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Abstract: Ho Chi Minh City is a lowelevation coastal city with and rapidly increasing
population. Thu Duc, the city in Ho Chi Minh City, is the first city in Vietham that
belongs to the type of city administrative unit directly under the central city. This area is
greatly affected by flooding, classified into three groups: h@asgipitation tidal current,

and combined tidal current and hegwecipitation In this study, the flooding situation
caused by the groups in the planning period (from 2010 to 2020) widksessed and
mapped by using GIS. The results show that, in the period from 2016 to 2021, flooding by
heavy precipitation was more serious than that by tidal current. Compared to the drainage
planning map in District 2, District 9, and Thu Duc District by 2020, some flooded
locations due to no drainage system, lack of drainage systems, and unresponsive drainage
systems have not yet been planned. In District 2 and District 9, some locations
experienced flooding attributed to heavy precipitation, yet there is currently no drainage
plan in place until 2020. In Thu Duc district, the majority of flooding incidents caused by
precipitation can be attributed to the degradation of the existing drainage system,
compounded by the absence of a sewer system. Furthermore, there were more peints of re
flooding and more severe flooding compared to the same time in the previous period. This
research is the scientific basis for flood control planning for the city as well as
socioeconomic planning.
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1. Introduction

Urban flooding is the combined result of natural factprecipitationandtidal curreny
and humans including drainage systems and river networks and other drainage structures
[1]. Urban flooding causes serious damage to infrastructure, the economy, and people's
lives. Cities with a high population density and high urbanization rate have many potential
risks, including the problem of urban floodifij 6].

In a recent report on natural disasters by the United Nations Office for Disaster Risk
Reduction (UNISDR) and the Centre for Research on the Epidemiology of Disasters
(CRED) in 2015, it was highlighted that 43% of such disasters occurring between 1995 and
2015 were attributed to floods. These flaethted events had a profound impact, affecting
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over half (56%) of all individuals affected by any category of natural disaster, and tragically
resulting in the loss of life for approximately a quarter (26%) of those aff¢ctedn
numerous Chinese cities, urban flooding has emerged as a significapf]pditiis issue is
exacerbated by the substantial lag in the development of underground stormwater
infrastructure, including drainage facilities, whisktruggleto keep pace with the rapid
urban population growth and economic expansion. Consequently, instances of severe urban
flooding have become increasingly frequgfi. In 2017, it was estimated that urban
flooding resulted in a direct economic loss of approximately 214 billion RMB, equivalent

to approximately US$ 31.7 billioj®].

Ho Chi Minh City is a large metropolis in Vietnam, which has been severely flooded in
recent year$1(]. It is ranked in the top 20 cities with the highest population size affected
by coastal flooding11, 12]. The topography of the city is relatively low (nearly 65% of the
area has a natural elevation ol & m), influenced by tides from the East Sea, limiting the
ability to drain watef13]. During the rainy season, flooding in ldywng areas and also in
central districts occurs frequently between August and December. According to Circular
N0.338/BXDKTQH dated March 10, 2003, of the Ministry of Construction, Vietham on
the urban water drainage program, urban flooding is a flood situation in which the flooding
points in the inner city are determined according to the following parameters: the volume of
water in the area must be greater than 1,80@quivalent to an inundation range of 500m
long, 20m wide, and 0 deep. 1m, flooding time is 30" after rain.

The causes of flooding in the city are summarized as: (1) runoff from heavy
precipitation is generated that exceeds the drainage capacity of the sewer|[$yste
(2) the tidal increases in the river and canal sydqtein 17]; (3) The influence of flood
discharge from upstream reservojfss, 19]; (4) the infrastructure failure to respond to
rapid urbanizatiof20]; (5) the concreting leads to increased rufdfi; (6) the subsidence
of ground level[27]; (7) the lakes, rivers, canals, natural {yiwng areas have been leveled
to serve socikeconomic developmemnt3]; (8) the planning and development of residential
areas are not reasonalpie]; (9) the progress in implementing the plans is still gav;

(10) people lack awareness in protecting and maintaining the drainage Eystem

Thu Duc City, Ho Chi Minh City, Vietnam was established under Resolution
1111/NQUBTVQH14 of the UBTVQH14 (effective from January 1, 2021); is a city
directly under Ho Chi Minh City (HCMC), which was merged by 3 districts: ridisP,
District 9 and Thu Du®istrict (natural area ohearly 212 krf). The city is a lowlying
coastal city has a dense population, with a total population of more than 1 million people
[2€6]. Furthermore, it has a dense system of rivers and canals, strongly influenced by the
hydrological regime of the Saigon River, when high tides and heavy precipitation often
cause flooding in areas with topography belowr.[0.3]. Although the drainage system is
regularly maintained and upgraded, floods due to heavy precipitation, tidal current, and
combined tidal current and precipitation occur on some of théaihain streets which
have seriously been aff e[@¢x 27,88 Cdrrandy, TheDup | e b6 s |
City still has many flooded points, especially, some of these are major streets with high
traffic volume, seriously affecting people's lives and the economy. Compared with the
number of regular flooding points reportedthe steering center of urban flood control
2015 of 18 points, the number of statistical flooding points in 2022 has nearly doubled to
37 points in the whole city. Newly thevimts appear mainly in Thu Dugistrict and a few
points in the west of District 9.

Specifically, for Thu Duc City, a very young city newly established in January 2021
through the merger of three districts: District 2, District 9, and Thu Duc Distiet issue
of flooding and the impact of climate change become even more severe without a
coordinated development direction.
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To adapt and prevent flooding, there are various computational methods such as
mathematical modeling29 31], Geographic Information System (GISy, 33], ecological
reservoirs, urban reservoirs, and machine learning, serving comprehensive planning. In
practice, many strategic plans have been implemented, leveraging national resources to
promote sustainable development trends in the region and control urban flooding. These
include urban and rural system development planning, functional area development
planning, technical infrastructure development planning, land use plannayegr fand use
plans, district and intedistrict development planning, water resource exploitation and
utilization planning, mitigation of wateelated impacts, disaster prevention and response
to climate change planning.

In this study, the flooding situation caused by tides, heavy precipitation, and a
combination of these factors during the planning period (from 2010 to 2021) with 63
flooded points will be evaluated and mapped using GIS. Subsequently, a comparison will
be made with the urban planning to assess 37 heavily street flooding locations. This
assessment will aid in identifying the causes of flooding and proposing suitable solutions.
The results will serve as the fundamental basis for designing future drainage systems and
for the assessment and management of flood risks.

2. Materials and methods

2.1.Study area

Thu Duc city is located in the east of Ho Chi Minh City, in the southerrekegomic
region, and is the focal point of the main traffic routes between Ho Chi Minh City and the
Southeast provinces. It is contiguous as follows: The East is Bien Hoa City and Long
Thanh District, Dong Nai Province with the border of Dong Nai River. To the west are
District 12, Tan Binh District, Binh Thanh District, District 1, and District 4 with the
boundary of the Saigon River. To the south are Nhon Trach district, Dong Nai province,
and District 7 (through the Saigon River), and to the north is Binh Duong proVigred
1).

Figure 1. Study area.



