtown Bangkok and south east to Samut Prakan province. The MRT operates approximately 136 

km of line that includes hybrid subway and monorail. MRT ridership in 2022 averaged 266.2 thousand passengers 

per day (Statista Research Department, 2024b). A number of the BTS and MRT stations are linked with shopping 

malls in the downtown area. The primary bus and van services for BMA/BMR are operated by the Bangkok 

Mass Transit Authority, with 118 routes, 3,000 buses, and approximately 3 million riders per day. Although 

gradually being replaced, many buses are aging and do not have air conditioning. 

	 Kidokoro (2020) noted that an effective transit network under TOD must include multimodal connection 

planning and as such, connectivity is an important element of TOD. Although elements of TOD have emerged 

in Bangkok (e.g. around the new Khu Khot BTS station (City Cracker, 2022)), a number of barriers remain. For 

example, Marks (2020) noted that the condition of the buses was a disincentive for broader use. A one-way 

trip on the BTS from Khu Khot to downtown is 62 THB ($1.73 USD). Beginning 1 January 2024, the daily 

minimum wage for workers in the BMR increased by 10 THB, from 353 to 363 THB ($9.87 USD to $10.15 

USD). With a round trip representing 34% of the daily minimum wage, use of the BTS is cost-prohibitive to 

lower income workers. Connection to a bus stop or MRT/BTS station may be accomplished through walking, 

or very often, an inexpensive motorcycle taxi ride. Nyunt and Wongchavalidkul (2020) examined 43 different 

TOD variables that potentially could influence BTS/MRT ridership and found population density, whether the 

station was an interchange station, number of bus lines, number of bus stops, number of railway stations, and 

park-and-ride buildings were significantly correlated with ridership. Iamtrakul and Zhang (2014) reported that 



K. N. Irvine, A. Suwanarit, F. Likitswat, A. Sahavacharin, D. Das, F. M. C. Darren and D. Chitwatkulsiri 275490-11

walkability influenced the decision to use mass transit, a finding similar to that reported by Goh et al. (2022) 

for bus ridership in Phnom Penh, Cambodia. Finally, we note that while the proximity of interchange nodes 

does enable transfer between different modes of transport, the systems are owned by different operators, so 

payment using a single, digital passcard is not possible.

3.3.2	Green space

	 The loss of green space over time in the BMR has been well-documented through remote sensing. For 

example, Kamal et al. (2017) used the Normalized Difference Vegetation Index (NDVI) with Landsat and HJ-1A 

satellite imagery to determine that green space for the BMR decreased by 348 km
2
 (a 42% loss) between 

1994 and 2012. Khamchiangta & Dhakal (2020) also used Landsat and NDVI to conclude that vegetated area 

loss in the BMR between 1991 and 2016 was 88 km
2
, while bare land loss was 288 km

2
. Likitswat & Sahavacharin 

(2023) examined eight 25 km
2
 test sites in the peri-urban fringe of BMA using airphotos taken between 1952 

and 2017 and found green space loss ranged between 4 and 59%, with the largest losses being in Pathum 

Thani province that continues to experience rapid build out from BMA spillover. 

	 Nguyen and Chidthaisong (2024) concluded that green space in BMA is around 7.6 m
2
 per capita, 

considering all types of urban vegetation and informal green spaces and 3 m
2
 per capita when only public 

green space is considered. This green space area is less than the minimum 9 m
2
 per capita recommended by 

the World Health Organization (WHO) and the 56 m
2
 per capita in Singapore (Kraitong, 2023). Encouragingly, 

the BMA has proposed 124 locations for pocket park development that would increase green space by 

approximately 1.1 million m
2
 and also has implemented the “Green Bangkok 2030” policy to facilitate public/

private/civil partnerships with the goal of adding 18 million m
2
 of green space in 11 pilot projects (Nguyen & 

Chidthaisong, 2024).

	 This focus on green space certainly is encouraged by recent additions of high-profile Nature-based 

Solution designs, including the stormwater management park at Chulalongkorn University, the PTT Metro Forest, 

the green roof agrihood at Thammasat University, the Forestias suburban community development, Chong 

Nonsi canal park, and Benjakitti Forest Park. Located in downtown Bangkok, close to Lumphini Park and One 

Bangkok, and adjacent to the Queen Sirikit Convention Centre, the most recent phase of Benjakitti Park opened 

in 2022 and represents a 414,000 m
2
 NbS green/blue space that formerly was a tobacco manufacturing facility. 

The park design includes preservation of existing trees and new plantings of a number of native tree species, 

such as Cork tree (Sonneratia caseolaris), Lumpan (Sonneratia ovate), Cassod tree (Senna siamea), Neem tree 

(Azadirachta indica), Bodhi or sacred figs (Ficus religiosa), Banyan trees, Yangna (Dipterocarpus alatus), and 

Iron wood (Hopea odorata). A constructed wetland system contains a series of four connected cells that can 

help treat water diverted from the local khlong (canal) system, Khlong Phai Singto, (up to 1,600 m
3
per day) 

and has a design capacity to store 128,000 m
3
 of stormwater runoff. The distinctive, Chinese-inspired ponds 

and mounds wetland design (Yu & Wang, 2024) can be viewed from an extensive boardwalk system that also 

provides exercise opportunity (Figure 5).  

	 We recently undertook a research initiative that will quantify the ecosystem services provided by Benjakitti 

Forest Park, including water quantity and quality management, urban heat island mitigation, PM2.5 management, 

carbon sequestration, biodiversity, noise buffering, and aesthetics assessment, following the methodology 

piloted by Irvine et al. (2024). This effort includes installation of floating IoT stations in cell 1 of the wetland 

and development of a smart phone app to monitor and visualize water quality information (Figure 6). This type 

of IoT application is an example of Smart City technology to verify NbS design performance, that despite 

claims (Yu & Wang, 2024), so far is lacking (Likitswat & Sung, 2025).
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Figure 5. Benjakitti Forest Park wetlands and boardwalk system (photos by authors).

Inlet Site
Outlet Site

Figure 6. IoT water quality monitoring stations at Benjakitti wetland cell 1 inlet and outlet (top); 

close up of station configuration and water quality app (bottom)(photos by authors).
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	 The IoT stations monitor water depth, water and air temperature, pH, specific conductivity, and turbidity. 

As turbidity is a measure of water clarity, it is highly correlated with total suspended solids.  Results in Figure 

7 illustrate that wetland cell 1 is improving water quality through filtration and settling of sediment. Spot 

measurements of dissolved oxygen were collected using a Hanna Instruments 9147 handheld meter at 37 sites 

within the four wetland cells on four dates between 19 December 2023 and 28 February 2024. The mean levels 

of dissolved oxygen were 2.8 mg/L, 2.2 mg/L, 2.2 mg/L, and 2.7 mg/L in cells 1 through 4, respectively. 

Dissolved oxygen also was measured in Khlong Phai Singto near the pump inlet to the wetlands and averaged 

0.4 mg/L. We emphasize that the IoT station and dissolved oxygen measurement results represent a small 

snapshot in time and we will continue to monitor over the next year. Nonetheless, these preliminary results 

indicate that the wetlands are having a positive impact on some aspects of water quality. 

 

Figure 7. Weekly mean turbidity levels at the inlet and outlet of Benjakitti wetland cell 1. 

Monitoring period represents 5 December 2023 through 23 January 2024 at 1 minute time steps.

3.3.3	Case study: Nava Nakorn Smart City, Thailand

	 We undertook a Smart City project for a peri-urban superblock area approximately 55 km north of 

downtown Bangkok in 2020. The focus of the study was to provide design visioning and alternatives for 

development within the superblock using a research through designing approach. While there is a considerable 

body of literature on the technical and societal aspects of Smart City, this study was novel in that very little 

work has been done on characterizing what a Smart City might look like. This type of visioning is particularly 

helpful in communicating ideas to local stakeholders. The study area included the Thammasat University and 

Asian Institute of Technology campuses, the Thai Science Park, the Nava Nakorn Industrial Estate, and a mix 

of surrounding agriculture, commercial, and village land uses. Nava Nakorn Public Co. Ltd. (NNPC) manages 

the industrial estate and essentially acts as a combination of utility and local government, providing services 

that include electric power generation, potable water, wastewater treatment, solid waste management, road 

construction and maintenance, community security, and fiber optic communication. Nava Nakorn represents a 

mix of industrial, commercial, and residential land uses and has a population of 150,000 people. There are 

approximately 200 industries within the estate that generally represent the light, high value sector.
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	 As a first step to inform the design work, the project team undertook the series of community face-to-

face and online surveys noted in the Methodology. The face-to-face survey showed that a large proportion of 

the respondents owned a car (45.6%), while motorcycle ownership also was common; 16% of those surveyed 

do not at least own a bicycle and therefore would have to walk or take hired (public or private) transportation. 

Given the relatively high rate of vehicle ownership, it is not surprising that 60% of those surveyed use their 

own vehicle for the commute to work; 10% use a motorcycle taxi; 6% use company-provided transport; 4% 

use public bus; 2% use public van; and 18% use other forms of transportation (which would include walking). 

The large majority of those commuting to work do so alone (67%), while the remainder share the commute 

with family or friends. Heavy traffic in the morning and evening was reported and we expect that TOD could 

help to address this issue of personal automobile use. 

	 One of the goals of NNPC for this project was to explore how Smart Mobility (and TOD) could be 

implemented in addressing the Thailand 4.0 national development strategy which seeks to transition the labor 

force into “knowledge workers”, consistent with principles of Smart Economy and Smart People. The NNPC 

hope was to upscale industry, in part by attracting knowledge workers who may prefer to live in BMA, but 

have employment within the estate. The expansion of BMA/BMR mass transit, especially the dark red regional 

line is key to this plan and is consistent with TOD philosophy. NNPC also expressed an interest in establishing 

a digital village within the estate that would act as an incubator to connect industry, local universities, and the 

Thai Science Park. This mass transit and digital village (Smart People) aspect of the TOD was summarized by 

Irvine et al. (2022a), while here we focus more on Smart Mobility within Nava Nakorn.	

	 Based on a spatial analysis of accessibility, society, green space and ecology, water systems, and 

aesthetics as well as assessment of site potentials and constraints that considered trade-offs between competing 

interests, masterplans were developed for Nava Nakorn, an example of which is shown in Figure 8. We note 

here that all design work was undertaken by year 3 and 4 students in the Faculty of Architecture and Planning 

at Thammasat University. A detailed 3D section of the masterplan is presented in Figure 9, which shows the 

location of a central transportation hub relative to the digital village. Figure 10 illustrates a visioning perspective 

of the transportation hub, with emphasis on multi-modal mobility options.
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Figure 8. Nava Nakorn masterplan emphasizing Smart Mobility and connectivity with existing land use 

(design credits to Tanavara Chawanid, Paveena Kusaranukun, Manita Intarachaisri, and Yuto Motani, UD327 class).

	 The online community survey indicated that around 70% of respondents had used public areas either 

in Thammasat University or Nava Nakorn, but only 20% of the respondents were entirely satisfied with the 

public areas provided. For the face-to-face survey within Nava Nakorn, green space and recreational space 

were identified as deficient. When asked if there was any green space nearby their neighborhood, 59% provided 

an affirmative response. However, a lack of recreational space was the second most commonly cited community 

problem. Furthermore, the community generally did not make a connection between green space/blue space 

and water management. Informed by these survey results, the design teams very much focused on improving 

green space for the community that can provide the additional service of sustainable water management. This 

issue is discussed in greater detail by Irvine et al. (2022a, 2022b; 2023), but examples of the green space 

visioning are provided in Figure 11.
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Figure 9. Spatial arrangement of the digital village and transporation hub (node) 

(design credits to Tanavara Chawanid, Paveena Kusaranukun, Manita Intarachaisri, and Yuto Motani, UD327 class).

 Figure 10. How the Smart Mobility transportation hub might look – a perspective on multi-modal transportation connections

(design credits to Tanavara Chawanid, Paveena Kusaranukun, Manita Intarachaisri, and Yuto Motani, UD327 class).
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Figure 11. Heart of Nava Nakorn where existing pond and NNPC headquarters are re-imaged

(design credits to Kanokwan Srisamer, Manus Janthik, Panyawat Terdkeat, Wipawee Khantikittikul, UD327 class).
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	 Specifically for the visioning presented in Figure 11, we see the interconnections between transportation 

(Smart Mobility), Smart People (lifelong learning center), Smart Environment (water storage/water management), 

and most recently, Smart Energy, as NNPC has established a floating solar PV (photovoltaic) test bed that is 

sufficient to power the needs of the head office (Figure 12). The Nava Nakorn Center in Figure 11 could remain 

as the head office for NNPC, but the designers also envisioned establishing an otter conservatory as part of 

the complex with the goal of Nava Nakorn becoming a “pioneer district of clean water ecosystems, having 

ecological, social, and biophilic significance”, particularly as symbolized by the otter (and perhaps inspired by 

Singapore’s example). The event plaza space would be flexible enough to provide a gathering space for a 

variety of community-sponsored activities that would enhance a sense of place and wellbeing.

Figure 12. Recently-installed floating PV solar power system on the pond in the heart of Nava Nakorn (photo by authors).

4.	Conclusion - TOD and Green Space in Singapore and Bangkok; Comparisons 

	 and Ways Forward

4.1 Purpose built vs. upscaling Smart City and differences in governance

	 In this concluding section we explicitly compare implementation of Smart City programs related to 

governance, Smart Mobility (as represented by TOD) and Smart Environment (as represented by green space) 

between Singapore and Bangkok, as well as ways forward. An important distinguishing feature between the 

two cities highlighted in the case studies is that Singapore’s new towns are purpose-built, whereas Nava 

Nakorn represents an incremental improvement. Indeed, Bangkok’s development has evolved more organically 

over time through various planning schemes, making it more of a continuous improvement than Singapore’s 

more recent rapid and focused modernization since the mid-1960s. In some ways, Bangkok’s incremental 

improvement along the Smart City path might be considered a more diverse form of upscaling. A number of 

studies have noted the challenges and barriers to successful upscaling of Smart City pilot projects (e.g. Van 

Winden & Van den Buuse, 2017; Lee et al., 2023; da Matta et al., 2024), including internal technical, organization, 

management, and open innovation capacity of key institutions; the affordability which will be impacted by 

economic, regulatory, and technological conditions; governance conditions including within-agency, between-
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agency, and private-public collaborations; and inclusion of community in program design and development. In 

this sense, purpose-built communities as in Singapore may offer an advantage, although Bundgaard and Borrás  

(2021) have noted that successful upscaling of Smart City programs can have different paths.

	 Singapore has developed a strong Smart City vision with implementation reflected through emphasis on 

green space and efficient, effective, and  equitably-accessible public transportation that reflects TOD principles. 

These attributes are clearly illustrated by the Punggol Digital District case study. Singapore’s dense development, 

while in some ways presents challenges related to natural resource availability, is offset by efficiency of service 

delivery. Singapore also benefits from visionary leadership that is delivered by an effective and streamline 

government structure. While there are arguments that Smart City should have a community-driven, bottom-up 

approach, Singapore demonstrates how a well-intentioned top-down approach also can deliver on community 

wellbeing. Bangkok has taken a different planning path as demonstrated here, which is more is incremental 

and may include top-down direction from national government, but also heavily involves local and regional 

government, and even private sector. While not as advanced along the Smart City path as Singapore, BMA/

BMR is demonstrating a commitment in this direction (see also, for example, the ongoing One Bangkok 

development (One Bangkok, 2024).  

4.2 Smart Mobility and Transit-Oriented Development comparison between Singapore and Bangkok

	 The challenges for BMA/BMR probably are greater to overcome than Singapore with respect to Smart 

Mobility, as the existing reliance on personal modes of transportation and associated infrastructure create 

greater barriers associated with retrofit. The Punggol Digital District case study provides a clear example of 

these contrasts, in comparison with the Nava Nakorn case study. Specifically, the purpose built Punggol Digital 

District will be served by the Punggol Coast MRT, a bus interchange, and new bus stops, and is designed to 

be ‘car lite’, with shared car parks and vehicular access roads all located underground in order to free up the 

ground level for public-use, bicycles, and pedestrians. Conversely, the survey of Nava Nakorn residents indicated 

the majority used their own vehicle for the commute to work. The limited public transit options in Nava Nakorn 

were addressed by the designs of a transportation hub to better link the community while TOD was embraced 

as a planning principle by NNPC (Irvine et al., 2022a). Furthermore, high quality mass transit in Singapore 

currently is more seamlessly connected and equitably affordable than in Bangkok. While public bus systems 

in Bangkok are affordable, they can be slow and suffer from discomfort due to older technology. The BTS and 

MRT systems are expanding, but pricing equitability (e.g subsidies for target demographics as is done in 

Singapore) must be better addressed.

	 Khare et al. (2023) reported that access to high-quality transit services associated with TOD areas in 

India facilitated the transmission of Covid and not suprisingly, Covid negatively impacted public transit ridership. 

Although Khare et al. (2023) expressed doubt about the ability of crowd management measures to mitigate 

the rate of Covid infection, Tirachini & Cats (2020) suggested that travel apps might provide effective flow 

management, such as the one developed in Singapore that reported bus crowding information on a real-time 

basis. As noted, seamless public transit use in the BMA/BMR is hindered due to different operators and modes 

of transportation. Yet, Thailand’s rapid shift to a cashless society, particularly driven by concerns over Covid, 

was remarkable (Septech et al., 2023), to the extent that over the course of less than a year most small stalls 

even in local wet markets accepted payment through QR code. This cashless transition in Thailand suggests 

a smarter payment system for public transit could be possible.
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4.3 Smart Environment and green space comparison between Singapore and Bangkok

	 As with Smart Mobility, the challenges for BMA/BMR probably are greater to overcome than Singapore 

with respect to Smart Environment due to the historical lack of/fragmentation of green space.  There are clear 

differences in the existing formally-established green space, as evidenced in the per capita area statistics, for 

Singapore (56 m
2
 per capita) and Bangkok (3 m

2
), although it is encouraging that the BMA has established 

plans for increasing green space and has showcased its vision through developments such as Benjakitti Park. 

Furthermore, both of the case studies emphasized the importance of green space for community wellbeing 

and sustainability. 

	 Both Singapore and BMA/BMR experience a tropical climate with high temperatures and rainfall. Greater 

green space can help to mitigate urban heat island impact, but also, with appropriate design, is able to 

accommodate and manage the greater rainfall and runoff rates as compared to temperate climates. This ability 

to potentially mitigate impacts of higher temperatures and more frequent, intense rainfalls, afford an enhanced 

resilience to climate change. Furthermore, benefits of green space in reducing Covid infection and mortality 

have been reported, but the impact can be influenced by park design (e.g. size, connectedness, blue/green 

space, location of forest vs. open space, Ciupa & Suligowski, 2021;Yang et al., 2022). As such, further research 

is needed to consider how green space design can facilitate resilience to disruptive events such as Covid. 

Design visioning and consultation with community, as illustrated in the Nava Nakorn case study, can optimize 

the Smart Environment benefits through green space implementation. 

4.4 Ways forward

	 Kumar et al. (2019) note that IoT already plays an important role in Smart City development and we 

believe that the applications will continue to expand. As we demonstrate here, IoT can help to assess the 

performance of green infrastructure and moving forward, further integration of IoT, Building Information Modeling 

(BIM), and environmental modeling will facilitate true digital twin approaches to project design, monitoring, and 

maintenance (e.g. Petschek et al., 2024). 

	 An interesting similarity between the Punggol Digital District and Nava Nakorn case studies is that a 

digital hub or village is a focal point to help facilitate Smart City development. These digital hubs are seen as 

accessways to innovatively connect universities and private enterprise, providing an interactive incubator of 

collaborative benefit and certainly are consistent with addressing the barriers to upscaling Smart City initiatives 

noted in Section 4.1.

	 Finally, although we focus on two smart pillars here, Smart Environment and Smart Mobility, in fact the 

seven pillars are interconnected. As illustrated by both the Nava Nakorn and Punggol Digital District case 

studies, elements of Smart Environment, Smart Energy, Smart Mobility, Smart People, and Smart Governance 

are being considered collectively and not independently. ICT can support these interconnections, but ultimately, 

we believe the community and stakeholder vision needs to frame and inform the technology applications.

	 Based on our case studies of the broader Singapore and Bangkok context, as well as the more specific 

Punngol Digital District and Nava Nakorn case studies, it can be concluded that a Smart City design philosophy 

provides a rich diversity of opportunity to enhance sustainability, resilience, and wellbeing of a community with 

respect to future disruptions, including climate change and pandemics. Despite differences in planning and 

governance systems, endpoints of the Smart City visions in Singapore and Bangkok have some distinct 

similarities related to Smart Mobility and Smart Environment, specifically with respect to an efficient TOD-
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oriented public transit system and a diversity of green space opportunities that will help to increase urban 

resilience to disruptive events. Singapore clearly is further along the Smart City path than Bangkok and the 

path bearings may be site-specific, but we believe a more nuanced comparison shows that Bangkok has the 

potential to and is pursuing elements of Smart City programs in its aspiration to be a global city.
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	 tit laisatai mo ̜ ̄ [Super cool at Khu Khot: A new suburban lifestyle with more convenience and connectivity 

	 at Nue Cross Khu Khot Station - A new condo next to BTS Khu Khot and a lifestyle mall]. https://

	 citycracker.co/city-lifestyle/nue-cross-khu-khot-station/

Ciupa, T., & Suligowski, R. (2021). Green-blue spaces and population density versus COVID-19 cases and 

	 deaths in Poland. International Journal of Environmental Research and Public Health, 18(12), 6636. 

	 https://doi.org/10.3390/ijerph18126636

da Matta, A. M., Chabaud, D., & Sattin, J.-F. (2024). Upscaling smart-city initiatives: A systematic review and 

	 a research agenda. Journal of Innovation Economics & Management, 47(2), 55-86. https://shs.cairn.info/

	 revue-journal-of-innovation-economics-2025-2-page-55?lang=en

Daams, M. N., Sijtsma, F. J., & Veneri, P. (2019). Mixed monetary and non-monetary valuation of attractive 

	 urban green space: A case study using Amsterdam house prices. Ecological Economics, 166, 106430. 

	 https://doi.org/10.1016/j.ecolecon.2019.106430

Das, D. (2020). In pursuit of being smart? a critical analysis of India’s smart cities endeavor, Urban Geography, 

	 41(1), 55-78.  https://doi.org/10.1080/02723638.2019.1646049

Dameri, R. P., Benevolo, C., Veglianti, E., & Li, Y. (2019). Understanding smart cities as a glocal strategy: A 

	 comparison between Italy and China. Technological Forecasting and Social Change, 142, 26-41. https://

	 doi.org/10.1016/j.techfore.2018.07.025

Demirel, D. (2023). The impact of managing diversity on building the smartsity A comparison of smart city 

	 strategies: Cases from Europe, America, and Asia. SAGE Open, 13(3), 1-18. https://doi.org/10.1177/

	 21582440231184971

Er, K. (2021). Transforming Singapore into a city in nature. Urban Solutions, 19, 68-77. https://isomer-user-

	 content.by.gov.sg/50/a7057902-4a29-42d7-8c4a-6642c801dfe7/09_essay_transforming-singapore-into-a-

	 city-in-nature.pdf 



K. N. Irvine, A. Suwanarit, F. Likitswat, A. Sahavacharin, D. Das, F. M. C. Darren and D. Chitwatkulsiri 275490-23

Gan, V. (2015, August 15). The link between green space and well-being isn’t as simple as we thought. 

	 Bloomberg. https://www.bloomberg.com/news/articles/2015-08-14/singapore-study-finds-no-significant-

	 relationship-between-access-to-green-space-and-well-being?embedded-checkout=true

Goh, M. M., Irvine, K., & Ung, M. I. (2022). To bus or not to bus: Structural equation modelling of ridership 

	 perceptions among university students as a planning tool to increase use of public transit in Phnom 

	 Penh, Cambodia. Journal of Architectural/Planning Research and Studies (JARS), 19(2), 105-124. https://

	 doi.org/10.56261/jars.v19i2.245681 

Goh, R. (2024, September 18). OCBC makes S$500 million bet on Punggol Digital District innovation hub and 

	 SIT partnership. The Business Times. https://www.businesstimes.com.sg/companies-markets/banking-

	 finance/ocbc-makes-s500-million-bet-punggol-digital-district-innovation-hub-and-sit-partnership 

Gooneratne, N. (2019, February 13).  Smart cities: Singapore on track to emerge as the first smart nation. 

	 Speeda. https://asia.ub-speeda.com/en/smart-cities-singapore-track-emerge-first-smart-nation/

Haarstad, H. (2017). Constructing the sustainable city: Examining the role of sustainability in the ‘smart city’ 

	 discourse. Journal of Environmental Policy & Planning, 19(4), 423-437. https://doi.org/10.1080/152390

	 8X.2016.1245610 

Higgs, C., Badland, H., Simons, K., Knibbs, L. D., & Giles-Corti, B. (2019). The urban liveability index: Developing 

	 a policy-relevant urban liveability composite measure and evaluating associations with transport mode 

	 choice.  International journal of health geographics, 18(14), 1-25. https://doi.org/10.1186/s12942-019-

	 0178-8

Hynes, W., Trump, B., Love, P., & Linkov, I. (2020). Bouncing forward: A resilience approach to dealing with 

	 COVID-19 and future systemic shocks. Environment Systems and Decisions, 40(2), 174-184. https://doi.

	 org/10.1007/s10669-020-09776-x

Iamtrakul, P., & Zhang, J. (2014). Measuring pedestrians’ satisfaction of urban environment under transit oriented 

	 development (TOD): A case study of Bangkok Metropolitan, Thailand. Lowland Technology International, 

	 16(2), 125-134. https://doi.org/10.14247/lti.16.2_125

Ibraeva, A., de Almeida Correia, G. H., Silva, C., & Antunes, A. P. (2020). Transit-oriented development: A review 

	 of research achievements and challenges. Transportation Research Part A: Policy and Practice, 132, 

	 110-130. https://doi.org/10.1016/j.tra.2019.10.018

Irvine, K., Choy, B. H., Chua, L. H., Gaut, J., Ho, H. L., & Tontisirin, N. (2020). Hedonic pricing to monetize 

	 ecosystem services provided by water sensitive urban design: A comparison of Geelong, Australia and 

	 Singapore. Nakhara: Journal of Environmental Design and Planning, 19, 59-78. https://doi.org/10.54028/

	 NJ2020195978

Irvine, K., Loc, H. H., Sovann, C., Suwanarit, A., Likitswat, F., Jindal, R., Koottatep, T., Gaut, J., Chua, L., Qi, L. 

	 W., & De Wandeler, K. (2021). Bridging the form and function gap in urban green space design through 

	 environmental systems modeling. Journal of Water Management Modeling, 29(C476), 1-19. https://doi.

	 org/10.14796/JWMM.C476 

Irvine, K. N., Suwanarit, A., Likitswat, F., Srilertchaipanij, H., Ingegno, M., Kaewlai, P., Boonkam, P., Tontisirin, 

	 N., Sahavacharin, A., Wongwatcharapaiboon, J., & Janpathompong, S. (2022a). Smart city Thailand: 

	 Visioning and design to enhance sustainability, resiliency, and community wellbeing. Urban Science, 6(1), 

	 7. https://doi.org/10.3390/urbansci6010007



JARS 23(1).2026275490-24

Irvine, K., Likitswat, F., Suwanarit, A., & Koottatep, T. (2022b). A multidisciplinary approach to authentic learning 

	 experiences for nature-based solutions design: broadening the monkey cheeks. Australasian Journal of 

	 Engineering Education, 27(1), 47-63. https://doi.org/10.1080/22054952.2022.2083789

Irvine, K. N., Suwanarit, A., Likitswat, F., Srilertchaipanij, H., Sahavacharin, A., Wongwatcharapaiboon, J., Boonkam, 

	 P., Ingegno, M., & Janpathompong, S. (2023). Nature-based solutions to enhance urban flood resiliency: 

	 Case study of a Thailand Smart District. Sustainable Water Resources Management, 9(1), 43. https://

	 doi.org/10.1007/s40899-023-00821-6

Irvine, K., Likitswat, F., Sahavacharin, A., Suwanarit, A., Lertwarapornpong, T., & Chitwatkulsiri, D. (2024). The 

	 Agrihood design: Valuation of ecosystem services for NbS visions in peri-urban housing estate development, 

	 Bangkok, Thailand. Journal of Architectural/Planning Research and Studies (JARS), 21(1), 115-140. 

	 https://doi.org/10.56261/jars.v21.257520

Irvine, K. N., Dejnirattisai, S., Selanon, P., Koottatep, T., Aung, A. P. P., &  Thanasrilungkul, C. (In press). Khlong 

	 Mae Kha re-imaged: Nature-based solution designs to enhance community sustainability and resilience. 

	 In R. Holzhacker, B. Setiawan, D. R. Hizbaron, K. N. Irvine, C. Prell & K. Hubacek (Eds.), Transformative 

	 futures of cities: Climate and sustainable development in Southeast Asia. Brill.

Jiang, H., Geertman, S., & Witte, P. (2023). The contextualization of smart city technologies: An international 

	 comparison. Journal of Urban Management, 12(1), 33-43. https://doi.org/10.1016/j.jum.2022.09.001

Johnston, K. (2019). A comparison of two smart cities: Singapore and Atlanta. Journal of Comparative Urban 

	 Law Policy, 3(1), 191-206. https://readingroom.law.gsu.edu/jculp/vol3/iss1/8/

Joss, S., Sengers, F., Schraven, D., Caprotti, F., & Dayot, Y. (2019). The smart city as global discourse: Storylines 

	 and critical junctures across 27 cities. Journal of urban technology, 26(1), 3-34. https://doi.org/10.1080

	 /10630732.2018.1558387

Jurong Town Corporation (JTC). (2024, May 17). Punggol Digital District clinches Platinum Award for BCA 

	 Green Mark Districts. https://www.jtc.gov.sg/about-jtc/news-and-stories/press-releases/punggol-digital-

	 district-clinches-platinum-award-for-bca-green-mark-districts

Kamal, N., Imran, M., & Tripati, N. K. (2017). Greening the urban environment using geospatial techniques, a 

	 case study of Bangkok, Thailand. Procedia Environmental Sciences, 37, 141-152. https://doi.org/10.1016/j.

	 proenv.2017.03.030

Khamchiangta, D., & Dhakal, S. (2020). Time series analysis of land use and land cover changes related to 

	 urban heat island intensity: Case of Bangkok Metropolitan Area in Thailand. Journal of urban management, 

	 9(4), 383-395. https://doi.org/10.1016/j.jum.2020.09.001

Khan, H. H., Malik, M. N., Zafar, R., Goni, F. A., Chofreh, A. G., Klemeš, J. J., & Alotaibi, Y. (2020). Challenges 

	 for sustainable smart city development: A conceptual framework. Sustainable Development, 28(5), 1507-

	 1518. https://doi.org/10.1002/sd.2090

Khare, R., Villuri, V. G. K., Kumar, S., & Chaurasia, D. (2023). Mediation effect of diversity and availability of 

	 high transit service on transit oriented development and spread of COVID-19. Environment, Development 

	 and Sustainability, 25(12), 14063-14081. https://doi.org/10.1007/s10668-022-02649-0

Kidokoro, T. (2020). Transit oriented development (TOD) policies and station area development in Asian cities. 

	 In IOP Conference Series: Earth and Environmental Science (Vol. 532, pp. 012001). IOP Publishing. 

	 https://doi.org/10.1088/1755-1315/532/1/012001



K. N. Irvine, A. Suwanarit, F. Likitswat, A. Sahavacharin, D. Das, F. M. C. Darren and D. Chitwatkulsiri 275490-25

Knowles, R. D., Ferbrache, F., & Nikitas, A. (2020). Transport’s historical, contemporary and future role in shaping 

	 urban development: Re-evaluating transit oriented development. Cities, 99, 102607. https://doi.org/10.1016/j.

	 cities.2020.102607

Knupfer, S., Pokotilo, V., & Woetzel, L. (2018, June 1). Elements of success: Urban transportation systems of 

	 24 global cities. McKinsey & Company. https://www.mckinsey.com/capabilities/sustainability/our-insights/

	 elements-of-success-urban-transportation-systems-of-24-global-cities#/ 

Kraitong, J. (2023, May 9). The green way forward: Expanding Bangkok’s pocket parks. JLL. https://www.jll.

	 co.th/en/trends-and-insights/research/the-green-way-forward-expanding-bangkoks-pocket-parks 

Kubina, M., Šulyová, D., & Vodák, J. (2021). Comparison of smart city standards, implementation and cluster 

	 models of cities in North America and Europe. Sustainability, 13(6), 3120. https://doi.org/10.3390/su

	 13063120

Kumar, S., Tiwari, P., & Zymbler, M. (2019). Internet of things is a revolutionary approach for future technology 

	 enhancement: A review. Journal of Big data, 6(111), 1-21. https://doi.org/10.1186/s40537-019-0268-2

Kummitha, R. K. R., & Crutzen, N. (2017). How do we understand smart cities? An evolutionary perspective. 

	 Cities, 67, 43-52. https://doi.org/10.1016/j.cities.2017.04.010

Kit, T. S. (2024, June 24). More EV chargers, bicycle lots and super-low energy buildings at upcoming Punggol 

	 Digital District. Channel News Asia. https://www.channelnewsasia.com/singapore/punggol-digital-district-

	 opening-ev-chargers-cycling-4324081?cid=TWTcna

Lai, L., & Chuan, T. Y. (2018, January 21). Masterplan for ‘digital district’ in Punggol North launched: Area to 

	 generate up to 28,000 tech jobs. The Straits Times. https://www.straitstimes.com/singapore/masterplan-

	 for-digital-district-in-punggol-north-launched-area-to-generate-up-to-28000 

Lenzholzer, S., Duchhart, I., & Koh, J. (2013). ‘Research through designing’ in landscape architecture. Landscape 

	 and Urban Planning, 113, 120-127. https://doi.org/10.1016/j.landurbplan.2013.02.003 

Lee, J., Babcock, J., Pham, T. S., Bui, T. H., & Kang, M. (2023). Smart city as a social transition towards 

	 inclusive development through technology: A tale of four smart cities. International Journal of Urban 

	 Sciences, 27(sup1), 75-100. https://doi.org/10.1080/12265934.2022.2074076 

Likitswat, F., & Sahavacharin, A. (2023). Landscape change analysis: Ecosystem services in the peri-urban 

	 agriculture of Bangkok. Journal of Architectural/Planning Research and Studies (JARS), 20(2), 25-38. 

	 https://doi.org/10.56261/jars.v20i2.249694 

Likitswat, F., & Sung, C. (2025). Implementing nature-based Solutions: Learning from Benchakitti forest park 

	 in Bangkok. Journal of Architectural/Planning Research and Studies (JARS), 22(2), 1-21. https://doi.

	 org/10.56261/jars.v22.272299

Lim, J. (2024, May 16). Punggol Digital District to open from Q3 with 65% of space pre-committed. The 

	 Business Times. https://www.businesstimes.com.sg/property/punggol-digital-district-open-q3-65-space-

	 pre-committed

Lupp, G., Förster, B., Kantelberg, V., Markmann, T., Naumann, J., Honert, C., Koch, M., & Pauleit, S. (2016). 

	 Assessing the recreation value of urban woodland using the ecosystem service approach in two forests 

	 in the Munich metropolitan region. Sustainability, 8(11), 1156. https://doi.org/10.3390/su8111156 

Lopez, L. J. R., & Castro, A. I. G. (2021). Sustainability and resilience in smart city planning: A review. Sustainability, 

	 13(1), 181. https://doi.org/10.3390/su13010181



JARS 23(1).2026275490-26

Leng, Y. B. (1994). The Singapore green plan. In V. Labrador (Coordinator), AMIC-‐ ECOS Seminar on urbanization, 

	 sustainable development and the media (paper no. 11, p. 1-6). https://dr.ntu.edu.sg/server/api/core/

	 bitstreams/a3c57117-810f-42bf-9f22-d4d9ba1a905a/content 

Marks, D. (2020). An urban political ecology of Bangkok’s awful traffic congestion. Journal of Political Ecology, 

	 27(1), 732-758. https://doi.org/10.2458/v27i1.23604 

Martin, C. J., Evans, J., & Karvonen, A. (2018). Smart and sustainable? five tensions in the visions and practices 

	 of the smart-sustainable city in Europe and North America. Technological Forecasting and Social Change, 

	 133, 269-278. https://doi.org/10.1016/j.techfore.2018.01.005 

Meerow, S., Newell, J. P., & Stults, M. (2016). Defining urban resilience: A review. Landscape and urban planning, 

	 147, 38-49. https://doi.org/10.1016/j.landurbplan.2015.11.011 

Miller, S. M. (2023). Singapore’s AI applications in the public sector: Six examples. Management and Business 

	 Review, 3(1&2), 144-155. https://ssrn.com/abstract=4599495 

Mora, L., Deakin, M., & Reid, A. (2019). Strategic principles for smart city development: A multiple case study 

	 analysis of European best practices. Technological Forecasting and Social Change, 142, 70-97. https://

	 doi.org/10.1016/j.techfore.2018.07.035 

Nahlik, M. J., & Chester, M. V. (2014). Transit-oriented smart growth can reduce life-cycle environmental impacts 

	 and household costs in Los Angeles. Transport policy, 35, 21-30. https://doi.org/10.1016/j.tranpol.2014.05.004 

Nasri, A., & Zhang, L. (2014). The analysis of transit-oriented development (TOD) in Washington, DC and 

	 Baltimore metropolitan areas. Transport policy, 32, 172-179. https://doi.org/10.1016/j.tranpol.2013.12.009 

National Parks Board (NParks). (2023). A Natural transformation: Annual report 2022 - 2023. National Parks. 

	 https://www.nparks.gov.sg/-/media/annual-report-2023/nparks_ar23_forweb_231016.pdf 

Newman, P. (2010). Green urbanism and its application to Singapore. Environment and urbanization Asia, 1(2), 

	 149-170. https://doi.org/10.1177/09754253100010 

Nguyen, C. T., & Chidthaisong, A. (2024). Ecosystem services provided by urban green spaces in Bangkok 

	 Metropolis: Public awareness and planning implications. Urban Ecosystems, 27(3), 855-868. https://doi.

	 org/10.1007/s11252-023-01482-1 

Niu, S., Hu, A., Shen, Z., Lau, S. S. Y., & Gan, X. (2019). Study on land use characteristics of rail transit TOD 

	 sites in new towns—taking Singapore as an example. Journal of Asian Architecture and Building 

	 Engineering, 18(1), 16-27. https://doi.org/10.1080/13467581.2019.1586712 

Noori, N., Hoppe, T., & de Jong, M. (2020). Classifying pathways for smart city development: Comparing design, 

	 governance and implementation in Amsterdam, Barcelona, Dubai, and Abu Dhabi. Sustainability, 12(10), 

	 4030. https://doi.org/10.3390/su12104030 

Nyunt, K. T. K., & Wongchavalidkul, N. (2020). Evaluation of relationships between ridership demand and transit-

	 oriented development (TOD) indicators focused on land use density, diversity, and accessibility: A case 

	 study of existing metro stations in Bangkok. Urban Rail Transit, 6(1), 56-70. https://doi.org/10.1007/

	 s40864-019-00122-2 

O’Neill, J. (2023). Singapore’s garden city: The political language of urban planting. In P. Potts (ed.), Conversations 

	 in garden history: New research, new ideas, new approaches (pp. 65-74). Birkbeck Garden History Group.

Ogundare, E. (2024). Understanding the mediating role of Artificial Intelligence in urban transportation planning 

	 for smart city development and its implications for the United States. International Journal of Innovative

	 Science and Research Technology, 9(12), 2638-2666. https://doi.org/10.5281/zenodo.14613884 



K. N. Irvine, A. Suwanarit, F. Likitswat, A. Sahavacharin, D. Das, F. M. C. Darren and D. Chitwatkulsiri 275490-27

One Bangkok. (2024). One Bangkok, the smart and sustainable city for us all with better quality of life and 

	 new experiences. https://www.onebangkok.com/en/sustainability-and-smart-city/

Orejon-Sanchez, R. D., Crespo-Garcia, D., Andres-Diaz, J. R., & Gago-Calderon, A. (2022). Smart cities’ 

	 development in Spain: A comparison of technical and social indicators with reference to European cities. 

	 Sustainable Cities and Society, 81, 103828. https://doi.org/10.1016/j.scs.2022.103828 

Park, J. H., Lee, D. K., Park, C., Kim, H. G., Jung, T. Y., & Kim, S. (2017). Park accessibility impacts housing 

	 prices in Seoul. Sustainability, 9(2), 185. https://doi.org/10.3390/su9020185 

Petschek, P., Aung, A. P. P., Suwanarit, A., & Irvine, K. N. (2024). Integration of building information modeling 

	 and stormwater runoff modeling: Enhancing design tools for nature-based solutions in sustainable 

	 landscapes. Sustainability, 16(9), 3694. https://doi.org/10.3390/su16093694 

Pujinda, P., & Yupho, S. (2017). The paradoxical travel behavior of Bangkokians. Environment-Behaviour 

	 Proceedings Journal, 2(5), 393-402. https://doi.org/10.21834/e-bpj.v2i5.706 

Septech, J., Socatiyanurak, M., & Socatiyanurak, V. (2023). Cashless economy: The behavior of using E-payment 

	 in Thailand. Parichart Journal, Thaksin University, 36(1), 231-247. https://doi.org/10.55164/pactj.v36i1.

	 259344 

Shamsuzzoha, A., Nieminen, J., Piya, S., & Rutledge, K. (2021). Smart city for sustainable environment: A 

	 comparison of participatory strategies from Helsinki, Singapore and London. Cities, 114, 103194. https://

	 doi.org/10.1016/j.cities.2021.103194 

Simonofski, A., Vallé, T., Serral, E., & Wautelet, Y. (2021). Investigating context factors in citizen participation 

	 strategies: A comparative analysis of Swedish and Belgian smart cities. International Journal of Information 

	 Management, 56, 102011. https://doi.org/10.1016/j.ijinfomgt.2019.09.007 

Skills Future Singapore (SSG). (2025, March 5). Our skills future story: Empowering every Singaporean to build 

	 future-ready skills for fulfilling careers. Skills Future. https://www.skillsfuture.gov.sg/

Singapore Department of Statistics (2025). Population. https://www.singstat.gov.sg/publications/reference/ebook/

	 population/population

Sipahi, E. B., & Saayi, Z. (2024). The world’s first “Smart Nation” vision: the case of Singapore. Smart Cities 

	 and Regional Development (SCRD) Journal, 8(1), 41-58. https://doi.org/10.25019/dvm98x09 

Smale, B., & Hilbrecht, M. (2014). Canadian index of well-being. In A. C. Michalos (Ed.), Encyclopedia of Quality 

	 of Life and Well-Being Research (pp. 493-500). Springer.

Smart Nation and Digital Government Office. (2025a). Punggol smart town: Singapore’s town for the future. 

	 Smart Nation Singapore. https://www.smartnation.gov.sg/initiatives/punggolst/ 

Smart Nation and Digital Government Office. (2025b). Smart Nation Singapore: A thriving digital future for all. 

	 Smart Nation Singapore. https://www.smartnation.gov.sg/vision/

Snyder, H. (2019). Literature review as a research methodology: An overview and guidelines. Journal of Business 

	 Research, 104, 333-339. https://doi.org/10.1016/j.jbusres.2019.07.039 

Sohn, W., Kim, H. W., Kim, J.-H., & Li, M.-H. (2020). The capitalized amenity of green infrastructure in single-

	 family housing values: An application of the spatial hedonic pricing method. Urban Forestry & Urban 

	 Greening, 49, 126643. https://doi.org/10.1016/j.ufug.2020.126643

Statista Research Department. (2024a). Number of daily Bangkok Mass Transit System (BTS) passengers in 

	 Bangkok and its perimeter in Thailand from 2021 to September 2023. Statista. https://www.statista.com/

	 statistics/1275405/thailand-bangkok-mass-transit-system-passengers/ 



JARS 23(1).2026275490-28

Statista Research Department. (2024b). Number of daily Metropolitan Rapid Transit (MRT) passengers in 

	 Bangkok and its perimeter in Thailand from 2021 to September 2023. https://www.statista.com/

	 statistics/1275399/thailand-metropolitan-rapid-transit-passengers-in-bangkok/

Stübinger, J., & Schneider, L. (2020). Understanding smart city—A data-driven literature review. Sustainability, 

	 12(20), 8460. https://doi.org/10.3390/su12208460 

Suryawan, I. W. K., Mulyana, R., Septiariva, I. Y., Prayogo, W., Suhardono, S., Sari, M. M., & Ulhasanah, N. 

	 (2024). Smart urbanism, citizen-centric approaches and integrated environmental services in transit-

	 oriented development in Jakarta, Indonesia. Research in Globalization, 8, 100181. https://doi.org/10.1016/j.

	 resglo.2023.100181 

Tan, A. (2021, February 10). Singapore Green Plan 2030 to change the way people live, work, study and play. 

	 The Straits Times. https://www.straitstimes.com/singapore/environment/singapore-green-plan-2030-to-

	 change-the-way-people-live-work-study-and-play

Tan, C. (2024 May, 20). Punggol Digital District takes shape, with two-thirds of space pre-committed. The 

	 Straits Times. https://www.straitstimes.com/business/punggol-digital-district-takes-shape-with-two-thirds-

	 of-space-pre-committed

Tan, K. G., Woo, W. T., & Tan, B. S. (2014). A new instrument to promote knowledge-led growth: The global 

	 liveable cities index. International Journal of Business Competition and Growth, 3(3), 174-188. https://

	 doi.org/10.1504/IJBCG.2014.060304 

Thales Group. (2023, February 20). Singapore: The world’s smartest city. Thales. https://www.thalesgroup.com/

	 en/worldwide-digital-identity-and-security/iot/magazine/singapore-worlds-smartest-city

The Business Times. (2024, May 17). How an entire digital district in Singapore plans to keep itself sustainable 

	 [Youtube]. https://www.youtube.com/watch?v=gVBGAT_kLjg

Tirachini, A., & Cats, O. (2020). COVID-19 and public transportation: Current assessment, prospects, and 

	 research needs. Journal of public transportation, 22(1), 1-21. https://doi.org/10.5038/2375-0901.22.1.1 

Torraco, R. J. (2005). Writing integrative literature reviews: Guidelines and examples. Human resource development 

	 review, 4(3), 356-367. https://doi.org/10.1177/1534484305278 

Tortajada, C., & Koh, R. Y. T. (2021). Integrated management in Singapore. In R. Ferrier & A. Jenkins (Eds.), 

	 Handbook of Catchment Management (2rd ed., pp. 385-407). Wiley-Blackwell. https://doi.org/10.1002/

	 9781119531241.ch15 

United Nations Development Programme (UNDP). (2013). Community based resilience assessment (CoBRA) 

	 conceptual framework and methodology. https://www.undp.org/sites/g/files/zskgke326/files/migration/

	 nairobi_gc_red/CoBRRA_Conceptual_Framework.pdf 

Urban Redevelopment Authority (URA). (2025, June 6). Punggol Digital District: The next generation smart & 

	 integrated district. https://www.ura.gov.sg/Corporate/Planning/Master-Plan/Master-Plan-2019/Urban-

	 Transformations/Punggol-Digital-District

Van Winden, W., & Van den Buuse, D. (2017). Smart city pilot projects: Exploring the dimensions and conditions 

	 of scaling up. Journal of Urban Technology, 24(4), 51-72. https://doi.org/10.1080/10630732.2017.13488

	 84 

Wey, W.-M. (2015). Smart growth and transit-oriented development planning in site selection for a new metro 

	 transit station in Taipei, Taiwan. Habitat International, 47, 158-168. https://doi.org/10.1016/j.habitatint.

	 2015.01.020 



K. N. Irvine, A. Suwanarit, F. Likitswat, A. Sahavacharin, D. Das, F. M. C. Darren and D. Chitwatkulsiri 275490-29

Whittemore, R., & Knafl, K. (2005). The integrative review: updated methodology. Journal of advanced nursing, 

	 52(5), 546-553. https://doi.org/10.1111/j.1365-2648.2005.03621.x 

Woo, J. J. (2020). The smart city as layered policy design: Singapore’s smart nation initiative. In K. Hartley, G. 

	 Kuecker, M. Waschak, J. J. Woo, C. C. R. Phua (Eds.), Governing cities: Asia’s urban transformation (pp. 

	 32-45). Routledge.

Yahia, O., Chohan, A. H., Arar, M., & Awad, J. (2025). Toward sustainable urban mobility: A systematic review 

	 of transit-oriented development for the appraisal of Dubai Metro Stations. Smart Cities, 8(1), 21. https://

	 doi.org/10.3390/smartcities8010021 

Yang, Y., Lu, Y., & Jiang, B. (2022). Population-weighted exposure to green spaces tied to lower COVID-19 

	 mortality rates: A nationwide dose-response study in the USA. Science of the Total Environment, 851

	 (Part 2), 158333. https://doi.org/10.1016/j.scitotenv.2022.158333 

Yee, Y. W. (2019, October 9). Singapore is world’s smartest city: IMD smart city index. The Straits Times. 

	 https://www.straitstimes.com/singapore/singapore-is-worlds-smartest-city-imd-smart-city-index#:~:text

	 =Mr%20Christos%20Cabolis%2C%20chief%20economist,time%20adopting%20technologies%20in%20an

Yu, K., & Wang, D. (2024). Modular approach creating low-maintenance sponge city: Benjakitti Forest Park in 

	 Bangkok, Thailand. In N. Amoroso (Ed.), Representing landscapes: visualizing climate action (pp. 172-

	 188). Routledge.

Yuan, L. Y. (1998). A case study on urban transportation development and management in Singapore. In Urban 

	 infrastructure development : proceedings of the second International Expert Panel Meeting on Urban 

	 Infrastructure Development, 8-9 December 1997, Bangkok, Thailand (No. 26). https://citeseerx.ist.psu.

	 edu/document?repid=rep1&type=pdf&doi=1c10519adfe10ae31e7602db642b32de95e55c2a  

Zhao, L., He, F., & Zhao, C. (2020). A framework of resilience development for poor villages after the Wenchuan 

	 earthquake based on the principle of “build back better”. Sustainability, 12(12), 4979. https://doi.org/

	 10.3390/su12124979 

Zhu, S., Li, D., Feng, H., Gu, T., Hewage, K., & Sadiq, R. (2020). Smart city and resilient city: Differences and 

	 connections. Wiley Interdisciplinary Reviews: Data Mining and Knowledge Discovery, 10(6), e1388. https://

	 doi.org/10.1002/widm.1388 


