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Abstract. Floods can be a cause of poverty. Poverty itself magnifies the impact of floods as poor people are more
vulnerable and less resilient. Traditional flood risk assessments (FRAs) focus mostly on asset damages. Yet, poor people
own little assets and are often highly exposed to floods. Consequently, traditional FRAs often conclude that it is
inefficient to protect the poor and are thus biased against flood risk reduction measures protecting them. The aim of
this study is to evaluate FRRIs in a CBA based on the social welfare flood risk reduction benefits. A framework to
assess the social welfare flood risk through a Monte Carlo approach is presented herein. A case study illustrates that it
is not yet reliable to economically evaluate FRRIs based on the monetized social welfare benefits in CBAs. In addition,
a targeted social protection scenario emphasizes the potentially high social welfare benefits that can be realized through
risk transfer. Therefore, poverty reduction through risk transfer mechanisms should be considered as a holistic approach
to foster socioeconomic growth as such risk transfer mechanisms build socioeconomic resilience in the face of natural
disasters. It could have a considerable impact on the lives of people living in vulnerable areas.

1 Introduction
Floods are devastating climate hazards, leading to
substantial economic losses and human suffering. There
are 70 million people exposed to floods globally with
19,000 people killed, 12,000 critically injured and 150,000
rendered homeless on average per year (Doocy et al., 2013;
UNDRR, 2019). These figures will only increase in the
future due to a combination of climate change, populationand economic growth (Hirabayashi et al., 2013;
McGranahan et al., 2007). Low-lying coastal zones are
often inhabited by people with a lower socioeconomic
status. They are highly exposed and vulnerable as they
often lack protection and evacuation possibilities
(Winsemius et al., 2018). The estimations of people living
in these low-lying regions range from 0.6 billion people at
present, up to 1.0-1.4 billion people in 2060, of which 80%
in developing countries (Islam et al., 2013; Neumann et al.,
2015).
Uncertainties in sea level rise projections pose a
challenge to flood risk management (FRM) as flood risk
reduction measures (FRRMs) often require large capital
investments over a long period of time. Decision makers
are cautious to make suboptimal, irreversible choices as
they are aware of these uncertainties (de Ruig et al., 2019).
As a result, decisions are often postponed until the next
a
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hazard strikes the region (Aerts et al., 2018). Therefore, it
is important to rationalize these investments through
economic evaluation techniques to legitimize flood risk
reduction investments (FRRIs).
Cost-benefit analysis (CBA) is a powerful tool for
public decision makers to economically evaluate probable
strategies in FRM and disaster risk reduction. The
renowned English and French economists Dupuit,
Marshall and Pigou first introduced CBA in Europe in the
19th Century (Andersson, 2018; Porter, 1995). Nowadays,
rational approaches to evaluate public investments in
FRRMs become even more important as climate change
mitigation funds are finite (Kind et al., 2017).
Traditional FRAs and CBAs take financial values
into account and focus on physical damage to buildings
and assets, irrespectively of who uses or owns them. In this
case, exposure, susceptibility and coping strategies form a
function of physical vulnerability. The total flood risk is
expressed in expected annual damage (EAD) and is
calculated based on flood damages and probabilities (Kind
et al., 2019). Yet, poor people own little assets and are
often highly exposed to floods. Traditional FRAs and
CBAs therefore tend to conclude that it is inefficient to
protect the poor. However, the objective of most
governments and donors is to improve or maximize social
welfare, which comprises the well-being of all individuals
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in a society. Therefore, such traditional methods are often
unsuitable to legitimize public FRRIs.
Social welfare FRAs and CBAs focus on the impact
of a flood on the well-being of an individual. In social
welfare economics, well-being is related to consumption
through the utility function (Kind et al., 2017, 2019). The
concept of utility was introduced by economists to
operationalize well-being, which is determined by wealth,
income or consumption. The relationship is non-linear and
is well-known as the ‘diminishing marginal utility of
income’. This means that increments in consumption
within a population imply different proportions of
decreasing well-being. It also legitimizes the use of equity
weights in CBAs, which indicates that a dollar for poor
people receives a higher value than for non-poor people
(Kind et al., 2017). Therefore, there is a need for social
welfare FRAs and CBAs, that take a societal perspective.
In these social welfare FRAs and CBAs, all costs and
benefits are valued on the basis of willingness-to-pay or
willingness-to-accept. Social vulnerability and income
inequality are both considered, which means that the
damages of less vulnerable and non-poor people are valued
lower than for more vulnerable and poor people (Kind et
al., 2019). Especially in the case of developing countries,
the people with the lowest socioeconomic status are the
most vulnerable and live in the areas most at risk.
Traditional FRAs and CBAs that do not incorporate social
vulnerability and income inequality could therefore reach
different conclusions compared to social welfare
FRAs/CBAs.
Social vulnerability has already been incorporated in
some FRM studies (Cutter et al., 2013; Zang & You, 2013;
Koks et al., 2015). In these papers, the Social Vulnerability
Index (SoVi) was used to jointly assess the hazard,
exposure and social vulnerability. It appeared that social
vulnerability to floods is a heterogonous phenomenon
within the population and between areas. FRRM’s should
therefore be tailored to local characteristics. In this paper
we therefore apply the social welfare approach of Kind et
al. (2019) that incorporates social flood vulnerability. We
apply this model to an extensive case study to evaluate
FRRIs in a CBA based on the social welfare flood risk
reduction benefits and CBA parameters.
One way to reduce flood risk is to offer physical
flood protection through for example the construction of
dikes or levees. Pre- and post-disaster risk transfer
mechanisms are alternative FRRMs that can either make
people less vulnerable before a flood or help people
recover more quickly after a flood. This paper examines
the possibilities of pre- and post-disaster risk transfer
mechanisms as they are able to mitigate the impact of
floods on an individual’s consumption, and hence wellbeing.
Recent research has already tried to estimate wellbeing loss in the face of natural disasters as a measure of
disaster severity (Markhvida et al., 2020; Walsh &
Hallegatte, 2020). However, these assessments use
aggregated data at the census tract level. As a result, the
heterogeneity in the distribution of household
characteristics may not be captured. To overcome this
problem, this research applies a Monte Carlo approach to
assess the flood risk. Probability distributions of the most

critical flood risk parameters are used to determine the
social flood vulnerability and compute the social welfare
loss per individual.

2 Methodology
Traditional FRAs (left frame of Figure 2) are based on
asset damages and are calculated based on the hazard (the
inundation depth), exposure (the asset) and vulnerability
(the damageability of the asset). This results in a total flood
risk of an area and is expressed in EAD.
In this paper, we adopt the social welfare flood risk
model from Kind et al. (2017, 2019) which is visualized in
the right frame of Figure 2. This model also considers the
impact of a flood on the well-being of individuals as wellbeing is based on consumption and is described by the
utility function.
2.1 The utility function
The utility function is governed by the law of diminishing
marginal utility of consumption, is non-linear and has a
concave shape. This indicates that with decreasing
consumption, the marginal utility or well-being increases
(Figure 1) (Kind et al., 2017). In this paper, we assume that
the annual income of an individual is consumed in the
same year. Annual consumption is therefore equal to
annual income. Diminishing marginal utility of
consumption is essential to social welfare FRAs in two
ways. First, it provides an explanation why people tend to
be risk averse: an additional unit of consumption has a
greater value during periods when consumption is
considered low than during periods when consumption is
considered high. Second, it justifies the use of equity
weights in CBAs where an additional unit of consumption
is valued higher for poor people than for non-people (Kind
et al., 2017). The utility function is described in Eq. 1.
𝑈(𝐶) =

𝐶 !"#
1−𝛾

(1)

For γ ≥ 0 and γ ≠ 1, where U is the utility, C is the
consumption and γ the elasticity of marginal utility of
consumption. The well-being, defined by the utility, is
linear if γ = 0. For γ ≥ 0, the marginal utility of
consumption diminishes, resulting in a concave shape of
the utility function (see Figure 1).

Figure 1: The utility function: An equivalent decrease in income
results in a different decrease in utility or well-being based on
the initial consumption level (Kind et al., 2017).
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Figure 2: Flow chart of the methodology. All blue coloured boxes are part of a traditional FRA whereas all green coloured boxes are
part of a social welfare FRA. The grey boxes are part of the CBA. Yellow boxes with rounded-corners represent input variables or
parameters. Orange boxes are calculated values based on input from variables, parameters or other boxes. Large rounded-corner
squares represent the different types of flood risk. The large red rounded-corner box contains the three different financial protection
scenarios. The social welfare framework is adopted from Kind et al. (2017,2019).

2.2 Financial protection
Consumption loss is the damages that is not covered
through financial protection. Without any form of financial
protection, we assume that floods lead to an immediate
reduction of consumption and hence well-being as the
repair or replacement of damaged assets or goods are
financed at the cost of consumption. There are three forms
of financial protection that can mitigate the immediate
impact of floods on consumption or smooth it over time:
insurance, social protection and self-protection.
Insurance is a form of financial protection in which
individuals can smooth the impact of a flood over time by
paying an annual insurance fee. In case of a flood, damage
repairs are paid by the insurer.
Social protection is a form of financial protection
that is provided by the national government, international
community, NGOs, philanthropists, relatives and/or
friends. It comes in the form of social-assistance,
compensation of emergency aid (Kind et al., 2019).
Self-protection is a form of financial protection in which
an individual can smooth the impact of a flood over time

by using savings, borrow money or sell goods or assets.
Individuals with lower socioeconomic status are generally
less well self-protected as they have a lower income, do
not have access to the credit market or own little assets
(Hallegatte et al., 2016, 2017; Zakour & Gillespie, 2013).
2.3 Types of flood risk
If all damage is covered through insurance or social
protection, we assume that individuals do not experience
any well-being loss as damages are spread over large
groups and/or time. In this case, social welfare flood risk
is equal to traditional flood risk, which is expressed in
EAD. This is what Kind et al (2019) call collective flood
risk.
The social flood vulnerability is assumed to be the
consumption loss as a fraction of annual consumption by
Kind et al. (2017). It defines of individuals are able to
recover from a flood. If the social flood vulnerability is less
than 1, Kind et al. (2019) assume this is individual
recoverable flood risk. In this case, consumption loss is
translated into a social welfare value based on risk
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premium and equity weights, which is described
extensively in Kind et al. (2017, 2019).
If the social flood vulnerability exceeds the critical
threshold of 1 when consumption loss is equal or larger
than annual consumption, Kind et al. (2019) assume
catastrophic flood risk. In this case, the individual cannot
recover anymore. Kind et al. (2019) applies a Value of
Statistical Life (VSL) as a proxy.
2.4 financial protection scenarios
Due to the general lack of data on all three forms of
financial protection, Kind et al. (2019) estimate the social
welfare flood risk under three different financial protection
scenarios (see the red rounded-corner square in Figure 2).
In this paper we adopt these financial protection scenarios:
(1) In the first scenario we assume that damage of
individuals is fully covered through insurance. Individuals
that have sufficient financial protection experience hardly
any social welfare loss as damages are spread over large
groups and/or time. The social welfare loss in scenario 1 is
equal to the value of traditional flood risk as the individual
recoverable flood risk per individual is small and EAD is
therefore a right way to express the flood risk. Scenario 1
thus only consists of collective flood risk.
(2) In the second scenario we assume no form of
financial protection through insurance, social- or selfprotection. The consumption loss is therefore equal to the
flood damage in the year of the flood. In this case, there is
no collective flood risk and residential flood risk consists
of individual recoverable and catastrophic flood risk. If the
social flood vulnerability is less than 1, risk premium and
equity weights will determine the value of the social
welfare flood risk. If the consumption loss is higher than
the annual consumption of an individual, the social flood
vulnerability becomes larger than 1 and reaches infinity. In
this case, individuals will face catastrophic flood risk and
recovery is impossible. This may cause serious issues
involving lasting poverty, personal bankruptcy (Lawless,
2005), starvation (Naqvi & Rehm, 2014) or infant
mortality (Anttila-Hughes & Hsiang, 2013).
(3) In the third scenario we assume a situation where
all individuals should maintain a minimum annual
consumption after a flood. The consumption loss is
assumed to be smoothed over 5 years and the minimum
consumption is set at US$ 700, which is the poverty line.
If consumption was already below the poverty line, this
level of consumption is set as the minimum. Individuals
will thus receive social protection to prevent them from
experiencing catastrophic flood risk. In this case, the social
welfare flood risk consists of collective flood risk (the
consumption loss that is compensated through social
protection) and individual recoverable flood risk (the
remaining consumption loss).

2.7 Cost-benefit analysis
The FRRMs are economically evaluated in a CBA. The
avoided expected damage represents the benefit, and the
FRRIs and operation and maintenance (O&M) expenditure

represent the costs. A more elaborate explanation on the
FFRIs is provided in section 3.4. The Net-Present Value
(NPV) is calculated by Eq. 2:
%

𝑁𝑃𝑉 = /
$'!

(𝐵$ − 𝐶$ )
(1 − 𝑟)$

(2)

Where 𝐵$ is the benefit of the FRRM in year 𝑡, 𝐶$ the cost,
𝑟 the net discount rate of the economic growth rate and the
discount rate, and 𝑇 the lifetime of the project in years. The
benefit is the avoided annual damage in year 𝑡 and costs
are the sum of the investment and O&M expenditure in
year 𝑡. A positive NPV indicates that the discounted
benefits are larger than the discounted costs and therefore
implies that a certain FRRM generates a net economic
benefit. The Benefit-Cost Ratio (BCR) is calculated by
dividing the discounted benefits by the discounted costs
(Eq. 3):
𝐵$
∑%$ '!
(1 + 𝑟)$
(3)
𝐵𝐶𝑅 =
𝐶$
%
∑$ '!
(1 + 𝑟)$
The BCR is thus higher than 1 if the NPV is positive. Both
indicators are provided since the BCR gives insight in the
relative economic benefit per dollar invested whereas the
NPV indicates the total economic benefit that a FRRM
generated on the long term.

3 Case study
To demonstrate the social welfare approach in CBAs by
Kind et al (2017,2019), We apply it to Tien Lang in
Vietnam based on the data from the World Bank Coastal
Resilience Project that was carried out by Royal
HaskoningDHV (2019a).
Tien Lang is one of the six coastal districts located within
the Hai Phong Province. It has a relatively short coastline
of 17 km. The total area of the district is 189 km2, of which
146 km2 is located between dikes. About 70% of the total
area consists of used land (90% of the area that is located
within the dike system), inhabited by 155,000 people,
mainly in rural areas. Only 10% of the population lives in
urban areas. Tien Lang is located in the Red River Delta
and is enclosed by three branches of the Red River: in the
north / northeast by the Van Uc River; in the south /
southwest by the Thai Binh River; and in the southwest by
the Mia River. The East Sea forms the eastern border
which extends towards the southeast.
Tien Lang is one of the most storm-prone areas in
Vietnam, with the most severe storms occurring from July
to September. The region is affected by three to five storms
each year, with one or two storms hitting the area directly.
A system of coastal and river dikes surrounds Tien Lang
to reduce the flood risk. Being surrounded by dikes, Tien
Lang is essentially a polder in the Red River Delta. The
dike system along the coastal boundary creates a
freshwater and saline system, thereby creating a clear
distinction between ecosystems on the seaward side of the
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coastal dike and ecosystems inside the coastal and riverine
dike. Figure 3 provides an overview map of Tien Lang.

parameters to compute social flood vulnerability and flood
risk per individual are not known. A synthetic population
of 10,000 individuals is formed based on the probability
distributions of inundation depth, floorspace and annual
consumption. The social flood vulnerability and the social
welfare loss per individual are then computed per
commune. The average of every type of residential flood
risk is finally multiplied by the number of affected
individuals per commune. The EASWL is the sum of the
residential and non-residential flood risk.
The social welfare FRA inputs are summarized in
Table 1 and are all included in the flow chart of the
methodology as set out in Figure 2.
Item

Range

Source

Inundation depth Royal HaskoningDHV (2019a)

Figure 3: Overview map of Tien Lang. The proximity of Tien
Lang within Vietnam is indicated in the top right map with red
(Royal HaskoningDHV, 2019a)

3.1 Flood hazard assessment
The climate change scenario adopted in this research
follows the RCP 8.5 projections of the Intergovernmental
Panel on Climate Change (IPCC, 2013). Sea level rise
defined in this climate change scenario is 13 cm in 2030.
Next to SLR, this research also considers future rainfall
change projections. The assumed increase in rainfall is
estimated to be 12% in 2030 (Royal HaskoningDHV,
2019a).
To estimate the flood hazard, hydraulic modelling for
various return periods (10, 30 and 100 years) has been
applied to determine inundation due to pluvial, fluvial and
coastal flooding. Royal HaskoningDHV (2019a) shows
that Tien Lang is most prone to fluvial flood hazards due
to breaches in the river dikes, followed by coastal flooding
due to breaches in the coastal dike. The results of the
different flooding conditions causing inundation are
aggregated to find the inundation depths that are
statistically representative for each return period. The
inundated areas vary from 2,200 ha (12% of the total area)
for the 10 years return period, to 12,400 ha (65% of the
total area) for the 100 years return period.
3.2 Social welfare FRA
Damages to residential areas are directly suffered by
individuals and thus only induce well-being loss.
Therefore, flood risk is divided into residential and nonresidential. Non-residential flood risk is estimated through
conventional land-use-based damage calculations and is
adopted from Royal HaskoningDHV (2019a).
Contrary to the way non-residential flood risk is
estimated as described in the above, residential flood risk
is estimated through a Monte Carlo approach as risk

0 – 2.9 m

Floorspace

2009 Census - (GSO, 2010)

4.1 – 20.7 m2

Consumption

Lanjouw et al. (2013)

US$ 234 – 4,267

Indirect damage

Royal HaskoningDHV (2019a)

50% - 150%

Damage function

Huizinga et al. (2017)

0-1

Maximum damage

Huizinga et al. (2017)

US$ 143 – 303

Utility function Elasticity

Kind et al. (2019)

1.2

VSL

Reynaud & Nguyen (2016)

77 – 111

Population map

Worldpop (2020)

-

Land use map

Royal HaskoningDHV (2019a)

-

Table 1: social welfare FRA inputs with source and range.

The damage function has been derived based on the Joint
Research Centre report of Huizinga et al. (2017),
complemented by a Royal HaskoningDHV reference
project in Sri Lanka (Royal HaskoningDHV, 2019b) and
the Dutch HIS-SSM study (de Bruijn et al., 2015). The
damage factors have a threshold of 20cm to account for
model uncertainties, physical barriers and the general
opinion that a few cm of inundation will not cause
damages (following Scussolini et al. (2017)).
The maximum damage has been obtained from
Huizinga et al. (2017). The values are country specific and
are based on the GDP relationships. The value has been
corrected for inflation until 2018. The mean maximum
damage is set at 198 US$/m2, with a range between US$
143-303.
The indirect damage is considered to be triangularly
distributed between 50% and 150% of the direct damage.
The inundation depths per return period are taken
from Royal HaskoningDHV (2019a). A hydraulic coupled
1-2D Mike FLOOD model software was used to simulate
both the flows in the river channels (1D Mike 11) and over
the ground surface (2D Mike 21) with the rainfall and
surge. The flood assessments include three types of
hazards that cause inundation: pluvial, fluvial and coastal
with a return period of 10, 30 and 100 years. The DEM that
was applied has a resolution of 30m x 30m. An inundation
scenario is presented for 2030.
The distribution of floorspace per individual are
based on the 2009 Vietnam Population and Housing
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Census. It is the most recent census available as the
periodicity of Vietnam’s census is 10 years. The
consumption distributions are based on the underlying data
of Vietnam’s poverty map (Lanjouw et al., 2013). The
annual consumption per individual is corrected for
inflation until 2018 with an average rate of 3%. The spatial
distribution of population is derived from the open-source
database of the University of Southampton (Wordpop,
2017).
Risk premium and equity weights both have the
elasticity of marginal utility as an input parameter. In
literature, suggested values for elasticity are in the range
of 0.5-2.0. This research applies a central value for
elasticity of 1.2. A more detailed overview of the different
elasticities can be found in Kind et al. (2017). The VSL
parameter implemented in this research ranges from 77 to
111 (Reynaud & Nguyen, 2016).
3.3 Cost-benefit analysis
To prevent Tien Lang from flooding, Royal
HaskoningDHV (2019a) proposed FRRMs with a safety
standard of 30 years based upon their risk assessment.
Total costs of investments to protect Tien Lang from
floods with a return period of 30 years are estimated at US$
8.8 million. Other direct costs for these projects include
O&M costs estimated to be 0.1% of capital cost per year
(Aerts, 2018).
The discount rate in this study is set at 6%. The
economic growth rate is varied between 3%, 6% and 9%,
representing a factor 0.5, 1.0 and 1.5 of the present growth
rates. This provides insight into the sensitivity of this
parameter. The lifetime of the CBA is set at 30 years.

4 Results
4.1 Scenario 1 – Traditional FRA
In the first scenario, damage of individuals is fully covered
by insurance. This means that no individual will
experience consumption loss. In this case, there is no
individual recoverable flood risk and catastrophic flood
risk and residential flood risk only consists of collective
flood risk. It is however an unlikely scenario for Vietnam,
since flood insurance penetration is low (Reynaud et al.,
2018) and the Vietnamese government only provides
social protection up to a maximum of US$ 300 per
household (World Bank, 2010). The results are
summarized in Table 2.

Residential flood risk
Collective

flood

risk
-

Catastrophic flood
1.2

1.2

1.2

Direct EASWL

1.5

18.6

1.4

Total EASWL

2.9

55.6

2.9

100%

0%

57%

risk
Non-residential flood risk

Financial protection rate

Table 2: Social welfare flood risk results of all three financial
protection scenarios. All values are in M$

The size of the affected population has been calculated
based on the flood extent areas overlaying the spatial
distribution map of Tien Lang. A wide range from 3-55%
of the population is at risk, depending on the return period
of the flood hazard. The number of people that is annually
expected to be affected is about 6.000, which indicates that
every year 4% of the population has a chance of
experiencing a flood, on average. This number will only
increase as both the flood extent and flood depth increase
due to climate change.
As this scenario is equal to a traditional FRA, the
validity of the Monte Carlo approach can be examined by
comparing the EAD reported by Royal HaskoningDHV
(2019a) and the EASWL of this research. The
conventional land-use-based damage calculations of Royal
HaskoningDHV (2019a) yielded a total EAD of US$ 2.6
million, based on 100% indirect damage of the direct
damage. It is close to the total EASWL of US$ 2.9 million
and falls within the calculated EASWL uncertainty range
of US$ 1.0-10.6 million.
Figure 4 shows a map with the total EASWL per
commune. The highest social welfare flood risk is found in
the communes with the highest land use values in
combination with the highest inundation depths.
The communes located along Thai Binh River face
the highest risk (i.e., Kien Thiet, Cap Tien, Tien Thanh,
Khi Nghai, Tien, Quyet Tien), followed by the coastal
communes (i.e., Tay Hung, Dong Hung, Vinh Quang,
Hung Thang). The commune Quang Phuc remains
completely prevented from flooding because the average
elevation of this commune is relatively high compared to
the other communes.
If FRRMs should increase the safety standard to the
30-year flood level for the whole district, the annual flood
risk reduction benefit would be US$ 1.0 million. This
would result in a total PV benefit of US$ 29.2 million over
the whole lifespan of the project (assuming an economic
growth rate and discount rate of both 6%).

Scenario 1 Scenario 2 Scenario 3

Item

-

-

Individual

1.7

54.4

1.6

4.2 Scenario 2 – No financial protection

1.7

0

0.9

0

1.2

0.7

0

53.2

0

The second scenario assumes no form of financial
protection. In this case, there is no collective flood risk and
residential flood risk consists of individual recoverable
and catastrophic flood risk. Catastrophic flood risk is
estimated through the VSL. For Vietnam, this comes down
to roughly US$65,000 per individual. The results are
summarized in Table 2.

recoverable flood
risk
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Figure 4: Social welfare flood risk map of Tien Lang under
scenario 1. EASWL is given in 000s US$/year.

Figure 5: Social welfare flood risk map of Tien Lang under
scenario 2. EASWL is given in million US$/year.

Residential flood risk is the sum of individual recoverable
and catastrophic flood risk and amounts to US$ 54.4
million. Individual recoverable flood risk is the expected
social welfare loss of the damage that is restored at the cost
of consumption and comes down to US$ 1.2 million. By
far the largest part of residential flood risk consists of
catastrophic flood risk, which amounts to US$ 53.2
million. Non-residential flood risk is equal to US$ 1.2
million. The total Expected Annual Social Welfare Loss
(EASWL) sums up to US$ 55.6 million. This suggests that
the social welfare flood risk between full and no financial
protection differs with a factor 18. In theory, FRRIs
targeting poor people would be accepted immediately
because the large social welfare benefit due to the absence
of financial protection justifies the investments. The large
difference in social welfare flood risk between scenario 1
and scenario 2 also indicates that flood risk may seriously
be underestimated in a traditional FRA. FRAs that do not
take financial protection and social flood vulnerability into
account, should therefore be interpreted with caution. The
flood risk of poor people may be severely underestimated
as poor people are likely to be the most vulnerable and the
least financially protected. Moreover, CBAs based on
these social welfare benefits will be biased against FRRIs
to protect the poor.
Figure 5 shows a map with the total EASWL per
commune. The highest social welfare flood risk is found in
the communes with the highest amounts of damages in
combination with the lowest annual consumption per
individual. The communes along Thai Binh River face the
highest risk, followed by the coastal communes.
The large contribution of catastrophic flood risk to
the total social welfare flood risk (96%) is a result of the
fact that a vast amount of the affected population has a
social flood vulnerability of 1 or higher. The percentage of
the total affected population that faces catastrophic flood
risk ranges from 0.1-26%, depending on the return period
of the flood hazard.

The annual number of expected people suffering
catastrophic flood risk is about 750. This indicates that, on
average, every year 12% of the annual affected population
has a chance of experiencing catastrophic flood risk.
Figure 6 shows the percentages of the population per
commune that encounters catastrophic flood risk in a 100year flood event. Large percentages of catastrophic flood
risk (> 45%) are to be found in the coastal communes and
the communes located along Thai Binh River. There are
five communes that do not encounter any catastrophic
flood risk due to a social flood vulnerability less than 1 as
damage caused by lower inundation depths does not
exceed annual consumption.
If FRRMs should increase the safety standard to a
30-year flood level for the whole district, the annual flood
risk reduction benefit would be US$ 17.3 million. This
would result in a total PV benefit of US$ 518.6 million
over the whole lifespan of the project (assuming an
economic growth rate and discount rate of both 6%). It is
assumed that all individuals that encounter catastrophic
flood risk will eventually face death as an indirect cause of
flooding. This would mean that roughly 20,000 people die
in case of a 100-year flood event. In practice, this would
not happen as the Vietnamese Government and
international community are likely to interfere with social
assistance if such human catastrophe was about to happen
(World Bank, 2017).
4.3 Scenario 3 – Targeted social protection
In the third scenario, it is assumed that consumption loss
is divided over multiple years and that individuals should
maintain a minimum annual consumption. In this case,
there is no catastrophic flood risk and residential flood risk
consists of collective and individual recoverable flood risk.
The consumption loss is smoothed over 5 years and the
minimum consumption is set at US$700, which is the
poverty line. If consumption was already below the
poverty line, this level of consumption is set as the
minimum. The results are summarized in Table 2.
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individuals should still be assisted with social protection
even after a 30-year flood event, ranging from 30-72%.

Figure 6: Percentage catastrophic flood risk of the total
population for a 100-year flood event.

Residential flood risk is the sum of collective and
individual recoverable flood risk and amounts to US$ 1.6
million. Consumption loss below the set consumption
minimum is covered by the collective flood risk.
Collective flood risk is the amount of social protection that
is yearly required to maintain the consumption minimum,
on average. The US$ 0.9 million of collective flood risk is
therefore equal to the amount the Vietnamese government
should yearly put aside if they would to decide to start a
social protection fund for Tien Lang. Consumption loss
above the set consumption minimum is the individual
recoverable flood risk and comes down to US$ 0.7 million.
Catastrophic flood risk is zero and non-residential flood
risk equals to US$ 1.2 million. The total Expected Annual
Social Welfare Loss (EASWL) sums up to US$ 2.9
million. The financial protection rate is defined as the
amount of residential flood risk that is covered through
financial protection. It is calculated by dividing collective
flood risk by residential flood risk. More than half of the
residential flood risk is covered collectively (57%).
By assuming social protection targeted at the poor
and by taking social flood vulnerability into account, the
flood risk of poor people is not underestimated. CBAs
based on these social welfare benefits will therefore not be
biased against FRRIs to protect the poor. Moreover, the
difference in EASWL between scenario 2 and scenario 3
illustrates the large social welfare benefit of being
financially protected.
If FRRMs should increase the safety standard to a
30-year flood level for the whole district, the annual flood
risk reduction benefit would be US$ 1.0 million. This
would result in a total PV benefit of US$ 29.1 million over
the whole lifespan of the project (assuming an economic
growth rate and discount rate of both 6%). However,
increasing the safety standard to a 30-year flood level does
not reduce the demand for social protection. Figure 7
shows the percentage of the population that need socialprotection if a 30-year flood event would occur. Especially
in the communes along the Thai Binh River many

Figure 7: percentage socially protected people for a 30-year
flood event

4.4 Sensitivity analysis of CBA
The flood risk reduction benefits of all three scenarios are
used to economically evaluate FRRIs in a CBA. Given the
uncertainties associated with likely benefits of the
measures, the robustness of the CBA is tested in a
sensitivity analysis around different values for economic
growth. The results of the sensitivity analysis are
summarized in Table 3. The FRRIs are robust for all three
scenarios and to all levels of economic growth considered.
Especially in scenario 2, the NPV and BCR are very high
as the flood risk reduction enables a large social welfare
benefit.
Due to COVID-19, projections of the economic
growth rate for Vietnam have been decreased to 3-4% for
2020 compared to 6.5% pre-crisis projections (World
Bank, 2020). Nevertheless, the positive NPV and BCR
greater than 1 in scenario 3 provides evidence for the fact
that a combination of physical FRRMs and risk transfer
mechanisms could be a cost-effective disaster risk
reduction strategy for whole of Tien Lang.
Scenarios
Scenario 1

Scenario 2

Scenario 3

GDP growth
rate
3%
6%
9%
3%
6%
9%
3%
6%
9%

Metric
NPV

BCR

10.6
20.4
37.5
336.3
509.8
813.6
10.6
20.3
37.4

2.2
3.3
5.3
39.2
58.9
93.5
2.2
3.3
5.2

Table 3: Sensitivity of CBA indicators to protect against a 30year flood event (NPV in M$)
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5 Discussion
We first evaluate the results of this research by comparing
the results with the main findings of Kind et al., (2019).
Both papers performed a case study in Vietnam.
The large difference in social welfare flood risk between
scenario 1 and scenario 2 illustrated that traditional FRAs
severely underestimate flood risk of the poor. In addition,
the difference in EASWL between scenario 2 and scenario
3 emphasized the large social welfare benefit of being
financially protected. These conclusions are in line with
the main findings from Kind et al., (2019).
Kind et al. (2019) also found that the social welfare
flood risk while assuming no financial protection could
differ with a factor 30. In this paper, we only find a factor
of 18 between the first and the second scenario.
As addition to the methodology of Kind et al., (2019)
we evaluated the FRRI proposed by Royal
HaskoningDHV (2019a) in a CBA. The NPV and BCR for
scenario 2 are very high and unrealistic. It is therefore not
yet reliable to economically evaluate FRRIs based on the
monetized social welfare benefits in CBAs. However,
despite some of the limitations, this method can easily be
applied in a multi-criteria analysis. In contrast to a CBA, a
multi-criteria analysis translates absolute figures into
relative values. Uncertainties in the estimated social
welfare benefits are therefore less problematic. Future
research should try to incorporate social welfare flood risk
into MCAs for flood risk management.
5.1 Data availability
There are two data limitations. The first limitation is the
limited availability of microeconomic data concerning
financial flood protection in Vietnam. Although this is also
the case for many other regions in the world, it provides a
challenge to estimate the consumption loss of an individual
as a result of a flood. This research applies different
scenarios to assess the impact financial protection could
have. Nevertheless, there is no business as usual scenario
that could be used to evaluate the real life social welfare
flood risk of Tien Lang. Future research should therefore
focus on collecting financial protection data to be able to
assess the current situation.
The second limitation is that a Monte Carlo approach
is applied to assess the social welfare flood risk as there is
no data on the spatial distribution of consumption. In
recent years, advanced application in the field of artificial
intelligence and image recognition have been developed to
spatially map population density and GDP (Jean et al.,
2016). It would be particularly valuable if these types of
data would become available in the future.
5.2 Assumptions
There are four assumptions that pose limitations. Firstly,
the income of an individual is set equal to the consumption.
This is valid for poor people as their consumption is equal
to their income (Walsh & Hallegatte, 2020). However,
non-poor people do not consume all their income, which

indicates that social flood vulnerability is overestimated
for non-poor people. Nevertheless, it is fairly impossible
to measure income instead of consumption in developing
countries due the informal economy.
Secondly, flood damages are assumed to be repaired
at the cost of consumption in the same year of the flood.
Individuals could choose to divide the flood damage
repairs over time to smooth the impact on their
consumption.
The third assumption that poses limitations is that the
social flood vulnerability threshold that determines if risk
is recoverable of catastrophic is set at 1 (e.g., catastrophic
risk appears if the consumption loss is greater than the
annual consumption). Consumption loss due to health
expenditure can already be catastrophic at 40% (Xu et al.,
2003), which indicates that it remains difficult to
determine a proper threshold value. Nonetheless, future
research could study the pre- and post-disaster situation of
households to estimate their catastrophic flood risk
threshold and their recovery strategy.
Finally, this research applies an indirect damage
factor between 50% and 150% of the direct damage to
account for income losses and health impacts. The indirect
damage factor increases the social flood vulnerability and
could therefore overestimate social welfare flood risk.
However, the impact that floods will have on the social
flood vulnerability should not be underestimated as a large
percentage of the population’s income is dependent on
agriculture and aquaculture. On the other hand, floods can
also create job opportunities during the recovery of the
flood, leading to increased consumption (Nabangchang et
al., 2015).
5.3 Risk transfer mechanisms
The results of the case study highlight the importance of
risk transfer mechanisms in disaster risk reduction
strategies. Traditional risk transfer mechanisms are mostly
post-disaster and come in the form of insurance or social
protection. In Vietnam, flood insurance penetration is low
and research indicates that the demand for such a risk
transfer mechanism is sparse (Reynaud et al., 2018). The
situation is illustrative for many Asian countries where
insurance penetration rates are low, but exposure to risk is
high (Kunreuther & Lyster, 2016). Social protection could
also provide financial support in the recovery after a flood.
The results of the third scenario, as described in paragraph
4.3, indicate the potentially high social welfare benefits of
being financially protected. Unfortunately, both these
post-disaster risk transfer mechanisms often function too
slow and are therefore not able to effectively respond and
minimize the negative shock impacts of a disaster (Oxford
Policy Management, 2017). Pre-disaster risk transfer
mechanisms have been proven to be promising in reducing
the vulnerability and increasing socioeconomic resilience
of the poor. This is achieved by linking flood forecasts
with social protection schemes. These practices have
already been proven effective in Myanmar (Weingärtner et
al., 2019).
Another innovative risk transfer mechanism is an
index-based flood insurance in which the pay-out is
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triggered when it meets a certain objective meteorological
or geophysical threshold . These risk transfer mechanisms
are based on parametric triggers and are often established
in public-private partnerships, which are collaborations
between governments or supranational development banks
and private insurance companies. (Kunreuther & Lyster,
2016). Fiscal liabilities could simultaneously be reduced if
such risk transfers mechanisms would be established in an
international pooled catastrophe fund instead of a national
disaster risk insurance (Thirawat et al., 2017). Overall,
future research should focus on the pre- and post-disaster
risk transfer mechanisms to build socioeconomic
resilience in the face of natural disasters.
5.4 Applications
Over the years, the World Bank has already released many
publications about the incorporation of social welfare and
well-being of individuals into FRAs (Hallegatte et al.,
2016, 2017; Markhvida et al., 2020; Walsh & Hallegatte,
2020). Overall, it is promising to see the growing
awareness about the concept of well-being within FRAs
and CBAs. It will have a considerable impact on the future
of the many communities facing natural disasters around
the world.

6 Conclusion
Traditional FRAs and CBAs focus on asset damage and
therefore often conclude that it is inefficient to protect the
poor as poor people own little assets. This research aimed
to apply the social welfare approach of Kind et al. (2017,
2019) to evaluate FRRIs in a CBA based on the social
welfare flood risk reduction benefits and CBA parameters.
A case study was performed on the district of Tien Lang in
Vietnam. The quantification and monetization of the social
welfare flood risk was based on Kind et al. (2017, 2019)
and the case study data were adopted from Royal
HaskoningDHV (2019a). A social welfare FRA was
applied to assess the complex combination between flood
damage, consumption loss and catastrophic loss. Data
availability on financial protection was unfortunately
limited. Therefore, three scenarios with different financial
protection were assumed.
The first scenario assumed full financial protection
and was therefore equal to a traditional FRA. It yielded an
EASWL of US$ 2.9, which was in the same order of
magnitude as the flood risk of US$ 2.6 million calculated
by Royal HaskoningDHV (2019a). The second scenario
assumed no form of financial protection. The total
EASWL summed up to US$ 55.6 million, with the
catastrophic flood risk as largest contributor accounting
for 96% of the social welfare flood risk. In case of a 100year flood event, 20,000 people would have potentially
died as a result of catastrophic flood risk. However, this is
deemed highly unlikely as the Vietnamese government or
the international community would have intervened if such
human catastrophe was about to happen. The third
scenario assumed targeted social protection so that all
individuals could maintain a minimum consumption. The

total EASWL was US$ 2.9 million, which was equal to the
EASWL of scenario 1.
After evaluating the FRRIs we found that it is not yet
reliable to economically evaluate FRRIs based on the
monetized social welfare benefits in CBAs. However,
despite some of the limitations, this method can easily be
applied in a MCA. Future research should try to
incorporate social welfare flood risk into MCAs for flood
risk management.
Despite some of the limitations of this method, it is
encouraging to see that a social welfare FRA was already
implemented in one of the World Bank projects of Royal
HaskoningDHV. Overall, it is promising to see the
growing awareness about the concept of well-being within
FRAs and CBAs. Future research should focus on the preand post-disaster risk transfer mechanisms to build
socioeconomic resilience in the face of natural disasters. It
will have a considerable impact on the future of the many
communities living in the low-lying coastal zones of the
world.
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