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In the past few decades, flood analysis mainly focused on physical characteristics
of flood (such as flood depth, flood extenté ) without socio-economic vulnerable
assessment. In recent years, a new approach in developing flood map is to assess
the vulnerability to flood of community and economic sectors in flood-affected area
that is an effective tool for integrated flood management. Base on flood hazard
assessment (flood extent, peak velocity, flood duration) using hydrodynamic
modelling - MIKE FLOOD, combining with landuse map and resistant capability of
local communities, this study established the vulnerable flood map in downstream
of Thach Han river basin, Quang Tri province. This result provides a scientific and
practical basis, an useful tool for managers, policymakers in integrated flood
management. Besides, local residents will also be able to perform damage-reducing
measures in the study area.
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1. Introduction

The natural disasters such as catastrophic flood, drought, earthquake, tsunami
are happening more frequently over the world causing vast damage of the human
society. Among them, flooding was responsible for two-thirds of these affected and
caused over one-third of the total estimated economic damage (Pilon, 2003). The
assessment of flood damage is not only based on the flood risk but also the interaction
between flood hazards with other human activities. Any changes in contemporary
society T such as population increase, economic development, urbanization,
deforestation, expansion of residential areas, increased labor mobility, population
ageing 1 make society more vulnerable to natural hazards (Takeuchi, 2006). Without
effective flood risk management, the scale of the impacts of flood disasters on people,
property, local industry and economics will increase (NFRAG, 2008).

In the past few decades, flood analysis mostly focused on physical dimensions
of flooding (water depth, flood extent, etc.) and on the direct damages of the event in
economic terms. That was the natural nature of the flood in the context of topography,
landuse, etc therefore the former approach has not yet integrated the socio-economic
activities. Hence the next development of flood risk management should be to assess
the vulnerability of community to flood disaster with the multi-disciplinary approach.



There are several concepts and definitions of vulnerability in literature.
Overviews of them could be found in Leon (2006), Adger (2006), Fuchs (2009) or
Samuels et al. (2009).

Trinh et al (2010) study the flood risk as a summation of hazard and
vulnerability of which, vulnerability was a function of landuse and population density.
This approach bases only on the fivalue density of each cell in study domain
therefore implies that the vulnerability of communities with similar economic
conditions are the same. Dang et al (2010) tried to include the factors for social issue
such as risk perception, spiritual value, income of the community beside the other
economic factors while Birkmann (2006) mentioned to institutional dimension.
Lugeri et al (2010) defined vulnerability of the assets under flood threat as by mean of
depth-damage function for each landuse class. The above approaches basically used
the economic aspects to estimate the vulnerability and did not take into account the
coping capacity of the community such as awareness and risk perception,
preparedness, measures for flood protectioné etc which had very important impacts
in total damage of given flood events.

Conner (2007) did an effort to include the state of structural and non-structural
countermeasure when estimating the flood vulnerability index that implying the
coping capacity of the community. Sheuer et al (2010) put forward when determines
flood vulnerability as an integration of probability, impact (damage) and coping
capacity. These studies have some advances but mainly focus on the community itself
while not have any reflection of the exposure of that community to flood therefore the
vulnerability of riparian communities to flood might be equal to those of communities
living in the highland regions.

Since 2006, Villagran de Leon has proposed the relation between vulnerability,
exposure, susceptibility and coping capacity as:

Exposure x Susceptibility

Vul bility =
wmerastity Coping capacity

while guideline of UNESCO-IHE Institute for Ware Education (http://www.unesco
ihe-fvi.org/) shows another type of relation:

Vulnerability = Exposure + Susceptibility — Resilience

In practical situation, it rather difficult to assess the susceptibility, resilience
and coping capacity separately for the low-income communities, therefore those
aspects might be combined into coping capacity, then the vulnerability would be
estimated as:

Vulnerability = Exposure — Coping Capacity


http://www.unesco-ihe-fvi.org/
http://www.unesco-ihe-fvi.org/

and can be defined by the characteristics of the system that describe its potential to be
harmed (Messner and Meyer, 2006). And this approach was applied to investigate the
vulnerability of downstream area in Thach Han river system, Vietnam.

2. Study area

Thach Han river system is the largest river system in Quang Tri province with
catchment area is 2.660km2 occupied 56% total provincial area. Thach Han river
originates in mountainous area in Dakrong district, next to the border with Thua
Thien 7 Hue province flowing into the Eastern Sea (Fig. 1). Downstream region of
Thach Han river basin is an active region with concentration of residents, towns,
historic spots and other socio-economic activities but is also the region most prone to
flood from Thach Han river causing a huge damage (Long et al, 2010) especially in
2010 flood event.
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Fig 1. Location of study area

3. Development of vulnerability map

A vulnerability map gives the precise location of sites where people, the natural
environment or property are at risk due to a potentially catastrophic event that could
result in death, injury, pollution or other destruction (Edwards, 2007). As a result,
vulnerability map represents the information about the impacts of flood risks on the
exposed elements. These maps used to be created using GIS tools, landuse map and
some mathematic models to predict the potential risk (hazard) for a certain region.

There are several studies on the flood hazards in this study region, among that a
comprehensive simulation and inundation maps were conducted by Anh (2011).
These inundation maps were then put on top of landuse map provided by Department



of Natural Resource and Environment (DONRE), Quang Tri province to determine
the exposure of cells together with field survey to estimate the coping capacity. The
conceptual framework is summarized as in Fig 2.
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Fig 2: Conceptual framework for flood vulnerability assessment

Table 1: Relative weights of flood hazard indicator

Indicator Flood depth Flood duration Flood velocity
Weight 0.0974 0.5695 0.3331

(m) Weight (days) Weight (m/s) Weight
1 0.5 0.0282 1 0.0425 | 0.0i1.0 | 0.0286
2 0.511.2 0.0596 115 0.0853 1.012.0 | 0.0633
3 1.212.0 0.1588 5110 0.2241 | 2.013.8 | 0.1174
4 2.013.0 0.2744 >10 0.6482 | 3.815.8 | 0.2344
5 >3.0 0.4800 >58 | 0.5563

In the study by Anh (2011), the Mike models (Mike NAM, Mike Flood) were
applied with digital elevation model (DEM) to produce series of inundation maps
correspondence to catastrophic floods and scenarios. The layers of flood depth, peak
velocity and flooding duration of 1% event (Fig. 3a i 3c) were selected to establish
the flood danger magFig. 3d) using overlapping method with the indicators (Tab. 1)
proposed by Dang et al (2010).

Base on the landuse map collected from DONRE (Fig 4), the soil groups were
assigned the increasing values from [0-1] as for fallow, forestry land, farmland, rural
residential land, urban residential land and public land. This map was put over the



flood danger map to determine the flood exposure mapExposure map here is
interpreted as the values that are present at the location where floods can occur. The
level of exposure again was ranked into 5 levels from very low to very high and
depicted in Fig. 5.
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Fig 3c: Flood velocity map Fig 3d: Flood danger map

Coping capacities refer to the means by which people use resources before,
during or after the disaster to cope with its adverse consequences (Leon, 2006). In
order to quantitatively estimate the coping capacity of the system and communities,
several field surveys were carried out in study area in combination with socio-
economic statistical data analysis. The surveys conducted in beginning of 2011 June



in areas most prone to flood, focusing on: local people perception of flood risk, early
flood warning system, measures of flood protection and mitigation, recover ability of

communities after the flood,

the support from local government and social

organizationsé Those results from questionnaires were then classified and marked
into Alevel of copingd from very low to very high, then assigned to communities as

communes (Fig. 6).
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Fig 4: Landuse map
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Fig 7: Vulnerability map




A flood vulnerability matrix is developed from the exposure level and coping
capacity level. Flood vulnerability scale is created by overlaying levels of exposure
and coping capacity (very low, low, medium, high and very high) (Tab. 2) then
showed in Fig. 7.

Table 2: Designed vulnerability levels

Very high
5 ey g 1 0 Very high
> ®)
O
Z’ High (4) 0 High
7 Medium (3) 0 Medium
o
% Low (2) 1 0 - - - 1 Low
L
Very low (1) 0 - - - - 0 Very low
i High i Result
Very low Low (2) Medium Very high Level
1) ©) (4) () Mark
Coping capacity Level Vulner ability

4. Conclusion

In this study, the flood vulnerability of the local community in downstream of
Thach Han river basin were investigated using anew approach relating the flood
vulnerability with exposure and coping capacity. Although the vulnerability map is
still in qualitative form but is an effective tool for local authorities and communities
in proposing the measure to reduce flood vulnerability.

It also shows that in some area with high level of flood danger but their
vulnerability is in medium level since they have longtime experience in coping with
such disaster. And it confirms that, the role of community perception, early warning
system, preparedness plan are very important in flood damage mitigation.
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