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Abstract: A “Smart City” framework was used to investigate and develop visions of alternative
futures for a peri-urban superblock north of Bangkok, Thailand. The Smart City framework consid-
ers seven smart pillars: environment, economy, energy, mobility, people, living, and governance,
with a focus on community wellbeing that is supported by information and communication tech-
nology (ICT). A mixed-method approach that included: community and industry surveys, both
online and face-to-face (total n = 770); in depth, semi-structured, stakeholder interviews; passive
participant observation; and photo-documentation was used to inform and organize the project vi-
sions and designs. Several themes emerged from the community surveys and key stakeholder in-
terviews: (i) connected green space is highly valued and effectively links multiple smart pillars,
enhancing community wellbeing and resiliency to flooding; (ii) superblock mobility, connectivity,
and sustainable development could be achieved through a seamless, integrated public-transit sys-
tem following the principles of transit-oriented development (TOD); (iii) the superblock should pre-
pare for the implementation of Thailand 4.0 through the improved programmatic and physical in-
tegration of local industry, community, and universities, including plans for a Digital Village and
co-work space. Example designs that address these considerations and vision alternative futures for
the superblock are presented in this Smart City case study.

Keywords: Smart City; green space; transit-oriented development; connectivity; community wellbeing;
Thailand 4.0; Global South

1. Introduction

The Smart City concept has been promoted as a new guiding philosophy of urbanism
[1-4], although Cugurullo [5] suggested that the origins of “faith in technology” and
“techno-urban development” (components of the Smart City movement) have lineage da-
ting to 1627 and Francis Bacon’s New Atlantis. Soderstrom et al. [6] traced the Smart City
evolution to approximately concurrent but parallel strands of urban planning discourse,
the first strand being the ideas of Smart Growth and New Urbanism that emerged from
the U.S. in the 1980’s and 1990’s [7,8] and the second being that of technology-based intel-
ligent cities (or variations thereof, including the digital city, the ubiquitous city, or infor-
mation city [9-11]). Interestingly, Soderstrom et al. [6] concluded that the popularization
of the Smart City concept was associated with IBM’s decision to upscale its value chain
by focusing on consultancy and software, rather than hardware, with a particular view
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towards smart urban technologies. The IBM pivot began with its 2008 launch of the
smarter planet campaign [12] and subsequent trademarking of the term “smarter cities”.

While the Smart City concept was adopted by several Thai government agencies in
2003, it did not gain traction until it became linked with the Thailand 4.0 policy, intro-
duced in May 2016 [11,13]. Thailand 4.0, in essence, is an economic development plan
aimed at promoting creativity, innovation, and high-level services, with advanced digital
technology being an important cornerstone. In this sense, there is a clear connection be-
tween Thailand 4.0 and interest in Smart City development that is now being advanced
by the Thai Digital Economy Promotion Agency (DEPA) [14,15].

Thammasat University Faculty of Architecture and Planning (Thammasat Design
School, TDS) undertook a project in 2020, collaboratively with private-sector partners,
Nava Nakorn Public Co., Ltd. (NNCL) (Khlong Luang, Pathum Thani, Thailand), Ratch
Group (Nonthaburi, Thailand), and ALT Telecom PLC (Nonthaburi, Thailand), to develop
visions of alternative futures for the Thammasat-Nava Nakorn (TUNN) Smart District
(superblock). The superblock includes one of the oldest industrial/residential/commercial
estates in Thailand, three universities, a national science and technology research park,
and mixed land use (but predominantly agriculture) in peri-urban Bangkok. The over-
arching objective of this paper is to provide a case study illustrating possible visions, mas-
ter plan alternatives, and designs that could enhance sustainability, resiliency, and com-
munity wellbeing within the TUNN superblock. In support of this overarching objective,
emphasis is placed on the importance of community familiarity, cultivated through sur-
veys, in-depth stakeholder interviews, and passive observation techniques in guiding the
planning and design work, particularly with respect to the themes of green space/public
space, water sensitive urban design (WSUD), and transit-oriented development (TOD). In
essence, this community familiarity idea forms the “bottom-up” component of the “top
down/bottom-up” approach to Smart City planning and design [16].

1.1. Relevance and Novelty of the Research

Much of the Smart City literature has focused on theoretical characterization of what
it means to be a Smart City, often emphasizing ICT applications. Our study takes a differ-
ent approach by providing design visualizations of alternative Smart City futures for the
superblock that were informed by extensive community consultation, illustrating the im-
portance of integrating community familiarity to guide design whereby ICT provides a
supporting role for these visions. In applying a case study methodology, we are able to
highlight a transdisciplinary approach that provides rich insight to the community’s lived
experience and facilitates the development of innovative urban designs related to public
space, green space, mobility and TOD, and the transition to a knowledge-based economy
that is consistent with the Thailand 4.0 policy, but still addresses community wellbeing.
The recommended ways forward can specifically address Smart City planning and design
issues within the superblock, but are also general enough that they could be applied to
other cities of the region. Finally, we suggest that the Smart City literature is dominated
by approaches and examples from the Global North and that this work provides an im-
portant example of efforts in a Global-South context, which has very different governance,
transportation, economic, and environmental practices and considerations.

With our focus on the Global South and innovative urban design that can lead to a
more resilient, sustainable, and livable community, this research directly relates to the
theme of this special issue with respect to “...generation of knowledge through innovative
transdisciplinary approaches and alternative solutions to enable good governance, policy,
regulations, codes, design criteria and, most importantly, emancipated voices and debates
among global stakeholders of development in the South.” This study also is consistent
with the broader Urban Science journal themes of landscape and urban planning, digitali-
zation and smart cities, urban transportation and mobility, urban systems and urban me-
tabolism, and infrastructure, the built environment and architecture.
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1.2. What Is a Smart City?

There appears to be no general consensus on the meaning of the term “Smart City”
or its attributes [1,17-24], but generally there is a pervasive reference to the use of ICT [25-
28]. Mora et al. [21] suggested that Smart City development has followed a number of
differing conceptual threads, including a technology-led vs. holistic strategy, the double-
or quadruple-helix model of collaboration, the top-down or bottom-up approach, and the
mono-dimensional or integrated intervention logic. Neirotti et al. [29] succinctly and
clearly summarized what we believe are the two essential differences to Smart City-plan-
ning approaches:

Approach 1: Follows Le Corbusier’s dictum that a “house is a machine for living in”.
Under this approach, the emphasis is on the production and distribution of community
services, healthcare, energy, transportation and logistics, waste management and pollu-
tion control, and it looks at the way ICT can harness information processing in these fields.
This would tend to be a more top-down approach.

Approach 2: Smart City development is based more on bottom-up approaches in
which cities provide access to data and allow citizens to make their own decisions. This
approach stresses the importance of investments in ““soft” urban-living domains wherein
ICT has a more limited supporting role and emphasis is placed on welfare and social in-
clusion policies, culture, and education.

Wan and Yin [30] suggested that the rapid implementation of data analytics in urban
planning and design has resulted in a disconnect between the delivery of policy outcomes
and technical outputs to the extent that Smart City technology has failed to deliver the
expected policy benefits in many Chinese cities. Allam and Newman [22] expressed con-
cern that the Smart City concept is heavily promoted by large, multi-national companies
with data systems, software, and hardware interests, and that if governments pursue a
purely corporate approach as part of their branding rather than taking a more inclusive,
participatory approach to governance, then smart technology may simply be a wasted
investment. A recent survey [31] that focused on the user ability of a more educated cohort
(94% Ph.D. or Master’s degree; 6% Bachelor’s degree or undergraduate) in 28 countries
worldwide showed that even this group had serious concerns regarding the utility, safety,
accessibility, and efficiency of “smart” services. The digital divide, particularly in the
Global South and for the elderly, is of concern [32-36] and must be considered using an
inclusionary and participatory approach [37-39]. It seems, then, that community consul-
tation (or participatory planning, or what we term here “familiarity” with community)
should be incorporated as an important element of Smart City planning (or the bottom-
up approach, as noted above), with Allahar [24] concluding that “The success of building
smart cities has been traced by some scholars to depth of community engagement and
level of citizen participation”. Certainly, there is a history of participatory planning in
water and community-based natural-resources management, landscape architecture, and
urban planning [40-45], although Swapan [46] identified a number of barriers to commu-
nity participation in the planning process, particularly for cities of the Global South. Si-
monofski et al. [47] also observed that while the technological aspects of the Smart City
have been thoroughly explored, the civil-community role has often been neglected in the
literature.

The Thai Smart Cities initiative [48] established by DEPA characterizes a Smart City
as:

A city that takes advantage of modern technology and innovation to in-
crease the efficiency of the city service and management, reducing the cost and
resource usage of the target city and citizens. It focuses on good design and par-
ticipation of business and public sectors in urban development, under the con-
cept of modern and livable city development, for people in the city to have a
good quality of life and sustainable happiness.
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The DEPA definition strikes a good balance between technology and community and
is the approach taken by the project reported herein, although perhaps we place a greater
emphasis on community wellbeing [49], as supported by technology. This characteriza-
tion of a Smart City is certainly consistent with Figueiredo et al.’s [4] call “...for technolo-
gists and designers to combine their expertise to devise a fuller understanding of the
world”. We also might identify a number of concepts that are in some way related to the
Smart City, including community quality of life, livable city, sustainable city, happy city,
sustainable happiness, eco-city planning, biophilic city, resilient city, and future city [50-
58]. While these concepts are related to our central theme of the Smart City and we will
incorporate some aspects of sustainability, livability, and resiliency within our discussion,
we remain focused on the Smart City framework.

Some type of Smart City Index is frequently employed to assess the strengths and
shortcomings of Smart City policies [59-62]. Carli et al. [63] note that such indexes can
assist decision makers in assessing their progress along the path to achieving a Smart City,
to share this information with the community, and also to support deliberations about
where to focus resources and time in a smarter way. These indexes are very much similar
to the livability and community wellbeing indexes that have become popular both as a
branding exercise and a research avenue [50,64-66]. Alternatives to the index approach
exist but are less commonly applied, although these alternatives may provide a more in-
formative platform for the design disciplines. Allahar [24] suggested a set of steps or
building blocks and associated activities (e.g., Diagnosis—to identify city-specific chal-
lenges, including infrastructure connectivity and consultation with key stakeholders in
this step; Action Plan—prepare a Smart City Action Plan based on benefit-cost analysis).
Ivanova and Ganzha [66] included a Coefficient of Ecological Stability in their simple ter-
nary diagram framework that considered the relationship between the Smart City, the
Sustainable City, the Environmentally Friendly City and Smart Technology. Kim and
Steenkamp [67] used a four-phase design process approach that considered: Phase I
(Awareness), Phase II (Suggestion), Phase III (Development) and Phase IV (Evaluation).
Mozuriunaite [68] suggested “...there is little information and research on urban design
principles and tools in the smart city’s creation and contribution to its smartness...” but
ultimately linked Maslow’s Hierarchy of Human Needs, general urban and landscape de-
sign principles, and Smart City design considerations to identify six key design areas: Ver-
tical Green, Water Energy (e.g., water recycling, treatment, and solar energy), Water Sav-
ings, Energy Savings, Natural Ventilation, and Technology. Allam and Newman [22] pro-
posed a Smart City framework with three important drivers: culture, metabolism (i.e., the
concept that urban livability must be integrated with resource flows (metabolism), to sim-
ultaneously reduce a city’s metabolism and increase its livability), and governance.

1.3. The Role of Design and Landscape Architecture in Transforming Urban Landscapes

We employ a case study approach of the Smart City concept in this paper to illustrate
visions for the sustainable transformation of a peri-urban area in Thailand. The scale of
the case studies ranges from the larger superblock to the site scale in physical space, but
also considers aspects of cyberspace and programmatic space. Lenzholzer et al. [42] re-
flected on the need for landscape architecture to formalize its research methods so that
they are discipline specific and academically rigorous and, in particular, explored the “re-
search through designing” concept. Research through designing considers four tradi-
tional epistemologies that may be adapted within landscape architecture as a means to
generate new knowledge about landscape transformation: (post)positivist, constructivist,
advocacy/participatory and pragmatic. Each of these epistemologies, when viewed
through the landscape architecture lens, necessarily requires a transdisciplinary approach
that integrates methods and knowledge from sciences, social sciences, and engineering
within the design context. In using case studies, we take the pragmatic approach of re-
search through designing to examine the potential transitioning of the peri-urban superb-
lock area into a smart region.
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The paper is structured such that this section introduces the objectives of the study
and places them in the context of current Smart City philosophies and the role of integrat-
ing design and planning within Smart City development, specifically focusing on the im-
portance of community participation (or as we call it, “familiarity”) in guiding such de-
velopment. Section 2 presents the methods employed in the study by introducing the
“smart pillar” framework used by the Thai government for Smart City designation, as
well as the innovative approach to undertaking the project through the combined efforts
of five classes across the Thammasat Design School (TDS) that included the administra-
tion of face-to-face and online surveys, in-depth key-stakeholder interviews, and passive
community observation to inform the Smart City visioning and design process. Section 3
begins by presenting the results of the community surveys and in-depth key stakeholder
interviews which then leads to the presentation and discussion of example designs illus-
trating the main themes that emerged from the community surveys and in-depth key
stakeholder interviews. Section 4 concludes by summarizing the important findings of the
case studies and discusses these findings in the context of the broader Smart City litera-
ture. We also identify shortcomings of the study and recommend lines of possible future
research.

2. Methods
The DEPA Thai Smart City initiative defines seven “smart pillars” [48]:

e Smart Environment—considers a city’s impact on the environment and implications
for climate change that includes the use of technology to help manage water, waste,
and air emissions, as well as enhancing disaster surveillance and increasing public
participation in natural-resource conservation.

¢  Smart Economy—refers to the use of digital technology to create additional value in
the economy and effectively manage resources such as an “intelligent agricultural
city”, “intelligent tourist city”, etc.

e  Smart Energy—means creating a balance between energy production and use
through conservation and efficiency.

e  Smart Mobility —focuses on developing traffic systems and intelligent and diverse
transportation options that are efficiently connected and environmentally friendly.

¢  Smart People—accounts for the development of citizens’ skills and knowledge with
a particular emphasis on lifelong learning opportunities to reduce social and eco-
nomic disparity and encourage openness for creativity, innovation, and public par-
ticipation.

e  Smart Living—is the characteristic of a city that relates to its developed facilities, tak-
ing into account Universal Design and providing people with a good quality of life
to be safe and happy.

¢  Smart Governance—reflects a city that develops a government service system to fa-
cilitate stakeholder access to government information by focusing on transparency
and participation.

The DEPA initiative targets approximately 200 moderate-sized provincial cities, in-
stitutions (e.g., universities), and industrial zones to submit applications for Smart City
designation whereby successful applications will be afforded technical and funding sup-
port to implement their Smart City plans.

We used DEPA’s seven smart pillars to guide our planning and design efforts, alt-
hough components of the Smart City design frameworks outlined by Allam and Newman
[22] and Mozuriunaite [68] are also clearly reflected in the designs presented herein. The
study team employed an innovative approach to address the objective of visioning possi-
ble futures for the TUNN superblock by including the project as a main theme for authen-
tic learning experiences across five TDS classes. The classes spanned years 2, 3, and 4 and
represented five different programs: Architecture, Landscape Architecture, Urban De-
sign, Urban Planning, and Design, Business, and Technology Management. While the
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overarching framework of the project was the seven smart pillars, each class had latitude
to explore the pillars using different techniques. Students from different classes and years
were able to interact through organized field investigations and an information-sharing
day with project stakeholders, faculty and graduate students from the Harvard Graduate
School of Design (who were in Thailand as part of their own studio course, re-imaging the
Lower Chao Phraya River under a Letter of Agreement with Thammasat University [69]).

Of the five participating classes, three were upper-division studio classes (LN316,
Landscape Architectural Design 4; UD327, Urban Design and Development Studio,
Greenfield Development; and AR416, Integrated Architectural Design II) in which the as-
sessment was based primarily on three reviews, while the assessment for a lower-division
studio class (DBT244, Eco-design Innovation) was based on three reviews and several
smaller, additional assignments. Students were organized into groups of 4-5 in the upper-
division classes and 7-8 in the lower-division class (which had a considerably larger en-
rolment) and each group focused on a specific topic, keeping the seven pillars of the Smart
City as a guiding principle. In general, the reviews progressed such that:

e  Review 1—scoped the questions and challenges associated with the group’s particu-
lar topic and provided background with respect to the study area. This was the prob-
lem-identification phase.

e Review 2—provided an overview of the data collection methods that, in general, sup-
ported the group’s topic as well as initial and general ideas on addressing their plan-
ning and design questions. This was the visioning phase.

¢  Review 3—the focus of each team or individual project was refined and specific plans
and designs were developed to address aspects of the Smart City concept. This was
the final presentation phase.

Each studio class had a course coordinator as well as several collaborating instructors
and each instruction team conducted the reviews, with support from 34 invited guest
professionals. All classes used a combination of primary and secondary data sources, but
data collection methods differed from class to class depending on their study focus. Sec-
tion 2.1 summarizes the data collection methodologies for each class, with a specific focus
on community familiarity.

The three senior authors that formed the study management team from Thammasat
University met with the private sector partners on a monthly basis. The role of the study
management team was threefold: (i) review all designs and visions submitted by the stu-
dents in each class and, in consultation with the course coordinators, synthesize the results
of high quality and innovative designs and visions for presentation to the private sector
partners as part of the regular monthly project meetings; (ii) consider the private sector
partner comments on the draft designs and visions and escalate their suggestions to the
course coordinators and classes; and (iii) provide additional review and synthesis of com-
munity surveys as part of the regular meetings with the private sector partners. The
monthly private sector partner meetings were valuable to iteratively and interactively in-
form the final plans and designs. The general structure and flow of the research design is
summarized in Figure 1. As noted in Section 1.3, the pragmatic research through design-
ing approach was employed in this study, integrating aspects of (post)positivist, construc-
tivist, and advocacy/participatory epistemologies. Lenzholzer et al. [42] noted that the
pragmatic approach will typically consider “natural and cultural aspects as well as design
procedures, often within a certain geographical context”, and may include... “a series of
different studies that are carried out in parallel or in sequence”. This parallel or sequence
of efforts must be meaningfully integrated into the overall study, as illustrated in Figure
1.

Each class had its own set of learning outcomes that will not be elucidated here for
the sake of space and focus, but the overarching intent of the project structure was to pro-
vide students with an authentic learning and design experience that included meaningful
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exchanges with the community, private sector, and international (e.g., the Harvard Grad-
uate School of Design) participants. Authentic design-based studios are an important
component of landscape architecture and architecture programs [70,71] and in this sense,
our project was pedagogically consistent with Caldwell et al. [72], who said that “The
main goal of promoting the city as a place of learning through community consultation
has been to develop students” approach to urbanism and architectural design as reflective
practitioners.”

Review 1, Problem |dentification

Phase

Community familiarity through
literature reviews, on-site visits and
passive observation, information
sharing day with Harvard University
Graduate School of Design

!

Review 2, Visioning Phase

&

Thammasat University
Management Team Review,
Synthesis, and Reporting

Fy

Thammasat University

Private Sector
Stakeholder
Comments

Private Sector

Community surveys, face-to-face and Management Team Review, Stakeholder
online; in-depth stakeholder Synthesis, and Reporting Comments
interviews; draft designs and visions |« -
prepared
Review 3, Presentation Phase
» —»
Thammasat University Private Sector
Draft designs revised based review Management Team, Review, Stakeholder
feedback; final designs presented and Synthesis, and Reporting Comments

submitted

F
F Y

Public presentation at Central
World Mall, Bangkok

Figure 1. Research workflow for the project.

2.1. Approaches to Community Familiarity — Primary Data Collection from the Bottom-Up

Three community surveys were conducted to better understand resident and indus-
try concerns, lived experiences, and community visions, with the results subsequently
used to guide development of the designs that were produced for the project by the dif-
ferent classes. The first survey was performed face-to-face in Nava Nakorn and was ad-
ministered to 241 Nava Nakorn community members by the UD327 class. This survey
provided general demographic data, information on housing stock, public space, mobility
and public transportation, and natural-disaster resiliency. The second survey was con-
ducted online by the DBT244 class. The online survey approach was necessary due to in-
creasing restrictions on public activity resulting from Covid-19, and included participants
from Nava Nakorn and Thammasat University. A total of 506 respondents completed the
questionnaire, which covered general demographic data and specific issues regarding
DEPA’s seven Smart City pillars, particularly focusing on the opinions related to green
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space, air quality and other environmental issues, leisure-time practice, mobility, and
neighborhood society. The third survey was an online-survey of Nava Nakorn industries
conducted by the UD327 class with assistance from NNCL. A total of 23 industries re-
sponded, which represents a 13% response rate. The questionnaire structure for all three
surveys included both closed and open-ended questions. All surveys were anonymous,
participation was entirely voluntary, and the methods followed approved university eth-
ics practices for undergraduate research projects. The questions associated with each sur-
vey can be obtained from the corresponding author, but in the interest of space are not
included here.

NNCL conducts community meetings on a bi-monthly basis. Student representatives
observed the community meeting on 8 March 2020. After the formal meeting, the students
were afforded in-depth interviews with community representatives and senior adminis-
trators from NNCL. By the end of March 2020 (approximately 60% through the university
semester), Covid-19 restrictions had limited community visitation.

Passive participant observation was conducted by all TDS classes prior to the Covid-
19 restrictions. According to LeCompte et al. [73] passive participant observation can sup-
port the effective mapping of social spaces and venues within the community. Extensive
photo-documentation of the physical and social landscapes within the study area was also
conducted. Biischer [74] noted that the observation of landscape character or “sense of
place” is an essential tool for landscape architects and urban designers, and as such this
“directed seeing” was practiced by all classes. Several on-site visits and activities, as well
as an information-sharing day were organized with students and faculty from the Har-
vard Graduate School of Design during the week of 10 February 2020.

2.2. The Superblock Study Area

The TUNN superblock study area is shown in Figure 2. Located approximately 53
km north of downtown Bangkok, the district includes the Nava Nakorn industrial estate,
Thammasat University, Asian Institute of Technology (AIT), and Valaya Alongkorn Ra-
jabhat University (VRU) campuses, the Thailand Science Park, and rural areas of both
Pathum Thani and Phra Nakhon Si Ayutthaya provinces. Sintusingha [51] notes that “su-
perblocks” are large tracts of land in the peri-urban Bangkok Metropolitan Region that
are bounded by a network of major roads with an internal mix of soi (lanes), khlong (ca-
nals), idle land held on speculation, and rural/agricultural land. Historically, Pathum
Thani was a rural, agriculturally based province that grew in importance during the late
19th century with the construction of the Prem Prachakorn Canal in 1869. This canal pro-
vided a transportation connection between Ayutthaya and Bangkok and subsequently,
the Tung Rangsit project (1890-1900) added a grid of 43 regularly-spaced canals. Bangkok
and its peri-urban catchment simultaneously began to experience rapid industrialization
and urbanization in the 1960’s, as traditional agricultural activity concomitantly declined.
Industrial estates became part of the fabric of Pathum Thani and Phra Nakhon Si Ayut-
thaya provinces, with access to deep water ports, airports, and highways accommodating
the movement of goods to both large local (Bangkok) and international markets [51,75].
Gated-community development has become a more recent trend [76]. The climate of the
region based on the Koppen climate classification system is a Tropical Savanna (Aw) with
hot and humid summers, wet rainy periods, and warm winters. The mean annual tem-
perature (30 year climate norms, 1982-2012) [77] is 28.1 °C and the annual precipitation is
1,470 mm.

Nava Nakorn Public Co. Ltd. (NNCL) was established on 26 March 1971 and Nava
Nakorn Pathum Thani became the first estate developed by the company. Nava Nakorn
Pathum Thani currently is 6,485 rai (1038 ha) in area, with approximately 203 rai (32.5 ha)
of land as yet unsold. As such, NNCL now obtains its principal revenue sources by essen-
tially acting as a “super utility”, by managing the Pathum Thani site and providing or
overseeing traditional municipal services including water, wastewater treatment, electric-
ity, telecommunication services (e.g., fiber optics), security, solid-waste management, and
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THAILAND

urban infrastructure. NNCL also acts as a community development and wellbeing leader,
organizing bi-monthly town hall meetings of elected representatives to address commu-
nity issues and introducing a mobile app that enables residents to report faults (e.g., water
leaks, road disrepair, lighting and electrical problems). Industry, commercial, and resi-
dential areas are located within Nava Nakorn Pathum Thani, with the mix of 200 indus-
tries being diverse but generally considered light, high value industries. The residential
population peaked at over 200,000 prior to the historic 2011 flood in Thailand. However,
as the estate was inundated for more than 6 weeks in 2011, resulting in extensive property
damage and the temporary (and in some cases permanent) closing of industry, population
did not fully recover and is currently estimated at 150,000. Nava Nakorn’s population is
diverse and includes citizens of Thailand, Cambodia, Myanmar, Vietnam, and Laos, with
smaller proportions of other nationalities.

Phra Makhon
5i Atutthaya

Pathumthani

Ayutthaya

PATHUMTHANI SITE

Figure 2. Study area, with Phra Nakhon Si Ayutthaya province shaded green and Pathum Thani
province shaded gold. Graphics credits to Chaowat Chamnangit, Natthatida Suwanyothin, Chad-
chaya Wongsiri, Soichiro Sugimoto, UD327 class.

Thammasat University is the second oldest university in Thailand, founded in 1934.
The Rangsit Campus of Thammasat University, which is located within the superblock,
was opened in 1985 and is 1,757 rai (281 ha) in area, enrolling approximately 25,000 un-
dergraduate students. Founded in 1959, the Asian Institute of Technology (AIT) focuses
on engineering, environment, and management studies, enrolling approximately 1,600
graduate students from 40 countries around the world. The Thailand Science Park was
established in 2002 to promote research and development in the science, technology, and
engineering fields through collaboration between the private sector and the National Sci-
ence and Technology Development Agency (NSTDA). The park is home to more than 100
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private companies involved in auto parts, food and agriculture, medical devices and phar-
maceuticals, material science and chemicals, electronics, robotics, and automation re-
search and development.

3. Results and Discussion
3.1. Community Surveys

We do not provide a detailed analysis of survey results here, but rather, summarize
the key points organized around the seven smart pillars that informed the subsequent
smart district planning and design.

Environment—Both the face-to-face survey and online community surveys reported
a general perception of inadequate green space and public space. Public space certainly
can enhance a sense of community, happiness, and affection for place, but effective stra-
tegic visioning is essential for its successful implementation [78-80]. When considering
desirable attributes of a public park, the top three features noted by the online respondents
were big trees, benches, and lawn areas. The face-to-face survey focused heavily on the
impacts and community resiliency in relation to fluvial and pluvial flooding (including
property damage estimates, frequency, and spatial extent of flooding), while the online
industry survey examined the business community response to the record flood of 2011.
The majority of respondents had experienced both fluvial and pluvial flooding, and it ap-
pears that while flood assistance was available in different forms, individuals generally
absorbed a large proportion of the flood damage. Green space and WSUD could be an
effective pluvial flood management measure, while at the same time providing a more
livable urban environment [81-86]. As such, increased green space and WSUD features
underpinned many of the designs for this project. Air quality and solid-waste manage-
ment also were identified in the online and face-to-face community surveys as being of
concern.

Mobility —Both the face-to-face and online community surveys explored the costs
and methods of commuting. Both surveys were consistent in their cost estimates, with the
online survey indicating an average cost of 995-1700 THB ($31.90-54.51 USD) per person
per month, while the face-to-face survey had a range of 1000 to 6000 THB ($32.07-$192.40
USD). However, 76% of the respondents in the face-to-face survey incurred commuting
costs of 1000-2000 THB ($32.07-$64.14) per month. Both surveys indicated a high level of
personal automobile use for commuting and a low level of public bus or van use (15%
reported by the online survey and 6% for the face-to-face survey). Given the high level of
automobile usage, as well as industrial truck traffic, it is not surprising that respondents
in both surveys identified traffic congestion as a concern.

Economy —Reported monthly incomes were relatively consistent across both surveys
and also fairly robust compared to the national average income. Almost half of the re-
spondents (49.6%) in the online survey had an income of 10,000-20,000 THB/month
($320.38-640.76 USD), 27.9% had an income less than 10,000 THB/month ($320.38 USD),
27.9% had an income of 20,001-30,000 THB/month ($640.7-961.24 USD), and 5.3% and
6.3% had incomes of 30,001-40,000 THB/month ($961.27-1281.65 USD) and more than
40,000 THB/month ($1,281.65 USD), respectively. For the face-to-face survey, nearly half
of the respondents (49%) had an individual monthly income in the range of 15,001-30,000
THB ($480.74-961.24 USD), while 28.9% had a monthly income of <15,000 THB ($480.71
USD). The average wage in Bangkok for December 2019 was 21,445 THB ($687.26 USD)
[87], while the average monthly wage for Thailand in the fourth quarter of 2019 was 14,238
THB ($456.29 USD) [88]. The higher salary in Bangkok is commensurate with a higher cost
of living and a concentration of skilled labor. The face-to-face survey found that 69.3% of
respondents believed their household income was sufficient and both surveys were con-
sistent with respect to the proportion of respondents who were able to maintain a savings
(online survey, 60% of the respondents; face-to-face survey, 54.5% of the respondents). A
gender/income disparity was identified in the face-to-face survey, as women represented
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the greater proportion in the lowest earning category of <15,000 THB ($480.71 USD) per
month (81.7%), but the smaller proportion (42.9%) of the top paying jobs (>100,000 THB;
or $3204.37 USD) per month.

People—The online survey noted that a large majority of respondents were unaware
of any training programs such as short courses, re-skilling, and up-skilling courses pro-
vided by local universities. Given the face-to-face survey finding that savings (and by ex-
tension, income) were related to education level and that 18% of the Nava Nakorn re-
spondents had primary level education or less, a well-designed future-skills initiative
could become an important programmatic link between local universities and Nava Na-
korn. Future-skills training might include financial literacy, digital literacy, and entrepre-
neurial/small business courses. Such training should help improve individual and com-
munity resiliency and wellbeing [89].

Living—Both surveys noted that shopping was an important pass time, but the face-
to-face survey indicated more than half of the respondents regularly shopped for grocer-
ies at an internationally branded convenience store, which is not cost effective and would
have a comparatively larger impact on lower wage earners. However, one quarter of the
respondents in the face-to-face survey also shopped online. Given the challenges pre-
sented by the Covid-19 situation, shopping behavior and new opportunities should be
explored. The online survey found that 70% of respondents had used public areas in
Thammasat University and Nava Nakorn, but as noted above, respondents were gener-
ally not satisfied with the currently available public space.

Governance —The most frequently cited government services used by the online sur-
vey respondents were: (1) to issue identification card (51.2%), (2) to issue driving license
(42.7%), and (3) to pay utility bills (31.1%), with approximately 50% of respondents rating
their satisfaction of government services between 5 and 8 points on a scale of 10. The face-
to-face survey indicated that one of the more frequently identified community problems
was “rundown buildings and environment and a lack of maintenance” which is a govern-
ance issue. As noted above, NNCL introduced a mobile app, Traffy Fondue [90], on the
popular (in Thailand) social-media platform LINE that enables residents to report faults
in an effort to more efficiently respond to community maintenance and safety problems.
The app represents an important step forward in implementing ICT approaches to sup-
port Smart City development in Thailand [91,92].

Energy —The online survey showed that 40% of the survey respondents spend 500—
1,000 THB/month ($16.02-32.04 USD) on their electricity bill, while approximately 25%
and 23% spend 1001-2000 THB/month ($32.07-$64.08 USD) and less than 500 THB/month
($16.02 USD), respectively. In particular, more than half of the factory workers (51.1%)
spend less than 500 THB/month on their electricity bill, while approximately 36% spend
500-1000 THB/month. This demographic would generally rent a single room with poten-
tially lower energy use, although rental practice in Thailand typically sees the landlord
generating income by charging a higher electricity rate than the government supply for
the rental units. Almost every respondent (91.2%) had an electric fan at home, while 81.3%,
and 76.3% had refrigerators and air conditioners, respectively. The relatively high use of
air conditioning would increase electrical demand and this consideration guided some of
the proposed designs for new residential development to follow energy-efficient building
practices. Both NNCL and Thammasat University have implemented pilot rooftop pho-
tovoltaic systems for renewable energy generation.

3.2. The Themes That Guided the Design

While the project used the seven smart pillars as a conceptual framework, several
themes emerged from the community surveys, a review of the literature, and the iterative
consultation process between project partners, as outlined in Figure 1, that helped to
frame planning and design efforts. First, it became very clear that green space is a highly
valued aspect of a Smart City (i.e., the Smart Environment, Smart Living, Smart People
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themes) that enhances community wellbeing and livability while also increasing resili-
ency to flooding. Second, traffic congestion and concerns about roadway safety were
linked to the overwhelming use of private vehicle transportation (i.e., Smart Mobility and
Smart Living themes). Third, the limited physical and programmatic interaction between
project stakeholders (and particularly local universities and the Nava Nakorn community)
was well noted (Smart Mobility, Smart People, Smart Economy themes).

Through our regularly scheduled project meetings, the private sector stakeholders
outlined four additional themes that they considered important:

(i). Seamless public transport (Smart Mobility, Smart Living, Smart Environment
themes).

(if). Development of a Digital Village within Nava Nakorn (Smart Economy, Smart Peo-
ple, Smart Living themes).

(iii). Preparing Nava Nakorn for Thailand 4.0 (Smart Economy, Smart People, Smart Liv-
ing, Smart Governance, Smart Energy themes).

(iv). Supporting a sense of community within the ethnic and socio-economic diversity of
Nava Nakorn (Smart Environment, Smart Living, Smart People, Smart Governance
themes).

3.3. Smart-City Planning and Designs
3.3.1. Master Planning and Site-Specific Plans

A total of 41 student planning and design projects were submitted for assessment.
Most classes focused on physical planning and design with some programmatic elements,
although the Design, Business and Technology Management class also included non-
structural design for apps, based on gamification and customer journey theory, to manage
the Nava Nakorn environment and to encourage public bus ridership. The plans and de-
signs frequently integrated multiple Smart City pillars. It is not possible to present all sub-
mitted visions herein and instead we review plans and designs that reflect the broader,
superblock scale, those that provide a more detailed view within Nava Nakorn, and fi-
nally, an example of non-structural design.

Figures 3 and 4 summarize the current land use and a vision of possible land use by
2060, focusing on the VRU/Nava Nakorn/Thammasat University corridor. Greater green
space/public space is represented throughout the superblock, as guided by the findings of
the community surveys. Emphasis on green space is a trend that is also consistent with
New Urbanism and has gained some focus in Southeast Asia [85,93,94]. A number of
Smart City indexes have included a measure of green space as being a positive indicator
of “smartness” [61,95-97]. The role of green space planning in accommodating the new
normal of Covid-19 is also an emerging theme, particularly with respect to green space
form, distribution, connectivity, and resilience [98-100]. Interestingly, Ciupa and
Suligowski [101] found that those counties with a higher number of green-blue spaces in
Poland had a significantly lower total number of Covid-19 infections and deaths.
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Figure 3. Land use in the VRU/Nava Nakorn/Thammasat University corridor of the superblock,
2020. The white area between Nava Nakorn and AIT is idle land. Graphics credits to Thanakit Sing-
duang, Thanyamon Traimittaparp, Areerat Joemkor, Kotchakorn Chaiyatum, Apicha Promnao,
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Figure 4. Envisioned land use in the VRU/Nava Nakorn/Thammasat University corridor of the su-
perblock, 2060. Graphics credits to Thanakit Singduang, Thanyamon Traimittaparp, Areerat Joem-
kor, Kotchakorn Chaiyatum, Apicha Promnao, Thannicha Charoenwan, Thanawit Likhitworasak,
Phatharamon Panon, Nanthicha Jiwatjanarodom, AR416 class.

The community surveys identified a general perception of inadequate green space
and public space. Figure 5 summarizes one vision of green space/community space for the
heartland of Nava Nakorn. This design emphasizes the enhanced opportunity for a vari-
ety of community activities at an outdoor community-events center that would be inclu-
sive of the diverse ethnic and socio-economic demographics, which is an issue of concern
identified by Rigolon et al. [102]. Community activities may include cultural festivals,
food fairs, holiday events, and concerts. The eco-park and community park areas would
provide healthy recreational and social space as well as enhancing biodiversity. The col-
lection of green spaces in Figure 5 provides flexibility and resiliency within the new nor-
mal Covid-19 era, as some areas are smaller, calming nature areas, while the larger out-
door community-events center would have sufficient capacity to accommodate larger
crowds under non-restricted times, but also the opportunity for social distancing of
smaller groups should such measures be re-enacted. The theme of connectivity is empha-
sized in Figure 5; connectivity of WSUD features and drainage through the heartland of
Nava Nakorn for sustainable water management, but also connectivity with respect to
nature trails, walking, and bicycle paths that will facilitate the flow of people to and from
nearby residential and commercial areas (including a transportation hub for local bus ser-
vice). In a user survey of public spaces in Tokyo, Neto et al. [79] found that tree-coverage
density was the best predictor of desirability, but greenery and street furniture were also
important. These results from Tokyo are consistent with the findings from our community
survey and were incorporated into the physical designs presented in this paper.
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The idle land in Figures 3 and 4 would be returned to agricultural productivity that
in some way represents a new Agropolis [94], a move towards buying local, and the so-
called Pathum Thani Market 4.0 [103]. It is possible that some of these new agricultural
opportunities could be integrated with housing developments as a form of community gar-
dens [104,105] to enhance community resiliency through greater food security and diversi-
fied economic opportunities, but also to increase sustainability of the peri-urban mosaic.

Figures 3 and 4 underscore the industrial transition from Thailand 2.0 to Thailand
4.0, with greater automation and higher value-added products requiring higher skilled
labor, a concept that was reflected in the ideas shared by the private sector partners in this
project. Jones and Pimdee [106] characterized earlier development phases as Thailand 1.0,
which focused on increased agricultural productivity through mechanization and best-
farming practices, Thailand 2.0, which was light industry using inexpensive labor to turn
raw materials into finished goods, specifically in the textile and garment sectors, and Thai-
land 3.0, which was advanced industry that included the assembly and production of
higher-value products such as computer disk drives and automobiles. Thailand 4.0 is ex-
pected to transition the labor force into “knowledge workers”. Jones and Pimdee [106]
note that the Thai government will continue to develop some traditional economic sectors,
but will also expand its attention to robotics, aviation, biofuels, and biochemical and dig-
ital technologies, thereby encouraging economic resiliency. To support the Thailand 4.0
future, the Thai government must encourage entrepreneurialism, as well as focusing on
ICT (including the Internet of Things (IoT), big data, and artificial intelligence (Al)). The
education sector will be essential in providing the physical and digital infrastructure and
human capital needed to support the transformation [106-108]. It is the goal of the Thai
government to build social security through the equitable distribution of income, oppor-
tunity, and wealth, operating under a principle of “moving forward together without
leaving anyone behind”, and creating sustainability through environmentally friendly de-
velopment (i.e., the so-called Green Growth Engine). Despite these sound development
goals, Chiengkul [109] noted that Thailand 4.0 will face significant barriers to implemen-
tation, including the persistence of structural hierarchy and uneven development in the
global political economy, a social and environmental agenda that is not well developed
within the industrial-strategy framework, the ongoing concentration of political and eco-
nomic power in the country, and an unequal access to the policymaking process that has
led to socio-environmental problems. We believe that this project with the private sector
partners is a good demonstration of developing strong social and environmental agendas
within industry, which addresses one of Chiengkul’s [109] concerns.

Entrepreneurial activities, including ICT-oriented start-ups, would have an increased
representation in the land use mix (Figures 3 and 4), consistent with the Thailand 4.0 vi-
sion. With three universities and the Thailand Science Park in the superblock, Nava Na-
korn is well-positioned to host these types of new economic activities. However, smart
mobility and connectivity are essential to underpin the economic transition. As shown in
Figure 6, the extension of the Bangkok Mass Transit System/Subregional Train System
(SRT) Dark Red Line to Nava Nakorn is a key element of the smart development vision
for the superblock. The terminal station under the currently planned extension is located
at Thammasat University. A northward extension of 5.3 km would reach Nava Nakorn
and provide seamless commuting opportunities for high skilled workers who may prefer
to reside in urban Bangkok. Figure 6 begins to focus the importance of the SRT stop at
Nava Nakorn as opening new development space, particularly along the main east-west
corridor through Nava Nakorn, and might be considered an example of transit-oriented
development (TOD). Figure 6 also emphasizes connections between Nava Nakorn and
Thammasat University, AIT, and the Thai Science Park to the south and VRU to the north.
These connections may be transportation routes (e.g., shuttle-bus), but also may be virtual
or programmatic connections.
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Figure 6. VRU/Nava Nakorn/Thammasat University corridor development vision, with the themes
of blurring boundaries in land use, creating urban connectivity within the smart district, and creat-
ing a new ecology through enhanced green space planning and connectivity. The extension of the
SRT Dark Red Line to Nava Nakorn is visioned to the west, with enhanced internal connectivity of
shuttle-bus service represented by the red arrows. Graphics credits to Thanakit Singduang, Than-
yamon Traimittaparp, Areerat Joemkor, Kotchakorn Chaiyatum, Apicha Promnao, Thannicha
Charoenwan, Thanawit Likhitworasak, Phatharamon Panon, Nanthicha Jiwatjanarodom, AR416
class.

Ibraeva et al. [110] 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 concen-
trating urban development around transit stations. TOD plans have been successfully im-
plemented in China as an approach to reduce personal automobile dependence for com-
muting [111], while Kidokoro [112] noted aspects of TOD have been applied in Tokyo,
Kuala Lumpur, and Jakarta, and should be an important way forward for other Asian
cities. Figure 7 represents an example of a physical master plan for Nava Nakorn and a
design vision that emphasizes TOD, while Figure 8a—c show greater detail of the master
plan along the main east-west corridor, extending from the proposed SRT terminus. Com-
mercial and residential development within Zone A, attached and adjacent to the SRT
station (Figure 8a), is reminiscent of planning in Singapore that includes shopping malls
and high-rise apartments, but also open public and green space at many of its mass transit
stations [113], linking the CBD with the local town hubs. The Singapore MRT (rail) stations
are also linked with a dense bus network to provide seamless transition from home to
CBD to home. This concept is captured in Figure 6, but in this case the travel would be
from residential areas in the Bangkok core to the workplace in Nava Nakorn. Kidokoro
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[112] noted that an effective transit network must include multimodal connection plan-
ning, which is represented here by the designated bicycle lanes and local/shuttle-buses
(Figure 9). The face-to-face community survey showed that 22% of respondents within
Nava Nakorn own a bicycle, while 47% own a motorcycle and 49% own a car. Parker et
al. [114] found that dedicated bicycle lanes significantly increased the ridership rate in
New Orleans, and the same was true for a new town in Singapore [115]. However, Yama-
moto and Talvitie [116] noted that most Asian cities do not have a significant length of
dedicated bicycle lanes or pathways, although there has been some experience with this
approach in China, Singapore, Malaysia, and the resort town of Cha am in Thailand
[117,118].

It is hoped that enhanced safety due to dedicated bike lanes (Figure 9) would lead to
greater ridership, but it seems that bicycle ownership within Nava Nakorn would need to
increase for the positive environmental benefits to be realized. Thammasat University re-
cently introduced a public bicycle sharing program, while AIT has long provided bicycles
for its students to traverse the campus. Such practices may promote an increase in non-
motorized vehicle traffic, although Mateo-Babiano et al. [119] noted that except in China,
the uptake of bicycle sharing within the Asian market has been relatively limited and had
essentially completely failed in Singapore by 2019, despite early fanfare [120]. Thorough
physical, economic, and policy planning are needed to make bicycle sharing a success.

Figure 7. Master-plan overview of Smart City development within the VRU/Nava Nakorn/Tham-
masat University corridor. Planning zones A, B, and C are outlined with blue lines and are shown
in more detail in Figure 8a—c.
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Figure 8. (a) Master-plan overview of zone A (from Figure 6), emphasizing development opportu-
nities in the immediate area of the Nava Nakorn BTS station. Graphics credits in Figures 6 and 7 to
Thanakit Singduang, Thanyamon Traimittaparp, Areerat Joemkor, Kotchakorn Chaiyatum, Apicha
Promnao, Thannicha Charoenwan, Thanawit Likhitworasak, Phatharamon Panon, Nanthicha Jiwat-
janarodom, AR416 class. (b) Master-plan overview of zone B (from Figure 6), smartvillage develop-
ment with ample connected green space/public space to enhance livability and manage localized
flooding. (c) Master-plan overview of zone C (from Figure 6), Nava Nakorn gateway, including
potential Digital Village and residential development.
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Traimittaparp, Areerat Joemkor, Kotchakorn Chaiyatum, Apicha Promnao, Thannicha Charoen-
wan, Thanawit Likhitworasak, Phatharamon Panon, Nanthicha Jiwatjanarodom, AR416 class.

3.3.2. The Digital Village—Smart Environment, Smart Living, Smart People, Smart Econ-
omy, Smart Energy, Smart Mobility —Smart Village

The “Digital Village” area of Nava Nakorn aligns along the main east-west corridor
in planning zone C of Figures 7 and 8c. The Digital Village was a concept proposed by the
private sector partners as an opportunity for the development of currently vacant land
near the main entrance to Nava Nakorn. The private sector partners envisioned that this
area could be developed into a meeting and work place where companies operating in
Nava Nakorn and students from the local universities could collaborate on ICT, high-tech
research, and entrepreneurial initiatives in a form of private—public partnership. The
space might be both a physical space and a virtual meeting space, a vision consistent with
the Thailand 4.0 policy.

Figure 10a—d illustrate one design vision that integrates business and commercial op-
portunities with housing, health facilities, and public transport nodes in the Digital Vil-
lage. Collectively, this design includes aspects of DEPA’s Smart Economy, Smart Mobility,
Smart Living, and Smart Environment pillars that would enhance community wellbeing
and resiliency to natural and economic disruptions. This design vision explicitly embraced
the concept of co-working office space (Figure 11). Co-working offices are generally build-
ing locations that offer desk space for a fee, but they also hope to attract those looking for
a comfortable and aesthetic work environment that provides valuable social contacts and
collaboration with other professionals [121,122]. This type of arrangement may be of par-
ticular interest to self-employed creative professionals, freelancers, start-ups, and
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knowledge workers [123], and is increasingly popular in North America, Europe, Aus-
tralia, and parts of Asia [124-126]. However, uptake has been slow in Thailand, with most

co-working spaces occurring informally at coffee shops and cafes [125].
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Figure 10. (a) Neighborhood scale master plan for the Digital-Village area (outlined in red). Graphics
credits to Chaowat Chamnangit, Natthatida Suwanyothin, Chadchaya Wongsiri, Soichiro
Sugimoto, UD327 class. (b) Digital Village Business Hub (1/D1, Figure 10a). Graphics credits to Ta-
navara Chawanid, Paveena Kusaranukun, Manita Intarachaisri, Yuto Motani, UD327 class. (c) Dig-
ital Village Creative Design and Innovation Center (D2 in Figure 10a). Graphics credits to Tanavara
Chawanid, Paveena Kusaranukun, Manita Intarachaisri, Yuto Motani, UD327 class. (d) Intergener-
ational apartment complex, transportation node, hotel and commercial complex (H in Figure 10a).
“Adaptimistic” here represents the branding concept of being both adaptable in design and function
and optimistic about future development. Graphics credits to Tanavara Chawanid, Paveena
Kusaranukun, Manita Intarachaisri, Yuto Motani, UD327 class.

Figure 11 envisions different types of co-working spaces, including formal offices,
open studios, and more informal spaces akin to a coffee shop or university student center.
The co-working space (Figure 11) could be used by entrepreneurs and start-ups, but also
would facilitate collaborative meetings between the companies of Nava Nakorn and local
university students in the above noted private—public partnership initiatives. Certainly,
the physical design and architecture of the co-working space is an important considera-
tion for its successful implementation. In their survey, Brown [127] noted that co-working
was seen as a more productive and alternative work environment to home, providing a
structured yet flexible work day, as well as a more business-like setting in which to meet
potential clients and business partners. Brown [127] also noted some survey participants
poorly rated self-contained studios that did not provide opportunities for interaction with
others, concluding, “...the configuration of physical space is an important element in fa-
cilitating interactions.” Bouncken et al. [128] underscored the importance of the physical
design and architecture of the co-working space:

The ambiance describes the ethereal features of an environment (e.g., light-
ing, walls color, furniture, and general look and feel... In coworking spaces, spa-
tial architecture and amenities are key factors that set the ambiance. To provide
a creative work environment for users, coworking spaces use unique spatial lay-
outs, saturated color, stylized furniture, and multifaceted seating orientation.

Bouncken et al. [128] also emphasized the importance of connectivity in the co-work-
ing space, both with respect to the physical layout that facilitates face-to-face interactions
and in the digital connectivity to the outside world.
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Figure 11. Collage of Digital-Village workspace, with an emphasis on co-working space. Graphics
credits to Tanavara Chawanid, Paveena Kusaranukun, Manita Intarachaisri, Yuto Motani, UD327
class.

A second vision for the Digital Village (Figure 12) offers a greater focus on the Smart
Living and Smart Environment pillars through its residential areas that are integrated
with green spaces and a health park. The design would provide WSUD opportunities
(raingardens, rainwater planters, grassed swales, constructed wetlands, retention ponds,
green space, and canals) to manage localized flooding as well as lifelong learning oppor-
tunities at the Watershed Eco-classroom (Figures 13a,b). The Fora Estuary residential com-
plex emphasizes energy-efficient buildings (Smart Energy pillar) following the Thai Green
Building Institute’s (TGBI) certification program [129]. Furthermore, because high-rise
apartments are included, the Floor Area Ratio (FAR) would increase from the existing 3
to 3.6. The Digital Village is situated close to Nava Nakorn’s main entrance. The residen-
tial area in this vision is up-scale. While Nava Nakorn is an industrial estate and must
provide accommodations for the general labor force, the private sector partners would
also like to offer new residential space for the knowledge workers that would be part of
the Digital Village. Certainly, the SRT/TOD vision will facilitate the travel of knowledge
workers who prefer living in urban Bangkok, but some segment of this cohort may be
attracted to Nava Nakorn by the lower cost of living and the natural amenities of a peri-
urban area. Non-motorized travel to work would be possible for those living locally, con-
sistent with the concepts of the New Urbanism, but also with Ebenezer Howard’s earlier
Garden City design [130].

Finally, Carmona [80] notes that public space ranges “from informal street corners to
grand civic set pieces”, emphasizing that there should not be a one-size-fits-all vision in
their planning and design. Outlining seven principles for good public space design, Car-
mona [80] indicates that the spaces should provide engaging, active uses, incorporate no-
table features and amenities, include corridors or “desire lines” that simultaneously allow
mobility, connectivity, and active space, and balance between traffic and pedestrian activ-
ity. The design visions outlined in Figures 10-13 effectively address these guidelines and
will help to enhance community connectivity with a diversity of physical and cultural
opportunities.
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Figure 12. Integrated residential, commercial, and educational opportunities, with diverse green
space/public space in the Digital Village Fora Estuary concept. Graphics credits to Kanokwan
Srisamer, Manus Janthik, Panyawat Terdkeat, Wipawee Khantikittikul, UD327 class.
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Figure 13. (a) Fora Estuary focus on integrated but diverse green space/public space, water-sensitive
urban design, and smart living. Graphics credits to Kanokwan Srisamer, Manus Janthik, Panyawat
Terdkeat, Wipawee Khantikittikul, UD327 class. (b) Design collage of the Fora Estuary, showing the
integration of green space/public space and residential areas. Graphics credits to Kanokwan
Srisamer, Manus Janthik, Panyawat Terdkeat, Wipawee Khantikittikul, UD327 class.

3.3.3. Smart Mobility — Physical and Non-Physical Design

Connectivity is an important component of the Smart Mobility pillar and enhanced
connectivity between the Nava Nakorn community and the Thammasat/AIT/Thailand
Science Park cluster to the south and VRU to the north is central to the future vision. Fig-
ure 14 shows one plan of improved connectivity through an enhanced shuttle-bus/public-
bus network. The east-west connectivity would service the Nava Nakorn SRT station—
Digital Village corridor. The improved roadway along the main east-west corridor as well
as the new north-south bus routes would include dedicated bus lanes, bicycle lanes, and
WSUD features such as trees, bioswales, and rainwater planters (e.g., Figure 15). The
Smart Mobility and TOD plans, as represented in Figures 6, 14 and 15, would address
traffic congestion through reduced private automobile use, a problem identified by the
community surveys. In addition, the improved public transit connectivity would reduce
greenhouse gas emissions and fossil fuel consumption as well as reduce noise pollution
and improve air quality.

A number of physical designs to enhance the availability and participation in public
transportation were developed. As noted above, Singapore has established a highly suc-
cessful, interlinked rail and bus system. Singapore used multiple complementary strate-
gies to promote bus use that included improved bus designs, improved intermediate and
end-point facilities (e.g., shelters, linkways, bus interchange developments, intermodal
connections) and fare systems, and provision of a variety of bus service types (including
express and night bus service) [131]. Public perception and factors impacting user satis-
faction of public transportation have been extensively examined [132]. Goh et al. [133]
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used the Theory of Planned Behavior and structural equation modeling to explore univer-
sity student bus ridership perceptions in Phnom Penh, Cambodia. They found that atti-
tudes towards ridership were impacted by the factors of general safety and comfort (includ-
ing bus and bus stop cleanliness) and speed of service (including wait times and duration
of trip), but also reported that personal norms (self-based moral obligation) and positive
anticipated emotion were significant factors in predicting bus ridership. It was concluded
that a number of policy interventions could be enacted to improve bus ridership in rela-
tion to the physical design of the system, but other non-physical design options, such as
enhanced mobile apps, could also be helpful.
An integrated physical and non-physical design to attract ridership for the proposed
new bus circuit in the Thammasat/Nava Nakorn/VRU corridor was developed. A “Spin
Bus” app would be coupled with new physical bus stop designs (Figure 16) to enhance
user experience before, during, and after the trip (Figure 17). Development of the app was
based on customer journey design principles (Figure 17), which evaluate all aspects of the
customer experience, particularly identifying and characterizing points of contact (or
touch points) between the customer, products, and services [134]. The effort to optimize
app utility and thereby increase rider satisfaction is consistent with the Theory of Planned
Behavior as it seeks to enhance favorable attitudes towards ridership [133].
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Figure 14. Vision for expanded public-transit/shuttle-bus routes to connect the Nava Nakorn com-
munity with the local university clusters to the north and south. Graphics credits to Apicha Prom-
nao, Kotchakorn Chaiyatum, Phatharamon Panon, Thanakit Singduang, Thannicha Charoenwan,
AR416 class.
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Figure 15. Smart Mobility vision for the main east-west corridor of Nava Nakorn with public transit,
private automobile roads, sidewalks, bicycle paths, and bioswales for stormwater drainage.
Graphics credits to Chaowat Chamnangit, Natthatida Suwanyothin, Chadchaya Wongsiri, and
Soichiro Sugimoto, UD327 class.
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Figure 16. Spin Bus app with multiple windows (above, left) and integration of app with bus stop designs (above, right, and bottom). Graphics credits to Theera-
wan Junditthawong, Sajin Vimolpitayarat, Sakdithat Sopon, Parin Prakitsuwan, Satakamol Patcharatsathien, DBT244 class.
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Figure 17. Theoretical development of Spin Bus app using the customer journey design principles
that identify and assess each touch point to optimize the trip experience. Graphics credits to Theera-
wan Junditthawong, Sajin Vimolpitayarat, Sakdithat Sopon, DBT244 class.

3.4. Reflections on the Case Studies

The case studies discussed in the previous sections addressed issues of public/green
space and water management, TOD, a Digital Village, and an ICT approach to enhance
participation in public transit. The designs integrated multiple smart pillars, consistent
with a transdisciplinary approach. Given the length limitations for this paper we are un-
able to adequately present all design material. For example, one student’s design project
explicitly addressed Universal Design and inclusion within the superblock, while another
addressed age-friendly design to enhance social connectedness. Both of these themes are
explicitly noted in the Smart Living pillar. All six of Mozuriunaite’s [68] key design areas
that connect urban and landscape design principles and Smart City design were ad-
dressed in the different case studies: Vertical Green, Water Energy (e.g., water recycling,
treatment, and solar energy), Water Savings, Energy Savings, Natural Ventilation, and
Technology. The solar energy, natural ventilation, and technology aspects, in fact, have
already been addressed to some extent by the different superblock entities. Thammasat
University and Nava Nakorn have existing solar projects, most university and govern-
ment research buildings exhibit natural ventilation, and NNCL has implemented its com-
munity LINE app, Traffy Fondue. Considering the three important drivers in Allam and
Newman's [22] Smart City framework, culture, metabolism, and governance, we note that
the primary focus of the case study designs was on culture and metabolism. Certainly,
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there was an important emphasis on connectivity and the flow of people, water, and en-
vironmental systems to enhance livability. The performance, cost, and benefits of the de-
signs must be further evaluated through conceptual, deterministic modeling (e.g., hydro-
logic/hydraulic/water quality modeling) and ecosystem service valuations of both indi-
vidual features and the system as a whole [84,86,135] to optimize design. The models can
be calibrated through expanded IoT data collection, consistent with technology and gov-
ernance aspects of a Smart City. Furthermore, it has been our experience that WSUD de-
signs, for example, are frequently implemented with little or no post-project monitoring
of water quantity or quality, particularly in tropical climates, but this could be addressed
using IoT and big data approaches to confirm their benefits [85,136].

The project took a pragmatic approach to Lenzholder et al.’s [42] research through
designing, which means aspects of (post)positivist, constructivist, and advocacy/partici-
patory epistemologies were adapted, but reviewing the case studies in the context of these
epistemologies can, in some way, illuminate the performance of our project. As noted in
Section 2, the quality assessment of the study projects was conducted by an iterative re-
view process that included course instructors, external experts attached to the classes, the
Thammasat University project management team, and the private sector stakeholders.
Lenzholder et al. [42] noted that the (post)positivist epistemology seeks to determine the
performance of the project, with typical questions being: “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?”. The case studies addressed
such questions, with some of the groups who focused on WSUD and green space, for ex-
ample, using a simple Rational Method calculation to estimate the reduction of peak run-
off, while others who considered natural and constructed wetlands in their designs enu-
merated current plant and animal species and the possible enhancement of biodiversity.
As noted above, these approaches could be strengthened through the use of conceptual,
deterministic models and ecosystem service valuations. The constructivist epistemology
is generally qualitative and is concerned with suggesting new constructs, or considera-
tions of the type of landscape that the designer can create. This approach may include
classic ideation and creative reflection-in-action techniques that might address questions
such as “Can the design bring about a shift in people’s sensing, thinking or behavior?”
[42]. The case studies presented here clearly reflect components of the constructivist epis-
temology. The green space/public space, TOD, and app designs all reflect elements that
seek to improve the community’s urban experience, but also shift their behavior, for ex-
ample, with respect to public transit. Under the advocacy/participatory epistemology, the
researcher facilitates the research through designing process whereby the community be-
comes directly involved with problem identification and data collection [42]. This episte-
mology was a focal point of the design process for the project under the concept that we
term “familiarity”. However, we note that Lenzholder et al. [42] also suggested this advo-
cacy/participatory approach should “... empower[s] the community, so that people act for
a better environment on their own account”. This post-design community empowerment
has not yet been assessed, due to Covid-related community restrictions and the schedule
to complete the designs. Ultimately, our pragmatic approach has enabled us to integrate
elements from the other epistemologies to address bigger questions, such as What would
the superblock, or Nava Nakorn, look like as it transitions to a Smart City landscape?

4. Conclusions
4.1. Proposed Model and Academic Implications

This paper provides a case study that applied the Thailand Smart City seven pillar
framework [48] in developing planning and design visions for the TUNN superblock. The

designs were informed by community interaction or “familiarity” obtained through a se-
ries of surveys, regularly scheduled key stakeholder (private sector partner) meetings,
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passive observation, and photo-documentation. While the Thailand Smart City seven pil-
lar framework was the primary formative organizational model for the research, we have
demonstrated that our methodological model was also well-related to other proposed
Smart City design frameworks [22,68]. Furthermore, in comparing our methodology with
the epistemological approaches in design and landscape architecture, as outlined by Len-
zholder et al. [42], we show that the case studies provide verification of our methodology
in applying a landscape architecture and landscape studies lens to vision the transfor-
mation of a peri-urban area into a smart district. While the case studies were geograph-
ically local, the approaches used in this paper could be adapted to other cities of the re-
gion.

Taweesaengsakulthai et al. [11] reviewed early Smart City demonstration efforts in
Thailand (Nakhon Nayok in 2013; Phuket in 2017; Chiang Mai in 2017) and concluded
that these projects were not successful for a number of reasons, including no clear policy
statement articulating the goals of the project, lack of knowledge and understanding on
the part of government agency staff (both central government and local government), in-
sufficient allocated budget, and lack of consideration for local community benefits (Phu-
ket and Chiang Mai, for example, focused primarily on international tourism develop-
ment). Taweesaengsakulthai et al. [11] further suggested that a pilot light rail construction
project in Khon Kaen was successfully implemented because it was locally driven (politi-
cally and financially) with local community development in mind and had strong private-
public-university collaboration (i.e., the so-called triple-helix approach). Krueathep [137]
also noted barriers to Smart City implementation included challenges for local govern-
ment to take initiative and responsibility in leading such innovative programs, concluding
Thailand was not Smart City ready yet.

This TUNN superblock case study echoes some of the elements for successful Smart
City implementation in Thailand as summarized by Taweesaengsakulthai et al. [11]. The
project was locally driven with local community development in mind and had a strong
private-university collaboration. One of the advantages that we see for this particular ef-
fort addresses the concern registered by Krueathep [137] regarding challenges for local
government to lead innovative programs. NNCL is a private sector stakeholder that is less
fettered by policies restricting local government mandates, yet it acts in a management
capacity, which allows it to implement Smart City policies effectively and efficiently. In
fact, the theme of its 2019 annual report was Going Towards a Sustainable Smart City
[138]. As is the case with many successful planning and development projects, a local
champion is needed. NNCL, as the local policy and management institution, provides ac-
tive and innovative interaction from the top, having established a community represent-
atives group that meet bi-monthly to discuss community needs and recommend new com-
munity initiatives. In this sense, a bottom-up component to planning also exists, but our
project provided an additional element to elucidate the community interests and visions
for NNCL. A recent survey by Popescu and Popescu [139] showed that good governance,
environmental protection, sustainable productivity, and eco-efficiency were highly
ranked characteristics of good corporate social responsibility. As a community leader,
NNCL has demonstrated such characteristics within a Smart City vision that should en-
hance community resiliency, sustainability, and wellbeing.

Sintusingha [51] reviewed existing development trends and future opportunities for
a superblock that (now) is much closer to downtown Bangkok than the superblock exam-
ined in our study. In the intervening 20 years of Sintusingha’s study, some development
issues in the Bangkok Metropolitan Region have changed and some remain the same, but
the Smart City emphasis on Smart Environment, Smart Living, and Smart Mobility give
us some hope of progress towards a more sustainable development. Certainly, some of
the key elements of a “mediated-change” scenario (rather than business as usual) that
were outlined by Sintusingha [51], including: (i) mixed-use urban corridors serviced by
rapid mass transit; (ii) local community centers that combine public and commercial space
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such as open markets; and (iii) green/blue corridors that provide flood management op-
portunities, enhanced biodiversity, and recreational opportunities, also figured promi-
nently in the student designs for this case study. We believe that in today’s planning cli-
mate the superblock can be adaptimistic, per the branding identified in the design vision
of Figure 10d.

4.2. Proposed Model and Managerial Implications— Specific Recommendations for
the Superblock

Based on the Smart City model, we provide the following specific priority recom-
mendations for pursuing development within the TUNN superblock:

(i). Focus on the Smart Mobility pillar —this would include the extension of the SRT Dark
Red Line to the Nava Nakorn station and the development of a seamless link with an
enhanced local public transit system that would follow TOD principles.

(ii). A greater amount of connected green space should be designed and constructed as
part of the Smart Environment pillar. Not only would this space improve community
wellbeing, connectivity, and public health, it would serve to increase community re-
siliency to flooding, improve water quality, and mitigate air quality, noise, and the
urban heat island [86], which are issues of community concern that were generally
noted through the surveys. It is important that the performance of the green space is
assessed so that the superblock can serve as an incubator or prototype of sorts for the
effective implementation of the Smart Environment ideals throughout Thailand. A
second focus for Smart Environment would be to explore improved methods of solid-
waste management, including the up-cycling of waste within Nava Nakorn.

(iif). Enhance Smart Governance and Service—ICT is an essential component of this
theme. Community service platforms already piloted in Nava Nakorn should be ex-
panded and streamlined to facilitate community interaction and management. This
theme would be data driven and include components of the IoT for smart monitoring
and Al to support timely and smart decision making. This theme would link the pre-
vious two themes, for example, by using cashless access to the SRT and local public
transit system, synchronizing traffic signals and public transit vehicles through IoT
and Al assessment, infrastructure maintenance scheduling, or monitoring of water
quality and quantity to provide timely environmental warnings and tracking of the
progress towards an improved environment.

4.3. Project Strengths, Limitations, and Further Study

The visions and designs presented herein reflect possible futures for the TUNN su-
perblock that would enhance community resiliency, sustainability, and wellbeing in var-
ious ways under the seven smart pillar framework. Certainly, there are other possible vi-
sions and moving forward, these visions would need to be evaluated in greater detail,
considering feasibility, costs and benefits, and community aspirations. The two primary
challenges and limitations for this research were related to the number of submitted de-
signs through the different classes and the final community interaction. As noted, a total
of 41 student planning and design projects were submitted for assessment, which pro-
vided a wealth of vision diversity to share with the private sector stakeholders. However,
it also was a challenge for the Thammasat University study management team to assess
(collaboratively with the course coordinators) this large number of projects and effectively
synthesize the best and most innovative ideas to represent a cohesive and meaningful set
of visions for the private sector stakeholders. The project was presented publicly at Cen-
tral World Mall in downtown Bangkok, an event that was covered by Thai news outlets.
Professor Chatchart Sitthiphan, former Prime Minister of Thailand candidate for the Pheu
Thai Party and formerly in the Department of Civil Engineering, Chulalongkorn Univer-
sity, and Mr. Nipit Arunvongse Na Ayudhaya, CEO of NNCL were invited discussants
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for the presentation. Professor Chatchart Sitthiphan concluded “...the Navanakorn solu-
tion by Thammasat University and Harvard University is the answer for Bangkok in the
future as a model for urban development.” [91]. In emphasizing community familiarity,
Mr. Nipit Arunvongse Na Ayudhaya noted “We [NNCL} succeed because we know the
real problems of the population” [91]. As discussed above, our project helped to addition-
ally elucidate community issues and provide design solutions to address these issues. The
final step of this visioning effort should be to re-engage with the local community to re-
view and receive feedback on the alternative design visions. Unfortunately, due to Covid-
19 restrictions, this has not yet been possible. Once this final step of the project is com-
pleted, the quality of the community participation should be assessed using the frame-
work proposed by Simonofski et al. [47] based on the categories of “Citizens as Democratic
Participants”, “Citizens as Co-creators”, and “Citizens as ICT Users”. This assessment
should also include a deeper consideration of the power relations that influence commu-
nity engagement and principles that might facilitate greater community involvement in
the planning and design process [46,140]. Ultimately, the designs developed through this
study could serve as a basis for the superblock partners to apply for DEPA’s Smart City
designation, which would provide tax incentives and funding to help implement specific
visions.

Although community surveys and in-depth interviews were employed in this project
to inform the designs, we do not consider this a truly data-driven design approach. Future
work could consider additional surveys that take more of a Theory of Planned-Behav-
ior/structural equation modeling approach to refine the understanding of community
preferences and iteratively fine-tune designs as part of the NNCL’s bi-monthly commu-
nity meetings. Similarly, deterministic, conceptual modeling should be employed to opti-
mize the performance of designed WSUD features, transportation systems, and energy-
efficient buildings. The surveys indicated that the community was poorly aware of up-
skill training or lifelong learning opportunities offered by the local universities. The de-
signs developed for the project, while noting possible lifelong learning opportunities (e.g.,
Figure 13a), focused more on the physical space of such opportunities rather than the pro-
grammatic space. The development of lifelong learning programs such as financial liter-
acy, small-business development and entrepreneurialism, should be explored as a means
to better connect the community within the Nava Nakorn industrial estate and the local
university and government research communities.

Finally, as we noted, Covid-19 impacted the performance of this study and the pan-
demic has certainly initiated new conversations with respect to the physical and social
aspects of design and their role in creating a more resilient community [99,100]. Such con-
versations are nascent in the literature and are evolving, just as the Covid-19 virus and
public health management continue to evolve. We suggest that the Smart City model pro-
vides a relevant platform with which to consider urban development, resiliency, sustain-
ability, and wellbeing in the context of the more recent Covid-19 influence. For example,
a seamless mass transit plan was an important component of this study, but appropriate
measures to minimize the Covid-19 exposure risk must now be considered. Our findings
also emphasized the importance of a diverse, connected green space that included both
smaller and larger areas to accommodate sustainable water management and community
wellbeing. Connected green space could have a positive impact on community wellbeing
and resiliency under the recent Covid-19 conditions, although some may perceive the risk
of exposure in public spaces exceeds the benefits. Questions regarding the optimum size
and amenities of green spaces to most effectively address Covid-19 considerations also
remain and such uncertainties have important implications for the directions in urban
design. It was beyond the scope of this research to assess the design implications for
Covid-19, but such evaluations would be a valuable focus for future studies.
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