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Abstract. Flood is the most dangerous of natural disasters. It is responsible
for considerable loss of life and economic damage, especially in Southeast
Asian countries such as Vietnam. Improving community resilience can both
reduce damage and alleviate the economic burden of communities in the
aftermath of floods. Flood damage reduction strategies in Vietnam mainly
focus on flood hazard and often neglect to take into account community
resilience. The objective of this article is the development of a theoretical
framework to assess the relationship between flood hazard and community
resilience in the Nhat Le-Kien Giang River watershed. Flood hazard was
calculated by integrate flood depth and flood velocity applying MIKE
FLOOD modeling and the AHP , while data on the resilience of
communities was collected via questionnaire. A total of 70 households in
Hong Thuy commune were selected by the random sampling technique.
The results showed that the high-hazard region is concentrated along the
river like Tan Ninh, Gia Ninh, Hong Thuy, and Hoa Thuy communes. It
also illustrated how access to resources, prevention strategies, and
community perceptions are important factors to improve the resilience of
communities. The results represent an important theoretical framework
that can be used to support decision-makers in building appropriate
damage-reduction strategies.
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1. Introduction effects is

increasing everywhere, and

According to the World Bank, in the
period 1990-2016, floods affected over 2.8
billion people and cost the global
economy approximately USD 723 billion
(Samanta et al., 2018). The scale of flood

particularly in Asian countries. Vietnam’s
2,360 rivers total 41,900 km in length, and
the country has 3,350 km of coastline,
making flooding an extremely serious
threat. In the period 1989-2014, floods led
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to the death or disappearance of 14,867
people (Nguyen et al., 2021).

The intensive flood is also related to
Vietnam’s climate type, dense river
networks and land use change (Chau et
al., 2014; Petrisor et al., 2020; Nguyen et
al., 2021; Nguyen et al., 2022b). Therefore,
evaluating the relations within flood
hazard and community resilience is
urgent task in overall flood control,
especially as the climate changes and the
population grows.

Flood hazard can be defined as a physical
and uncontrollable phenomenon that
occurs with intensity, over a short period.
A flood hazard map identifies the regions
related to the annual probability of
occupation of a specific flood (Kron,
2009).

Nguyen et al. (2022c) underlined that
underlined that social resilience is the
ability of an individual or group to return
to its initial state after the effects of
flooding. The resilience of an object is
inversely proportional to the intensity of
the flood. Balica et al. (2009) described
resilience capacity as the capacity of any
system to resolve disturbances and also
maintain its efficiency on the economy
and the physical environment.

The analysis of the relationships between
flood hazard and resilience allows for
better planning and better prediction to
reduce the negative effects of natural
disasters on the economy and human
lives.

In recent years, in addition to traditional
measures such as dam construction
(Wang et al, 2017, Shrestha and
Kawasaki, 2020; Abdella and Mekuanent,
2021), engineers and planners have
started to invest in potential non-

structural measures to minimize flood
damage (Kundzewicz, 2002; Abbas et al.,
2015; Thanvisitthpon et al., 2020; Nguyen
et al.,, 2021). The objectives of these
measures are to combine the
environmental, social, and economic
aspects to find harmony between natural
and social needs (Nguyen et al.,, 2021).
Pressures from economic development
and urbanization are increasing: land
resources are becoming ever scarcer,
especially in  developing countries
(Petrisor et al.,, 2020). This invariably
results in a multiplication of issues in
areas exposed to risks (Burby, 2006).
Therefore, detailed and  accurate
information on the location of areas of
high and increasing flood hazard is
needed to better prioritize sustainable
management goals and improve the
adaptive capacity of populations. Many
studies have focused on policies
developed by central governments and
the research community, such as
hydraulic models (Farooq et al., 2019;
Jacob et al., 2020; Zhang et al., 2020),
remote sensing and GIS (Isma'il and
Saanyol, 2013; Wang and Xie, 2018), AHP,
ANP, and model regression (Cheng and
Sun, 2016; Abbaspour and Mahmoodi,
2017; Das, 2018; Ghosh and Kar, 2018; Ali
et al., 2020; Madadi et al., 2020). Although
this approach has proven effective in
previous studies, it is very complicated,
requiring a considerable amount of
information about past flood events.
Moreover, the application of this
approach in flood prevention is restricted
by the subjectiveness of the specialists
tasked with weighting each of the
indicators. In addition, it exists a distance
within the complex findings of scientists
and what is practical to be applied by
communities who may not understand all
the implications of the recommendations.
The resilience capacity of communities is
the first step in assessing flood damage.
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Focusing primarily on the role of
communities (i.e. the application of
community strategies and policies at the
local level and for local households) is
considered to be among the most
appropriate approaches. According to
Gusain et al. (2020), making decisions at
the commune level is most effective to
resolve local flood risk issues.

This article develops a theoretical
framework for the analysis of the
relationship between flood hazard and
resilience capacity, to support land-use
planning at the local level. The finding can
assist minimize the negative impacts of
flooding on the humans and make an
essential contribution to territory planning.

2. Data and methodology

2.1. Study area

This study focuses on the Nhat Le-Kien
Giang watershed (Fig. 1), an area of 2,647
km2. The complex topography has an
average elevation of 234 m and a slope of
20.1%. Located in a tropical monsoon
climate zone, the climate of the watershed
experiences a dry season from December
to July and a rainy season from August to
November. Annual rainfall is 2000-2500
mm, 75% of which falls in the rainy
season. The study area has a dense river
network of 0.84 km/kmz.

Much of the Nhat Le-Kien Giang
watershed is covered by forest. However,
in recent years, this has decreased
considerably due to the development of
agriculture, industry, and hydroelectric
power installations. This is one of the
causes of the increased the risk of flooding.
In addition, the rainy season brings very
heavy rains and powerful tropical storms.

These events may act independently or in
concert to bring seirous rains on a wide

scale, leading to major flooding events,
such as in 2020, where great damage was
caused to the local economy and to
human life.
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Fig. 1. Study area.
2.2. Methodology

2.2.1. Hydrodynamic model

This study uses the hydrological model
(MIKE NAM) to simulate the river flows
for use as the input data of the
hydrodynamic model. While MIKE 11
(one-dimension) and MIKE 21 (two-
dimension) models were used to simulate
flooding in the flood plain region.

Hourly rainfall data at hydrological and
meteorological stations during floods in
2010 and 2020 obtained at the National
Center for Hydrometeorological
Forecasting were wused to simulate
discharges at eight subbasins using the
MIKE NAM model. Combining the
simulated flow data from the MIKE NAM
model, 62 river cross-sections on the main
river in the Nhat Le — Kien Giang river
catchment (available at the Department of
Natural Resources and Environment)
were used to establish the MIKE 11 model.
The MIKE 21 model was established using
the topography map with the scale
1:10,000 (available at the Ministry of
Natural Resources and Environment)
Finally, the MIKE FLOOD model was




URBAN

INCD e Urbanism. Arhitecturd. Constructii « VVol. 14 « Nr. 1 = 2023

INCERC

used to couple the MIKE 11 and MIKE 21
model in order to simulate flooding in the
flood plain region.

Hydrological data during the historic
2010 and 2020 floods were used to
calibrate the hydrodynamic model. The
station locations are shown in Fig 1.

2.2.2. Analytical Hierarchical Process

The Analytical Hierarchy Process (AHP)
method was first presented by Saaty in
1970 and is a decision-making method that
selects an option that satisfies given criteria
using the opinion of experts. This process is
performed by comparing the options in
pairs to calculate the weights of each
option and set priorities for each option
with a value from 1 to 9 on the Saaty scale.
The pairwise comparison matrix between
the options is computed using the
approximation method (Table 1). Then, the
matrix normalization method is used to
calculate the weights of each option (Table 2).

Table 1. Pairwise comparison matrix between the
criteria of flood hazard components.

Factors Depth Velocity
Depth 1 2
Velocity 1/2 1
Total 1.5 3
After establishing the pairwise

comparison matrix between the criteria,
the value in each column of the criteria
will be divided by the sum to get the
priority coefficients. Then take the
average value of each row, we will get
the weight of each criterion.

Table 2. Normalized matrix and weighting of
flood hazard components.

E
CR==riI
CR: Consistent rate

Cl] = Amax—n

Cl: Consistency Index: n—1
A max: Is the eigenvalue of the
comparison matrix:
Amax = Z:::l wi * E:::L atj
n: Number of elements compared in pairs
in one computation
RI:  Random index for pairwise
comparison matrices. CR < 0.1 indicates
acceptable consistency, while CR > 0.1
indicates inconsistency.

In this study, flood hazard map was
constructed by combining flood depth
and flood velocity. Flood hazard was
computed by multiplying the weight
with each component, like the following
equation:

Flood hazard=0.66* depth + 0.34 *
velocity

This process is done by computer raster
using ArcGIS Spatial Analyst). The
output values were normalized within a
range of 0-1 and classified into 5 levels by
natural break method: very low, low,
medium, high, and very high.

2.2.3. Socio-economic survey

. Weight
Factors Depth Velocit
i Y w)
Depth 0.66 0.66 0.66
Velocity 0.34 0.34 0.34

Considering the consistency of the
calculation by the consistency ratio CR:

Hong Thuy commune is located near the
riverside and is often affected by intense
flooding. The workforce is primarily
engaged in agriculture and exposure to
floods is high. To analyze the resilience
capacity of communities, the sociological
survey method was used, with 70
households randomly selected: 26 in
Thach Thuong village, 26 in An Dinh
village, 10 in Moc Thuong village, and the
rest in the villages of Thach Trung and
Moc Dinh.

The questionnaires concentrated on
collecting data related to villagers’
capacity to access the necessary human,
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social, and financial resources; their
strategies to fight flooding; and the
perception of the inhabitants towards
flooding in a more general sense. These
guestionnaires were conducted with
inhabitants aged 18-60).

3. Results

3.1. Flood impacts in the Nhat Le—Kien Giang
watershed

In this study, two indices of Nash-
Sutcliffe (NS) and Flood peak error event
(PE) were used to evaluate the accuracy
of hydrodynamic model. The results
show that with the NS value of 0.76
(calibration), 0.93 (verification) and the
PE wvalue 5% (calibration), 2.7%
(verification) at the Kien Giang station,
the hydrodynamic model has a good
performance for simulate the flood in
2010 and 2020 (Fig. 2 and Table 1).
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Fig. 2. (A) Calibration and (B) verification results
of MIKE FLOOD at Le Thuy station using data in
flood in October 2010 and October 2020.

Fig 3 and 4 shows the flood depth and
velocity maps. From the flood map, most

of the area (37%) is flooded with water
levels of 4-10 m, mainly near Nhat Le-
Kien Giang River. 27% of the area
experienced 3-4 m of water, typically in
Ham Ninh, Ham Ninh, Tan Ninh, An
Ninh, and Hong Thuy communes. 19%
saw inundation of 2-3 m and 12% saw
flooding of 1-2 m, mainly in Vinh Ninh,
Xuan Ninh, and Mai Thuy. 5% of the area
recorded just 0-1 m of flooding, mainly in
Nghia Thuy, My Thuy, and Tan Thuy
communes.

Table 3. Error evaluation indices.

Index Kien Giang Le Thuy gauge
gauge
. . 0.60
Nash- 0.76 (cgl;gratlon) (calibration)
Sutcliffe (verification) 0.83
(verification)
0,
5% (calibration) .4'5 A].
Flood peak (calibration)
2.7%
error event (verification) 45%
(verification)
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Fig. 3. Flood depth map in the study area.

To analyze the level of flood hazard,
assessment was based on two criteria:
velocity and depth. The AHP method
gives a weighted velocity of 0.34 and a
depth of 0.66. The analysis results show
that the high degree of flood hazard
accounted for the highest proportion of
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the area in the river basin (37%), mainly
concentrated in Tan Ninh, Gia Ninh,
Hong Thuy, and Hoa Thuy communes.
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The medium level accounts for 31%, 17%
was in low hazard areas, 11% very low
hazard, and 4% very high. The
distribution of flood hazard levels was
dependent on geographical location,
topography, and distance to the

riverbanks: the areas with high to very
high flood hazard are located adjacent to
the riverbank.

Based on Fig. 5, it can be seen that Hong
Thuy commune is located in a high flood
hazard area and has 65% high hazard,
22% moderate hazard, the rest are very
low, low and very high.. But only half of
the communes are in the flood-prone area
because the commune's topography
gradually lowers from the northeast
(home to sand dunes that are typical of
the Central region) to the southwest.

3.2. Resilience and flood hazard: survey
results

In general, the education level of people
in Hong Thuy commune is relatively low.
Most of the people here (77%) have a
secondary education;, 23% of the
interviewed households contain one or
more university graduates. In the study
area, 7% of interviewed households are
classified as poor or near-poor, and 3% of
households have a family member
suffering from serious illness or
disability. The source of income from
agriculture of the interviewed households
decreased from 93% (2009) to 89% (2021).
77.5% of households said that agriculture
was severely affected by floods.

Flood prevention measures in the locality
are very important to reduce damage
caused by floods. The householders
interviewed live mainly in one-storey
houses with solid flat roofs (77%), with
others in “grade 4” houses (17%), solid
multi-storey houses (6%). Moreover, little
attention appears to have been paid to
evacuation, with only 11% of households
having access to a boat and 30% of
households having life jackets. During the
2-4 days of flooding, nearly all of the
surveyed households said that they faced
difficulties. 15% of the households had to

10
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take shelter on the roof, and their stored
food was all washed away. 79% of
households were forced to go to their
neighbors’ houses or to the sand dunes for
shelter. Only 6% of households
experienced low impact. These data
showed that the effects of flooding are
profound; they also underline the low
resilience capacity of the communities in
the study area: the inhabitants live in short
houses built from inadequate materials.

Flood warning measures in the study
area are highly appreciated by the local
people. Most people (75%) receive
warnings when there is a flood through
media such as television, radio, and local
loudspeakers, including announcements
from local government officials.

Support from the government, NGOs,
and volunteer groups during flooding is
very important for the resilience capacity
of communities. This includes funding,
seedlings, and livestock. Most of the
interviewed households answered that
they received support but that it was very
limited and was sometimes delayed. 94%
of people said that the damage caused by
floods to them was very large, with up to
72% of the households lacking the
financial resources to restore damage
caused by floods.

4. Discussion

Analyzing the relationships between
flood hazard and community resilience is
a necessary strategy to reduce negative
impacts on the economy and human life
(Nguyen et al., 2022c). With the objective
of the establishment of a flood risk
assessment to analyze the relationships
between flood hazard and the resilience
of communities to reduce damage to
humans and economies, it is necessary to
move on from established philosophies to
a more holistic conception of flood

management strategy. An example would
be adapting land use in response to flood
hazard with the aim of reducing overall
vulnerability, instead of simply raising
dikes. Such changes have been seen in
countries such as the Netherlands and the
UK. They may be particularly suitable for

developing countries with large low-
lying coastal zones.

Population growth and  growing
urbanization has influenced the

environment of floodplains (Pham et al.,
2021; Diaconu et al., 2021). Road networks
and protection networks have been built,
but their effectiveness is limited, and the
maintenance of such networks is
expensive and time-consuming. Building
resilience capacity of communities while
continuing to minimize exposure to
flooding is the right approach for
developing countries like Vietham (Vu
and Ranzi, 2017).

Flood events directly influence the
population and socio-economy of the
study area, but the growth of the economy
is prioritized over other environmental
and human factors (Nguyen et al., 20223;
Costache et al., 2020; Stavropoulos et al.,
2021). For example, the lowlands along the
Nhat Le-Kien Giang River, including
densely populated urban areas, are often
flooded during typhoon season. The
situation has become increasingly serious
as typhoons are increasing in frequency
and intensity (Nguyen et al., 2022a).
Urbanization is also significantly changing
the social structure of the population of
the coastal zone. The development of new
neighborhoods is forcing the poorer
people and fishermen we interviewed to
relocate. With the departure of these
inhabitants, the memory of the risk will
also be lost. These transformations wiill
have a negative effect on the resilience of
communities. The new urban districts are

11
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intrinsically much more vulnerable,
because a rural population aware of the
risks will be dislodged from them in favor
of a much larger, urban population placed
under the quite relative protection of the
embankments which disconnect it from
the river: the risk of flooding will increase
greatly when these protections collapse.
They also cause the loss of the financial
resources that now seem necessary to deal
with them, unless Vietnam proposes
strategies for flood control focusing on
reducing the wvulnerability of its
population. So a holistic flood risk map is
recommended, which features aspects of
hazard, exposure, vulnerability, and
resilience (Zaninetti et al., 2015).

There were limitations regarding the
topographic data used in this study. The
data used to build the hydrological
model was extracted from the DEM,
which was constructed applying a
1:10,000 topographic map. However,
DEM only describes the land surface.

Numerous studies underlined that
topographic data from LIDAR or UAV
can provide a more detailed

representation of terrain surfaces.

5. Conclusion

Several previous studies have focused
mainly on the connection between flood
hazard and flood damage. The objective
of this study, however, was to develop an
approach to assess the relationships
between flood hazard and community
resilience, in this case in the Nhat Le-
Kien Giang watershed in Vietnam. The
results showed that the regions with high
flood hazard were concentrated in Tan
Ninh, Gia Ninh, Hong Thuy, and Hoa
Thuy communes where altitude is low. In
addition, the resilience of communities
relies on the ability to accessibility
resources, prevention strategies, and the
degree to which local populations

understand aspects of flooding and flood
prevention.

This study was successful in building a
theoretical framework to analyze the
strategies needed to diminish flood
damage for the future. This study provides
valuable knowledge and information not
only for the local authority in question, but
also for national and regional governments
around the world.
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