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Investing in disaster risk reduction is crucial in achieving the Sustainable Development Goals since natural disasters
can impede sustainable development by causing economic and human losses. To consider investment in disaster
risk reduction, policymakers need information on appropriate scales of investment depending on disaster damage oc-
curred and socioeconomic development. However, there is a limited number of empirical studies that examine invest-
ment in disaster risk reduction, since the dataset of investments across countries is rarely available. This study aims at
proposing the approaches of financing investment in flood protection, which is integrated with climate change adap-
tation. To our knowledge, this study is the first empirical analysis on the relationship between investment and damage
and socio-economic development across economies. Amultiple regressionmodel is applied to analyze the relationship
between investment in flood protection and flood damage and other socio-economic development. Investment data
were collected from government agencies in major flood-prone countries in Asia. It was found that greater flood dam-
age is associatedwith a larger budget for flood protection. The governments start increasing budgets aftermajor disas-
ters happen and further increase them as GDP per capita and population density rise. To study investment in disaster
risk reduction further, datasets of budgets need to be established.
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1. Introduction

Reducing disaster risks is essential to achieving the Sustainable Devel-
opment Goals (SDGs) since natural disasters cause economic and human
losses and impede sustainable development. Disaster risks are increasing
because of the growing economy and population and are expected to in-
crease further due to climate change [1–3]. Extreme weather events will
hinder development and slow progress towards achieving the SDGs if in-
vestments continue in disaster-prone low-lying areas along rivers and the
coast under a changing climate [4,5]. The costs of managing disasters will
discourage investment in a range of areas relevant to the SDGs [6]. Impacts
by the COVID-19 pandemic should be considered as well. Since the COVID-
19 pandemic has reversed the progress of achievements in the SDGs made
since 2015, efforts are needed to put back the trends on track [7]. Also, re-
covery from the pandemic requires making society more resilient.

Global milestones are interconnected between DRR, climate change ad-
aptation (CCA), and sustainable development [8]. In 2015, the UN General
Assembly adopted the SDGs and the Sendai Framework for Disaster Risk
Reduction (SFDRR) 2015–2030. SDGs are the UN's flagship plan of ending
poverty and developing environmental sustainability by 2030. SFDRR is a
voluntary, non-binding agreement with four priorities and global seven
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targets to reduce disaster risk and losses in lives, livelihoods, and health
by 2030 [9]. The Paris Agreement, which was also adopted in 2015, is a le-
gally binding international treaty on climate change. The SFDRR and Paris
Agreement well recognize that disaster risks and climate change are inter-
connected with sustainable development [10]. The SFDRR stresses invest-
ment in DRR as a priority action [9]. The Paris Agreement reaffirms that
developed countries provide financial assistance for mitigation and adapta-
tion. Climate finance supports developing countries to mitigate disaster
damage, which is predicted to increase because of climate change and
their limited adaptation capacities [11,12].

Most countries are unable to secure enough budget for proactive invest-
ment following the SDGs [13]. Policymakers need the information to con-
sider and justify DRR investment. However, there is a limited number of
studies that examine DRR investment. It is not clear which socioeconomic
factors affect the investment scale of DRR. Also, it is unclear how damage
affects investment scales. It is mainly because the dataset of investments
across countries is rarely available.

This study aims at proposing the approaches of financing investment in
flood protection, which is integrated with climate change adaptation. It ex-
amines the datasets of investment and analyses the relationship between
the budget of flood protection and flood damage and socio-economic
asaki).
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factors in Asia. The study period between 2006 and 2015 covers the decade
of the Hyogo Framework for Action 2005–2015, which was adopted in
2005 at the World Conference on Disaster Reduction, held in Kobe,
Hyogo, Japan [14]. The Hyogo framework is the predecessor instrument
of SFDRR and the first global blueprint for DRR efforts. UN member states
promoted DRR including investment according to this Hyogo framework
agreed. Developing countries in Asia are the most vulnerable group to di-
sasters in the world. Between 2000 and 2020, more than half of the world's
casualties from disasters, more than four-fifths of the affected people, and
more than a quarter of the economic damage occurred in developing coun-
tries in Asia. Disaster risks have increased because of growing populations
and economic growth [15].

To our knowledge, this study is the only one that uses actual budget data
and systematically tries to examine the relationship between investment
and damage across countries. The study recommends the approaches of se-
curing investment in flood protection and identifies research gaps.

2. Relationship between disaster damage, investment, and economic
development

Recent studies have analyzed the relationships between economic dam-
age, economic development, and other factors by using different methods
and datasets [16]. Most studies, however, do not have examined actual in-
vestment data, nor studied the relationships between investment and dam-
age. This section reviews recent studies concerned.

It can be concluded from recent studies that economic damage caused
by disasters increases as the economy develops and the population grows
[17,18]. Schumacher and Strobl [19] argue that a link between economic
losses and wealth form an inverse u-shaped for low and medium hazard
countries but a u-shaped relationship for high hazard countries. It is be-
cause lower hazard countries experience first increasing losses and then de-
creasing ones as the economy develops, and higher hazard countries
experience first decreasing losses and then increasing ones as the economy
develops. Ishiwatari [20] found that flood damage does not increase be-
cause of investment in flood protection in Asia during the economic devel-
opment stages from USD1,500 of Gross Domestic Product (GDP) per capita
until economics reach around USD 5000 of GDP per capita.

Despite smaller damage costs, developing countries suffermore impacts
on economic growth from disasters than industrialized countries. Low- and
middle-income countries experience the highest losses of lowering per
capita GDP across countries [21]. Loayza et al. [22] found that growth in
developing countries is more sensitive to natural disasters than in industri-
alized countries. This is because the agriculture sector is prone to natural di-
sasters but plays a more prominent role in developing countries. At the
country level, there is a non-linear relationship between economic develop-
ment and economic damage and that economic development can reduce
damage, but at a diminishing rate. As the economy grows, the rate of disas-
ter damage reduction declines [23].

Fatalities are decreasing over time, and higher-income countries experi-
ence fewer deaths from natural disasters [18]. Kahn [24] found that the
number of deaths in a country with a GDP of $14,000 per capita would
be reduced to 1/5 of a country with a GDP of $2000 per capita. Some stud-
ies argue that the number of death–income relationship forms U-shape or
an inverted U-shape. Kellenberg and Mobarak [25] observed that the num-
ber of deaths from floods, landslides, and windstorms increases along with
increases in GDP per capita until it reaches USD4,500–5500 and then de-
clines. Countries suffer from disasters as the economy grows and start pro-
moting countermeasures to decrease death toll. The inverted U-shape does
not apply to earthquakes, and the number of deaths by earthquakes de-
creases as the economy develops.

Other factors besides economic growth could affect disaster damage. It
can be concluded from recent studies that economic development, diversi-
fied, and open economy with sound institutions contribute to decreasing
damage [[17,18,21,23,24]]. Also, higher educational attainment and
higher literacy rate are important for reducing the number of deaths and
economic damage [24,26,27]. Klomp [28] observed that natural disasters
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reduce the amount of nighttime lights visible from outer space significantly
and found that countries with more developed financial markets and polit-
ical accountability suffer less from the consequences of a disaster.

Countries where frequently expose to disasters suffer less from disasters
because these countries understand that invest in DRR is effective in miti-
gating damage. Neumayer et al. [29] find that economic damage from
floods is smaller for countries where there is an expectation of high proba-
bility and largemagnitude floods. Similarly, tropical cyclones occur smaller
damage in countries that are exposed to greater cyclone risks [30,31].
Hsiang and Narita [31] stress that investing in adaptation to tropical cy-
clones is feasible and cost-effective for countries with intense climatology
of cyclones.

Ishiwatari [20] found that flood-prone economies in Asia increase in-
vestment in flood protection at least USD1 per person or 0.05% of GDP,
and invest 0.12–0.16% of GDP on average once they reach the low-
middle income stage. Tsukahara and Kachi [32] examined the investment
and benefits of flood protection at the national level in Japan and found
that the benefits of investment in flood protection increase as areas
protected from flooding expand and the assets in these areas are accumu-
lated. Countries can increase investment in flood protection by integrating
it in national development plans and formulating sectoral long-term plans.
Also, innovative approaches including nature-based solutions can reduce
the cost of flood protection infrastructure [33,34].

3. Methods and data

While recent studies have used multiple regression models to analyze
investment in infrastructure, such as roads, electricity, water supply, and
communication, the existing models cannot be directly applied to examin-
ing investment in flood protection. A new model for flood protection
needs to be developed.

Infrastructure stock generally increases as GDP per capita increases.
Also, other economic and demographic factors such as population density,
urbanization, and shares of agriculture and manufacturing in GDP are re-
lated to investment in some types of infrastructure [35,36]. Infrastructure
services are demanded by consumers and firms, which the growth of GDP
per capita with the sectoral composition of the economy represents. Urban-
ization and population density can explain the density effect of infrastruc-
ture. Infrastructure can provide more services in more densely populated
areas. Access to infrastructure is higher in cities because of higher income
[37]. The stock data of infrastructure services are proportional to the phys-
ical stock and used to analyze infrastructure demands.

It is hypothesized that major disasters trigger increasing the budget of
flood protection. Unlike other infrastructure, most flood protection infra-
structure functions only inflooding rarely happened and do not provide ser-
vices to the public daily. Only when a major flood disaster occurs and
causes damage, the ordinary people and the private sector can understand
the need and effectiveness of flood protection infrastructure. They unlikely
require infrastructure of flood protection if they do not feel the treats of
flooding. Besides, flood protection infrastructure can show its effectiveness
to the public only when it can mitigate flood damage.

A multiple regression model is applied to analyze the relationship be-
tween investment in flood protection and flood damage and other socio-
economic development. The uniqueness of this model is that the amount
of flood damage is included as an explanatory variable. The model repre-
sents investment demand for flood protection infrastructure that is com-
mensurate with economic development as other infrastructure. Flood
protection infrastructure consists of dams, levees, dykes, pumping stations,
and other structural measures. Since the stock data of flood protection are
unavailable, budget data are used instead. The stock data, such as the ca-
pacities of water supply and the length of roads, are usually used to analyze
investment in infrastructure [3536].

Ishiwatari [20] created the dataset of flood damage and budgets of
flood protection in major flood-prone economies in Asia. The expert
teams visited disaster management, public works, budget, planning, and fi-
nance ministries in nine developing economies and examined statistics
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concerned to collect data on budget and economic damage as far back in
time as possible (Table 1). While the dataset do no cover all countries in
Asia, the total budgets of flood protection in these economies are consid-
ered as themajority of such investment in the region. All high-ranked econ-
omies in economic damage by climate events in the region are covered.
Data in Myanmar, which is ranked at 21st, is unavailable. The region in-
vests 0.2% of gross domestic products (GDP) in flood protection in total.
This amount accounts for 4.2% of total infrastructure investment [20].
PRC invested the most in flood protection at $30 billion in 2015, which is
equivalent to 0.27% of its GDP.

Data of five countries - PRC, India, Indonesia, Pakistan, and the
Philippines for the last 10 years are used for the analysis. Among nine
countries in dataset, five countries with budget data available over
10 years were selected. Total population and GDP of five economies ac-
count for some 80% of regional totals. This decade matches with the pe-
riod of the Hyogo Framework for Action 2005–2015 [14]. Socio-
economic data, which covers GDP per capita, urbanization ratio, the ag-
riculture value-added shares to GDP, and the manufacturing value-
added shares to GDP, were obtained from the datasets that the Asian De-
velopment Bank uses to analyze the demand of infrastructure invest-
ment [35].
4. Results

The governments cannot increase the flood protection budget immedi-
ately in the year of major disasters because of the inflexibility of budgetary
systems. On the contrary, they do not drastically decrease the budget in a
year with minor disasters and tend to sustain the budget at a certain
level. Flood damage costs vary widely from year to year depending on cli-
matic conditions (Fig. 1). The data of PRC and the Philippines are analyzed
to examine what should be used as an explanatory variable of damage. Two
economies have increased flood protection investment in recent years. Cor-
relation between per capita budget in a given year and the average amount
of per capita damage in that year and the past two, three, and four years are
analyzed.

3-year average damage per capita is used as an explanatory variable. In
both economics, when more than three years have passed since the occur-
rence of a disaster, there is a correlation between the budget and the aver-
age amount of damage over that period. The correlations between budget
per capita and damage per capita show that the correlations between bud-
get and damage in the same year and the average damage in the past two
years are less than 0.5, while the correlations between budget and the
average damage in the past three or four years are more than 0.6 (Table 2
and Fig. 1).Source: Author.
Table 1
Investment in flood protection in 2015 and rank of economic damage.

Economy Investment
(billion USD, 2015 prices)

Share of
GDP (%)

Globa
damag

PRC 29.9 0.27 2
India 1.5 0.07 3
Philippines 1.1 0.38 8
Thailand 0.5 0.12 4

Indonesia 0.5 0.06 15
Vietnam 0.1 0.05 14
Malaysia 0.03 0.01 52
Bangladesh 0.007 0.004 10
Pakistan 0.009 0.004 5

Sub-total Developing Economies 33.6 0.21

Japan (2014) 17.5 0.39 9
Republic of Korea 2.0 0.13 23
Taiwan 0.3 0.06 24

Total 53.4 0.24

Source: [33,38].
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In addition to the most recent three-year average of damage, GDP per
capita, population density, urbanization rates, agriculture's contribution
to GDP, and industry's contribution to GDP are used as explanatory vari-
ables. Regression is characterized by the following equation:

Bi,t ¼ α1Dami,t þ α2yi,t þ α3Popdeni,t þ α3Ui,t−1 þ α4Agri,t þ α3Indi,t þ ϵi,t (1)

where Bi,t is the budget per capita of flood protection in economy i-th at
time t; Dami,t is 3-year average damage per capita in economy i-th from
time t-2 to t; yi,t is GDP per capita of economy i-th at time t; Ui,t is the ur-
banization ratio of economy i-th at time t; Agri t is the agriculture value-
added shares to GDP of economy i-th at time t; Indi,t is the manufacturing
value-added shares to GDP of economy i-th at time t; and ϵi,t is an error
term.

Table 3 presents regression estimates for the budget per capita of flood
protection equations. The explanatory power of the regressions is highwith
an adjusted R2 of 0.869. The coefficients on urbanization and manufactur-
ing and agriculture value-added shares to GDP variables are not significant.

A model including all control variables was examined as the first step.
Next, the least significant variable was dropped and the model was esti-
mated again. This procedure was repeated until only variables that are sig-
nificant at a 10% level remain. Damage, GDP per capita, and population
density are significantly associated with the investment in flood protection.
The budget can be explained by the following equation:

Bi,t ¼ α1Dami,t þ α2yi,t þ α3Popdeni,t þ ϵi,t (2)

5. Discussion

Greaterflood damage is associatedwith a larger budget forflood protec-
tion as Table 3 shows. Major disasters drive governments to increase bud-
gets for flood protection. Governments should allocate enough budgets to
prepare for flooding according to risks assessed. However, financing invest-
ment in flood protection with evidence-based policies is a challenge [39].
Governments tend to allocate smaller budgets for flood protection than
ones required at normal times and instead spend budgets for the ex-post ac-
tivities of response, recovery, and rehabilitation [40]. Understanding flood
risks is not easy for policymakers as well as the ordinary people of residents
and business owners [41,42].

GDP per capita and population density are significantly associated with
the investment in flood protection as same as other infrastructure. As the
economy and population grow, assets, such as housings, offices, and facto-
ries, are accumulated in at-risk areas of flooding, and buildings become to
be constructed with higher levels. When investing in flood protection in
l rank of economic
e for 1997–2016

Sources

Min. of Water Resources
Min. of Finance
Dep. of Budget Management
Royal Irrigation Dep., Dep. of Public Works & Country Planning,
Bangkok Metropolitan Administration
Min. of Public Works
Min. of Planning & Investment
Min. of Finance
Min. of Water Resources
Federal Flood Commission

Cabinet office, MLIT
Min. of Land, Infrastructure & Transport
Water Resource Agency



Fig. 1. Budget for flood protection and flood damage (USD per capita): (a) PRC, (b) The Philippines.

Table 2
Correlation coefficients between per capita budget and damage.

Same year's
damage

Averaged damage
for the past 2 yrs

Averaged damage
for the past 3 yrs

Averaged damage
for the past 4 yrs

PRC 0.338 0.409 0.604 0.637
Philippines 0.180 0.492 0.718 0.744

Source: Author.

M. Ishiwatari, D. Sasaki Progress in Disaster Science 12 (2021) 100197
these areas, higher safety levels are needed to protect the assets from the
flooding. As economies grow, the governments have more financial leeway
and can start increasing investment in flood protection [20].

The coefficients on manufacturing and agriculture value-added
shares to GDP variables are not significant. The demand for flood pro-
tection infrastructure, unlike other infrastructure, is not affected by
changes in the sectoral composition of the economy. The private sector
requires more public services of water, communication, electricity, and
transport as intermediate inputs to production according to changing
sectoral compositions [43–45], but does not flood protection. These
changes may affect the investment in flood protection in the long-term
but not immediately. Similarly, the urbanization variable is not signifi-
cant. Changing the proportion of the population in urban areas does not
affect investment for flood protection.

There are research gaps in DRR investment. Further studies should ana-
lyze the cost-effectiveness of the investment at the country or regional level
and the contribution of the investment to economic growth. Policymakers
need evidence on the efficiency of investment in flood protection.

Further studies should examine other climatic regions, which have
different climate and socioeconomic characteristics from Asia. These
Table 3
Results of estimated regression in flood protection investment.
Source: Author.

Variables Coefficient
(1)

Coefficient
(2)

Damage (Last 3 years average) 0.136
(3.730)***

0.159
(5.943)***

GDP per capita 0.00384
(7.736)***

0.00343
(14.076)***

Population density 0.0270
(2.548)**

0.0185
(5.595)***

urbanization 0.0634
(0.664)

–

agriculture value-added shares to GDP 0.291
(0.952)

–

manufacturing value-added shares to GDP 0.115
(0.569)

–

Observations 50 50
Adjusted R-Squared 0.869 0.873

***p < 0.01, **p < 0.05, *p < 0.1.
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characteristics are deeply connected with disaster forms and scales. This
analysiswas conducted for economies located in the Asianmonsoon region.
The region, where distinct rainy seasons appear, is characterized by abun-
dant rainfall and high summer temperatures. Rice cultivation in paddy
fields has been the dominant form of these economies [46]. Rice cultivation
is less vulnerable to flooding than other agricultural products. Paddy fields
are changed to urban centers and industrial zones in low-lying at-risk areas
of flooding.

There is no common definition of budgets for flood protection across
countries. For example, the budget data of some countries include protec-
tion works against landslides or coastal erosion in addition to flood protec-
tion. In some countries, multiple agencies are conducting flood protection
works, and consolidating these budget data is a challenge. While budget
data were collected as far back in time as possible, limited data for several
years are available in Vietnam, Thailand, and Bangladesh. These are limita-
tions of this study.

Developing a database on flood protection budgets across countries is
crucial in promoting investment analysis [47,48]. A major reason for lim-
ited progress in empirical research on investment in flood protection is
the lack of actual budget data. The dataset should include budget data for
local as well as national governments and should cover data on ex-ante in-
vestment as well as reconstruction and operation and maintenance.

6. Conclusions

The study analyzed the actual data of budgets for flood protection to un-
derstand what factors affect the budgets in Asia during the decade of the
Hyogo Framework for Action. To our knowledge, this study is the first em-
pirical analysis on the relationship between investment and damage and
socio-economic development across economies. Although there are limita-
tions due to data availability, this analysis shows that flood damage affects
investment in flood protection and that the investment increases further as
GDP per capita and population density rise. It was found that the changes in
the sectoral composition of the economy and urbanization do not affect the
demand for flood protection.

Disasters are unfortunate events but can trigger increasing the invest-
ment to prepare for flooding by raising public awareness of flood risks
and the effectiveness of flood protection infrastructure. Policymakers
need to use disasters as opportunities to not only increasing investment in
flood protection but also establishing sustainable financing mechanisms
for flood protection.

The studyfindings provide information to formulate the investment pol-
icies offlood protection. Each economy can understand the demand scale of
flood protection according to its socio-economic change and disaster scales.
Such information is useful to consider investments in flood protection to
achieve the SDGs and to adapt to impacts caused by climate change. The
goals related to disasters cover 1.5 “build the resilience of the poor”, 11.5
“decrease disaster damage”, and 13.1 “strengthen resilience and adaptive
capacity to climate-related hazards”. Demand for flood protection as a
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CCA measure can be estimated if flood damage for each economy under a
changing climate can be projected.
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