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Abstract: Vietnam is highly vulnerable to flood and storm impacts. Holistic flood risk assessment
maps that adequately consider flood risk factors of hazard, exposure, and vulnerability are not
available. These are vital for flood risk preparedness and disaster mitigation measures at the local
scale. Unfortunately, there is a lack of knowledge about spatial multicriteria decision analysis and
flood risk analysis more broadly in Vietnam. In response to this need, we identify and quantify
flood risk components in Quang Nam province through spatial multicriteria decision analysis.
The study presents a new approach to local flood risk assessment mapping, which combines historical
flood marks with exposure and vulnerability data. The flood risk map output could assist and
empower decision-makers in undertaking flood risk management activities in the province. Our study
demonstrates a methodology to build flood risk assessment maps using flood mark, exposure and
vulnerability data, which could be applied in other provinces in Vietnam.
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1. Introduction

A flood is a complex phenomenon that links the natural environment, people, and the social
system [1]. Flood exposure and flood frequency are forecasted to increase, particularly in the low
latitudes of Asia and Africa [2]. The impacts of flood risk are expected to increase globally due to
population growth, economic development, and climate change [3,4]. Despite efforts to reduce adverse
impacts through structural and non-structural measures, flooding remains a significant threat to
communities [5].

Vietnam is located in tropical monsoon zone with more than 3450 rivers and streams and 3260 km
of coastline. Many inhabitants live in riverine and coastal areas, and their livelihoods are dependent
on the natural world; therefore, they are vulnerable to the impacts of climate-related hazards. Between
1989 and 2014, floods caused significant damages in Vietnam, with at least 14,867 people dead and
missing, and total economic losses being equivalent to 1% of the nation’s gross domestic product [6].

It is critical that Vietnamese decision-makers in flood-prone areas are equipped with the best
tools that are available to prepare communities and mitigate disaster losses. Flood risk mapping is a
particularly valuable activity. The primary objective of flood risk maps is to provide information on
flood hazards combined with other relevant information that can support decision-making process in
flood risk management [7].

The incorporation of flood risk assessment into a Geographic Information System (GIS) framework
has been applied at global, regional, and local scales in many recent studies. GIS can process the spatial
data, is a beneficial tool to handle spatial data on flood risks [8]. GIS has been widely applied to flood
risk assessments as a critical instrument for spatial analysis [9]. Spatial flood risk assessment is a useful
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tool to indicate risk levels and an essential reference to define specific flood risk management action
plans [10–12].

At the global scale, Jongman et al. [13] used two approaches, the population method and land-use
method, to estimate global flooding exposure; while Winsemius et al. [14] proposed a river flood
risk assessment framework on a global scale. At the regional level, de Moel et al. [15] developed
a framework for assessing and mapping flood risk for Europe. At the local level, Ward et al. [16]
established a GIS-based model to simulate flooded areas and exposed assets to evaluate the current
and future coastal flood hazard of northern Jakarta, and Budiyono et al. [17] investigated flood risk
assessment in Jakarta by using Damagescanner model, which combined three flood risk components
in a flood risk map.

Flood risk can be measured by determining the three flood risk components of hazard, exposure
and vulnerability [7,14,15,17–19]. A comprehensive flood risk assessment takes into account all
the constituents of flood risk, combining many individual parameters [15,20]. Spatial multicriteria
decision analysis can combine and transform different geographical data layers into a decision map [21].
Geospatial techniques have significant potential support in the field of flood risk assessment in a spatial
context [22]. Geospatial multicriteria decision-making (MCDM) methods have been investigated
and applied, including Analytic Hierarchy Process (AHP), Weighted Linear Combination (WLC),
outranking methods, and ideal point methods [23].

Spatial multicriteria decision analysis has been gaining more and more attention in the field of
flood risk assessment. Meyer et al. [8] used the analysis for assessing flood risk for River Mulde
in Saxony, Germany. Kubal et al. [24] built criteria for three dimensions of economic, social, and
ecological indicators to assess the urban flood risk of Leipzig, Germany. Scheuer et al. [25] measured
flood risk by integrating multicriteria of flood vulnerability. Dewan [22] utilised AHP and WLC to
assess flood vulnerability by combining physical vulnerability, social vulnerability, and coping capacity.
Hansson et al. [26] proposed a MCDM framework for flood risk management in Bac Hung Hai polder.

Studies on flood risk analysis have been increasing in Vietnam (e.g., Tran et al. [27],
Razafindrabe et al. [28], Chau et al. [29], Chau et al. [30], Chinh et al. [31], Vu et al. [32], and Dang et al. [33]).
Tran et al. [27] and Razafindrabe et al. [28] adapted a flood risk management framework of AS/NZS
4360:1999 standard for Thua Thien Hue province and Da Nang city, respectively. Chau et al. [29] applied
GIS techniques to map flood impacts on agriculture in Quang Nam province. Chau et al. [30] used a
cost-benefit analysis tool to assess the economic impact of floods on agricultural production in Quang Nam
province. Chinh et al. [31] built a flood loss model for residential buildings in Can Tho city. Vu et al. [32]
integrated an FLO-2D hydraulic model with several indicators (residential area and road network)
to assess the annual flood damage for Quang Ngai province. Dang et al. [33] used AHP approach to
assess flood risk for Day river flood diversion area; however, a flood risk map was not displayed in
this research.

This study aims to produce a detailed assessment of flood risk levels for Quang Nam province
using a spatial multicriteria decision analysis approach. Quang Nam province is selected as the case
study given its particular vulnerability and exposure to flood hazards in Vietnam. Severe floods
frequently occur and seriously impact communities [28]. The core approach of this study is to integrate
AHP with GIS mapping to create a flood risk assessment map. AHP is an analytical decision-making
method established by Saaty [34] and is the most applied MCDM method for flood risk analysis [35].
The study first identifies components of flood risk including hazard, exposure, and vulnerability
indicators; and then integrates these components into a hierarchy model using AHP method. Second,
the scores of flood risk components are measured by decision-makers’ judgements via AHP pairwise
comparisons. Finally, a flood risk assessment map is generated from the integration of spatial data on
flood hazard, exposure, and vulnerability.



Water 2018, 10, 461 3 of 16

2. Research Area and Data Used

2.1. Research Area

Quang Nam province is located at 14◦57′10′′ N to 16◦03′50′′ N and 107◦12′50′′ E to 108◦44′20′′ E
on the south-central coast of Vietnam (Figure 1), with the area of 10,440 km2, and the population of
over 1.4 million in 2015. The province has Vu Gia-Thu Bon river basin with the area of 5290 km2 and
over 100 km of coastline. Dense hydropower reservoirs are allocated along this river basin. The west of
Quang Nam is mountainous and sparsely populated, while the east is flat plains that are favourable for
agricultural population and urban development. The province has a high exposure to climate events
(mainly storms, floods, flash floods, and typhoons) and a relatively high level of poverty at 28% [36].

Figure 1. The location of study area, Quang Nam province and flood hazard mapping created by
Luu et al. [37].

Vu Gia-Thu Bon river basin’s tributaries originate in elevated mountain ranges and then flow
through narrow plains before emptying into the sea (Figure 1). Due to the increase of rainfall
intensity, water-related disasters are growing in the river basin, such as large-scale floods in the rainy
season [38]. Floods have severely affected communities’ livelihood and social-economic development
in Quang Nam province over the years (Figure 2). Severe floods are increasing due to the pressure of
population growth and economic development, with the human interference leading to environmental
damage and the influence of climate change [39].
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Figure 2. Flood impacts in Quang Nam province between 1997 and 2015 (compiled from flood
damage data provided by Quang Nam Provincial Steering Committee on Natural Disaster Prevention
and Control).

2.2. Data Used

The input data was collected via fieldwork in Quang Nam province in June and August 2016
by the first author. The field work had three main tasks: (1) semi-structured interviews with local
staff working in Steering Committees on Natural Disaster Prevention and Control at commune,
district and provincial levels to investigate flood risk management activities at their localities, (2) AHP
questionnaires with the local staff for their judgements on flood risk factors, and (3) the collection
of secondary data, including flood marks, flood damage data, and GIS data. The data of population
density, poverty rate, and numbers of doctors and nurses were collected from 2015 Statistical Yearbooks
of 17 districts in Quang Nam province. This study was approved by the University of Newcastle
Human Research Ethics Committee in June 2016, approval No. H-2016-0125.

3. Methodology

3.1. AHP Method

AHP was initially developed by Thomas L. Saaty [34]. It is a flexible technique for facilitating
the process of setting priorities and decision-making. AHP has been broadly applied in making
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decisions in economics, education, transportation, planning, resources allocation, and integrated
management [40,41], and more recently in flood risk management [35].

Several of the advantages of using AHP include direct Decision-Makers (DMs) or experts’ opinion
involvement, simple GIS integration [21], criteria and sub-criteria systematisation [42], and consistency
in judgement [43]. Besides these advantages, this approach has three main limitations. The first one
relates to the evaluation and ranking of indicators based on the personal choice and the knowledge of
DMs or experts, which lead to subjectivity in evaluation [44]. The second weakness is that this approach
requires a large number of pairwise comparisons and the high number of alternatives or criteria can
make it overwhelming for participants [45,46]. The third drawback is that the pairwise comparisons of
this method are based on very general and vague criteria [47]. However, these shortcomings present
in almost MCDM methods [42].

AHP can be summarised in the following main steps:

• Step 1: Creating a hierarchical system by decomposing the goal into a hierarchy of
interrelated clusters;

• Step 2: Making pairwise comparisons between criteria of the decision clusters to form pairwise
comparison matrix A = [aij]; and,

• Step 3: Synthesizing individual subjective judgments and computing relative weights.

The assignment of weights has a fundamental role in risk decision-making process. Weighting
articulates the importance or preference of criteria and is often a subjective process [48]. The weights
of criteria can be determined by direct judgements of an expert group [49,50] or by statistical methods,
such as linear regression [51], non-parametric resampling [52], and principal component analysis.

AHP operates by setting priorities for multi-criteria, which are judged by groups (DMs, experts,
or stakeholders) involved in decision-making process to derive the best decision [53]. The weights of
criteria in AHP method rely upon the judgment of experts or DMs, so the method focuses on quality
instead of quantity of experts. AHP assessment could operate with a small group of experts, for
example, one expert [54], three experts [49], four experts [50], five experts [55], six experts [56], and
nine experts [57]. AHP could also run with the author experience-based assessment, for example,
Kandilioti and Makropoulos [58], Li et al. [59], and Dewan [22].

3.2. Flood Risk Components

Flood risk is a common threat to many populous cities, and riverine and coastal regions [60].
Flood risk was first quantified by a combination of flood hazard, exposure, and vulnerability, as
in Equation (1) in the studies of Crichton [61] and Kron [18]. After that, the application has been
formalised in many studies and frameworks, such as Winsemius et al. [14], Budiyono et al. [17],
Jongman et al. [3], and UNISDR [62]. Flood hazard can be determined as the probability of
occurring a certain level of danger at one location and as natural and man-made triggers [18,63].
Exposure is defined by the extent to which people, property, and infrastructure are exposed to a hazard
event [14,61,63]. Vulnerability is specified by the extent to which people are susceptible to, or unable
to cope with, the impacts [13,18,60,64].

Flood risk = Hazard ∗ Exposure ∗Vulnerability (1)

This study aims to incorporate flood hazard information within the context of data on flood
exposure and vulnerability to a hazard event as in Equation (1). A hierarchy model using AHP method
is designed to integrate the three components. Each component has several criteria; in turn, each
criterion contains several sub-criteria. The criteria of flood risk components are adapted from the
various studies that are cited in Table 1. The hierarchy framework is used to assess flood risk (Figure 3).
Criteria are weighted based on DMs’ judgment via AHP pairwise comparisons.
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Table 1. Criteria and its sources for assessing flood hazard, vulnerability, and exposure.

Component Criteria Source

Flood hazard
Depth Zou et al. [56], Dewan [22], Foudi et al. [10],

Gain et al. [65], Ronco et al. [66]

Duration Boudou et al. [67], Chinh et al. [31]

Flood exposure

Land-use te Linde et al. [68], Zou et al. [56], Dewan [22],
Ouma and Tateishi [69], Gain et al. [65], Ronco et al. [66]

Distance to rivers Penning-Rowsell et al. [70], Dewan [22], Terti et al. [71]

Population density Wang et al. [72], Peduzzi et al. [73], Zou et al. [56],
Dewan [22], Gain et al. [65], Ronco et al. [66]

Flood vulnerability

Poverty rate Tran et al. [27], Dewan [22], Winsemius et al. [74]

Road density Scheuer et al. [25], Dewan [22], Ronco et al. [66]

Number of doctors and nurses Scheuer et al. [25], Dewan [22]

Figure 3. Decision hierarchy model to measure the flood risk for Quang Nam province.

Flood hazard data, including flood depth and flood duration data, from Luu et al. [37] (Figure 1)
is used in conjunction with flood exposure and vulnerability data to provide a flood risk map for
Quang Nam province.

Three criteria—land-use categories, distance to rivers, and population density—were considered
in this study in order to estimate flood exposure. Land-use categories are often used to calculate the
losses in flood risk assessment models [75]. The distance to rivers criteria is derived from river network
data. It is assumed that people living close to river systems are at higher risk than those who do
not [22]. The population density is the most critical criterion in assessing flood risk since it is defined
by human settlements. More densely populated areas are at higher risk when floods occur [73].

Three criteria are also used in this study to estimate vulnerability; poverty rate, road density, and
the number of doctors and nurses. The poor are more likely to be affected by disasters [74], and poverty
is often seen as a structural cause of vulnerability. The poverty rate criterion is therefore critical to this
study. Infrastructure, such as roads, play a significant role in response (e.g., evacuation) and recovery
activities [22], and locations without infrastructure suffer. Meanwhile, understanding the number of
healthcare facilities in flood-prone areas is critical to our knowledge of the level of preparedness in an
area [22]. Quang Nam province lacks data on the number of hospitals but has data on the number of
doctors and nurses in each commune, so this criterion is considered in analysing flood vulnerability.
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More criteria could be added to analyse flood vulnerability, such as gender, age and persons with
disabilities; however, such data is lacking in the research area.

3.3. AHP Judgements

Staff that were working in the local Steering Committees of Natural Disaster Prevention and
Control in Quang Nam province were invited to participate in the study and asked to judge the criteria.
The invited staff were the heads or vice-heads of committees. The rationale for this is that they are
the most knowledgeable and have the most responsibility for local flood risk management activities.
The information statements informed invitees that their participation was entirely voluntary and
anonymous. We could only recruit two staff suitable for participation; however, AHP can work with a
small group. The staff completed the pairwise comparisons via a questionnaire (Figure 4).

Figure 4. An example of Analytic Hierarchy Process (AHP) pairwise comparisons.

After pairwise comparison judgements of each DM meet the consistency requirement of less than
0.1 [76], it is required to combine the judgements of the group. The AHP allows for each DM to specify
a value and then combine all of the individual judgements for the final assessment result according to
the geometric mean rule of Saaty [77] as in Equation (2).

a12 =
[

a1
12 × a2

12 × . . . × aN
12

]1/N
(2)

where

1 . . . N are decision makers.
a1

12 . . . aN
12 are judgements of decision makers from 1 to N.

AHP algorithms are calculated via Supperdecisons software [78]. The flood risk indicators
weighted by AHP are to be integrated into GIS framework using spatial analysis techniques to produce
mapping outputs. WLC is used to aggregate all of the weighted layers by the corresponding criteria
and sub-criteria weights [22]. The integrated AHP-WLC approach is employed for creating flood
hazard, exposure, vulnerability, and risk maps in the present study.

4. Results

4.1. Flood Exposure

The flood exposure criteria and sub-criteria are displayed in Figure 5, and their weights from
AHP judgements are shown in Table 2. The distance to rivers is derived from river network data.
The distance to rivers is calculated via the Euclidian Distance tool in ArcGIS software (Figure 5).
The more close to rivers is the more severe for flood exposure. Therefore, the highest score is given to
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the distance of less than 1 km from river systems, and the lowest score is allocated to the distance of
greater than 3 km (Table 2). The land-use data contained four categories of homestead and built-up,
agricultural land, forest and vegetation, and water bodies. The potential impact of floods is high for
homestead and built-up regarding humans and infrastructure, so its relative weight is the highest
for this land-use category. The agricultural land has the second highest weight when considering
the impact on the community’s livelihood. The water bodies and forest and vegetation have the
lowest weights since they do not pose a threat to residents. The population density is calculated as the
total population of a commune over its total area (km2). This criterion is directly related to human
populations, so it is judged to be more important than the other criteria of the land-use category and
distance to rivers. The higher the population density, the higher weight is allocated (Table 2).

Figure 5. Distribution of flood exposure criteria and sub-criteria.

Table 2. Decision hierarchy model for flood exposure indicators.

Component Criteria Weight Sub-Criteria Weight

Flood exposure

Land-use category 0.135

Homestead and built-up 0.670
Agricultural land 0.201

Water bodies 0.082
Forest and vegetation 0.047

Distance to rivers (km) 0.253

<1 0.608
1–2 0.229
2–3 0.110
>3 0.053

Population density (km2) 0.612

<=50 0.042
51–200 0.065
201–500 0.114

501–1000 0.250
>1000 0.529
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4.2. Flood Vulnerability

The flood vulnerability criteria and sub-criteria are shown in Figure 6, and their weights from the
AHP judgements are presented in Table 3. Poverty and vulnerability to floods are closely related and
mutually reinforced in Vietnam [79]. Table 3 shows that the higher relative importance is allocated
to higher poverty rate. The road density is calculated by intersecting road network database with
commune boundary feature. The lower road density areas have higher vulnerability scores (Table 3).
The lower number of doctors and nurses that the areas has, the higher the vulnerability (Table 3).

Figure 6. Distribution of flood vulnerability criteria and sub-criteria.

Table 3. Decision hierarchy model for flood vulnerability indicators.

Component Criteria Weight Sub-Criteria Weight

Flood vulnerability

Poverty rate (%) 0.577

<5 0.062
5–10 0.097

10–20 0.160
20–40 0.262
>40 0.419

Road density (m/km2) 0.298

<20 0.438
20–50 0.256

50–100 0.149
100–400 0.096

>400 0.061

Number of doctors and nurses 0.125

0 0.467
1–2 0.277
3–4 0.160
5–7 0.096
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4.3. Flood Risk Assessment

The AHP assessments are integrated into a GIS environment using the Weighted Sum technique in
ArcGIS software to create flood hazard, exposure, and vulnerability maps, as in Figure 7. A flood risk
map is generated based on a combination of flood hazard, exposure, and vulnerability maps.

Figure 7. Spatial analysis of flood hazard, exposure and vulnerability for Quang Nam province.

The final flood risk assessment map (Figure 8) is created by integrating flood hazard, exposure,
and vulnerability maps. In the map, flood risk scores are normalised to a range of 0–1. Areas that are
located near and along rivers are at higher risk of flooding. The total inundation area is 60,327 ha, in
which 3291 ha of low risk (0.264–0.411), 16,608 ha of medium risk (0.412–0.558), 25,193 ha of high risk
(0.559–0.706), 13,163 ha of very high risk (0.707–0.853), and 2071 ha of extremely high risk (0.854–1.000).



Water 2018, 10, 461 11 of 16

Figure 8. Spatial flood risk assessment of Quang Nam province.

5. Discussion

Flood risk assessment is required to develop effective flood mitigation measures [11].
Understanding risk through risk assessments is essential to the field of disaster risk management.
The spatial flood risk assessment is a useful tool for flood risk mitigation measures since the at-risk
areas are prioritised [10]. The present study provides a new approach to assess flood risk for a local
area, which combines historical flood marks with exposure and vulnerability data in the assessment
using spatial multicriteria decision analysis. The applicability of this approach is demonstrated in a
case study of Quang Nam, Vietnam in relation to the 2013 flood event.

In this study, flood risk is assessed with the integration of various indicators of flood depth,
duration, population density, land use category, distance to rivers, poverty rate, number of doctors
and nurses, and road density using AHP and spatial analysis techniques. The AHP model is
selected to combine the flood risk components for four reasons: (1) direct DMs opinion involvement,
(2) criteria and sub-criteria systematisation, (3) multicriteria decision analysis and GIS combination,
and (4) consistency in judgement. Dang et al. [33] used the AHP approach to assess the flood risk for
Day river flood diversion area in the North of Vietnam, however, this work did not extend to flood risk
mapping. Chau et al. [29] used 86 flood marks of the hazardous 2009 flood and a 30 m DEM resolution
to produce a flood inundation map for Quang Nam province, and applied the result for assessing the
agricultural impacts. The present study goes further, using the AHP method and spatial techniques to
assess flood hazard with flood depth and duration indicators, and combining with flood exposure and
vulnerability data to provide an integrated flood risk assessment map.

Floods have severely affected people’s livelihoods and socio-economic development in
Quang Nam over the years (Figure 2). Low-land areas along Vu Gia-Thu Bon river basin, including
agricultural areas with high population densities, are often subjected to flooding in annual rainy
seasons (Figure 8). A local flood risk assessment map is essential, since it can support decision-makers
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and planners to recognise high-risk areas, develop flood risk management strategies, have appropriate
flood risk mitigation measures, and raise public awareness on flood risk [80]. Flood hazard maps can
be created via a hydraulic modelling approach, which requires various input data, such as updated
river cross-sections and time series meteorological and streamflow data. This is hardly ever applied to
data-scarce areas, especially in developing countries, which often lack gauging stations. The present
study uses spatial multicriteria decision analysis to integrate historical flood mark data with flood
exposure and vulnerability data into a flood risk assessment map. The final flood risk assessment map
can enable policy makers and government departments to make judgments about setting priorities for
flood mitigation works and to provide potential support for the preparation of flood risk management
plans. The map is also essential for accurate communication about the local flood risk situation within
floodplain areas; this affects not only government managers but also the affected communities.

This study combines flood mark data with flood exposure and vulnerability data to produce a
flood risk assessment map for Quang Nam province. This province is lacking this kind of assessment
map [81], and it can be used by local decision-makers in defining specific flood risk management plans.
The methodology can also potentially be applied to other provinces to generate flood risk assessment
maps using flood mark data.

However, the present study must be interpreted in the context of three main limitations, similar
to other MCDM models. First, we could only recruit two DMs in the local steering committees that are
suitable for participation, but this limitation is within the acceptable limits of other published studies.
The reason is that the AHP model requires a significant number of pairwise comparisons of 55 for our
model. This requires much time to read and answer the questionnaires and is particularly difficult for
non-academic participants. In Vietnam, the staff working in the local steering committees are local
government officials, who work in the committees as a part-time job. While they make key decisions
on local flood risk management activities, and always take cognisance of the local flood hazard features
to make the most appropriate assessment, they are not academic persons. Second, our model lacks
validation, which belongs to the MCDM approach of subjective judgments in weighting indicators [44]
and subjective model validation [82]. Third, more data could be added to analyse flood vulnerability,
such as gender and persons with disabilities; however, such data is not available in the research area.

6. Conclusions

This study provides a new approach to assess flood risk for Quang Nam province and present the
analysis on a GIS-based map, which combines historical flood marks with exposure and vulnerability
data in the assessment using spatial multicriteria decision analysis. We develop a flood risk assessment
model that is capable of rapidly simulating a flood risk map. The result produces a comprehensive
flood risk assessment map for Quang Nam province, which can be utilised by planners and managers
to develop flood risk mitigation measures. Our study contributes to a methodology to build
flood risk assessment maps using flood mark data, which can be applicable to other provinces in
Vietnam. This approach is potentially of particular interest in areas where there is inadequate data for
hydraulic modelling.
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