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Abstract

Even though prior studies have provided ample proof of the benefits of urban
green space, Thailand's development and exploitation of urban green space
remain insufficiently efficient. To assess the prospects for urban green space
development in Thailand, our review study highlighted gaps and challenges
related to these areas. This review study discussed the rationale for urban green
space, its definitions, as well as its benefits and co-benefits (i.e., economic, social,
health, and environmental). The review research additionally discussed Thailand's
current urban green space issues, associated challenges (such as difficulties
valuing and using urban green space, budgetary limitations, low priority for
urban green space, and poor urban green space standards), and short- and long-
term green space goals. Moreover, this study reviewed the urban green space
assessment criteria (e.g., quality, potential urban green spaces, planning and
strategy, and location selection), tools, and intriguing green space policies and
practice approaches (e.g., planting and protecting trees, increasing public parks,
and city taxpayers) from other previous studies and developed countries whose
cities rank in the top 10 worldwide in terms of the ratio of green space to
population density, for example, the US, Singapore, Germany, Switzerland,
Canada, and the Netherlands. There have also been interesting platforms and
technology introductions for developing and managing urban green spaces.
Finally, the review study proposed guidelines for green space development that
may be beneficial for Thai policymakers to improve green space based on lessons
learned from other developed countries, such as being more accessible, a proper
size, an appropriate distance from neighborhood residents, having suitable
facilities and equipment for the users, maintaining the beauty and cleanliness,
having recreational activities, tax incentives, and advanced technology platforms.
Additional research is required to examine the damage costs associated with
urban green space, policy, and cost-benefit analysis to make it more practicable.
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What is an urban green space?

In an urban setting, "green space" is a broad term
that can refer to any vegetated land or water within an
area, including parks, gardens, playing fields, kid-
friendly playgrounds, wooded and other natural areas,
grassy areas, and allotments. Additionally, green space
should also incorporate green corridors like paths,

rivers, and canals. There are many types of green space,
for example, urban parks and gardens, community
woodlands (i.e., trees, shrubs, climbers, wildflowers and
fungi), wetlands (i.e., swamp, marshes, bogs, fen, and
mangrove), and street trees. This review study focuses
on “urban green spaces,” which are public open spaces
in urban areas defined primarily by a high proportion
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of vegetation and unpaved surfaces. Figure 1 presents
the components of urban green space, which include
grass, trees, shrubs, and other vegetation (i.e., community
gardens, parks, open spaces, and playgrounds).

Urban Green space
COther vegetation

Grass Trees ‘ shrubs
Community Parks Open spaces
gardens and playgrounds

Figure 1 Urban green space.

The definition of urban green space according to US
EPA [1], WHO [2], European Environment Agency (EEA)
[3], and Thailand's Natural Resources and Environmental
Policy and Planning [4] was displayed and compared in
Table 1. The computation of the density of green space
(square meter per person or per capita) is affected by
variances in the definition of green space used in
Thailand compared to that used by WHO, the US EPA,
and European Environment Agency. For instance, tiny
green areas (i.e., traffic islands and small private gardens)
would not be included in the WHO's definition of
"green space.”. Nonetheless, smaller green areas—Ilike
traffic islands and little private gardens—are frequently
reported and included in Thailand's overall green
space. As a result, the density of green space defined by
Thailand is usually higher than that of the WHO. The
long-term goal of developing green space in Thailand
may be challenging because of its location and the high

Table 1 Definition of urban green space

levels of pollution caused by traffic. As a result, newly
generated green space might not be the most beneficial.

A good urban green space should be large, peacetul,
clean, well-maintained, and provide amenities as well
as a secure atmosphere. It would also be advantageous
to be historical, cultural, or natural [5]. The Sustainable
Development Agenda's Goal 11.7 (SDG 11.7) states that
everyone should have access to safe and inclusive green
and public spaces. Moreover, urban green space also
contributes to achieving other SDGs, including SDG 3
(good health and well-being), SDG 13 (climate action),
and SDG 15 (life on land). Hence, urban planners and
designers should consider these crucial factors to build
and develop high-quality urban green spaces in cities
that are accessible to everyone.

The value of green space in cities

This section discusses the positive aspects of having
green space to help readers see why there ought to be
more green space in cities. The benefits of green space
are sometimes difficult to quantify but can still be
recognized. This literature has emphasized the numerous
benefits and co-benefits of green space, including from
an economic [6-9, 11-13], social, health [13-39], and
environmental perspective [13, 15, 40—48], as shown in
Table 2. Our goal is to inform readers about the wealth
of opportunities involved in creating green spaces. It is
aimed at a wide range of audiences, including real estate
and development professionals who want to get the most
out of their land ownership, local governments, non-
profit organizations, as well as charities who want to
improve economic, social, and environmental conditions.

Definition
US EPA [1] Land that is partially or entirely covered in grass, shrubs, trees, or other types of
vegetation. This includes urban parks, paths, community farms or gardens, including
rooftop gardens. Schoolyards, playgrounds, public seating areas, public plazas or
vacant lots are excluded.
WHO [2]

Urban green spaces can be described as having "natural surfaces" or "natural

settings," but they can also refer to specific types of urban greenery, such street trees,
and may also include ‘blue space’ which represents water elements ranging from
ponds to coastal zones. Public parks are a common example of green space in
metropolitan areas; however, other definitions may also include private gardens,
woodlands, playgrounds, non-amenity places (e.g., roadway verges), riverfront

footpaths, beaches, etc.

European Environment Agency [3]

Vegetated land separating or surrounding concentrated residential or industrial areas

and intended for recreational or park purposes.

Office of natural resources and
environmental policy and planning

(Thailand) [4] life for the people.

A natural or man-made area in a city or community covered by vegetation as a major
component beneficial for the environment, the living ecosystem, and the quality of
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1) Economic benefits

From an economic perspective, urban green spaces
increase property values, attract investment, and promote
tourism (Table 2). A high-quality green space can boost
the value of vacant areas, open space, and neighboring
properties, both commercial and residential [6-9]. A
green space could give otherwise undervalued land a
use and a possibility for making income. Piaggio (2021)
discovered that house owners' declared property values
rise with increased proximity to urban parks and
neighborhood park size [10]. It also increases the
opportunities for investment, development, employment,
and tourism in the area [11-13]. In China, it was dis-
covered through spatial measurement that the creation
of urban green space may greatly enhance the urban
environment, draw in outside investment, assemble
talent, and optimize the industrial structure—all of
which will help the city's economy grow [11]. As a
temporary use for land until additional investment
options are possible, green space may draw alternative
funding sources, attract new funding opportunities, and
promote economic regeneration.

Table 2 Benefits and co-benefits of urban green space

2) Social and health benefits

From a social and health perspective, green space
promotes good health (i.e., physical and mental
benefits, stress relief, and obesity reduction), well-being
[13-25], exercise, recreation and cultural activities,
social interaction and community engagement [15, 26—
33] (Table 2). For example, those who live within 1,600
meters of a green space have a decreased cumulative
incidence of loneliness, especially for people living alone
[18]. Furthermore, Chinese students seemed to be less
stressed when they lived in cities with more greenery
[19]. Among a large sample of Australians 45 years of
age and older, Astell-Burt et al. (2013) discovered that
a greater amount of green space in the neighborhood
where they live was linked to healthier sleep length [24].
This could encourage positive behavior, productivity,
and motivation in individuals [34-36]. Moreover, green
space may foster education, peaceful environments,
and food production [37-39]. According to Walsh et al.
(2022), there is enough urban green space in Great
Britain to sustain the production of fresh fruit and
vegetables at a national scale [39].

Benefits and co-benefits of urban green space

1. Economic
1.2 Practical use of vacant land [9].

1.1 A rise in land value for the location and the properties adjacent [6-8].

1.3 Addressing the requirement of the planning to develop open space [9].

1.4 Increasing investment potential through improving perceptions of the areas [11].

1.5 Attracting inward investment to a wider area and strengthening the reputation of corporate responsibility [11].

1.6 Enhancing relationships within the community and lowering the possibility that future development
initiatives would be greeted with opposition [12].

1.7 Providing opportunities for employment and training in land management and maintenance [13].

1.8 Promoting a favorable image for a location, increasing retail sales, and attracting tourists [14].

2. Social and
health 2.2 Promoting well-being [13-16].

2.1 Reducing health risks from contaminated land [13].

2.3 Improving mental health (e.g., reducing stress) [15, 17-22].

2.4 Speeding up patient recovery [23].

2.5 Promoting a healthy duration of sleep [24-25].

2.6 Creating opportunities for physical activities and recreation or active lifestyles [15, 26-27].
2.7 Creating opportunities for social interaction [28].

2.8 Supporting cultural activities and diversity [29-31].

2.9 Promoting community engagement and environmental ownership [32-33].

2.10 Improving motivation and productivity [34-35].

2.11 Fostering constructive behavior in children [36].

2.12 Encouraging education about the environment, landscape, health and well-being [37].
2.13 Creating peaceful areas in crowded urban settings [38].

2.14 Creating prospects for food production [39].

3. Environment 3.1 Promoting biodiversity [15, 40—41].

3.2 Improving the character and appearance of areas [13].
3.3 Reducing air pollution, heat, and noise [13, 42—46].
3.4 Decreasing the threat of contaminated land to ecosystems [13].

3.5 Supporting carbon management and assisting in the control of the effects of climate change [13, 47].
3.6 Encouraging the production of carbon-free biomass fuels [48].
3.7 Regulating surface water while creating space for controlling floods [13, 15].

3.8 Ground stability management [13].
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3) Environmental benefits

From an environmental perspective, green space
enhances biodiversity, habitat creation, animal corridors,
landscape creation, and a location's aesthetics [13, 15,
40—41] as well as mitigates environmental pollution and
disaster [13, 42—-46] (Table 2). Urban green zones with
a variety of plants can host diverse wildlife communities
and increase the number of insect species. It can reduce
environmental hazards (i.e., air pollution, heat, and noise)
and contaminated land [13,42—-46]. Additionally, green
space also supports carbon management, carbon-free
biomass fuel production, ground stability, surface
water management, and flood control [13, 15, 47-48].
In hot, dry climates, green spaces offer lots of shade and
provide protection from dust. In the hot, humid area,
it also serves to minimize wind obstruction, increase
ventilation, and reduce flooding [45].

Thailand needs to increase the amount of green
space per capita and improve accessibility to these spaces
in order to satisfy WHO requirements and improve
living conditions in urban areas.

The current situation of urban green space in Thailand

Economic development and rapid urbanization in
Thailand have resulted in the reduction of green space
in the country and an increase in air pollution, noise,
and heat waves, which affect the health of the Thai
population. In 2021, it was reported that more than 14
million Thai people, or about 20% of the country, lived
in the Bangkok Metropolitan Region (BMR), which is
the largest urban area in the country [49-50]. Further-
more, more than half of Thais reside in urban areas
[49]. Between 2000 and 2010, the urban area of the
whole country increased by 2,400 to 2,700 km? each
year, or 1.4% [49]. Therefore, it is increasingly difficult
for urban residents, who account for 35.8% of the country,
to access green spaces [51].

In 2021, the ratio of public green spaces per popu-
lation in Thailand's various cities was between 4.27 and
8.59 m? per person [51]. For example, Bangkok and
Nonthaburi have an average green area of 6 (or 3.54 if
counting the latent population) and 3.92 m? per person,
respectively [52]. It was found that the ratio of public
green spaces per population was still lower than the
standard specified by the World Health Organization
(WHO), which determines that the average rate of
green space per person should be at least 9 m? per
person [53]. However, the green area in Bangkok would
only be 2.3 m? (if counting the latent population) per
person if counting solely the green space as defined by
the WHO, because the tiny green areas, such as traffic
islands and small private gardens, would not be counted
[54-55]. Additionally, the green spaces that can be found

on many of Bangkok's traffic islands are still inaccessible
due to their location and the high levels of pollution
caused by traffic [54-55].

The average distance between a person in Bangkok
and the closest green space is currently 4.5 km, which is
9 times more than the 300-500 m WHO-recommended
distance. Many urbanites find it difficult to access green
areas due to the considerable distance [54-55]. Many
Bangkok districts have an average green area of less than
3 m? per person, including Phra Khanong, Bang Kapi,
Bang Khen, Lat Krabang, and Lat Phrao, and some have
no usable green space at all, including Bang Na, Wang
Thong Lang, and Watthana. This contrasts with areas
in commercial areas like Pathum Wan, which have an
average green area of 13.8 m? per person and an average
distance of access of only 1.5 km [54-55]. According to
the Thailand Development Research Institute (TDRI),
only 11 of Bangkok's 50 districts had green spaces larger
than 9 m2 per person in 2021. Based on WHO recom-
mendations, Thailand needs to increase its green space,
especially in urban areas like Bangkok. The distance
and accessibility to the nearest green space in the
country also needs to be taken into consideration and
enhanced.

The challenges of urban green space in Thailand
1) Challenges for valuing and using urban green spaces
1.1) It is difficult to measure the need for urban green
space

Although there is much evidence of the advantages
of green space in cities from previous studies and
research articles, it is difficult to quantify how these
areas are used, which justifies their inclusion in the
challenges of urban planning. Without understanding
who utilizes public parks, when they are used, and why,
it is challenging to make the case for their expansion
[56]. Although parks are typically thought of as a cultural
service, it is hard to measure how they are utilized. An
‘urban green space map' is required in order to make
this information easily accessible. We can monitor park
usage and determine who visits, when, and why with
the use of this technology. It also gives details about
who owns and what is contained in all green spaces.
This would make it achievable for people, communities,
and decision-makers to utilize existing green space to
its fullest potential [57].

1.2) There is a lack of robust cost-benefit analysis for
urban green spaces

There is a lack of robust and sophisticated metho-
dologies for cost-benefit analysis that can fully capture
those aspects of the benefits of parks and green spaces
that are more challenging to value [57]. It is crucial to
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have robust techniques to support better business
justifications to continue making the case for investing
in green areas [57]. Academics and policymakers need
to develop methods for measuring and monetizing the
advantages of urban green spaces for social well-being,
physical health, and the environment [57].

1.3) Long timescales for establishing the highest quality
of urban green spaces

Urban green spaces are components of natural pro-
cesses, relations, and interactions; therefore, creating
the highest-quality green space with observable changes
and benefits takes time [58]. Hence, a long-term strategy
should be implemented to evaluate the effectiveness of
parks or green spaces at regular intervals, such as every
year or every two years, in order to demonstrate the
project's benefits.

2) Financial constraints
There is a greater demand for every square inch of

space to be used productively as federal, state, and local
budgets become more restrictive. This implies that city
planners, investors, and developers usually consider the
financial benefits of land use [56]. Green spaces are
thought to affect costs, particularly in terms of main-
tenance requirements. Hence, it is common for green
space's potential economic benefits to go unrecognized
and unconsidered [58]. Despite the fact that parks and
other green spaces have numerous positive effects in
various areas, their funding continues to come primarily
from one source. In order to reflect the spread of benefits
of park investments more effectively, notably the pre-
sent and future environmental and health benefits, it
may be more appropriate to allocate funds from multiple
local authority budgets [57].

3) Low priority of green space

Planning for green spaces could be given a low priority
in the context of exploitation [59]. Along with the increase
in urban population, housing demand will increase, making
it more challenging to develop infrastructure that allo-
cates green space [56]. Moreover, the demand for urban
mobility outweighs the need for green areas [56]. Green
space availability in areas undergoing densification may
not be adequate [59]. The policy for livable and sustainable
urban development should take environmental concerns
and the need for increased green space into account.

4) Urban green space standards
4.1) Poor quality of urban green spaces

Green spaces frequently have issues with inadequate
accessibility, obsolete equipment, poor design innovation,
and low ecological value [58]. Existing green spaces could
lose quality or be replaced with low-quality green spaces,
which poses a risk [59]. More attention should be paid to
enhancing the quality of green space in order to increase
its quality. Thus, more people will value the space [58].

4.2) The challenge of accessing green spaces for all people

There has been published evidence of inequalities in
access to public park services, especially in areas designed
for a specific purpose to serve a specific community.
For example, a park designed for basketball events
encourages users to play basketball and attracts those
who do. Conversely, it will reduce the space used for
other sports or other users who will enjoy other acti-
vities such as picnics, reading books, etc. [60]. Public
parks or green spaces should be built to accommodate
all users and offer a variety of activities to increase the
number of park users.

4.3) Safety in public parks for crime prevention
Insufficient security precautions and lighting in certain

parks and other green areas might lead to dangerous
circumstances or criminal activity. As a result, fewer
people will visit and use public parks, particularly women,
the elderly, young adults, and children [61]. Consideration
should be given to park safety in order to reduce crime
and attract more people to the parks.

The policy implementation of urban green space in
Thailand
The Department of Climate Change and Environment

(DCCE) and the Office of Natural Resources and Envi-
ronmental Policy and Planning (ONEP), Ministry of
Natural Resources and Environment, are responsible
for managing and maintaining green spaces in Thailand.
ONEDP created Thai Green Urban (TGU), a database system
collecting green space data in Thailand. In addition,
Thailand has a Royal Forest Department that is in charge
of handling and preserving the nation's forest resources
(Figure 2). Thailand's 20-year National Strategic Master
Plan (2018-2027) contains numerous proposals to enhance
the number of green areas, such as public green space,
utility green space, and natural green space throughout
the nation [51]. Table 3 lists the short- and long-term
goals for Thailand's green space (Figure 3).
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Ministry of Natural Resources and Environment

Department of Climate Change Office of Natural Resources Royal Forest Department
and Environment (DCCE) and Environmental Policy
and Planning (ONEF)

Figure 2 Thailand's green space management agencies

2021
- Green space in
Thailand = 4.27 -
.59 m? per person

- All types of green
areas =31.3%

2026
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trees in Bangkok
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- Increase public
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the country by at
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2037

- Green space in
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- All types of green
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Anyone in Banglkok
can walk the 300
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minutes_ to the
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the country = 10
m? per person

Figure 3 Thailand's short- and long-term goals for green spaces.

Table 3 Thailand's short- and long-term green spaces goals

Thailand's green space goals

1. Short-term goals

1.1 There will be an overall public green space in the country of not less than 10 m2 per person [51].
1.2 Planting 1 million trees in Bangkok by dividing the planting into 400 trees per district per week
to reach 1 million trees by 2026 (A City-Wide Tree Planting project) [62].

1.3 Drafting Green Area Regulations. Those who plan to construct, renovate, or install new buildings
must follow the proposed green area legislation. There must be green area for 50% of the open
space outside the building. According to the building control law, an area of a 100 square meter
residential house must have 30 square meters of vacant space, while commercial buildings, offices
and townhouses require 10% of the area to be vacant space [63].

2. Long-term goals

2.1 There will be an overall public green space in the country of not less than 15 m2 per person by
2037. Thai People can easily access or use green spaces for public benefits [51].

2.2 Thailand will have increased all types of green areas from 31.5% as of 2021 to 55% by 2037 [51].

2.3 Anyone in Bangkok will be able to access the nearest public park within 15 minutes, or roughly

800 meters [64].

For the short-term goals, Thailand intends to achieve
a minimum of 10 m? per capita of public green space in
the country [51]. In other words, it intends to add at
least 24,000 km? to the nation's public green space.
Bangkok Governor Dr. Chadchart Sittipunt has a city-
wide tree planting project to plant 1 million trees by
dividing the planting into 400 trees per district per week,
with the goal of having 1 million trees by the year 2026
[62]. Furthermore, the draft green area regulations in
Thailand also highlight ambitions to expand green spaces
(63].

For the long-term goals, Thailand plans to have at
least 15 m? of public green space per capita nationally
by 2037 [51]. Thailand will have increased the percentage
of all types of green space from 31.5% as 0of 2021 to 55%
(divided into 35% natural green space, 15% utility green
space, and 5% public green space) by 2037, according to
the 20-year National Strategic Master Plan [51]. In addition,
by this time anyone in Bangkok will be able to walk 800

meters, or around 15 minutes, to their closest public
park [64]. In many ways, Thailand's strategy is comparable
to Singapore's plan to plant a million trees, which aims
to put every home within 10 minutes' walking distance
of the closest park by 2030. Nonetheless, Bangkok's per-
capita green space (less than 7 m2) remains far smaller
than Singapore's per-capita (66 m?2).

Best practice and lesson learned

This section covered the methods and tools used in
previous studies to evaluate the quality of green space.
Besides, we presented case studies of interesting green
space practices and policies from various countries.
This would be useful for a long-term plan to assess,
improve, and develop (urban) green spaces in Thailand
by studying case studies in other nations and learning
from them regarding innovative tools and methodologies,
policies, and practice approaches.
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1) Instruments or procedures for assessing the quality
of urban green space

Table 4 summarizes tools and criteria for assessing
green spaces, covering aspects like land ownership,
accessibility, biodiversity, and design [65-69].

Nanta et al. (2020) evaluated existing and potential
green spaces based on factors such as land ownership,
public usage, accessibility, size of the land, ecosystem,
activities of diversity, and utilization [65]. Previous studies
assessed the quality of green space by looking at manage-
ment, maintenance, characteristics, functionality, bio-
diversity value, versatility and flexible use, security, design,
network connectivity, facilities, spaciousness, quietness,
naturalness, cleanliness, and historical and cultural value
[66-67]. Landscape functions, urban character, and
urbanization level were used as indicators to assess green
space planning and strategy [68]. Gelan et al. (2021)
estimated location selection for green space using existing
land use, proximity to settlements, roads, water bodies,

Table 4 Assessment criteria for urban green spaces

population density, property ownership, topography,
and scenic attractiveness [69].

In order to maximize the benefits for users, it is im-
perative to utilize the methodologies and criteria outlined
in Table 4 to select feasible locations and develop them
into high-quality urban green spaces, given the budgetary
and space limitations. However, there are some skills and
expertise that are required to use these tools. Thus, the
project requires the involvement of professionals in this
field to maximize the advantages of these instruments.

2) Case studies from other countries' interesting green
space policies and practice approaches

The interesting practice approaches and policies of
green space from many developed countries (i.e.,
Singapore, United States, Canada, Netherland, Germany,
and Switzerland) has been presented in Table 5. We
have chosen countries whose cities are among the top
10 globally in terms of the proportion of green space to
population density [70].

Assessment criteria for green spaces

1. Existing green spaces
1.2 Accessibility [65].
1.3 Land size [65].
1.4 Ecosystem [65].

1.5 Activities of diversity and usage [65].

1.1 The land ownership and public usage level [65].

2. Potential green spaces
2.2 Accessibility [65].
2.3 Land size [65].
2.4 Ecosystem [65].

2.1 The land ownership and public usage level [65].

3. Quality

3.1 It is linked internally and externally as part of a wider network [66-67].
3.2 Building frontages overlook [66].

3.3 Well-maintained and appropriately managed [66-67].
3.4 Designed to support management over a lengthy period of use and accessible to all [66-67].

3.5 High biodiversity value [66].

3.6 Characteristics and functionality that vary to fulfill identified needs [66].
3.7 Capable of providing possibilities for multipurpose action to everybody [66].

3.8 Secure and Safe [66-67].

3.9 Sufficient in design and equipment to become a destination [66].
3.10 Well-connected to walking and cycling routes [66].
3.11 Connected to smart infrastructure to promote flexible use of the area for people of all ages and for a

wide range of activities [66].

3.12 Provisioned with facilities, seating, and resting spots [66-67].
3.13 Legible to all users with clear wayfinding [66].

3.14 Provisioned with shelter and shade [66].

3.15 Quietness, spaciousness, and cleanliness [67].

3.16 Naturalness, historical and cultural value [67].

4.1 Landscape functions [68].
4.2 Urban character [68].

4. Planning and strategy

4.3 Urbanization level (urban density) [68].

5. Location selection 5.1 Existing land use [69].

5.2 Proximity to settlement [69].
5.3 Road and water body [69].
5.4 Population density [69].

5.5 Land ownership [69].

5.6 Topography [69].

5.7 Scenic attractiveness [69].
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Table 5 Interesting green space points (practice approach and policy) from other developed countries

Country

City

Response agency

Practice approach

or policy

Interesting points

1. Singapore

1.1 Singapore
city

e Ministry of Education

e Ministry of National
Development

¢ Ministry of Sustainability
and the Environment

e Ministry of Trade and
Industry

e Ministry of Transport

Singapore Green
Plan 2030

Practice approach: Planting 1 million trees
with the goal of ensuring every household
can reach a park within 10 minutes by 2030
(Singapore Green Plan 2030) [70].

Practice approach: Increase the land area of
natural parks by more than 50% over the
2020 baseline [70].

Practice approach: Increase green space by
1,000 hectares by 2035 [70].

2. United
States

2.1 St. Louis,
Missouri

o The Great River Greenway

Greenway Plans
and Projects

Policy: The Great River Greenway is a public
agency in St. Louis, Missouri, that was
developed to connect sidewalks between the
city's green spaces and its residents. Hence,
people want to walk more because there are
over 1,200 kilometers available. The agency
receives about $100 million a year from city
taxpayers. It is used to manage the creation of
green spaces, which costs about $5 million
per square mile every year [71].

2.2 Seattle,
Washington

e The Green Seattle
Partnership (GSP)

Green Seattle

Policy: Seattle, Washington, has a goal called
‘The Green Seattle Partnership' (GSP) to
restore and maintain the parks in Seattle. GSP
has worked with thousands of volunteers
since 2005 to plant more than 150,000 trees
and reclaim over 1,000 acres of gardens across
the city [72].

3. Canada

3.1 Vancouver,
British
Columbia

e The Vancouver Board of
Parks and Recreation
(The Vancouver Park
Board)

Green Vancouver

Policy: Vancouver, British Columbia,
increased green space in the city by
planting 150,000 extra trees between 2010
and 2020, including promoting the city's
population to walk in a green space for at
least 5 minutes every day [72-73].

4. Netherland 4.1 Amsterdam e Amsterdam's department ~ Amsterdam 2040 e Policy: Amsterdam is the world's second-
of Planning and most bicycle-friendly city. The city has over
Sustainability 30 parks and 156 canals that run through it to
provide larger spaces for people to walk and
reduce car traffic [72-73].
5. Germany 5.1 Frankfurt o Frankfurt Urban Frankfurt 2030 e Policy: There is a policy in Frankfurt not to
Planning Office construct buildings in green spaces to
encourage a better quality of life for city
residents. Environmental issues and more
green space are being incorporated into the
policy for livable and sustainable urban
development (Frankfurt 2030) [72].

5.2 Berlin o The Berlin Berlin 2030 e Policy: Berlin has strict environmental
horticultural/landscape laws, such as those controlling pollutants
gardening administration from car exhaust and protecting trees,

e Division Climate Action, which require authorization from a
Nature Conservation and government agency before cutting trees
Urban Green Space (Senate with a circumference of 80 cm or greater.
Department for Urban Despite the fact that the tree may be in a
Mobility, Transport, Climate residential area, violators face a fine of up
Action and the Environment) to 50,000 euros [74].
6. Switzerland 6.1 Geneva o The Green Spaces and Geneva 2020 e Policy: Geneva has been committed to

Environment
Department

sustainable development since 1995. The
Green Spaces and Environment Department
manages and maintains numerous green
spaces or parks, as well as the richness of
Geneva’s wooded heritage [75].
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As part of Singapore's Green Plan 2030, a million
trees will be planted, which aims to put every dwelling
within 10 minutes of walking distance of the closest park
by the year 2030 [71]. Additionally, it plans to increase
green space by 1,000 hectares by 2035 and the land area
of natural parks by more than 50% compared to the
baseline year of 2020 [71].

In the US, a public organization called the Great
River Greenway was established in St. Louis, Missouri,
to connect sidewalks between the city's open spaces and
its citizens. As a result, people want to walk more
because there are over 1,200 kilometers available. In
return, taxpayers in the city give the organization roughly
$100 million a year. It is employed to oversee the building
of green spaces, which has an annual cost of $5 million
per square mile [72]. The Green Seattle Partnership
(GSP), a project of Seattle, Washington, aims to maintain
and repair the city's parks. Since 2005, GSP has worked
with thousands of volunteers to restore over 1,000 acres
of gardens throughout the city and plant more than
150,000 trees [70].

In Canada, between 2010 and 2020, Vancouver,
British Columbia, enhanced the amount of green space
in the city by planting 150,000 additional trees. The city
also encouraged residents to stroll in a green area for at
least 5 minutes each day [70, 73]. Meanwhile, the second-
most bicycle-friendly city in the world is Amsterdam,
Netherland. With more than 30 parks and 156 canals
crisscrossing the city, there are more areas for people to
wander around and fewer cars on the road [70, 73].

In Germany, Frankfurt has a policy called Frankfurt
2030 that prohibits the construction of structures in
green spaces in order to improve the quality of life for
city dwellers. A policy for livable and sustainable urban
growth is being developed, and more green space and
environmental concerns are being taken into account
[70]. Moreover, Berlin has stringent environmental
regulations, including those that manage traffic-related
pollution and safeguard trees and call for permission
from a government body before felling trees with a
circumference of at least 80 centimeters. Even if it is a
tree in a residential neighborhood, those who violate
the law could be fined up to 50,000 Euros [74].

Since 1995, Geneva, Switzerland, has been dedicated
to sustainable development. The richness of Geneva's
woodland history, as well as a number of green spaces
and parks, are managed and maintained by the Green
Spaces and Environment Department [75]. Table 6 shows
the proportion of green space to population density in
each city that we mentioned in this section when
comparing it to Bangkok, the capital city of Thailand.

Table 6 Proportion of green space to population density
in each city

City Proportion of green space to
population density
1. Singapore [72] 29.3% per population
density 7,797/km?
2. Frankfurt, Germany [72] 21.5% per population
density 3,000/km?2

3. Geneva, Switzerland [72] 21.4% per population

density 12,000/km?

4. Amsterdam, 20.6% per population
Netherlands [72] density 4,908/km?

5. Seattle, Washington, 20% per population density
US [72] 3,151/km?

6. Vancouver, British
Columbia, Canada [72]
7. Bangkok, Thailand [76]

25.9% per population
density 5,249/km?
2.6% per population density
5,300/km?

3) Innovative technological platforms to increase and
manage urban green spaces

This section covered advanced platforms and tech-
nologies that can expand urban green spaces and enhance
their management. Table 7 displays all of the interesting
instances of them.

First, drones can be used to map and monitor changes
in urban green spaces. Drones offer an efficient and
precise way to survey wide, scattered areas, and the data
they collect can be utilized to monitor changes in soil,
water levels, and vegetation over time [77]. For example,
drones can be used to measure the height, width, and
quantity of plants in urban parks and other green
spaces. This data can be used to spot patterns in plant
growth or pinpoint locations where invasive species are
spreading. Drones can also monitor water levels in
ponds and other wetland areas, which aids in early
drought or flood prediction [77]. Researchers and urban
planners can obtain high-resolution photos and videos
of green spaces with the help of drones, giving them a
comprehensive grasp of the area and its characteristics.
When it comes to urban planning and design, this can
be especially helpful because it can help guide decisions
about which places should be maintained and which
should be developed [77]. However, there are a lot of
limitations to drones. These include the possibility of
weather and other interference affecting drone operations,
restricted drone flight times, the need for skilled
operators, the cost of high-quality drones, the application
of legal and regulatory requirements, the possibility of
safety risks, the time it takes to process data, the potential
for limited detail, and potential privacy concerns [78].
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Table 7 Interesting technologies and platforms to increase and manage urban green spaces

Innovative technological Advantages Limitations
platforms
1. Drones e Urban green space monitoring [77]. e Weather and other interference can have an impact on
e Urban green space mapping [77]. drone operation.
e Drone flight time is restricted [78].
e Drones require skilled operators [78].
e High-quality drones can be somewhat expensive [78].
e Drones must adhere to legal and regulatory requirements [78]
e Drones can pose safety risks [78].
e Processing data can take a lot of time [78].
o The level of detail may be limited [78].
e Privacy issues could surface [78].
2. Remote sensing e Mapping street trees [80]. e High cost [84].
e Detecting species within urban green spaces e Specialized skills required [84].
(81]. ¢ Atmosphere and sun angle can have an impact on data
e Invasive shrub mapping in urban green from remote sensing [84].
spaces [82]. e Limitations on resolution and quality [84].
o Evaluating the health of the vegetation in e Remote sensing raises ethical considerations [84].
urban green spaces [83]. e The limit of technological evolution [84].
3. Satellite Imagery e Improved site selection [85]. o Satellite imagery is limited by its resolution [86].

e Evaluating environmental factors [85].
e Enhanced connectivity and accessibility [85].

e Optimizing park design [85].

e Weather, clouds, and other environmental factors can
reduce the quantity of available imagery [86].

e The accuracy of satellite imagery is limited [86].

e Planning and Maintaining Vegetation [85].  High cost [86].

e Microclimate analysis [85].

Second, remote sensing offers a useful set of capabi-
lities that can reduce the need for field surveys,
particularly in extremely complex and heterogeneous
urban environments [79]. Remote sensing has been
shown to be an effective tool for mapping street trees
[80]. In urban green spaces, it may also map invasive
bushes and identify species [81-82]. In addition, remote
sensing can be used in urban green spaces to assess plant
health [83]. Nevertheless, there are a few drawbacks to
remote sensing that should be considered. These include
the fact that remote sensing may not be as widely
available as it could be due to a number of reasons. First,
there are high implementation and maintenance costs
in some areas; second, the need for specialized knowledge
and skills to interpret remote sensing data, which could
prevent it from being widely used; third, the possibility
that the accuracy and applicability of remote sensing
data could be limited in some applications due to factors
like sun angle and atmospheric conditions; and finally, the
possibility that technical constraints could limit the quality
and resolution of data obtained through remote sensing.
Moreover, remote sensing is restricted due to ethical
and legal issues that arise, especially when it is used for
monitoring in some areas. Furthermore, the compatibility
and interoperability of remote sensing technologies are
continually affected by upgrades and modifications that
must be made to hardware and software. These changes
can be expensive and time-consuming [84].

Third, using satellite imagery, urban planners can
identify underutilized or vacant sites that could be
converted into green areas. Planners can identify places
that are currently barren of greenery and strategically
plan where to build urban parks by analyzing satellite
data [85]. Satellite imagery can be used to assess a
variety of environmental factors, including air quality,
tree cover, and heat islands. With the use of this data,
urban planners can create more sustainable and health-
ful environments by providing natural places that offset
the negative consequences of urbanization [85]. Moreover,
planners can give priority to the construction of parks
and gardens in these impoverished communities by
utilizing satellite imagery to identify places with re-
stricted access to green spaces [85]. When choosing the
best plan for urban parks, designers might use satellite
images to take into account factors like accessibility,
land slope, and existing infrastructure. Consequently,
park planners are able to maximize available space
while taking community needs and preferences into
consideration by analyzing satellite data [85]. Satellite
photos also provide important information about the
local vegetation. Landscape designers can choose the
best plant species to provide maximum biodiversity
and minimal maintenance needs by evaluating this data
[85]. In order to create a pleasant and engaging outdoor
atmosphere for park visitors, planners can add appro-
priate shade, water features, and landscaping solutions
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with the assistance of satellite photography, which helps
identify locations prone to such issues [85]. Nonetheless,
it is critical to comprehend satellite imagery's limitations
to guarantee that it is utilized efficiently. First, the
resolution of satellite imagery limits its use. It is yet
unable to deliver comprehensive information at the
ground level. This might make determining the degree
of a particular feature challenging. Second, weather, clouds,
and other environmental conditions might reduce the
amount of imagery that is available. Third, even though
imagery from satellites can give a broad perspective of
a region, it might not be able to precisely identify some
features or changes. Lastly, the cost of acquiring and
processing satellite imagery, as well as maintaining a
satellite system, can be high [86].

Opportunities for developing future green spaces in
Thailand

In the previous section, we discussed issues relating
to urban green space with examples of green space policies
and practices from other countries. This section offers
potential remedies for Thailand's existing urban green
space problems based on successful cases from previous
studies or other nations. Table 8 shows the guideline
recommendations for urban green space in Thailand,
including improved accessibility, appropriate size, proper
distance to the community, suitable facilities and equip-
ment for the users, preserving the beauty and cleanliness,
recreational activities, tax incentives, and innovative
technology platforms.

Table 8 Opportunities for Thailand's future green space development

Important guidelines for the development of urban green spaces to serve as

models for sustainable, health-conscious cities in Thailand Possibility* Cost* Availability*  Practical®
1. Accessibility 1.1 Integration of green space and public park should be High High Medium High
considered as part of an urban development master plan
[86].
1.2 Design for accessibility for all populations, such as Medium Medium Medium High
children, adults, the elderly, the disabled, and low-income
groups [86-87].
1.3 Maximizing the park's accessibility features, such as the Medium Medium Medium High
sidewalks and bike lanes surrounding the park, to foster the
community and boost usage of the service [86-89].
2. The bigger, the 2.1 The size of green space is essential for maximizing Medium High Medium High
better utilization especially for physical activity [86,89-90].
2.2 In cases where large areas are not allocated, Medium Medium Medium Medium
designing a small network of parks can be useful for
bridging activities such as running and cycling paths
[86-87].
3. Arranging 3.1 Should provide facilities for a variety of activities Medium Medium Medium High
equipment and [86-90].
facilities suitable 3.2 Allocate open space for group activities or public Medium Low Medium High
for users activities [86,90].
3.3 Provide facilities to support indirect activities such as Medium Medium Medium High
drinking water points, chairs, and picnic tables [86-88].
3.4 Take into account the diversity of users’ age groups Medium Medium Medium High
and genders [86-87].
4. Preserve the 4.1 Designing a natural space that can be maintained Medium Medium Medium High
public parks easily in all seasons and weather conditions [86].
beauty and 4.2 Design and use equipment according to safety High Medium Medium High
cleanliness standards [86,88].
4.3 Engage with communities and user networks to Medium Low Low High
jointly monitor safety [86].
5. Recreational 5.1 Set up a calendar of activities to attract park visitors. For High Low Medium High
activities example, sports competitions, music events, talk shows,
meditation, etc. [86].
6. Tax incentives 6.1 The landowner should receive a tax reduction for Medium High Low High
providing the green space to the public for general access
[91].
6.2 Empty space should be required to pay an additional Medium High Low High
tax every 3 years [92].
7. Innovative 7.1 Drones [77]. Medium High Low High
technological 7.2 Remote sensing [79]. Medium High Low High
platforms 7.3 Satellite imagery [85]. Medium High Low High
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First, an urban development master plan should
take into account integrating green space and public
parks [87]. In 2023, the Bangkok Council passed Agenda
1, 'Draft Green Space Ordinance', stipulating that every
newly constructed, repaired, or extended building must
have green space of 50% of the available space outside
the building [63]. Like many other countries, such as
Singapore, the US, and Switzerland, Thailand should
have specialized institutions that oversee and maintain
its national urban green spaces. In keeping with SDG
Move's suggestions, all demographics, including children,
adults, the elderly, those with disabilities, and low-
income groups should be considered when designing
for accessibility [87-88]. The park's accessibility features,
such as washrooms, vault toilets, change houses, parking,
adaptive equipment for disabilities, surrounding bike
lanes and sidewalks, should be utilized to promote com-
munity and increase service use [87-90]. Additionally,
public transit is required to get to public parks (e.g., bus,
subway, monorail, tram, and ferry).

Second, the size of a green space is essential for
maximizing its use, particularly for physical exercise
[87, 90-91]. In line with SDG Move's recommendations,
designing a small network of parks can be helpful for
bridging activities like jogging and cycling pathways in
situations where vast areas are not allocated [87-88].

Third, facilities for a range of activities should be
available [87-91]. Open space should be set aside for
communal or public events [87, 91]. Indirect activities
will be supported by the provision of amenities, including
drinking water stations, chairs, and picnic tables [87—
89]. A range of age and gender categories among users
should be taken into account [87—88]. Moreover, it is
important to use techniques or instruments for evaluating
the quality of urban green space. These could help in
establishing high standards for urban green space.
Examples of well-designed public parks in Thailand
include: Nongnooch Garden Pattaya, Queen Sirikit
Botanic Garden, Suan Luang RAMA IX, Mae Fah Luang
Garden, Vachirabenjatas Park (Rot Fai Park), Santi Chai
Prakan Park, Romaneenart Park, Benjasiri Park, CU
Centenary Park, Benchakitti Park, and Lumphini Park.

Fourth, it is important to create a natural area that
is easy to maintain throughout the year, regardless of
the weather, which is consistent with SDG Move’s advice
[87]. The park's equipment has to be created in accordance
with safety regulations [87, 89]. Participation in user
networks and communities is necessary to cooperatively
monitor safety [87]. Owing to current park maintenance,
staft and volunteers run the park primarily. As of yet, not
many residents in the surrounding communities are
involved. Fifth, a calendar of events should be established
to entice visitors to the park. For instance, these could

include sporting events, musical performances, talk shows,
meditation, etc [87]. Every Saturday and Sunday during
specific months in Thailand, there are music festivals
held in parks but most of them are limited to Bangkok.
Sixth, the provision of the green space to the general
public for access should result in a tax break for the
proprietor, which corresponds with the suggestion of
Pranisa Boonkham, Vice President for Academic Affairs
and Assistant Professor in Landscape Architecture,
Thammasat University [92]. Moreover, there should be
a new tax on vacant space assessed every three years.
This recommendation was supported by Korakoch
Atthasakulchai, Senior Executive Director, Chief Non-
Capital Market Solution, KBank Private Banking, Thailand
[93]. Like the US, Thailand may use city taxpayers to
manage the development of urban green spaces. The
revenue from these new taxes can be used to develop urban
green space in Thailand due to financial limitations.
However, Thailand still does not have this type of green
space tax. Finally, the application of innovative techno-
logical platforms is necessary to develop and maintain
urban green spaces, such as drones [77], remote sensing
[79], and satellite Imagery [85]. Nevertheless, the avai-
lability of these technologies is now restricted due to their
high cost and the requirement for specialized skills.

Discussion and conclusions

We have covered a variety of topics relating to urban
green space in this review study, with a particular
emphasis on the situation in Thailand. First, we talked
about the general understanding of urban green space
and how Thailand's long-term goal of developing
urban green space may be impacted by the different
definitions of "green space" used by Thailand compared
to those used by the WHO, the US EPA, and the EEA.
Second, we discussed the rationale, benefits, and co-
benefits of having more urban green space, including
those related to the economy, society, health, and
environment. Third, we reviewed the current challenges
facing Thailand's green spaces, such as the average
distance from the community to the nearest green
space, the unequal distribution of the city's public green
spaces, financial constraints, the low priority of green
space, and the quality, accessibility, and safety of urban
green spaces or public parks. Fourth, we showed
Thailand's short- and long-term goals to increase green
space in the country. Fifth, we discussed the techniques
or instruments for evaluating the quality, planning,
strategy, and location selection of urban green spaces.
Sixth, we presented the intriguing policies and practice
approaches related to green spaces in various developed
countries, such as Singapore, the United States, Canada,
the Netherlands, Germany, and Switzerland. Several of
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these countries have their own organizations or agencies
that construct and manage green space. In addition,
they place a strong premium on developing green
spaces in their nation and have numerous initiatives
with sufficient funding. Urban green spaces in Thailand
should be maintained and administered by particular
government agencies, such as the Green Spaces and
Environment Department. Furthermore, the development
of urban green spaces may be overseen by city taxpayers.
Interesting platforms and technologies have also been
introduced in the development and management of
urban green spaces. Lastly, we suggested guidelines for
improving green space that are appropriate for
Thailand's circumstances, such as improved accessibi-
lity (i.e., public transit, parking, restroom, disability-
specific equipment, sidewalks and bike lanes), appropriate
size, appropriate distance from the community, suitable
facilities and equipment for the users (e.g., drinking water
stations, chairs, and picnic tables), preserving the beauty
and cleanliness, recreational activities, tax incentives, and
modern technology platforms. The long-term development,
management, and maintenance of Thailand's high-
potential urban green spaces could benefit from the
recommendations of this study for policymakers.

Our review study identified gaps and issues with
urban green spaces in Thailand in order to assess the
potential for their development. The restricted funding
for utilizing it to create, develop, and maintain urban
green space is one of the primary problems. We propose
that tax incentives, such as those paid by local taxpayers,
could be additional sources of funding. More research
is required to make it more practical by examining
policies, damage costs associated with urban green space,
cost-benefit analysis, and the willingness of city tax-
payers to annually fund the expansion of urban green
space in Thailand.
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