
Contents lists available at ScienceDirect

International Journal of Disaster Risk Reduction

journal homepage: www.elsevier.com/locate/ijdrr

Integrated approach to analyze the total flood risk for agriculture: The
significance of intangible damages – A case study in Central Vietnam

Pham Hong Ngaa,⁎, Kaoru Takarab, Nguyen Cam Vana

a Thuyloi University, 175 Tay Son Street – Dong Da District, Hanoi, Vietnam
bDisaster Prevention Research Institute, Kyoto University, Japan

A R T I C L E I N F O

Keywords:
Intangible damage
Flood risk curve
Average annual risk
Rural floodplain
Vu Gia-Thu Bon basin

A B S T R A C T

Although agricultural production is highly vulnerable to climatic disasters as being located in low-lying river
deltas, the data and information about its damages caused by flooding are far limited and scattered. Therefore,
this study proposes an integrated approach, combining 1D simulation, GIS based land use analysis, intensive
household survey and Contingent Value Method to estimate Flood Risk Curve and Average Annual Risk (in
monetary value) for rural agricultural production. The selected study area is located in the floodplain of Vu Gia-
Thu Bon (VG-TB) basin, one of the largest and most complex basins in Vietnam with dense population. The key
finding shows that although the local agricultural practice is well adapted to the flooding season to reduce direct
damage, the calculated Annual Average Risk is still as high as 6% of total agricultural production every year, of
which indirect and intangible risk accounts for 62%. Therefore, this result is believed to produce complete
understanding about the total risk that need to be coped with. The managers, local communities and other
stakeholders can also use Annual Average Risk as a clear, strong and quantitative indicator for a certain area
showing how vulnerable it is to flood risk and which measures would be effective and worth to be invested from
cost-effective point of view.

1. Introduction

Floodplains have traditionally supported dense population mainly
engaged in intensive agriculture as a result of advantage of fertile soil
and irrigation. However, the floodplains are extremely vulnerable to
flooding. Deep inundation in such low-lying agricultural land can cer-
tainly cause sizable damages at local level affecting the sustainability of
household livelihood. Particularly, in most rural areas of developing
countries, due to poverty, flood events are dealt with in a reactive,
rather than proactive, manner and little is done to be prepared for a
catastrophic outcome of flood in the future and thus, the damage would
be much accelerated [12,22].

Therefore, to estimate the damages caused by future flood events is
essential for developing long-term disaster mitigation plans at com-
munity, regional and national levels. To carry out this task, recently,
risk-based approach has been widely applied to provide a basis for
disaster management planning, land use zoning, policy making, espe-
cially related to cost-effectiveness evaluation of alternative measures of
flood control and possible agricultural insurance program.

There is no consistent definition of risk as this concept has gone
through an interesting evolution during the past decade. In general,

“Disaster Risk” is the function of “Hazard”, “Exposure” and
“Vulnerability” as presented by a basic equation [12,15]:

=Disaster Risk Hazard*Exposure*Vulnerability (1)

There are several ways for risk communication, such as: index
based, mapping and Average Annual Risk (AAR) [8]. Recently, the
concept of AAR has been recognized as a strong synthetic indicator for a
certain area showing how vulnerable it is to flood. To analyze flood
disaster risk, an integrated approach is required to combine the hy-
drological knowledge about the frequency of flood events, the hydraulic
modeling information about the inundation behaviour of flood water in
floodplains and socio-economic flood vulnerability knowledge. For
practical application of flood risk assessment, this means that the da-
mage has to be evaluated for flood events of different frequency. Based
on these damage evaluations, a damage – frequency curves, or also
called flood risk curves (FRCs) can be constructed for a study area. FRCs
can be developed for any element at risk, such as population, household
property and agriculture. The area under the total risk curve is the
average annual risk (AAR), which represents the expected average cost
of flood induced damage every year (Fig. 1) [16,20,8].

The key challenge of calculating flood risk is to define flood
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vulnerability or potential damages as the data of past disaster damages
is rather scattered, less accurate and not yet standardized, especially in
the rural regions. In general, the damages induced by flood or other
types of disaster can be categorized as tangible and intangible de-
pending on whether they can be evaluated in monetary values [6,22].
In the agricultural sector, the tangible losses usually consist of damage
of cultivated products (rice, corn, annual and perennial trees, livestock)
and irrigation infrastructure. Loss of business opportunity, environ-
mental (soil and irrigated water) pollution, disaster compensation (loan
interest exempted) that not traded directly in a market are far more
difficult to assess in monetary terms and referred to as “intangible”. Due
to its uncertainty and complication, intangible damage is often ne-
glected in flood damage assessment. However, several studies empha-
size the significance of intangible damage and in some cases it is even
much more serious than tangible ones, especially for agriculture in
floodplain areas where the local farmers have been adapted to annual
flooding so that the direct tangible damages can be quite reduced [7].
As a result, the risk of flood disaster is often underestimated, especially
in the rural areas. To calculate tangible agricultural loss, damage curve
methodology has been developed and applied in many countries
[10,11,19,24]. However, much fewer works dealt with valuating in-
tangible damages, especially in agricultural sectors. The methods for
assessment of the intangible damages and the recommendation for their
application were compiled and analyzed in [6,15]. Later within Xtre-
meRISK project,

Dassanayake et al. [7] carried out comprehensive summary on
available approaches and methods used worldwide in evaluating the
intangible losses due to coastal flooding and the integration meth-
odologies for tangible and intangible losses in flood risk analysis. Spe-
cifically, the researchers of that project calculated the risk induced by
the flood for two groups of intangible losses, including social (i.e. loss of
life, injuries, mental health impacts and cultural losses) and environ-
mental (i.e. damages to ecosystems) and the result was then presented
in the relative values from 0 to 1, not in monetary term. On the other
hand, the extensive review of past studies also find out that, apparently,
Contingent Value Method (CVM), one of the social survey based
methods, is highly applicable and flexible to deal with complexity and
uncertainty of intangible issues caused by disaster events on socio-
economy. Abbas et al. [2] applied so called Willingness-to-Contribute
(WTM), a similar approach to willingness-to-pay in CVM, in their study
in Pakistan about the significance of willing in-kind contribution of
local farmers in constructing structural measures to mitigate the flood
risk. This study reveals the applicability of CVM in developing mitiga-
tion measures to flooding in rural areas of the developing countries
where are lack of sufficient financial availability but still requiring
costly structural defence work to cope with extreme flood events. Par-
ticularly, in the context of increased frequency and uncertainty of ex-
treme climatic events, it is believed that the disaster insurance is highly

important to help with recovery and secure social stability and sus-
tainability through mitigating financial risk. However, the im-
plementation of this policy in most developing countries is very limited
[12,22]. There have been several attempts were carried out by using
social survey approach to seek public consent on willingness to pay for
insurance. For example, Abbas et al. [1] used CVM to collect primary
data in five districts in Pakistan, the area of agricultural importance but
highly affected by flooding, to evaluate the willingness to pay for flood
insurance. The results showed that the driving factors of acceptability
of this policy are age of household head, landownership, off-farm in-
come sources and a perception about the effectiveness of flood in-
surance. In Vietnam, until now only one attempt was made to evaluate
catastrophic flood risk insurance in the coastal zones using Choice Ex-
periment Method, in which range of potential damages, including some
indirect ones was covered [4].

Vietnam is characterized by dense river networks. About 70% of its
population living in low-lying deltas engage in agricultural activities
[5], which is highly vulnerable to flooding. It is important to emphasize
that apart from negative consequences, from the history, it is well
known that abundant water resource and seasonal flooding every year
also bring rich rice field and many livelihoods for local people.
Therefore, with the majority earning their livelihood by agriculture and
aquaculture production, building up long term flood risk management
to enhance the local resilience or so called “living with the flood
proactively” strategy toward sustainable development. To achieve this
goal, thorough understanding about the potential damages (tangible
and intangible) as well as AAR concept is very helpful for decision
makers and local authorities as it provides primary quantitative in-
formation to consider which countermeasures would be appropriate
and cost effective.

This study proposes an integrated approach to derive Flood Risk
Curves (FRCs) and Average Annual Risk (AAR) in monetary values for
agriculture sector of a rural floodplain area based on hazard analysis of
simulated flood scenarios of 100-year, 50-year. 20-year and 10-year
return periods and exposure and vulnerability analysis of key agri-
cultural elements-at-risk, including direct and indirect, tangible and
intangible. Apart from quantitative AAR, the result also demonstrates
the significance of indirect tangible and intangible (both direct and
indirect) damages compared to the ones that are conventionally in-
cluded in post disaster reports.

The case study selected to apply proposed approach is Dien Ban
District in Vu Gia –Thu Bon (VG-TB) downstream area, one of the lar-
gest river systems in Central Vietnam. VG-TB basin is characterized by
far complicated hydro-morphological process causing frequent cata-
strophic flooding. According to the available records, during the past 20
years, flood disaster has caused approximately 780 fatalities in this
basin [21,23]. On the other hand, the local area undergoes rapid eco-
nomic development but still poor and highly vulnerable. Like in many
other parts of the developing countries, poverty is a significant con-
tributor to people's vulnerability to flood disaster. On the other hand,
frequent flooding can eliminate the production and investment re-
sulting in poverty. Therefore, the result of this study can introduce an
useful concept for flood risk management in the rural floodplain area.

2. Study area

2.1. River system

The VG-TB river system is originated in the eastern side of the
Truong Son mountain range at the elevation of 1600m. The system is
formed by two main rivers, namely Vu Gia and Thu Bon, flowing
through the major part of Quang Nam province and discharging into
the sea at three inlets named Han, Dai and Lo. The total basin area is of
10,350 km2, Thu Bon river itself has a length of 206 km and tributary
density is about 0.47 km/km2 (Fig. 2) [5,23]. Its upper part is short and
steep with a narrow river bed, steep banks and a reservoir cascade
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Fig. 1. Relationship between Flood Risk Curve (FRC) and Annual Average Risk
(AAR) (modified from [15]).
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system. In the middle and downstream reaches, the river bed is rather
wide and shallow. In the downstream reach, the banks become low,
allowing overflow into the fields and villages during the flood season.
Both rivers have many tributaries creating a dense and complicated
hydrological system.

Average annual rainfall is approximately 3000–4000mm and tor-
rential rain for many days is a typical weather characteristic in this
region during wet season. Another issue of concern caused by rainfall is
extreme fluctuation in annual precipitation. Every year, from
September through November, 2–4 typhoons make landfall in this re-
gion bringing whirlwind and torrential rainfall for days, which com-
bined with steep topography (i.e. average slope is 25%) and torrential
rainfall for days causes serious flood disaster for VG-TB basin [23].
Based on provincial annual reports on flood control and management
provided by local authorities, main characteristics of past flood events,
i.e. peak water level, duration and damage, are summarized in Fig. 3
showing that almost every year the area suffers from deep inundation
with rather long duration of one or two weeks, sometimes even up to a
month causing huge damages for the local people.

2.2. Socio-economic conditions

VG-TB downstream is a populated area with density as high as 1000
people/km2. The population of Dien Ban District is more than 190,000
with the main economic activities, including agriculture, handicraft and
industry and tourism services. Although recently, industry manufacture
and services have been rapidly growing and significantly contribute to
the local budget, agriculture continues to be highly important because
of several reasons, such as: 30% of local labour engaging in agricultural
activities; the living quality in the study area is rather low compared to
other provinces in the country, e.g. 13% of households has income less
than the poverty line of US$20/person/month, compared to 7% in
average nationwide [5] and thus, food security is critical concern that
requires sustainable agricultural production to meet local demand and
livelihood. Among the agricultural activities, rice cultivation is the most
important with only two crops per year to avoid flooding, including
spring crop during December-March and summer crop during April –
August. Other annual crops, such as: cassava, maize, sweet potato,
peanuts, sesame, chili etc. are planted during a year, even during wet
season. Particularly, in the past few years, aquaculture farming is

substantially extended as a result of its high value, i.e. approximately
three times higher than those for rice and other crops [21]. As con-
ventional way, most of rice and crop fields and aquacultural ponds are
located on lowland area along the rivers for irrigation accessibility and
thus, be strongly influenced by natural resources and climatic condi-
tions and thus, highly vulnerable to natural hazards. This can be a
reason to cause the study area and Quang Nam province are behind the
development pace elsewhere in the country. Fig. 4 presents the com-
parison of annual GDP growth rates of Quang Nam province, neigh-
bouring Da Nang City and nation-wide [13] showing that the devel-
opment of Quang Nam province have not fully kept pace with other
regions of the country. Moreover, from Fig. 3 and Fig. 4, it can be no-
ticed that the decrease in annual GDP growth rate apparently relates to
the years of the severe flooding events, e.g. 1998–1999, 2007–2009 and
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Fig. 2. Topographic map of VG-TB Basin (VAST, 2012).
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Fig. 3. Characteristics of past flood events.
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2011–2013. A number of studies, from both local and international
institutions, have been undertaken to study flood hazards and partly
vulnerability in [13,23,5]. However, none of these studies have quan-
tified the disaster risk that the region has to confront with and more
importantly, intangible impacts are completely ignored.

3. Methodology and data analysis

The overall objective of this paper is to carry out risk analysis for
agriculture, which is presented in the form of FRCs and AAR as the
function of hazard, exposure and vulnerability. Fig. 5 shows the flow-
chart of the methodology used in this study. The detailed steps are
explained as follows:

3.1. Flood hazard assessment

Apparently, agricultural damage is driven by various hydrodynamic
parameters of flooding, including: water depth, inundation duration
and flow velocity. However, number of previous studies pointed out
that inundation depth is primary variable controlling flood damage,
especially for agriculture [10,19]. Therefore, in this study, 1D flood
simulation was applied using MIKE11 software combined with ArcGIS
to produce flood inundation maps, which were then verified by flood
trace marks of past flood events. Regarding to the return periods se-
lected, although producing FRC requires at least 3 points and according
to Ward et al. [25], in order to ensure the accuracy of FRC, it is re-
commended to have around 4–6 points, including high return periods,
such as 100 years, 200 years, 400 years, etc. However, using such low
frequencies is more applicable in assessing the safety of flood defence
works. This study focuses on obtaining in-depth understanding about
the annual flood hazard and AAR and thus, selected four flood scenarios
with return periods of 100 years, 50 years, 20 years and 10 years for
simulation.

3.2. Agricultural exposure and vulnerability analysis

3.2.1. Identification of elements-at-risk
Having considered the cultivation season characteristics and unit

price, there are three key elements-at-risk of local agriculture sector
selected, include: rice cultivation, other crop and fruit cultivation (e.g.
corn, cassava, bean, chili, water melon, vegetables etc.) and aqua-
culture, which are coded as RI, CR and AQ, respectively. In this area,
the horticulture and perennial crop is also available but with rather
small scale (only in private household gardens) and therefore, it is in-
cluded in household property damage, not in agricultural damage. Nga

Fig. 4. Comparison of annual GDP growth rates of Quang Nam province and
nation-wide [13].
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et al. [18] pointed out that in Dien Ban District, when flood occurs, the
debris and mud flow seriously affects the environmental vulnerability.
This is resulted by the fact that the upstream is covered by forest with
many timber logging activities, the flood flow often carries lots heavy
wood which is highly dangerous for people and requires huge clean-up
cost of the agricultural area, especially aquacultural lots. Therefore, for
each element, apart from direct loss of products, other damages can be
incurred, such as clean-up cost, environmental remediation and busi-
ness interruption. These damage categories are expressed by various
indicators, which are also coded and classified into tangible and in-
tangible, direct and indirect (Table 1).

3.2.2. Exposure analysis
This can be done by superimposing the inundation maps obtained

from hazard analysis over GIS based land use map developed from sa-
tellite image ALOS AVNIR-2 image level 1B2 captured on March 28th,
2009 and then verified by in-situ measurement of 90 points.

3.2.3. Vulnerability analysis
The vulnerability can be understood as the degree as “the char-

acteristics and circumstances of a community, system or asset that make
it susceptible to the damaging effects of a hazard” [9,22]. It means the
task of this part is to determine the degree of damages of the elements-
at-risk based on their damage rate and unit values. To obtain this in-
formation, two different methods are used as follows:

(i) For direct tangible elements-at-risk, the damage rates are de-
termined by stage-damage functions and unit values are obtained
from Quang [21].

Stage-damage function is a very popular method for evaluating da-
mage rate of tangible direct elements-at-risk, which present the re-
lationship between flood level and the degree of damage in either
monetary value or in damage ratios [15]. The later one is selected to
use in this study. To date, intensive research has been carried out on
this topic, especially those from The Netherlands, Australia, New
Zealand, Germany, UK, Japan, etc. Much fewer works have attempted
to derive stage–damage functions for agricultural sectors in developing
countries. Typical example can be the case studies in Lower Mekong
Delta [11]. Particularly, Nhu et al. [19] proposed a method for estab-
lishing flood stage–damage functions of rice and selected crops in data
scarce regions, which were then tested in several river basins in Central
Vietnam and thus, they are adopted in this study. Being very different
from rice and crops, the impacts of flood inundation on aquaculture is
not yet taken into account in any past studies. Therefore, the in-
formation on the damage of this element-at-risk was obtained from
household survey.

(ii) For direct intangible and indirect (tangible and intangible) elements-at-
risk, both damage rates and unit values are derived by Contingent
Valuation Method (CVM). From the review of the available methods
for evaluating these types of damages CVM has been used widely
because of strong advantage to be able to apply to almost all the
intangible and indirect damage categories [15,24], Meyer et al.,
2013). In general, CVM is based on household survey approach and
in order to determine monetary values of non-market goods,
especially environmental and social ones, people are asked in an
interview about their willingness to pay to avoid a given decrement
or damage of a particular non-market goods or to accept the im-
pacts by receiving a certain amount of compensation [3].

In this study, CVM is used to ask local authorities and farmers to
estimate the damage rates and unit values of the elements RI2, RI3, RI4,
CR2, CR3, CR4, AQ2, AQ3 and AQ4 as this information is not available
in the official source of data. Because the farmers are not familiar with
being interviewed, careful questionnaire design is vital by using di-
chotomous choices so that CVM can yield useful and accurate in-
formation.

3.3. Risk analysis

After obtaining the inputs, Eq. (1) can be now interpreted to cal-
culate the specific risk of each flood scenario by following equation
[14,15,24]:

∑= × ×
=

Damage (Inundated area Damage rate Unit rate )T
i 1

n

i i i
(2)

where: T- return period (T=100, 50, 20 or 10 years); i – element-at-
risk; n - total elements-at-risk (in this study, n= 12); Damage rates and
Unit values are obtained from vulnerability analysis as explained above.

One of tools for the risk communication is FRC, which can be pro-
duced by plotting the damages (in monetary values) against corre-
sponding return periods. Furthermore, for decision makers and public
awareness about the risk, it is important to convert this information into
Average Annual Risk (AAR). AAR can be interpreted as expected da-
mage per year over very long period. Computationally, AAR is equal to
the area under FRC using the following equation [20]:

∑= − +
= −

+AAR 1
2

( 1
T

1
T

)(Damage Damage )
i 1

n

i i 1
i i 1

(3)

where n is chosen so that all the relevant return periods are covered
from negligible cost of quite frequent events to very rare events.
However, as explained earlier, this study selected 04 flood scenarios
(i.e. n= 4) to be sufficient to develop FRC.

Table 1
Elements-at-risk analysis.

Elements at risk Damage indicators Type of damage Code

Direct Indirect

Tangible Intangible Tangible Intangible

Rice cultivation (RI) Loss of rice products x RI1
Clean-up and recovery cost x RI2
Soil and water remediation cost x RI3
Business interruption x x RI4

Other crop cultivation (CR) Loss of crop products x CR1
Clean-up and recovery cost x CR2
Soil and water remediation cost x CR3
Business interruption x x CR4

Aquaculture production (AQ) Loss of aquaculture products x AQ1
Clean-up and recovery cost x AQ2
Soil and water remediation cost x AQ3
Business interruption x x AQ4
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3.4. Data acquisition

3.4.1. Development of land use map
Basically, in order to create the land-use maps, in-situ measurement

and map correction are carried out. Recently, with the rapid develop-
ment of technology, satellite images have been used as an important
input in creating land-use maps. With the temporal and spatial in-
formation obtained from satellite images, land-use distribution and
classification can be accurately and rapidly extracted.

In this study, the optical satellite image ALOS AVNIR-2 image level
1B2 captured on March 28th, 2009 with 10m resolution, radiometric
and geometric corrected were used for land-use classification of Dien
Ban District, Quang Nam province by two methods: un-supervised and
supervised classification. Un-supervised classification obtains the gen-
eral information on the region of interest while supervised classification
classifies the objects (Fig. 6).

3.4.2. Socio-economic data and household survey
Verification of stage-damage functions and application of CVM

methods require arrange of data which were collected and assembled,
including primary data from social survey, interviews, focus group
discussion, field observations combined with secondary data ag-
gregated in governmental post disaster damage reports and statistical
year books of Dien Ban District to document key aspects of flood im-
pacts on agricultural production and corresponding potential damages.

(i) Statistic data: The first source of official socio-economic data is
Statistic Book of Quang Nam Province in 2015, which provides data
and information on population, gender, age, medical care, educa-
tion, agricultural yields and market values [21].

(ii) Household survey: to assess indirect (tangible and intangible) and

direct tangible vulnerability, this study applies CVM requiring far
detailed information collected through intensive social survey in all
16 communes of Dien Ban District. For CVM to yield useful in-
formation, careful design of questionnaire and survey im-
plementation is vital. The questionnaire consists of four main parts,
including: Part 1 collected household socio-demographic char-
acteristics; Part 2 included information on household risk exposure
level with focus on direct losses and other impacts related to the
recent catastrophic flood events in 2007 and 2013 as well as in-
undation level of moderate seasonal floods that occur frequently; In
Parts 3 and 4, there were totally 40 questions to ask the house-
holders to evaluate the direct tangible and indirect (tangible and
intangible) flood impacts on the properties (e.g. building and con-
tent, private business interruption, water quality and health im-
pacts etc.) and on their agricultural production and livelihood (e.g.
loss of cultivated products, clean up, water pollution, business in-
terruption etc.) by choosing the certain damage level, either per-
centage or in monetary values.

As most of the local farmers are not familiar with such type of in-
terview, the questions in Parts 3 and 4 were designed to elicit the in-
formation from the interviewees by using so called dichotomous-choice
format with 2 steps: In Step 1, the interviewees were asked to select the
answer from five multiple answers of range of damages potentially
incurred for selected flood scenarios; and in Step 2: from the range of
possible damage, the interviewees were asked for more specification of
how much the damage would be based on their experiences about the
past flood events. According to [6], this elicited format can mimic be-
haviour in regular market where people usually purchase, or decline to
purchase a good at posted price and thus, be appropriate for the farmers
who are asked their goods, tangible and intangible, for ever first time.

Fig. 7. Inundation map of 100-year return period.
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Having considered the low literacy level in study area, the survey was
conducted through face-to-face interviews during the period of July-
August 2014 by trained interviewers from Thuyloi University of
Vietnam.

Regarding the size of the survey, there are 400 interviewees selected
consisting of (30 local authority representatives, schools, clinics, hos-
pitals, irrigation companies, etc.) and 370 residents (including 330
farmers and 40 service providers). Due to the lack of complete lists of
residents from which to draw random or stratified samples, the inter-
viewers had to cover every house in certain villages with the guidance
of a local official.

4. Results and discussion

4.1. Result of hazard and exposure analysis

Nga et al. [17] developed the simulation for four flood scenarios
with return periods of 100 years, 50 years, 20 years and 10 years for
Dien Ban District. Based on the level of impacts of different inundation
depths on agriculture and aquaculture, the flood map over the study
area was classified as< 0.5m; 0.5–1.0 m; 1.0–2.0m and 2.0–3.0 m.
Fig. 7 is an example of the flood inundation map with 100-year return
period. To superimpose these inundation maps with the land use map
developed from the optical satellite image ALOS AVNIR-2 image to
evaluate the exposure, i.e. the area of each inundated level of the ele-
ment-at-risk defined earlier (Table 2).

4.2. Result of vulnerability analysis

4.2.1. Stage-damage functions
- For rice and other crops: Having considered the similarity of geo-

graphic, climatic and demographic conditions this study adopted stage-
damage functions developed by Nhu et al. [19].

- For aquaculture: The household survey investigated how the da-
mage of fish and shrimp farming lots was related to the flood levels.
Due to the fact that the farming lots are also aquatic body low damage
occurs in case of small flooding. However, the damage significantly
increases when the water depth is more than 2m. The direct damage of
aquaculture can consist of bank collapse, irrigation facility and farming
product wash away. Based on the information collected, the stage-da-
mage function for aquaculture has been derived. These stage-damage
functions used in estimating direct damages are presented in Fig. 8.

4.2.2. Estimation of unit values
- For direct tangible elements at risk: The unit values of RI1, CR1 and

AQ1 are changeable depending on cultivation practice, e.g. types of
land use as well as the time (or month during a year) when flood occurs.
The study area is located in low lying floodplain and thus the cultiva-
tion practice has been well adapted to the flood season. The household
survey revealed that from September through November no rice culti-
vation is taken place; the farmers still grow some crops and aquaculture
but the extension is reduced approximately 50–80% compared to the
rest of the year (Table 3). The unit values of land use of RI1, CR1 and

AQ1 during this period is obtained from Quang Nam Year Book 2015
with the details in Table 4 Quang [21].

- For direct intangible and indirect (tangible and intangible) elements-at-
risk: Data and information to determine these unit values were obtained
from household survey described earlier. First, the finding from Parts 1
&2 in Questionnaire helps provide overall assessment of indirect and
intangible vulnerability of agriculture in the study area as summarized
below:

(i) Clean-up and recovery cost (RI2, CR2 and AQ2): this cost is
common for all type of cultivation fields, including rice, corn and
other crops and vegetables. The questionnaire respondents are
relatively concentrated with the mean of VND5Mil and VND10Mil
for inundation less than and more than 2m, respectively. For
aquaculture, due to expensive investment, the clean-up cost of
shrimp farming lots is quite high and increased significantly in case
of serious inundation.

(ii) Soil and water remediation cost (RI3, CR3 and AQ3): Regarding to
the pollution problem, the flood does bring fertile silt for soil but
also many chemical substances from, for example, oil tanks, up-
stream mining… In addition, due to the fact that of intensive sand
mining along the river course, the flood flow often brings lots of
sand onto the cultivated land. The recovery of aquaculture is even
more difficult; the farmers have to dredge and remove the sedi-
mentation in the farming lots; the water quality after severe flood
events is often not appropriate causing yield reduction in the fol-
lowing farming season. Therefore, this issue is one of the most
critical post disaster challenges because it is highly costly and takes
quite long time to recover the quality of soil and water.

(iii) Business interruption cost (RI4, CR4 and AQ4): In the study area,
flood events can be multiple peaks lasting for a couple of weeks, or
even up a month as shown earlier in Fig. 3. Due to such inter-
ruption, many farmers have difficulty to maintain their livelihood.
In addition, they miss very good opportunities to sell products
during Lunar New Year occasion in late January/early February,
the most important holiday in Vietnam when the products, espe-
cially shrimp, fish and all types of vegetables can be traded with
much higher prices compared to the rest of the year.

Table 2
Exposure of agricultural elements-at-risk.

Inundationdepth Overall inundation area Inundation of rice field Inundation of other crops Inundation of aquaculture

100-yr 50-yr 20-yr 10-yr 100-yr 50-yr 20-yr 10-yr 100-yr 50-yr 20-yr 10-yr 100-yr 50-yr 20-yr 10-yr

< 0.5m 1556 2025 2518 2883 65 139 573 718 531 673 833 1149 – – – –
0.5–1.0 m 2347 2984 3497 4543 238 488 1023 1801 728 1066 1677 2063 – – – –
1.0–2.0 m 3808 4159 4354 4540 832 1252 1739 1854 1542 1810 2131 2187 – – – 110
2.0–3.0 m 5044 4316 3444 2367 1882 1777 1440 948 2037 1870 1640 1282 – – 151 100
> 3.0m 5332 3812 1508 509 2583 1944 825 279 2073 1492 630 230 210 210 59 –
Sum 18,087 17,296 15,321 14,842 5600 5600 5600 5600 6911 6911 6911 6911 210 210 210 210
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To determine the unit values of this group of elements-at-risk, the
questions in Part 3 of Questionnaire were developed based on CVM to
ask the interviewees to evaluate the cost they WOULD have to pay to
repair and recover back to normal condition. These data and informa-
tion is then analyzed to derive the mean values as summarized in
Table 5.

4.3. Result of risk analysis

The first step of risk analysis is to calculate the specific risk as a
function of hazard, exposure and vulnerability (i.e. inundated area,
damage rate and unit value) for each element at risk using Eq. (2) with
all the inputs presented in Tables 2, 4 and 5. The result of specific risks
is summarized in Table 6.

For each flood scenario, the direct tangible damage and indirect and
intangible damage are derived separately as sum of corresponding
elements-at-risk and the total risk is then produced by combining these
components.

In the next step, FDCs are developed by plotting the damage values
against the return period as illustrated in Fig. 9. The average annual
risks, including direct tangible, indirect and intangible and total, are
then calculated as the areas under the corresponding curves using Eq.
(3) (Table 7). To do this, having considered that the risk for frequent
events, e.g. with return period less than 50 years, is rather stable, this
study assumes that FDCs continue horizontally from the point of 10-

Table 3
Cycle of main crop cultivation in Dien Ban District.

Type of cultivation Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Paddy rice

Corn, bean and other crops

Vegetables

Aquaculture

Main cultivation season Additional cultivation season Cultivation for household consumption only 

Table 4
Unit values of tangible elements at risk.

Element-at-risk Code Unit values (Mil. VND/ha)

During Sep-Dec Full unit value (before harvesting)

Rice RI1 0 91.5
Other crops CR1 46 92.6
Aquaculture AQ1 50 270

Table 5
Unit values of direct intangible and indirect elements at risk (mil VND).

Code < 0.5m 0.5 m–1.0m 1.0m–2.0m 2.0m–3.0m > 3.0m

Mean Range Mean Range Mean Range Mean Range Mean Range

Clean-up and recovery cost
RI2 0.0 0.0 1.5 1.0–4.5 2.5 1.0 - 5.0 5.0 3.5–8.0 5.0 3.5–8.0
CR2 0.0 0.0 1.5 1.0–4.5 2.5 1.0 - 5.0 5.0 3.5–8.0 5.0 3.5–8.0
AQ2 0.0 0.0 5.0 4.0–6.5 10.0 8.0–11.0 25.0 20.5–27.0 27.0 25.0–30.0
Soil and water remediation cost
RI3 0.0 0.0 2.0 7.5–14.0 4.5 8.5–11.0 10.5 17.0–22.5 10.5 17.0–22.5
CR3 0.0 0.0 2.0 7.5–14.0 3.0 4.5–6.0 6.5 8.5–12.0 6.5 8.5–12.0
AQ3 0.0 0.0 10.0 7.5–14.0 20.0 17.0–22.5 35.0 24.0–40.0 35.0 24.0–40.0
Business interruption cost
RI4 0.0 - 0.0 - 0.0 - 0.0 - 0.0 -
CR4 0.0 - 0.0 - 46.3 - 46.3 - 46.3 -
AQ4 320.0 - 320 - 320 - 320 - 320 -

Table 6
Calculation of specific risk of each element-at-risk (Mil. VND).

Element-at-risk 1–100 yr flood 1–50 yr flood 1–20 yr flood 1–10 yr flood

RI1 – – – –
RI2 24,762 22,467 15,673 10,770
RI3 51,103 45,681 33,654 24,829
RI4 – – – –
CR1 231,730 219,153 200,192 185,937
CR2 36,873 21,874 16,678 13,028
CR3 47,539 28,143 21,148 16,389
CR4 366,694 219,879 203,766 171,264
AQ1 9450 9450 9450 7250
AQ2 5670 5670 5341 3605
AQ3 7350 7350 7315 5695
AQ4 67,200 67,200 66,880 66,880
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year return period.

4.4. Discussion

In this study the estimation of annual flood risk for agricultural
sector in VG-TB floodplain area of Dien Ban District, Central Vietnam is
carried out consisting of three components: flood hazard simulation,
vulnerability analysis for agricultural assets and then risk calculation by
taking into account not only direct and tangible issues but also indirect
and intangible ones. Several findings have been produced as follows:

– Although there is ongoing debate about the uncertainty and accu-
racy of CVM, the finding does show that this tool is very helpful
collect indirect and intangible asset attributes of agriculture sector
in rural floodplain area. As a result, more insight understanding
about the total risk can be obtained that potential damage in fact
would much higher than the direct damages evaluated after a flood
event occurred.

– The flood hazard in this area is critical because due to topography
like a rice bowl, the inundation is very deep and long. In case of
extreme events (i.e. 100-year and 50-year return periods), about half
of total area of 21,500 ha are inundated with water depth above
2.0 m.

– The local cultivation practice has been adapted to flooding season
and thus, most of rice and product is harvested and thus, the direct
tangible damage only includes loss of other types of crops and
aquaculture although the extension of these activities in the main
rainy season is also reduced significantly.

– Regardless the deep inundated area is significantly reduced from
rare to frequent events, the direct tangible risks are still quite si-
milar. This factor can be misinterpreted by the local community
about the risk as most of them believe that the flood loss may incur
would be only about 2% of total agricultural production in the
District.

– One of the key findings is the significance of direct intangible and
indirect (tangible and intangible) risks, which are 1.5–2.5 times
higher compared to direct tangible ones. These risks, including po-
tentially losses of clean up and repair, environmental pollution and
business interruption, increase substantially for the extreme flood
events, i.e. the expected loss of the 100-yr event is almost double
compared to 10-year event.

– To compare the result of this study (based on 2015 prices) with the
actual reported losses to agricultural production in Dien Ban
District, there are several constrains, including: (1) there has been
no official criteria for natural disaster damage assessment in
Vietnam; (2) the post disaster damage reports is far inaccurate; (3)
no systematic database is available and thus, usually, only data and
information on disaster damages during last two or three years can
be available. Therefore, for validation, this study attempted to use
post disaster report issued by local authority for the flood event in
2013 equivalent to event with 50-year return period. In this report,
the total losses to agriculture is VND250bil., including: corn and
cassava, sweet potatoes: VND47bil; beans and chili: VND120bil,
vegetables: VND73bil and aquaculture:

Every year, in the study area, the average risk of agricultural sectors
due to seasonal flood is as high as VND516,590mil, or equivalent to
approximately US$22mil, out of which, the annual intangible risk is
highly significant as it accounts for approximately 62% mainly due to
difficult recovery after several disaster occurred. This can be the reason
for decrease of annual GDP rate for the year having damaging flooding
as well as in the following years (Fig. 4)

5. Conclusion

The aim of this study was to derive the total risk of agricultural
sector in a rural floodplain area and thereby, to highlight the sig-
nificance of indirect and intangible damages compared to the tangible
ones. To handle this task, an integrated approach was applied, in which
apart from hydraulic modeling, spatial analysis and CVM through social
survey was used to obtain intangible asset attributes. As the final result,
the intangible, tangible and total risks were calculated and presented in
the form of FRC and AAR which can be further used as relatively
quantitative indicator to help the managers in policy development, e.g.
disaster insurance initiative, and support local authority in preparing
effective disaster management plans. Particularly, the countermeasure
to extreme flooding should be considered as in case of flood event with
100-year return period, the loss of agricultural sector is expected to be
very high, i.e. approximately 10% of its total annual production.
Besides, other investment and non-structural measures are cost-effec-
tive and necessary to enhance the adaptation and resilience of local
community toward their long term well-being and sustainability.

To improve the result of this study, it is recommended to apply this
approach in larger area. More resources should be utilized to develop
more hazard scenarios and thereby, to increase the accuracy of risk
calculation.
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