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Assessment and zoning of economic damage risk due to the
inundation in Thu Duc City on the period 2021-2022
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A\ ABSTRACT

Gt Thu Duc City directly under Ho Chi Minh City was established in 2020 on the basis of merging
[E]nas: 3 districts (Thu Duc District, District 2 and District 9). Since its establishment, Thu Duc City has

Use your smartphone to scan this faced widespread urban flooding caused by both rain and tides. The impacts of urban flooding

QR code and download this article cause many adverse influences on people living and trading in the Thu Duc City. Inheriting the
study on economic damage due to inundation in Ho Chi Minh City in the period 2016-2019, the
project inherits the survey forms to conduct surveys and the flood's and damage's formulas to
assess economic losses of people living there. The surveys of the inundation and the economic
damages caused by floods are implemented in all wards of Thu Duc City in the period 2021-2022.
The results of the study show that the distribution of inundation, economic damage level as well
as the flood-damage risk level due to the inundation are concentrated in densely populated areas
and riverside areas. It also shows that the level of economic damage in the period 2021-2022 is
much reduced compared to the period 2016-2019 by about 25-30% and at the low level. The main
reasonable of explanation about the reduction of risk level in the period 2021-2022 is the decrease
of City's economic due to the serious disease Covide 19. The citizen's incomes reduced. Their works
are delayed and the movement limitted. So that, the indirect economic damages also significantly
being lower than the previous. Through establishing a flood and damage survey form, the study
hopes to update more information and contribute a "way" to assess damage caused by floods
directly to the urban management agencies of Thu Duc City.
Key words: Urban inundation, economic damage risk, tangible damage, intangible damage, Thu
Duc City
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and another analysis of household damage caused by
flooding in Ho Chi Minh City® have conducted the
surveys on the extent of flooding and correspond-
ing economic damage. The results of these studies
showed that the regionality in determining the extent
of damage recorded due to urban flooding for HCMC
are different with levels ranging from 15cm to 25cm
with the same time over 30 minutes after rain and tide
withdrew.

The flooding damage is usually divided into two main
categories (1) Direct/tangible damage and (2) in-
direct/intangible damage®. For the direct/tangible
damage, it is usually attributed to the cost of repair-
ing/recovering lost property, vehicles or goods. Indi-
rect/intangible damage is often more complex® as it
often involves remedial damage, lost “opportunities”
to increase income or sell more products, and health
care...”.

To serve the disaster prevention and environmental
management, many studies propose to use the deter-
mination of the level of economic damage risk as a
useful information for decision making of the rele-

57-11 The assessment of the

vant management levels
economic damage risk caused by urban flooding is
quite diverse [5]. However, most domestic and for-

eign studies focus on the following general formula:

R=f(H,E,V) (1)

Where: H is the probability of occurrence of natu-
ral phenomena in the future. It usually calculated
through the frequency of occurrence (%). E is an ex-
posure to hazard and used to refer to the presence
(by location) of people, livelihood activities, environ-
mental services and natural resources, infrastructure,
economic, social, cultural properties, etc., where they
may be adversely affected by hazards leading to poten-
tial future harm, loss or damage !>!3. V is a vulnera-
bility, referring to the tendency of factors that are sus-
ceptible to the impact of hazards such as people (e.g.
population structure, proportion of vulnerable popu-
lation groups), society (Economic development).
Following the studies on flood damage assessment in
Ho Chi Minh City in the period 2016 - 2019 and the
formation of a new administrative unit of the City,
Thu Duc City, in early 2020, the study assessment the
economic damage level caused by an inundation in
Thu Duc City on period 2021 - 2022 is carried out in
order to initially provide relevant management agen-
cies of the City with initial information about the ur-
ban flooding situation and the level of economic dam-
age causing to people living in the City.

THE METHODOLOGIES

The study area is Thu Duc City (TDC) of Ho Chi Minh
City (HCMC) as shown in Figure 1 above.

It surveys the extent of flooding and economic dam-
age caused by inundation through the interviews with
households. Based on the summary report of flood
points in Ho Chi Minh City on period 2021-2022
of the Management Centre of Technical infrastruc-
ture, HCMC Department of Construction, the re-
search team determined the frequent flooding points
and severity of flooding (1 inundation point is a sur-
vey site). The number of survey points on the extent
of flooding, the extent of economic damage was de-
termined to be 12 survey locations. For each survey
site, about 5 to 10 affected households will be inter-
viewed, the total number of survey questionnaires of
household is 242 votes (121 survey questionnaires for
flooding situation and 121 survey questionnaires for
economic damage) and the monitoring location flood
signal is at 50 locations. Distribution of survey loca-
tions and locations of households interviewed see Fig-
ure 2 below.

The assessment of urban flooding

The assessment of urban flooding is determined by the
frequency of mild, moderate and hard flooding occur-
rence” as follows:

P (%) = Nflood occurrence Nmax (%) (2)

There are:

- P (%) is the frequency of occurrence of flooding
number causes the economic damage;

- Ntiood occurrence 18 the number of occurrences of
flooding causes the economic damage to the house-
holds.

- Njpax is the maximum number of occurrences of
flooding causing the economic damage in the area
(According to the Hung (2021), Ny = 24).

The flooding level classification is by the frequency of
occurrence” as shown in the Table 1.

The assessment of economic damage

The assessment of economic damage due to urban
flooding is determined by the ratio between the total
cost of overcoming consequences caused by inunda-
tion with the total annual income of households® as
follows:

C = Total Economic Loss (TTH) / Total Income
(TTN) (%) (3)

There are:

- TTN is the total annual income (VND).

- TTH is the total damage caused by urban flooding
(VND).

The damage classification® is as the Table 2.
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Figure 1: Thu Duc City, Ho Chi Minh City

Table 1: Frequency classification of damaging urban flooding

TT Flooding level Frequency Meaning

1 Low 40% Corresponding to the maximum number of oc-
currences (10 times of mild floods)

2 Moderate 40% < P 65% Corresponding to 18 flooding occurrences (10
mild flooding and 8 moderate flooding).

3 High 65% < P 90% Corresponding to 21 flooding occurrences (10
mild flooding, 8 moderate flooding and 3 hard
flooding).

4 Very high 90% < P 100% Corresponding to 24 occurrences of flooding (10

mild flooding, 8 moderate flooding and 6 severe
flooding).

(Source: Hung, 2021)
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Figure 2: Location of households interviewed and observed signs of flooding in the city

Table 2: Table of extent of damage caused by flooding.

TT Damage level Rate Meaning

1 Small C15% The mild economic damage.

2 Moderate 15% < C 30% The moderate economic damage

3 Hard 30% < C 50% The hard economic damage

4 Very hard 50% < C 70% The very hard economic damage

5 Serious 70% < C 100% The serious economic damage (like com-

pletely)

(Source: Hung, 2021)
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The assessment of economic damage risk

The assessment of economic damage risk due to ur-
ban flooding. The formula for assessing an economic
damage risk caused by the urban flooding is described
by the formula below”.

R = (wp).P + (wc).C(4)

There are:

- R is the risk value of economic damage caused by
urban flooding.

- wp and wc are the weights of the two components of
flooding level and damage’s rate caused by flooding,
respectively 0.473 and 0.527 applied to TDC.>

The classification of economic damage risk levels
threshold is described in Table 3.

The threshold value of risk level is determined accord-
ing to the Table 4°.

Set up flood and damage zoning maps

Flood and damage zoning maps were created using
GIS tools. Based on the results of synthesis and anal-
ysis of the level of flooding by depth, the level of eco-
nomic damage and the level of economic damage risk
at the survey locations, corresponding types of zoning
maps are established.

The interpolation method used is Inverse Distance
Weighting (IDW), which is the simplest interpolation
method and the most commonly used method in GIS
analysis functions. To determine the suitability of the
IDW interpolation method with the flood and dam-
age survey results, the project used 80% of the 121
survey locations (flooded and damaged) to interpo-
late for the remaining 20% of locations. again. Cal-
culate the correlation level of direct and interpolated
survey values of the above 20% locations. By calculat-
ing the correlation coefficient R2 of two sets of values
(survey and interpolation) at 20% of survey locations,
flooding reached 71% and damage reached 75%. The
interpolation results are acceptable with a good level
of correlation. Thus, the project can use the IDW in-
terpolation method in GIS to map flood and damage
zones appropriately.

THE RESULTS AND DISCUSSIONS

In recent years, the inundation has become a serious
problem in the Thu Duc City. With the continuous
development of urban areas, the drainage system has
not been synchronized with the local urban develop-
ment rate. According to a report from the project to
reduce flooding in the area, Thu Duc City, when it
rains heavily, has many main roads and residential
areas often flooded, especially roads such as the old
National Highway 13, quarters 1 and 3 of Hiep Binh

Phuoc ward, road No. 10 of Linh Dong ward... affect-
ing peoples lives.

According to the research direction of the project to
assess the economic damage caused by flooding in
Ho Chi Minh City on period of 2016-2019%, the to-
tal number of surveyed households in the Thu Duc
City is 242 households, in which, there are 154 fam-
ilies (accounting for 63.63%), 88 trading households
(accounting for 36.37%). During the survey, it found
that trading households being also families with more
goods. In general, the average income of households
living in the old districts (Thu Duc, 2, 9) is quite
high (34 million VND/month) on period 2016-2019.
However, during the epidemic period of 2021 - 2022,
the all surveyed households had a large decrease in
income (about 18 million VND/month) according to
the survey in the flood-affected area in the City.

Summary of flood survey results

Summary of flood survey results of 121 households on
period of 2021 - 2022 in Thu Duc City showed that
households suffered a total of 1149 floods, 121/121
households were affected by flooding before 2021 (See
Table 5). Thus, it can be seen that the level of flood-
ing has a prolonged flood situation and has a certain
impact on the damage of households in Thu Duc City.
Based on the formula number (2), calculate the fre-
quency of light, moderate and severe flooding in Thu
Duc City. The frequency of occurrence was deter-
mined by using the number of flooding occurrences
corresponding to the levels compared to the total
number (maximum) damaging floods recorded [5].
The frequency of flooding occurrence causing general
damage is calculated according to the following for-
mula:

P(%) = WlightPLighr(%) + WhModerate PModerare(%) +
WeverePSevere(%) (5)

There are: Wrights WModerate> WSevere are the weights
respectively for each severe, light and moderate flood-
ing level. They are determined through research on
period 2016-2019* and summarized in Table 6.

At each flood survey position, the survey results in-
clude flooding factors (depth, time and dimensions).
To determine relatively the flood area arounding the
survey positions, the project maps the distribution
flood by GIS tools. The urban flooding areas with
depth in TDC in the period of 2021-2022, see the Fig-
ure 3.

The results show that, Thu Duc City has a frequency
of flooding causing damage of 13.5%, equivalent to
a mild frequency. It means the number of occur-
rences of flooding causing damage being less than 10
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Table 3: Table of economic damage risk levels due to urban flooding.

TT Risk level Classification Meaning

1 Low RRI1 The low economic damage

2 Moderate RI <RR2 The moderate economic damage
3 High R2<RR3 The high economic damage.

4 Very high R3 <R R4 The very high economic damage.
5 Serious R4<R 1,0 The property is loted completely.

(Source: Hung, 2021)

Table 4: Thresholds values of economic damage risk due to urban flooding.

Location Thresholds values of economic damage risk (%)
R1 R2 R3 R4
Thu Duc City 25 43 65 81

R5

100

(Source: Hung, 2021)

Table 5: General information on flooding status of surveyed households.

No Contents Characteristics Survey’s results

1 The number of flood (number). Light (10 - 15 cm) 615
Moderate (15 - 30 cm) 369
Severe (>30cm) 165

2 The duration (number) . < 30 Minutes 48
30 - 120 Minutes 63
> 120 Minutes 10

3 The flood causes. Rain 107
Tide 32
Rain - Tide 37

4 The moderate depth (cm) 17,96

5 The length of flood area (m) 185,6

6 The width of flood area (m) 9,68

Table 6: Frequency of flooding causing the damage to the Thu Duc City.
Parameters/level Light Moderate Severe
0,535 0,321 0,144
w 0,075 0,122 0,388
P (%) 0,135
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Figure 3: Flooded areas in TD City on period of 2021-2022

times/year. The areas flooded with severely level have
a large population concentration (the old Thu Duc
District area) and the areas flooded lightly - moder-
ately have a large density of canals (the old Districts 2
and 9).

The assessment of economic damage

The assessment of economic damage due to urban
flooding of 121 households surveyed in TD City.
According to the survey results of direct/tangible
damages and indirect/intangible damages, the aver-
age damage level of each household corresponding to
flood levels showed a significant reduction compared
to the period 2016-2019 from 25% - 30%. The aver-
age indirective/directive economic damage of house-
hold due to the inundation situation in period 2021-
2022 (two years) is summaried on Table 7. The av-
erage damage surveyed results according to the flood
levels are determined as shown Figure 4.

The Table 7 shows that the majority of economic dam-
age caused by flooding to households is the direct
damage (accounting for 85.64% of total damage) and
accounts for 14.19% of the total annual income. The
comparing with the results of the project researching
and surveying flood for Ho Chi Minh City in the pe-
riod 2016-2019 (direct damage of districts 2, Thu Duc
and district 9 fluctuated between 75-90% of the to-
tal economic damage due to flood*), the results of
the economic damage assessment period 2021-2022
of the project are similar. With an average income
(through a survey of 242 households) about 18 million
VND/month, the average level of economic loss of
households due to flooding in the area of TDC (corre-
sponding to the average flood level) about 19.5%/year
equivalent to the moderate damage level. The area
with level of damage caused by flood see the Figure 5.
Compared with the research results of Hung (2021),
the average direct damage through the survey
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Figure 5: Economic damage caused by flooding on period of 2021-2022
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Table 7: The directive/indirective economic damages of household living in TDC in period 2021-2022

Damage Value (106 VND)

Directive damage 57,91 (85,64%)
Indiéctive damage 9,71 (14,36%)

Total 67,62 (100%)

Rate (Damage/income) (%)
14,19
2,38

16,57

decreased significantly compared to 45 million
VND/year* on period 2016-2019 by about 30%. The
main reason is that people spend a lot of time at home
(the time is limited to move due to the epidemic), so
the proactive level in limiting damage to furniture
and means of transport.

The assessment of the level of economic
damage risk

The assessment of the level of economic damage risk
due to flooding in the area of TDC on period of 2021-
2022. On the basis of the analysis about the flood-
ing level, the occurrence frequency of floods causing
the economic damage and the ratio between the eco-
nomic damage and the annual income of households,
the formula (4) is applied to calculate the economic
damage risk due to flooding for administrative areas
(wards) of the City. There are a total of 25/34 wards
recorded in the summary reports on flood control and
reduction work of the Technical Management Centre
of infrastructure, HCMC Department of Construc-
tion in 2021 and 2022 have the damage of households.
The total economic damage risk caused by flooding is
shown in the Figure 6 and Figure 7. According to Ta-
ble 4 - Threshold value of risk, the wards’ risk levels
of the economic damages are all less than R} = 25 cor-
responding to low risk level. The an Loi Dong, An
Khanh, Tam Binh and Tang Nhon Phu A wards have
higher risk values than other wards. The main reason
is that the geographical location of these wards is flat
and hollow. So that, these wards are easily affected
and flooded by heavy rains, high tides.

CONCLUSION

The study calculated the economic damage risk
caused by flooding through the economic damage
level and the occurrence frequency of flood causing a
damage in TDC. The economic damage level is about
19.5% of annual income of households. The occur-
rence frequency of floods causing damage is less than
10 times per year. The average level of economic dam-
age risk due to urban flood is low at each ward of TDC.
The study also classified the risk thresholds for the
wards according to the number of survey question-
naires. As a result, there are 9 wards without risk, 25

wards have the same level of risk as low, but four wards
(An Phu Dong, An Khanh, Tam Binh and Tang Nhon
Phu A) have a higher numbers of risk than others.
The main reason for the low level of economic dam-
age risk caused by urban flood in the TDC on pe-
riod 2021-2022, the whole country experienced a se-
rious pandemic that had a profound impact on social
and economic life. This leads to a decrease in aver-
age income, the cost of repairing all kinds of dam-
age also decreased significantly compared to the pe-
riod 2016-2019. However, when the economy recov-
ers, the increased flooding will affect people a lot, es-
pecially in the post-epidemic recovery period, so the
management levels of the City need to have solutions
to prevent and reduce the flood damage to people,
support people to quickly recover their income and
socio-economic activities.
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Panh gia, phan vung rai ro thiét hai kinh té do ngép tng tai TP Tha
Puc giai doan 2021-2022

Nguyén Ngoc Diép', Nguyén Tran An?, Bui Viét Hung?”

TOM TAT

Thanh phé Tha Buc truc thudc TPHCM duoc thanh [ap ndm 2020 trén co s3 sap nhap 3 quan (Quéan
Tha Bic, Quan 2 va Quan 9). Tu khi thanh lap dén nay, TP. Thi Buic da phai déi mat vai tinh trang
ngap lut dé thi trén dién réng do cd mua va triéu cuong. Tac déng clia ngap lut do thi gay ra nhiéu
anh hudng tiéu cuc dén ngusi dan sinh séng va budn ban tai TP. Thi Bic. Ké thira cong trinh
nghién ctu thiét hai kinh té do ngap lut tai TPHCM giai doan 2016-2019, du an ké thita cac biéu
mau diéu tra dé tién hanh khao sat va cong thic tinh |G, thiét hai dé€ danh gié thiét hai kinh té cla
ngudi dan tai day. Céc cudc diéu tra ngap lut va thiét hai kinh t€ do ngap lut dugc trién khai trén
tdt ca cac phuong ctia TP. Tha Buc giai doan 2021-2022. K&t qua nghién cliu cho thay, su phan bé
ngap lut, muic dé thiét hai kinh té cing nhu muc dé rui ro thiét hai do ngap lut tap trung & cac khu
vuc dong dan cu va ven song. Cang cho thdy muc dé thiét hai kinh té trong giai doan 2021-2022
giam nhiéu so vdi giai doan 2016-2019 khodng 25-30% va & muc thap. Ly giai hop ly chinh vé viéc
giam muc do rdi ro trong giai doan 2021-2022 la do kinh té clia Thanh pho suy gidm do dich bénh
nghiém trong Covide 19. Thu nhap clia ngudi dan gidam. Céng viéc ctia ho bi cham tré va viéc di
lai bi han ché. Do d¢, thiét hai kinh t€ gian tiép cling thap hon dang ké so vdi trudc day. Théng
qua viéc lap biéu mau khao sat 10 lut va thiét hai, nghién clu hy vong sé cap nhat thém théng tin
va dong gop mot "cach" danh gia thiét hai kinh té do |G lut gay ra truc tiép cho cac co quan quan
ly d6 thj ctia Thanh phé Tha Buc.

Tur khoa: Ngap do thi, rdi ro thiét hai, thiét hai h&u hinh, thiét hai vé hinh, TP Tha Buc
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