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Abstract Iterative risk management and risk-sensitive

public investment planning are increasingly seen as

essential elements of natural disaster resilience. This article

assesses the disaster risk facing the hazard-prone Southeast

Asian country of Cambodia and discusses its fiscal pre-

paredness and need for proactive disaster risk management.

The study provides a bottom-up assessment of flood and

cyclone risks to public and private buildings including

educational structures, health facilities, and housing and

estimates the total direct economic damage to range from

approximately USD 304 million for a 5-year return period

event to USD 2.26 billion for a 1000-year return period

event. These estimates were further analyzed using the

fiscal risk due to disasters, which indicates that Cambodia

will likely face a resource gap whenever a hazard as large

as that of a 28-year return period event strikes. Given the

frequent occurrence of disasters and rapid accumulation of

capital assets taking place, proactive risk reduction is

highly advisable. But interviews with national policymak-

ers also revealed that there are a number of barriers to

effective risk reduction and management in Cambodia. The

general lack of awareness regarding risk-based concepts

and the limited availability of local risk information

necessitate a continued and sustained effort to build itera-

tive risk management in Cambodia.

Keywords Cambodia � Fiscal impact � Iterative risk

management � Macroeconomic impact � Natural disaster
risk

1 Introduction

Fiscal preparedness for natural disasters and risk-sensitive

public investment planning are increasingly seen as essential

elements of natural disaster resilience (UNDP 2010;Michel-

Kerjan et al. 2013; UNISDR 2013; AMCDRR 2014). In

recent years, an increasing trend among the national and

local governments of developing countries is to adopt

proactive risk management strategies. For example, proac-

tive risk reduction investments have been made possible

through the use of the Fund for Natural Disasters (FONDEN)

inMexico since 2006 (GFDRR 2013). In the Philippines, the

national calamity fund and the local disaster risk reduction

and management fund (LDRRMF) have operated actively

since 2012 (American Red Cross 2013). Analogous proac-

tive policies are seen as necessary steps to counteract future

challenges of climate change, continued urbanization, and

economic development in high risk areas of many develop-

ing countries (IPCC 2012). Although globally there are

encouraging trends, response-oriented disaster management

is still dominant in many areas of the world, and much work

remains to be done to promote proactive risk management.

Proper assessments of natural disaster risk are needed to

encourage forward-looking, risk-sensitive investment

decisions and development strategies. The important steps

in these decisions include the identification and assessment

of current and emerging risks, together with collective

decisions to accept or manage risk through a number of

means—including the design of national policy strategies

and sectorial plans, the allocation of budgets to risk
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management, and the establishment of regulations to

reduce natural disaster risk (Bettencourt et al. 2006). Ide-

ally, such disaster risk management (DRM) decision

making is performed in an iterative fashion that allows for

continuous learning and course correction as new infor-

mation becomes available (IPCC 2007). A recent IPCC

report argues that ‘‘an iterative process of monitoring,

research, evaluation, learning, and innovation can reduce

disaster risk and promote adaptive management in the

context of climate extreme (IPCC 2012, p. 17).’’

Empirically, how iterative risk management can be

implemented in practice remains largely unclear. Nor do

we fully comprehend how the notion of ‘‘mainstreaming’’

can be carried out in reality. Policymakers are often faced

with the practical issues of how their DRM decisions

should be integrated into broader development strategies

and how different agencies can work together given com-

peting interests. The problem is also highly contextual, as

Margareta Wahlstrom (2013, p. 49) of UNISDR writes:

Government officials that talk to us say that their

institutional structures are not appropriate for disaster

risk reduction because risk management in the

framework of government is very low down in the

hierarchy with little money and no authority to

coordinate what other government departments do.

Governments also claim they suffer from an inability

to use all the available information. It is not that

information is not accessible, the problem is how to

process it. Governments want to be able to set targets

and measure progress, but find there is not enough

disaster risk reduction expertise.

With deep uncertainty about climate change outcomes,

together with a general lack of reliable data in developing

countries, it is easy to imagine that one of the biggest

challenges to iterative risk management lies in the accep-

tance of uncertainty. Policymakers, practitioners, and aca-

demics alike must put faith in the proposition that learning

and improved data will eventually bring workable solu-

tions, even when evidence initially seems utterly insuffi-

cient. Instead of using the presence of uncertainty as the

reason for inaction, the awareness of uncertainty should

give momentum for further learning and capacity building.

This article presents a study of risk assessment in Cam-

bodia as an example of such iterative risk management at

work, identifying some of the tangible barriers developing

countries face in implementing such an approach.

Continued learning is an essential element of the DRM

process because both the availability of risk information

itself and the local capacity to interpret and make decisions

based on such information are generally limited in Cam-

bodia. Existing studies on disaster risk assessment in

Cambodia are limited to a few vulnerability assessments

(Royal Government of Cambodia and WFP 2003) and only

retrospective assessments (World Bank 2012; Hochrainer-

Stigler et al. 2014) with no forward-looking components

have been conducted until now. Therefore the goal of this

study was to compile a detailed national inventory of

public and private buildings and perform an economic and

fiscal risk assessment using bottom-up data on hazards,

exposure, and vulnerability.

Our modeling results indicate that the total direct eco-

nomic damage associated with floods and typhoons in

Cambodia is higher than previously estimated. For a 5-year

return period natural disaster event the total damage is

estimated at USD 304 million, and in a 1000-year return

period event the cost rises to USD 2.26 billion. The direct

risk information was further analyzed using the Catastro-

phe Simulation (CATSIM) model, which indicates that

Cambodia will likely face a fiscal resource gap—with

disaster losses outpacing available funding for recovery—

following as frequent as a 28-year return period event.

Such a gap is estimated to rise as events become rarer but

gain intensity, from USD 123 million for a 50-year return

period event to USD 290 million for a 100-year return

period event and to USD 533 million for a 500-year return

period event. Reviews of Cambodian government regula-

tions, together with interviews with national policymakers,

reveal that fiscal preparedness against natural disasters is

limited and that there are a number of barriers to effective

risk management. To improve the country’s preparedness

against natural disaster risk, the authors recommend the

following steps: (1) build an inventory of existing DRM

expenditure to clarify the availability and use of fiscal

resources; (2) collect and validate further risk information;

(3) create institutional support for DRM; and (4) imple-

ment risk-based fiscal planning.

The remainder of the article is organized as follows:

Sect. 2 discusses the general background of natural disaster

risk and developmental challenges facing Cambodia. Sec-

tion 3 explains the methodology and data used for direct

and fiscal risk assessments. Section 4 explains the results

of our analyses and Sect. 5 provides further discussion.

Finally, Sect. 6 presents some major policy recommenda-

tions for effective DRM in Cambodia.

2 Natural Disasters and Developmental
Challenges in Cambodia

Cambodia is located in Southeast Asia, north of the gulf of

Thailand between Vietnam to the east, Laos to the north-

east, and Thailand to the northwest and west. The country

has a total land area of approximately 181,000 km2 of

which 4500 km2 is composed of waterbodies (CIA 2014).

Cambodia’s exposure and vulnerability to natural
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hazards—floods and droughts in particular—stem from its

unique natural geographic and socioeconomic contexts.

While the low-lying plains along the Mekong River and the

Tonlé Sap lake and river system are highly exposed to

flood hazards, a lack of irrigation infrastructure and vari-

able weather also render the country susceptible to seasonal

droughts. Provinces including Banteay Meanchey, Bat-

tambang, Siem Reap, Pursat, Kampong Chhnang, Kam-

pong Thom, Kampong Cham, and Prey Veng are most

frequently affected by flooding, while provinces such as

Kandal, Prey Veng, and Svay Rieng are prone to drought

(CHRF 2013; NCDM 2013). Table 1 shows the largest

natural disaster events in terms of the numbers of people

killed, population affected, and the cost of economic

damage.

Catastrophic natural disaster is increasingly seen as an

impediment to the country’s socioeconomic development

goals (Chhinh and Poch 2012; Vathana et al. 2012; Center

of Excellence in Disaster Management and Humanitarian

Assistance 2014). Despite the rapid economic growth

achieved in recent years, poverty reduction remains an

important development agenda in Cambodia, as the poverty

headcount ratio (the proportion of people living below

USD 2.00 per day) stands at 50 % of the population as of

2009 (World Bank 2014). The achievements of socioeco-

nomic development vary widely across the country—for

example, the literacy rate in urban areas is above 90 %, but

is below 50 % in remote provinces (Cambodia National

Institute of Statistics 2011). Access to improved sanitation

is also only 25 % in rural areas as opposed to above 80 %

achieved in urban areas (CIA 2014). There is still limited

understanding regarding how natural disaster occurrences

affect socioeconomic development over time in Cambodia,

but existing evidence shows that the occurrence of drought

was associated with a 6 % increase in the poverty rate,

while that of flood was associated with a poverty rate

reduction of 4 % nationwide (Kimsun and Bopharath

2011).1 The long-term implications of repeated disaster

events could in fact be debilitating, as social safety nets (in

the form of crop and property insurance, for example) are

virtually nonexistent in Cambodia (Center of Excellence

Disaster Management and Humanitarian Assistance 2014).

Although the national-level planning of development

and poverty reduction formally recognizes the important

link between development and disasters, many challenges

remain in the substantive implementation of the country’s

DRM strategy. The country’s key policy roadmaps

including the National Poverty Reduction Strategy (NPRS)

(Royal Government of Cambodia 2002) and the Strategic

National Development Plan 2009–2013 (Royal Govern-

ment of Cambodia 2009) both recognize the need for dis-

aster management. The National Committee for Disaster

Management (NCDM) was also established in 1995 as an

inter-agency coordinating body for mitigation, prepared-

ness, response, and recovery activities. However, Cambo-

dia’s disaster management institution has since faced

chronic shortages of human and economic resources and

the NCDM remains a response-oriented—rather than a

proactive risk management-oriented—body without any

standing budget (Nguyen et al. 2010).

The recent international aid allocation also reflects the

response-oriented nature of the country’s disaster man-

agement. From 1991 to 2014, Cambodia received USD

785.34 million in foreign aid for disaster management with

55 % used for emergency response, 35 % for reconstruc-

tion and rehabilitation, and 10 % for disaster preparedness

projects. The average project size, in terms of investment,

1 The positive association between floods and poverty is likely due to

the fact that mild annual floods bring ecological and economic

benefits including improved dry season paddy production and

freshwater fish catches (Kimsun and Bopharath 2011). Damage and

losses associated with catastrophic disasters, as opposed to smaller,

more frequent events, often far outweigh the benefits of natural

disasters.

Table 1 Largest Cambodian natural disasters in terms of numbers killed, affected, and economic damage from 1900 to 2014

Rank Numbers killed Numbers affected (1000) Total economic damage

(USD 1000)

1 506 Flood 1994 5000 Drought 1994 521,000 Flood 2011

2 475 Epidemic 1998 3448 Flood 2000 160,000 Flood 2000

3 347 Flood 2000 1669 Flood 2001 150,000 Flood 1991

4 247 Flood 2011 1640 Flood 2011 100,000 Drought 1994

5 182 Epidemic 2007 1470 Flood 2002 70,000 Flood 2010

6 100 Flood 1991 1300 Flood 1996 38,000 Drought 2002

7 59 Flood 1996 900 Flood 1991 15,000 Flood 2001

8 56 Epidemic 1999 650 Drought 2002 1500 Flood 1996

9 56 Flood 2001 600 Drought 2005 1000 Flood 2007

10 50 Epidemic 1992 536 Flood 1999 500 Flood 1999

Source CRED (2014)
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is USD 1.49 million for emergency response, USD 45.61

million for reconstruction and rehabilitation, and USD 3.81

million for disaster preparedness and prevention (AidData

2014). As will be analyzed below, response-oriented dis-

aster management will likely pose an increasing challenge

as continued urbanization and asset accumulation in haz-

ard-prone areas may well increase the country’s economic

risk following natural disasters.

3 Methodology and Data

This study combines bottom-up probabilistic economic risk

assessments and a fiscal resource analysis that uses the

CATSIM approach explained below. We also conducted

face-to-face interviews with national policymakers, toge-

ther with a series of workshops with approximately 30

national, district, and commune-level officials where we

validated our modeling assumptions and results (ADPC

2013; Mochizuki 2014). The interviews further elicited

information regarding policymakers’ knowledge and atti-

tudes regarding DRM in Cambodia.

The economic risk due to typhoons (tropical depression

and storms) and floodswere estimated using the probabilistic

risk assessment (CAPRA) model (http://www.ecapra.org/),

which combines information on hazards, exposure, and

vulnerability. For typhoons, past events affecting Cambodia

and its neighbors were simulated using the Advance

Research WRF (ARW) model developed by the National

Centre for Atmospheric Research (NCAR) (http://www2.

mmm.ucar.edu/wrf/users/). Simulation outputs with wind

speed at 10 m above the surface were extracted and used in

the following analysis. For floods, historical rainfall data

were analyzed using a Gumbel distribution. Rainfall return

period data and recordings of discharge and water levels at

local measurement stations were used as inputs to a hydro-

logical model (HEC–HMS) (http://www.hec.usace.army.

mil/software/hec-hms/). Discharges for different return

periods were then converted to the water level at the outlet of

the subbasins based onManning’s equation. The results were

verified using historical flood records and Google Earth

images.

Exposure information for private houses was gathered

through commune-level statistics and the locations of gov-

ernment buildings (administrative buildings, hospitals, and

schools) were gathered in collaboration with local govern-

ment agencies. Because the exact location of houses was not

available in Cambodia, this study assumed that houses were

at the center of communes. Given the dearth of risk assess-

ments conducted in Cambodia, this study adopted vulnera-

bility curves from existing studies conducted in neighboring

countries. The local buildings were categorized into

semiengineered (SE) and nonengineered (NE) design houses

based on their vulnerability to typhoon wind as analyzed in

Goyal et al. (2012). Their study did not provide damage

functions in monetary values, although the loss functions

from HAZUS-MH (FEMA 2012) were utilized to derive

economic values. The flood vulnerability functions were

adopted from Sagala (2006). Individual risk curves used in

estimations for typhoons and floods were combined using

convolution. The detailed information regarding the bottom-

up risk assessment is available in NCDM (2014).

The information regarding direct risk and fiscal resources

was analyzed using the CATSIM model. CATSIM is an

integrated framework for ex ante (before-the-event) assess-

ment of disaster risk in terms of public finance and economic

growth impacts. The methodology integrates a catastrophic

risk analysis with economic modules, and identifies the

trade-offs and synergies between risk management invest-

ment and development (Fig. 1). In this study, a bottom-up

direct risk assessment was conducted by collecting hazard,

exposure, and vulnerability of public and private buildings

against floods and cyclones in Step 1. Economic parameters

and fiscal resources availability were gathered through desk-

top reviews and stakeholder workshops and interviews in

Step 2. The outputs of these steps were then combined to

estimate the concept of fiscal resources gaps in Step 3. Fur-

ther, a dynamic inter-industry economic model was built to

estimate indirect follow-on impacts in Step 4. The results of

Step 3 and 4 were explained to national-level policymakers

in an interactive workshop, in which participants evaluated

different ex ante and ex post risk management policy options

as Step 5. Themodel has beenwidely used to assess the fiscal

and economic risks of natural disasters at various scales

including individual country case studies (Mechler 2004;

Birkmann 2007;Michel-Kerjan et al. 2013); regional studies

(Hochrainer-Stigler et al. 2013); and global scale studies

(Hochrainer-Stigler et al. 2014). For further details regarding

modeling procedures, readers can refer to Mechler (2004)

and Hochrainer-Stigler (2007, 2012).

For our analysis, the inventory of available fiscal resources

was built using primary and secondary data gathered through

interviews and desktop reviews. Currently, the Cambodian

government relies solely on ex post financing options, with

limited investment in disaster risk reduction (Table 2). To

quantify the potential benefits of ex ante fiscal arrangements,

the study further built the dynamic inoperability input-output

(DIIM)model and simulated the indirect, interindustry effects

of a hypothetical flood event in which transportation sector

damage induces indirect losses in thewider economy.This is a

hypothetical flood event in which key parameters, including

the durationof inundation, extent of direct damage, and timing

of reconstruction processes, are calibrated to the 2011 floods,

based on the available literature (ADB2012a; IRITWG2012)

and expert interviews (Ministry of Public Works and Trans-

portation 2014). A 15 sector input-output table of the
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Cambodian economywith a benchmarkyear of 2005wasused

(ADB 2012b).

In more detail, a static inoperability input-output (IIM)

model can be expressed as follows based on Santos (2006):

q ¼ A� q þ c� ð1Þ

where q is the vector of sector inoperability, A* is the

interdependency matrix, and c* is the vector of demand

perturbation. Sector inoperability is based on the

traditional input coefficients normalized based on sector

output. Given the large contribution of some sectors to

imports in the Cambodian economy, normalization is

performed using the concept of gross trade economy

(GTE) incorporating the contribution of sector imports

(Jung et al. 2009):

GTE ¼ GDP þ M ¼ DD þ X þ M

¼ Domestic products for domestic useð Þ þ exportsð Þ
þ importsð Þ

ð2Þ

Using the concept of GTE, the Leontief technical

coefficients are normalized as follows:

A� ¼ diag x̂T
� �� ��1

h i
A½ � diag x̂T

� �� �� �

¼

a1;1
xT1
xT1

� � � a1;n
xTn
xT1

..

. . .
. ..

.

an;1
xT1
xTn

� � � an;n
xTn
xTn

2

666664

3

777775
ð3Þ

Hazard 

Floods, earthquakes, etc. 

Elements at Risk 

Capital stock, population 

Physical Sensitivity 

Susceptibility to 
physical damage 

Step 1 

Direct Risk

Potential asset losses

Step 2

Economic Model: Fiscal and 
Economic Resilience

Step 3

Fiscal and Economic 
Vulnerability 

Potential resource gap

Mainstream Risk into 
Development Planning 

Step 4

Indirect Risk

Fiscal and macroeconomic

Step 5 

Risk Management/ 
Adaptation 

Development of risk 
management strategies

Fig. 1 CATSIM model steps.

Source Hochrainer-Stigler

(2012, p. 17). Reprint with

permission of Springer
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where x̂T denotes the planned level of industry production

expressed in terms of GTE. A is the traditional Leontief

technical confident matrix.

Based on Santos (2012), a static IIM model can then be

extended dynamically as follows:

q t þ 1ð Þ ¼ q tð Þ þ K A � q tð Þ þ c � tð Þ � q tð Þ½ � ð4Þ

where K is referred to as an ‘‘industry resilience coefficient

matrix,’’ which determines how fast sectors can readjust in

response to supply and demand imbalances (Lian and

Haimes 2006). A diagonal element in the sector resilience

coefficient matrix noted as kii is estimated as:

kii ¼
ln½qi oð Þ � qi Tið Þ

Ti

1

1� a�ii

� �
ð5Þ

where qi oð Þ is the initial inoperability of sector i and qi Tð Þ
is the final level of inoperability at time T. T denotes speed

of recovery.

Without considering the potential of inventory contri-

bution, the total economic loss in sector i (~xi) in terms of

GTE incurred due to the inoperability can be estimated as:

~xi ¼
X

t

X

i

qit � Xi ð6Þ

where Xi is the planned level of production in sector i.

The following two hypothetical policy scenarios are

evaluated within the dynamic inoperability input-output

(DIIM) framework. The baseline disaster damage scenario

for both cases assumes that 30 % of Cambodia’s trans-

portation sector becomes inundated (inoperable) for

30 days due to a 50-year return period flood event in which

60 % of the inundated roads become physically damaged

(IRITWG 2012) and continue to be inoperable at the end of

inundation period. In policy scenario 1, the Cambodian

government waits 6 months for the delivery of external

funding assistance without ex ante arrangements (Ministry

of Public Works and Transportation 2014). Therefore the

reconstruction phrase begins at the beginning of month

eight. In policy scenario 2 (with ex ante arrangement), the

reconstruction phase may begin almost immediately after

the inundation period. In both scenarios, the reconstruction

phase is assumed to take 11 months.

4 Results

The following sectors describe the results of probabilistic

risk assessment, followed by economic and fiscal risk

analysis in Cambodia.

4.1 Bottom-up Direct Risk Assessment

Hazard, exposure, and vulnerability assessments highlight

considerable disaster risk facing Cambodia due to floods

and typhoons. Of 2.8 million houses documented in the

commune statistics, approximately 55 % were found to be

located in potentially flooded areas. Almost 30 % of total

housing stock is exposed to flood levels above 2 m. Wood

and metal structures are the most common housing mate-

rials constituting approximately 80–90 % of building

materials used. Concrete structures account for approxi-

mately 7 % of the total housing stock in nonflooding areas,

Table 2 Baseline assumptions used in CATSIM Fiscal Gap Analysis

Source

Ex post option

Contingency budget USD 115 milliona NGO Forum on Cambodia (2013)

Additional taxation Not applicable World Bank (2012)

Domestic credit Not applicable Ministry of Economy and Finance (2014)

MFI borrowing USD 309 million (200 million SDR)b JICA (2011)

International borrowing Not applicable Ministry interview

International aid 10.4 % of direct damage Freeman et al. (2002)

Ex ante options

Reserve fund Not applicable in the baseline World Bank (2012)

Contingent credit agreement Not applicable in the baseline World Bank (2012)

Sovereign insurance Not applicable in the baseline World Bank (2012)

Liability assumption

The total capital stock is estimated at USD 69.1 billion University of Pennsylvania (2013)

30 % of total expected losses is losses to public assets Hochrainer-Stigler et al. (2014)

20 % of total expected losses is used for private sector relief and recovery Hochrainer-Stigler et al. (2014)

a The annual average of unexpected expense over the past 5 years
b Assuming 50 % of the Multilateral Financial Institution (MFI) borrowing limit can be used for disaster recovery and reconstruction
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while 10 % are located in areas with potential flooding of

less than 2 m and 20 % are found in areas with potential

flooding above 2 m. As for storm and typhoon risks, 63 %

of the total housing stock in the country was found to be in

areas exposed to tropical depressions with a wind speed of

less than 61 km/h, and 37 % were found within the areas

exposed to tropical storms between 62 and 88 km/h in

wind speed. Exposure to typhoons (above 118 km/h in

wind speed) was found to be low, with less than 1 % of

houses located in hazardous zones.

Of 1850, commune, district, and province centers

nationwide, 60 % were found to be located in nonflooding

areas, whereas 10 % were located in areas with potential

flooding of less than 2 m, and 30 % located in areas with

potential flooding of more than 2 m. As for storm and

typhoon risks, 64 % of administrative centers were found

to be in the areas exposed to tropical depressions with a

wind speed of less than 61 km/h, and 35 % were within the

areas exposed to tropical storms of between 62 and 88 km/

h in wind-speed.

Health and educational facilities are also highly

exposed. Of 1019 health facilities established in the

country, 55 % were found to be in nonflooding areas, while

12 % were found to be in areas with potential flooding of

less than 2 m, and 33 % were located in areas with

potential flooding of above 2 m. Of 6929 educational

facilities available nationwide, 62 % were situated in

nonflooding sites, while 10 % were found in areas with less

than 2 m floods and the remainder occupied areas with

more than 2 m floods. For storm and typhoon risks, 64 %

of health and 69 % of educational facilities were con-

structed in areas exposed to tropical depression with a wind

speed of less than 61 km/h; 36 % of health and 31 % of

educational facilities were positioned within areas exposed

to tropical storms of between 62 and 88 km/h in wind

speed.

The relationships between disaster risk and development

status of different provinces do not seem straightforward.

Provinces such as Phnom Penh and Kandal have achieved

considerable reduction in poverty despite flood and storm

exposure remaining high (Table 3). The lack of historical

analysis of exposure does not permit detailed assessment.

But it is plausible that more assets have been built in

hazard-prone areas of these provinces over the past years

and this explains the high exposure in these areas. On the

other hand, provinces such as Kampong Thom, Kampong

Chhnang, and Siem Reap face both high rates of poverty

and high exposure to floods and, to a lesser extent, storms.

These are the provinces where repeated disaster damage

and losses may well constrain the prospects for poverty

reduction. The duality of Cambodia’s disaster and devel-

opment challenges is clear. Continued urbanization and

asset accumulation in hazard-prone areas will likely

increase the economic costs of natural disasters. Increased

economic costs will likely burden the country’s limited

budget for the foreseeable future. At the same time, repe-

ated natural disaster damage and losses pose significant

burdens for the poor and vulnerable populations in remote

provinces.

Based on the bottom-up assessment, the annual average

loss (AAL) due to floods is estimated at USD 95.9 million

(housing), USD 0.347 million(commune centers), USD

0.0047 million (district centers), USD 0.0193 million

(province centers), USD 6.5 million (educational facilities),

and USD 0.370 million (health facilities). The AAL for

storm and typhoon hazards is estimated to be USD 24.03

million (housing), USD 0.00145 million (commune cen-

ters), USD 0.000612 million (district centers), USD

Table 3 Top 10 provinces in terms of housing exposure to above 2 m flood and other variables

Poverty Flood height Flood height Storm wind speed

Headcount ratio (%) 0–2 m (%) [2 m (%) 62–118 km/h (%)

Phnom Penh 11 6 88 71

Kandal 16 3 82 51

Prey Veng 20 9 65 69

Kampong Thom 30 12 46 1

Kampong Cham 21 11 39 17

Kampong Chhnang 28 10 32 13

Siemreap 31 17 28 4

Pursat 29 13 24 20

Takeo 19 18 24 79

Banteay Meanchey 26 9 20 11

Source Poverty data compiled from Royal Government of Cambodia and WFP (2013); flood and cyclone risk estimates are from the authors’

own calculation
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0.000339 million (province centers), USD 0.0189 million

(educational facilities), and USD 0.000677 million (health

facilities). Figure 2 shows an aggregated bottom-up eco-

nomic risk estimate in comparison with top-down estimates

available in existing studies. As shown, the current study

shows higher aggregate economic risk even though this

study only included risks due to two hazards and the values

of key infrastructure such as transportation are not inclu-

ded. In the cases of 100-year and 500-year return period

events, for example, the present estimates are approxi-

mately 75–83 % and 48–55 % higher than previously

estimated. This may be due to the fact that existing datasets

of disaster damage and losses for Cambodia, including the

EM-DAT dataset, often used in top-down estimates, are

incomplete and the costs associated with small and fre-

quently occurring disasters such as floods have been

overlooked in these databases.

4.2 Fiscal Risk Assessment Results

Literature reviews and local interviews indicate that

Cambodia currently relies solely on ex post sources to

finance recovery and reconstruction. Budget diversion and

Multilateral Financial Institution (MFI) borrowing are the

major sources of funds given the country’s limited ability

to raise taxes and to access domestic and international

credit in the case of a disaster. Though domestic bonds

have been issued to a limited extent in Cambodia (for

example, USD 4 million was issued in the early 2000s)

(IMF 2012), this is largely regarded as an unviable option

for resource mobilization in the immediate future. For

budget diversion, the Cambodian government has a limited

amount of unallocated funds in the budget that can be used

ex post to fund unforeseen needs. As specified in Articles

22–25 of the country’s law on public finance (NGO Forum

on Cambodia 2008), Cambodia’s current expenditure is

divided into: (1) real expenditures; and (2) expenditures by

order and unexpected expenditures. Unexpected expendi-

tures ‘‘cover any expense whose allocation cannot be

accurately specified when credit is approved’’ (NGO

Forum on Cambodia 2008, p. 8). The uses of this unex-

pected expenditure include nondisaster purposes such as

election expenditures and interest payments; to what extent

unallocated budget resources can be used for recovery and

reconstruction purposes remains unknown. For external

borrowing, there is an upper limit of USD 617 million (400

million special drawing rights, SDR), as agreed with the

International Monetary Fund (JICA 2011).

Combining the information regarding fiscal resources

and the probabilistic estimates of recovery and recon-

struction funding needs, it is estimated that Cambodia will

likely face a fiscal resource gap following a 28-year return

period event. Fiscal resource gaps are estimated to rise to

USD 123 million following a 50-year return period event,

USD 290 million following a 100-year return period event,

and USD 533 million following a 500-year return period

event (Fig. 3). The MFI borrowing constitutes the largest

portion of reconstruction funding contributions in all cases,

which could pose significant opportunity costs in terms of

resources diverted from other developmental projects.

Cambodia is expected to become a lower to middle-income

country in the near future and will face stricter lending

terms. The reliance on ex post financing could also cost

more in terms of delayed recovery and reconstruction, as

disbursement of post-disaster emergency lending typically

takes around 6 months (Ministry of Economy and Finance

2014).

As for the breakdown of capital needs, it is estimated

that the recovery and reconstruction needs of school

buildings account for 15 % (20-year return period) to 13 %

(500-year return period) of the total expense, while the

needs of other public buildings have a smaller share of

below 1 % (Fig. 4). The contribution of public building

reconstruction is minimal, because much of the economic

damage is expected to occur with private houses in the

present bottom-up estimate. The lack of detailed risk

assessment regarding key infrastructure, such as trans-

portation, bridges, irrigation infrastructure, and water

supplies, together with other assets such as the value of

agricultural crops, private business facilities, and so on,

only permit crude assessment currently. The present study

gives higher direct damage estimations despite these

missing analyses, indicating the need for further risk

assessment and better fiscal preparedness in Cambodia.

The present risk assessment does not take the economic

costs of indirect losses nor intangible damage and losses

into account.
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Fig. 2 Estimated direct economic risk and return periods due to

natural hazards. Source Hochrainer-Stigler et al. (2014); World Bank

(2012)�; compiled by the authors. Note �The study reported expected

losses for 20-, 100-, and 200-year return period events only; thus, the

remaining data points have been interpolated
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The government’s liabilities are sizable as compared to

the overall size of Cambodia’s government revenue. In the

case of a 100-year return period event, the total capital

need for recovery and reconstruction is estimated to

account for as much as 38 % of domestic revenue (ex-

cluding external borrowing) and 50 % of domestic revenue

in the case of a 500-year return period event. It is important

to note that the present analysis assumes that 50 % of the

total economic losses will be financed by households and

private businesses, which could have significant macroe-

conomic and developmental implications in terms of

reduced consumption and savings in the long term. Given

the lack of private insurance and other social safety nets to

support these private losses, natural disasters could pose

significant threats, especially to lower-income households

and small businesses.

A dynamic fiscal model analysis shows that over the

next 5 years, the likelihood that the Cambodian govern-

ment will face a fiscal resource gap is estimated to be

approximately 50 %. This relatively high probability is due

to the fact that disaster occurrence is frequent in Cambodia,

and the cumulative effect of frequent disaster events will

likely stress the fiscal situation. Based on the risk layering

framework (Hochrainer-Stigler and Pflug 2012; Mechler

et al. 2014), it can be inferred that investment in risk

reduction would be the most effective way to manage

disaster risk, as a fiscal resource gap is estimated to be

relatively low, following a 28-year return period event. In

addition, investment in a reserve fund as opposed to cost-

lier alternatives such as sovereign insurance and contingent

credit agreements could be an effective option for Cam-

bodia. By investing approximately USD 100 million in a

reserve fund, it is estimated that the Cambodian govern-

ment can reduce the risk of a fiscal gap to approximately

30 %. Assuming the cost effectiveness of risk reduction to

be 4.5 (that is, for each USD 1 spent on mitigation, USD

4.5 can be saved) (Hochrainer-Stigler 2012), the proba-

bility of a resource gap will be reduced to 35 % when USD
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100 million is invested in risk reduction activities. Over the

next 10 years, the probability of a resource gap is estimated

at approximately 90 %, but USD 100 million invested

annually in mitigation will reduce this to 36 % while the

establishment of a reserve fund will reduce it to 45 %. As

these examples show, risk reduction will increasingly

become the most effective way to manage fiscal risk in the

longer-term as more assets are built to support economic

growth in Cambodia.

Natural disasters are known to cause a number of indi-

rect or higher-order effects across sectors (Rose 2004;

Hallegatte 2014), although limited data only permit general

and illustrative analysis of this topic in Cambodia. To shed

some light on this issue, we used the dynamic inoperability

input output (DIIO) framework to quantify the time-de-

pendent nature of indirect effects (Fig. 5). Under policy

scenario 1 (ex ante financing), the total economic loss—

including the declines in final demand and intermediate

demand—is estimated to be approximately USD 65 mil-

lion, of which transport sector losses account for USD 31

million. Under policy scenario 2 (ex post financing), the

total losses are estimated at USD 95 million, with transport

sector losses accounting for a decline of USD 45.7 million.

A lack of information regarding the detailed relationship

between transport infrastructure damage and post-disaster

transport demand does not permit accurate analysis.

Nonetheless the benefit of financial and economic pre-

paredness in averting business losses in time of disasters is

clear. Any preparedness measures, including ex ante

financial arrangement and other predisaster planning, can

avert unnecessary losses and lead to a more resilient

Cambodian economy in the longer-term.

Given the limited availability of data, results have to be

treated with caution and may only serve an illustrative

purpose. This modeling exercise also identified a number

of knowledge gaps that must be filled to improve the

quality of assessment, including (1) better tracking of

reconstruction decisions and fund allocations made across

a number of institutions, together with better tracking of

reconstruction progress; (2) further information regarding

transport demands at different locations; and (3) further

assessment regarding transport infrastructure risk due to

flooding. These lessons were communicated through a

series of workshops and ministry visits.

5 Discussion

Fiscal preparedness against natural disasters and risk-sen-

sitive public investment planning are increasingly seen as

important aspects of development in hazard-prone coun-

tries such as Cambodia. Despite the relatively frequent

occurrence of natural disasters in the country, the use of

risk information is still limited. For example, local inter-

views revealed that risk is not considered in probabilistic

terms in planning and construction of rural roads; the

country is merely divided into two zones of flooded or non-

flooded areas based on past experience of flood occurrence

(Ministry of Rural Works 2014). The availability and use

of basic information such as hazard risk maps are also
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nonexistent in major infrastructure planning such as

national roads (Ministry of Public Works and Transporta-

tion 2014).Year after year, scarce resources have been

wasted because they do not take disaster risk into account

and infrastructure and development projects are halted or

hampered due to the occurrence of natural disasters.

The present study highlighted some of the important

insights regarding natural disaster risk management in

Cambodia. The analysis indicated that Cambodia has a

high probability of facing a fiscal resource gap in the near

future, estimated at approximately 50 % over the next

5 years and 90 % over the next 10 years. Compared to its

neighboring countries, Cambodia’s fiscal preparedness is

limited due to a number of factors, which include a lack of

experience with catastrophic disaster events in the recent

past and limited priority given to disaster risk reduction

investment. Cambodia is estimated to face a resource gap

following a 28-year return period event, a more immediate

prospect than the neighboring countries of Vietnam, the

Philippines, and Malaysia that face similar gaps in terms of

a 157-, 109-, and 116-year return period events respec-

tively (Hochrainer-Stigler et al. 2014). At the same time,

dynamic analysis highlighted the effectiveness of disaster

risk reduction (DRR) investment in the longer term. As

more economic assets are utilized in the country to spur

economic growth, risk reduction will become an increas-

ingly effective risk management tool in the future.

Therefore response-oriented fiscal planning and imple-

mentation are key concerns for Cambodia. Interviews with

local policymakers revealed that understanding of future

disaster risk as opposed to past damage and losses is still

limited. National-level policymakers, for example, can

recall the costs related to damage and losses of recent

disaster events. But risk-related ideas such as return periods

of disaster events and potential likelihood of catastrophic

disaster events remain largely unfamiliar concepts. Local

policymakers tend to rely on past disaster records as a

benchmark for future disaster management planning,

despite this practice being problematic for developing

countries such as Cambodia, where past records only date

back a few decades and rapid changes in the socioeco-

nomic environment are taking place. Many policymakers

view recent disaster events, such as the flood of 2011, as a

catastrophic event when proper risk-based knowledge

predicts that this flood event is estimated to occur ‘‘once

every 10–20 years’’ (MRC 2011, p. 2). Therefore, forward-

looking risk assessment will help frame their mindset from

the existing ‘‘event-focused’’ to future ‘‘risk-focused’’

framework in Cambodia.

Although national-level decision makers are generally

aware of the fiscal issues related to disaster expenditures,

such awareness has not translated into concrete DRM

actions. For example, the disaster-proof infrastructure

options promoted by donor agencies are seen as too

expensive and impractical for Cambodia, even though local

policymakers recognize that such options will in theory

reduce risk and save their budget in the longer term

(Ministry of Rural Works 2014). To reduce economic

vulnerability over time, efforts must be made to remove

these cognitive, economic, and institutional barriers. To

improve risk assessment and risk management implemen-

tation within the iterative risk management framework,

further efforts should be devoted to several important

issues:

(1) Build an inventory of existing DRM expenditures and

clarify fiscal resource availability. At present, disaster

response, recovery, and reconstruction expenditures

are approved on an ad hoc basis and no complete

inventory exists on DRM expenditures across differ-

ent ministries. Budget items such as ‘‘unexpected

expenditure’’ have no clear allocation rules, and their

availability in the case of a natural disaster remains

ambiguous. Clarifying budget categories and under-

standing how budget expenditures are diverted each

year due to natural disaster is an important first step in

improving fiscal preparedness and addressing the

opportunity costs associated with response-oriented

fiscal planning.

(2) Improve data collection and risk assessment. Accu-

rate and timely collection of disaster damage and loss

data forms the foundation for evidence-based decision

making and evaluation. The present article suggests

that there is a considerable level of uncertainty about

existing natural disaster risk in Cambodia. A number

of donor-led initiatives have been implemented to

improve the capacity of disaster damage and loss data

collection in Cambodia (NCDM 2013); further effort

is needed to validate risk information and to train

policymakers in the use of that risk information.

(3) Create institutional support for effective DRM. Many

decisions about capital investments are made within

each ministry, but ministerial roles and responsibil-

ities in disaster risk reduction and management need

clarification. There have been occasions when invest-

ment in risk reduction was rejected because risk

reduction was not integrated into the development

goals of the country (Ministry of Public Works and

Transportation 2014). The rapid rate of development

taking place in Cambodia requires the integration of

risk management into development plans to facilitate

prospective risk reduction in the future.

(4) Evaluate the benefit of risk-based planning and

prioritize risk management options based on a risk-

layering approach. Policymakers in general under-

stand the need for disaster risk reduction, but the
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economic and social benefits of DRM investment

(risk mitigation, risk transfer arrangements, and so

on) are not widely recognized. Further studies are

needed to quantify the benefits of DRM investment

opportunities, and to identify affordable, easily

implemented, low-regret DRM measures.

6 Conclusion

The Cambodian experience of DRM illustrates a number of

common challenges faced by developing countries that

wish to implement iterative risk management. Although the

effectiveness of iterative risk management is viewed with

‘‘high confidence and robustness’’ globally, a useful first

step in supporting its progress in developing countries is to

clarify the on-the-ground reality that shapes the context for

disaster risk management. One of the key issues identified

in this article is the general lack of risk-based thinking,

which reflects the lack of DRM mainstreaming in Cam-

bodia. The notion of risk, or the potential for future harm,

remains largely unfamiliar to many who makes important

day-to-day decisions on Cambodia’s development trajec-

tories, including public infrastructure development and

other social and economic programs. How to communicate

risk-based languages to a nontechnical audience and assist

them to adopt risk-based planning and budget allocation

despite limited data availability are therefore important

areas for further study.

This study also identified the existing lack of coordi-

nation in data gathering and sharing. This not only pertains

to disaster damage and loss data, which is collected by the

NCDM, but also other relevant current information on

DRM-related expenditure and past information on disaster

response and recovery. There are no clear statistics, for

example, that enumerate what resources are wasted each

year because of insufficient planning for annual floods. Yet

keeping such an inventory and clearly communicating

costs may provide a strong incentive to adopt risk-based

planning. Overall, there is a need for improved collection

and sharing of data and information, both to avoid dupli-

cation of effort and to ensure that learning achieved on one

occasion leads to the next phase of action and learning in

the iterative risk management cycle.

The availability of data and information, together with

an ability to interpret their meaning, are important building

blocks of iterative risk management. There is a further need

to link risk-based insights to actionable decisions. For

example, the macrolevel fiscal risk analysis provided in this

study is useful to officials making national-level decisions

about budget allocation. Individual ministries, in making

their capital investment decisions, may need different

assessment and communication strategies. To mainstream

risk-based decision making, further work is needed to

identify ways to tailor risk information to a particular

decision setting. Only in this way is it possible to overcome

existing cognitive, institutional, and economic barriers and

to better link with tangible decision making and DRM

implementation.
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