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ABSTRACT

Public parks in cities, with most of their area being green areas,
play an important role not only in balancing the living
environment, but also in contributing to the minimisation of
flood risks through absorption and the storing of water. This
creates the motivation to restore, maintain and develop green
areas in inner cities, especially in centralised areas, which have
a high level of urbanisation potentially associated with a
shortage of such green-lands. This can be seen as an
opportunity for Ho Chi Minh City, which saw an increase in
green-lands around 23% from 2012 to 2018 as an initial
development. Although this has contributed to an increase in the
average rate along with the goals in different plans for urban
development, the urban area continues to face an imbalance in
green space between the central inner city area and new
development districts, which can be seen as a critical area for
attention, and which is focused upon in this paper. In fact, the
area of public parks in HCMC are mostly quite small (mostly
under [Dha), and rarely have large-scale water areas inside, in
comparison with other public parks in the world. This has
triggered an encouragement of creating more area or spaces
for water in public parks, particularly in the existing in the
centre and new parks to be developed in the future.
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TGM TAT

Cac cong vien cong cing cia da thi, vai phan lén dién tich 13 méang
xanh, dang vai trd quan trong khang chi trong vigc can bing mai
truing sing ma con gop phén gidm thiéu rii ro ngép thang qua kha
nang hép thy va tich trir neac. Digu nay tao dang luc dé khai phuc,
duy tri va phat trién cac mang xanh trong ndi thanh, dac bigt 3 &
céc khu vuc tap trung dan cu dang, noi co mic do da thi hoa cao,
tiém dn nguy co thigu hut qui dét cho cay xanh. Day ca thé dugce coi
|3 cor hgi cho TP.HEM, noi o6 mirc tang dién tich méng xanh khoéng
23% tur 2017 dén 2018 nhu mat thanh cong cho bude phét trién ban
ddu. Mac du diéu nay da gap phén lam tang chi tigu dién tich cay
xanh dap g céc muc tiéu da dugce tich hgp trong cac quy hoach
phét trién da thi, nhung TP.HCM vén tiép tuc ddi mat vai tinh trang
mét can béng trong qué trinh phén bd khéng gian xanh giira khu vire
ndi thanh va cac quan phat trién mdi, ngoai thanh, va ca the coi la
mat thach thirc trong giai doan hén nay. Trén thyc té, dién tich céac
cing vien cong cong & TP.HCM hau het déu kha nha (chi yéu dudi
|0ha) va higm khi ca mat nuae quy mé |én bén trong so véi cac cing
vién cong cang khéc trén the gigi. Digu nay ciing tao ra s khuyén
khich phat tién dién tich hoic khang gian cho nwéc trong cac cong
vién cong cang, dac bigt 13 & cac cang vién hién co & trung tAm va
c4c cong vien mai sé duge phat trién trong trong lai.

Tir khaa: Cang vién cong cng; quy hoach khang gian; nguy co ngép.
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1. INTRODUCTION

1.1. Urbanisation and unexpected changes in water
absorption and storage capacity related to flooding

In recent years, urban water absorption and storage capacity
have been a matter of concern for major cities, which have become
increasingly vulnerable to flooding following unexpected effects of
urbanisation associated with the development process. The
increasing population concentration can be seen as an ultimate
driver for this trend, as the world has seen an increase in the number
of large-size cities, which stood at 33 in 2018 and is expected to
reach 43 by 2030 (UN, 2018). Along with this trend, urban green
areas are sometimes replaced by new built-up areas, which can
affect urban water absorption capacity, with sub-urban areas that
used to be swampy and low lying land or wetlands being replaced
by such built-up areas. It is estimated that approximately 1% of low
lying lands near the coast were lost each year during the late 20th
century (Nicholls, 2004; Hoozemans et al., 1993). This trend was
accelerating by the turn of the 21st century, when more than 67%
of the world's coastal wetlands had been lost (Barbier, 2011;
Davidson, 2014; Li, 2018; Lin, 2018, cited in Novoa et al., 2020). Such
a situation is particularly acute in large cities, where rapid
urbanisation often occurs along with economic development, but
with the resulting risk of natural disasters such as flooding in
relation to water absorption capacity. Despite being a lesser
concern during the global Covid-19 pandemic, flooding is still
considered to be a serious disaster to many cities. Indeed, flooding
caused the loss of 539,811 lives, affecting 2.8 billion people, during
the 30 year period from 1980 to 2009 (Doocy et al., 2013). Statistics
presented by Guha-Sapir et al. (2016) covering the 45 years from
1970 to 2014 show that flooding events occurred with increasing
frequency compared to other disasters such as earthquakes and
volcanoes, especially affecting many coastal areas in Asia (see
Figure 1). The resulting effects show no sign of lessening, with
flooding causing more than 10,300 deaths, and estimated damage
of $434 billion, over the two-year period from 2020 to 2021.
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Figure 1. Flood occurrence and distribution: the increasing occurrence of flood-related
natural disasters in comparison to other types (earthquakes, storms, and drought),
particularly since the 2000s.

1.2. Increasing water storage and infiltration in urban areas
to mitigate flood risk: An approach to sponge city theory

As cities expand their infrastructure, the coverage of asphaltand
concrete increases, enlarging impermeable areas, while reducing
the space for water to escape, thus contributing to flooding
problems. urban solutions such as increasing urban temperatures,
climate change, flooding, etc. The term "Sponge City" first appeared
in China in relation to reducing the problem. These are cities that
rely on the installation of additional green spaces and the

replacement of concrete with permeable surfaces. Such surfaces
absorb water from rainfall, which then evaporates and cools the city.
Like a sponge, urban surfaces absorb rainwater that is naturally
filtered by the soil and allows it to reach urban aquifers. Sponge
Cities focus on solving urban water problems, limiting flooding,
improving clean water supplies, and controlling water pollution in
urban areas by creating a suitable ecological environment. In this
way, the water is absorbed naturally and recycled into a clean water
source for urban use. Similar concepts have been applied in many
parts of the world and are becoming an increasingly popular
method to reduce the urban heat island effect. These include Water-
sensitive Urban Design (WSUD) in Australia and the Middle East;
Sustainable Urban Drainage Systems (SuDS) in the UK; and Natural
Drainage Systems in Seattle, USA.

The trend towards urbanisation has been strengthening,
especially in developing countries, with many related problems
such as flooding regarding water surface. To respond to this, the
Sponge City concept was first introduced in the "Low Carbon Cities
2012" programme at the Technology and Development Forum in
Shenzhen 2012 (Xing et al., 2016). In 2015, the conference "Guiding
Opinions on Promoting the Construction of Sponge Cities", in
support of this concept, proposed that at least 70% of rainwater
needs to be absorbed into the ground instead of being discharged
into the nearest rivers and lakes, as is the traditional way (OCS,
2016). This approach has been supported and gradually integrated
into the national development strategies of many countries. Among
these, China, with the goal of implementing "new urbanisation" and
building a moderately prosperous society in all aspects by 2020 (Xia
etal., 2017), has applied in pilot to 30 cities. The target is for 20% of
urban areas to have infrastructure systems allowing rainwater
infiltration by 2020, increasing to 80% by 2030 (UNE, 2018).
Although the Sponge City notion has attracted widespread
attention in both research theory and practical application, there
remain many interpretations of the definition of the term, Wang et
al. (2018) synthesised the meaning, goals and characteristics of 'the
Sponge City' as a strategy for integrated urban water management
based on the rules of the water cycle related to natural and social
processes and related processes, with the aim of minimising
flooding, controlling water pollution and utilising rainwater
resources, as well as restoring the ecological degradation of water
in urban areas.

In general, although the Sponge City theory still needs to be
supplemented with analyses based on quantitative statistics related
to data collection capabilities and comprehensive analysis methods
and systems, theorists have developed four principles to identify
and develop the approaches:

i) Protection. This can be seen as the most important
requirement for identification. Accordingly, urban areas need to
focus on protecting highlands to ensure safety; on supplementing
central areas of urban development with green space; and dealing
with the encroachment and pollution of water areas. In addition,
natural ecosystems that have been invaded or polluted need to be
restored.

ii) Delaying. This is a vital principle to minimise the risk of
flooding. For urban areas, using landscape infrastructure to slow
stormwater runoff before it drains into canals, rivers, and other
water bodies is essential. Therefore, such areas need to exploit the
natural ground cover, vegetation, topography and landscape
infrastructure that can delay storm water; reduce runoff to control
and reduce tidal peaks by increasing storm duration and delay time;
and reduce the possibility of flood-related damage.
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iii) Storage. Related to the urban water storage capacity, spaces
are necessarily created, in connection with a riverine network to
keep rainwater inside of the inner city, such in ponds or lake
systems, canals or channels, and also wetlands before releasing.
Additional, inside spaces of buildings can be considered for
potential contribution to water storage.

iv) Release. This refers to the management and release of
stored water into streams, and surface water, which should be
moved outside urban spaces along with the tidal process. This is
considered the final stage of the circulatory process to help the city
return to its normal state.

To benefit from the positive value of the Sponge City model,
with the key principles of this theory, a city should be a clarified area
for protection, while the remaining area needs to aim for keeping
water (both on surface and underground space) at the beginning
stage before discharging outside the urban areas. During this
process, time, referred to as the duration, is also important in
connection with tidal changes in levels. The city should take full
advantage of the environmental value of green-lands to contribute
to water absorption. Furthermore, aesthetic considerations should
be considered when designing a wetland to ensure the landscape
provides opportunities for play and recreation for the community.
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Figure 2. Ho Chi Minh City: A mega-coastal city experiencing increasing flood
vulnerability related to unexpected effects of urbanisation.

1.3. Water infiltration

In fact, the urbanisation process can increase impermeable
surface cover and affects the water circulation process on earth,
including the ability to absorb water by cities (on the surface and in
the ground), especially at urban areas with high population density
area referred to as the built-up area. According to the results of
experimental surveys by the US EPA (2012), natural ground can
allow about 50% water infiltration while highly built-up area (with
an area ratio of about 75% - 100% impermeable surface) only allows
a maximum of about 15% of water to enter the soil (see details in
table 1 and illustration in figure 3). These also link to runoff water
which can create a 5 times larger amount of water draining on the
surface, increasing 5 times (refer to column b, the difference
between line 1 - natural ground compared to line 4 - non-permeable
coating surface). This implies that maintaining green areas,
including natural grass and soil areas in the park, is necessary to
ensure the ability to penetrate the soil, contributing to reducing the
pressure on rainwater conveyance in the systems. natural rivers and
canals.
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Table 1 - A review of study by US EPA (2012) about different levels
of permeability responses to water

Characteristics of Evaporation | Runoff Shallow Deep
surface (a) (b) Infiltration Infiltration
(© (d)
1 | Natural ground cover 40% 10% 25% 25%
2 | Impervious surface 38% 20% 21% 21%
(10-20%)
3 | Impervious surface 35% 30% 20% 15%
(35-50%)
4 | Impervious surface 30% 55% 20% 05%
(75 - 100%)

40% evapotranspiration

38% evapotranspiration

1% shallow,
infiltration 2% deep
infiltration
Wik-20% impervious surface

35% evapotranspiration 30% evapotranspiration

o 2, 30% 2 - S5% .
s s, /'/-_- . 2 ;:'\\ runoff /,/\\\
i B 8 i i
20% shallow 10% shallow
infitration 5% deep infiltration 5% deep
infiltration infiltration
35%-50% impenvious surface T5%-100% impervious surface

Figure 3. Changes in site hydrology with increasing impervious cover (US EPA)

2. A CASE STUDY OF HO CHI MINH CITY IN VIETNAM

2.1. Flood risk from the increasing water level inner city since
the rapid urbanisation

In line with the global context, Ho Chi Minh City, a coastal mega-
city in the south of Vietnam, also faces an increase in flood
vulnerability during its process of development in relation to
uncontrolled urbanisation and inappropriate planning for urban
expansion (Storch and Downes, 2011; Phi, 2013; Duy et al., 2017a).
Many experts believe there is a relationship between the
consequences of urbanisation and flooding risk in relation to built-
up areas and the resulting impermeable surfaces in this city. Indeed,
the land area with construction works increased about 30%, from
31,962 hectares to 41,827 hectares in the period from 2010 to 2020;
and this trend was also along with an increase in a conversion from
the area of agricultural land to urbanised areas by about 3,736
hectares (DPA, 2020, p. 26).

As a result, the space for the city’s water absorption and storage
has been reduced, the water level in water bodies in the inner city
shows signs of increasing rapidly, many times higher than the
average increase in the seawater level. As evidence, hydrological
data covering 40 years (1981 - 2021) show that the annual peak
water level at Phu An station (on the Saigon River - the centre of the
city in HCMC) increased rapidly over the 40 years (from around
+1.33m ASLin 1981 to +1.72m ASL in 2022: SRHC, 1981 - 2022), with
an average increase of 9.5mm/year, much higher than the tidal peak
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at the Vung Tau estuary, and with increasingly pronounced
disparities (see Figure 3). At the same time, it is also nearly three
times higher than the global average of around 3.4mm/year from
1995 to 2020 (Guha-Sapir, 2020, cited in NASA, 2020). These data
further support the concern of many experts that the flooding risk
of Ho Chi Minh City is actually as a result of the urbanisation process,
leading to a reduced water storage capacity within the city (by the
system of rivers, lakes, canals), in addition to the consequences of
extreme weather and global sea level rises (Phi, 2013; Duy et al.,
2017a, Duy and Proverb, 2019).

In short, the current situation of Ho Chi Minh City shows that
economic development is often accompanied by rapid and
uncontrolled urbanisation. This process can reduce the water
surface areas and those of and green land, which will affect the
capacity of water absorption. This may lead to higher inner city river
and canal water levels, increasing the risk of flooding in some urban
central areas that are already prone to the problem. The restoration
of these spaces, through solutions to maintain and regenerate the
water surface space, natural rivers, canals, and lakes, is necessary,
despite the scarcity of land in the heart of large urban areas, which
is seen as a challenge to feasibility. Therefore, this article will
describe the current situation and the challenges faced by Ho Chi
Minh City,which are similar to those of many other cities, in relation
to the flood hazard caused by the increasing water level in the inner
city. In addition, the need for the development of inner parks
remains a necessity. Accordingly, a number of ideas for theoretical
development and integration of the "multi-functional" goal and the
"stratified space" solution to contribute to the restoration of water
storage capacity and minimisation of the risk of flooding are
proposed by the authors. The proposals are expected to constitute
a new approach.

Figure 4. Comparison of the trend of increasing maximum tides in inner ity water
bodies (Phu An station on Saigon River) compared to the sea-mouth (Vung Tau).
Table 2: Ho Chi Minh City green area development statistics

Source: SRHC (1981 - 2022).
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Land use in 2010 Land use in 2018

Figure 4. Change in urbanised area related to land use from 2010-2020, with the
impermeable surface area due to urbanisation increasing from 16,091 to 20,095 hectares
(around 30%).

(Source: Report on review and evaluation of Ho Chi Minh City Master Plan 2020, page
60).

2.2. Greenland development in Ho Chi Minh City

Current situation

According to Institute of Construction Planning (2018), the total
green area in the city was around 828 hectares in 2018, including:

i) 551.28 hectares of parklands (around 66% of the total)
allocated to 369 parks (Mai, 2023), including around 90 urban public
parks (referred to large parks at city level), and the remainder
referred to small parks at residential level, and

i) 277.25 hectares of other green areas, such as below bridges,
road median strips, sidewalks, and traffic intersections, accounting
for 34%.

The statistics presented in a review of the current General
Construction Planning of Ho Chi Minh City (PDA, 2020, p. 102),
green-lands increased by approximately 26% (around 163 hectares)
during 6 years from 2012 to 2018, with the following distribution:

-Public-parklands with an increased area of 76.56 hectares,
including an increase of 58.03 hectares to parks at city level, and
18.53 hectares to parks within neighbourhood residences;

- Other green-lands in different areas, with an increase of 81.44
hectares. These green areas are mainly developed along with the
traffic and infrastructure development projects;

- Natural forest to be reserved: approximately 32,791 hectares in
Can Gio district, primarily mangrove forest, which is recognised by
UNESCO as a national mangrove reserve.
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Greenland in 2012 | Greenlandin 2018 Increase in green-land Green land development by
(a) (b) 2012-2018 (c) 2040 (d)

Type of Greenland

Area Ratio Area Ratio Area Ratio Area Ratio

(ha) (%) (ha) (%) (ha) (%) (ha) (%)
Public parklands 474.72 70.8 551.28 66.50% 76.56 48.50% 997,50 7717
Other green land 190.81 29.2 277.25 33.50% 81.44 51.50% 295,15 22,83
Total green area 670.53 100 828.53 100% 158.00 100% 1.292,65 100%

Source: a, b, c from DOT (2018), d (PDA, 2023, p. 155, section 1)
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Figure 5. Changes in green area proportion in 2012, 2018, and by 2040

Source: a, b, ¢ from DOT (2018), d (PDA, 2023, p. 155, section 1)

2.2 Plan for green-land development including public parks

Since the year 2010, green-lands in HCMC have been targeted
in according to the master plan approved by decision 24/QD-TTg
(PMV, 2010, p. 3) as follows:

- Existing inner city area: 2.4 m2/person;

-New developed inner city areas: 7.1 m2/person;

-Urban areas in suburban districts: 12 m2/person.

Along with such strategic goal, the revision of plans for the
development of Ho Chi Minh City by 2040 with a vision by 2060
(PDA, 2023) developed several solutions:

-Creating spaces for ecological and green infrastructure
systems by identifying natural and agricultural sub-regions with
connections to main river routes. Accordingly, a number of large
ecological parks, which are also expected to be large-area, will be
prioritised for development in suburban districts such as Cu Chi and
Nha Be in order to preserve the existing ecological characteristics
and landscape of the area.

- Accepting floodable areas to ensure continuity of the water-
flows, at the same time as protecting river banks from existing or
potential encroachment, or opening new canal floodway to reduce
the risk of local flooding within the city; for example, a floodway
along the Xang canal in the west of the city from Cu Chi to Nha Be -
Hiep Phuoc.

-Leaving particular areas for potential reservoirs located in
parks, especially in urban areas protected by river dams to deal with
rising tide levels.

-Developing urban design with the aim of minimising the
potential impact of building construction and urban infrastructure
on the natural environment.

In short, Ho Chi Minh City has integrated several goals to
develop green-lands mainly for environmental balance, while
advocating a potential increase in water absorption and storage
capacity, into several key documents, such as the report on the
revision of the master plans for development by 2040, and the
project report of improving the efficiency of the management and
maintenance of green parks in the urban area. To achieve this, the
development of large-sized public parks in particular locations on
riversides is proposed. These can be seen as appropriate solutions
in short-term, but which still need the supergreen-landsport of a
theoretical basis as their fundamental foundation, accompanied by
a quantitative assessment of the potential contribution in the
overall capacity in the longer-term. Regarding the development of
public parks, Ho Chi Minh City has the target to integrate these into
the revision of the master plans for development but such
documents have not focused on or clarified specific solutions, such
as the potential requirement of creating large water areas inside the
parks, which is considered to be an essential contribution to the
goal of balancing and reducing water levels in the inner city, instead
of simply increasing the area of greenland per capita.
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Figure 5. Greenland distribution within urban area being protected in HCMC
Source: PDA (2023)

3. METHODS, DATA AND ANALYSIS

The study mainly uses secondary data in the form of statistics
extracted from the reports on the plans for the development of
HCMC by 2020 (PDA, 2010), and the revising plans for the
development of HCMC by 2040 (PDA, 2023). Additionally, using the
case studies of three well-known public parks in some countries (the
US, France and the UK) are analysed to compare with some large
park , together with the application of a GIS tool (My maps), actual
and green-lands areas and water surfaces of some public parks in
both Ho Chi Minh City and parks outside the city are compared.

Regarding the green rate, according to statistics in the city's
green development planning (PDA, 2017), the target for green tree
areas for public use in the whole city is 0.65m2 per person by 2025,
and 1m2 per person by 2030. In practice, this rate is only 0.5m2 per
person in the old inner city area, although in some new
development district areas it can reach 2.4m2, and in suburban
areas 3.2m2. Additionally, these rates (of current situation) are in
fact much lower than those regulated by Vietnam Standard 01:
2021/BXD code, in which the rate was expected to be greater than
7m2 per person (MOC, 2021), and very much lower the ratio in other
cities in some developed countries, such as 50 m2/person in Berlin;
44 m2/person in Moscow, 25m2/person in Paris (Hoa, 2024).

On the other hand, the statistics of current parklands also shows
an uneven distribution, and the extent of green areas per person in
HCMC is much lower than those in other cities worldwide.
Additionally, this research also finds that public parks take a large
proportion of green-lands but rarely contain a large-water surface
in comparison with those in some cities in other countries. For
examples, the results by GIS tool - My maps show that:

-Zone 1 (13 districts) including the central area (930 ha) is home
for the largest number of parks (207 parks, such as the Saigon Zoo
and Botanical Garden), which only account for about 26.5% (219ha)
of the total green-lands of the city (828 ha). In this zone, almost all
large-area parks are particularly located in district 1, which
unfortunately contain a very small water area (under 0.2 ha, and
none of them have an inside water area over 5% of the park's area
(see table 3).

-Zone 2 (6 new development districts) are located by several
small parks, such as Bac Luong Beo park, and hardly allocated large
water areas inside.
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Table 3: Compatrison of 3 largest public parks in Ho Chi Minh City with 3 other parks in the world

No. [ Name of park Location/ Country Parkland area Water area in parkland Notes
(ha) Area (ha) Percentage (%)
Some public parks in other countries
1 |Central Park New York, USA 341.00 53.76 15.8|00 km from then centre
2 | Hyde Park London, UK, 142.00 124 8.73|02 km from the centre
3 |LaVillette Park Paris, France 55.50 429 7.72|07 km from the centre
Public parks in HCMC, Vietnam
4 |GiaDinh District 1, HCMC, Vietnam 28.8 0.01 0.04|6.5 km from the centre
5 |Saigon Zoo and Botanical Garden District 1, HCMC, Vietnam 16.70 0.7 4.19{1.2 km from the centre, since 1865
6 |TaoDan District 1, HCMC, Vietnam 9.90 0.0 0.0{0.5 kmfrom then centre, since 1954

4. DISCUSSION AND CONCLUSION

Within the process of economic development of many cities,
uncontrolled and rapid urbanisation can lead to changes in the size
and location of large green areas, including public parks within
urban areas. This has resulted in a lower capacity for water
absorption and storage of green areas and water surfaces, which
play an important role in the potential balancing of water levels in
the city, referred to as increasing flood risks (e.g. tidal floods, or
combined floods with heavy rains). Therefore cities need to develop
green-lands, which should be integrated into large water areas, in
planning for developments although they can face the challenges
of land availability.

Although Ho Chi Minh City has several goals integrated into its
plans for development to increase green areas and the ratio of
green-lands, with a promising increase in recent years (e.g. around
23% from 2012 to 2018, and expected to increase by 56% by 2040),
these are unevenly distributed with regard to both location and
type (concentrated or scattered). The city has seen an increase in
small green areas particularly in emerging districts and new
development districts (zone 2), but still needs more collective green
areas on a large scale in public parks including large water areas
within them. Some solutions to such challenges have been
proposed in the revision of the master plan for HCMC by 2040, but
these remain fairly general, without urban areas being particularly
specified. To solve the related problems, the approach based on the
principles of the sponge city is believed to be appropriate for HCM,
but this requires more practical proposals. Indeed, the compared
and contrasted evidence shown in section 3 (Table 3), HCMC needs
to learn from the case studies in some other cities worldwide.
Therefore, it is recommended that the city to:

ii) In a short term, creates water areas inside some existing large
public parks in the central area; to achieve this, these parks should
be optimised their spaces for necessary functional areas for
activities allocated at different levels;

i) In a longer term, develops large-scale public parks with large
areas of water even with reservoirs inside, particularly in new
development districts (zone 2), and sub-urban areas (zone 3), and

i) Integrates storage space into buildings in the central area,
e.g. underground levels, as return spaces for water according to the
fundamental principles of the sponge city in the case of facing
difficulty to locate open space for water storage on the ground level.
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