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1. Introduction
Over the past two decades, ASEAN countries have experienced a number of
large-scale natural disasters, such as floods, earthquakes and cyclones. According to
a recent study by Global Facility for Disaster Reduction and Recovery (GFDRR
2012), the region’s annual expected losses are well in excess of 0.2 % of regional
GDP. Among the poorer ASEAN member countries such as Cambodia, Lao PDR,
Myanmar, the Philippines or Vietnam, this figure could even be as high as 0.7% of
GDP.
Already a large theoretical and empirical economic literature on the impacts of
natural disasters on economic growth exists (Cavallo & Noy 2009). The crosscountry analysis by Tavares (2004) shows that natural disasters have a small, but
negative effect on economic growth. Loayza, et al. (2012) find that developing
countries economic growth is more sensitive to natural disasters. While they find that
some natural disasters have a negative impact on total economic growth, some
disaster types can actually have a small positive effect on growth in some sectors.
Cavallo, et al. (2013) use a synthetic control method approach and find that only
very large disasters have an impact on economic growth, both in the short and long
run. Some studies follow the idea of a vintage capital model (e.g. Hallegatte and
Dumas 2009) and argue that some types of natural disasters can actually have a
positive effect on economic growth because the initial destruction of physical capital
may also lead to an update of the existing capital stock and thereby increasing overall
productivity (e.g. Skidmore and Toya 2002, Crespo, et al. 2008, Leiter, et al. 2009).
However, in order to update the destroyed physical assets, the economic agents
require some form of liquid capital in the aftermath of a disaster.
Therefore, it is important to design policies that help to reduce the countries’
exposure to disaster, mitigate the direct impact, and cope with the financial losses in
the aftermath (e.g. Michel-Kerjan and Kunreuther, 2011). This paper is concerned
with the last point, the financial risk-transfer mechanisms against natural disaster
losses.
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In the majority of cases, the humanitarian needs in the aftermath of the disaster
are met by the respective governments. However, most countries struggle to obtain
sufficient financial funds to finance post-disaster recovery in a timely manner
(GFDRR 2012).

In general, most ASEAN countries (notable exceptions are

Malaysia and Singapore) follow a reactive rather than a pro-active financial risktransfer strategy. The financial cost for the post-disaster recovery is largely covered
either by post-disaster budget re-allocations or some form of tax-funded catastrophe
fund. While necessary to ensure financial recovery, these post-disaster financing
strategies have a number of drawbacks (Raschky and Weck-Hannemann, 2007).
First, the collection of ‘premiums’ for the catastrophe funds is not based on the risk
of a disaster loss of the underlying assets. In addition, catastrophe funds are often
subject to the ‘grabbing hand of the leviathan’. This means that in years without
major disaster losses, politicians have an incentive to use some of the money
allocated for the catastrophe fund in other budgetary areas. All of this can result in
the lack of funds available in the case of a large-scale disaster. Second, both forms of
governmental disaster assistance are prone to political discretion and corruption (e.g.
Garrett and Sobel, 2007, Besley and Burgess 2002, Mustafa, 2003) and therefore do
not necessarily help those in need or assure that relief is allocated in the most
efficient way. Third, the expectations of governmental relief can crowd-out private
demand for disaster insurance (e.g. Coate, 1995, Raschky and Weck-Hannemann
2007, Raschky, et al. 2013).
A more pro-active financial risk-transfer strategy in form of insurance that is
funded by risk-based premiums could clearly improve recovery process and
strengthen ASEAN countries resilience against natural disasters.

In contrast to

governmental relief, natural disaster insurance allows homeowners, entrepreneurs as
well as local governments to make better informed, long-term decisions because their
future expenditure (premiums) and income (claims) associated with financial risktransfer is less subject to discretionary decisions. In addition, private insurance can
improve the victims liquidity situation after a disaster in a more adequate and timely
manner than governmental risk-transfer.

Depending on the contract design,

insurance companies are normally faster in assessing the damages and releasing
reimbursements to the victims. Even if the process is delayed, the victims have an
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insurance policy at hand that shows the insurers contractual compensation obligation.
This allows victims to borrow money in the short-run from banks to ensure a fast
recovery. In comparison, governmental relief is uncertain and banks might be
reluctant to lend money based on a politician’s initial promise about the average
relief size.
Although, it is intuitively convincing that areas with a higher penetration of
private disaster insurance, should experience a faster recovery in the aftermath of a
disaster as compared to areas with lower insurance penetration, an empirical study
for the ASEAN region is missing.
Therefore, the purpose of this paper is to provide an empirical analysis of the
effect of financial risk-transfer on short-term recovery. The major complication of
such an empirical study for the ASEAN region is the lack of data in general and the
lack of variability within the data in particular. Among ASEAN member countries,
the penetration of financial risk-transfer mechanisms is very low and in most cases is
organized in the form of ad-hoc relief from the respective federal governments. If
some form of ex-ante risk-transfer mechanism exists, the penetration is very low and
it is hard to compare risk-transfer system across ASEAN countries because they
widely differ in their general design, the amount of coverage and other factors. In
addition, the existence and extent of ex-ante insurance schemes is likely to be
correlated with other, unobserved variables that pose a threat to the statistical
identification of the true effect of the ex-ante risk-transfer mechanism on short-term
recovery.
This paper uses variation in the geographical coverage of a provincial public
asset insurance program in Indonesia to identify the effect of ex-ante insurance on
short-term recovery after the September 2009 earthquake on Sumatra. Specifically,
it analyses the effect of the public asset insurance program in West-Sumatra on short
term recovery after the September 2009 earthquake using a regression discontinuity
(RD) approach. To measure the short-term variation in economic activity, we apply
satellite data on nighttime light activity that is available at a resolution of approx.
0.8km2 on a yearly basis. We first compare the changes in nighttime light intensity
between 2008 and 2009 to analyse the impact of the earthquake on regional
economic activity. We then compare the level nighttime light intensity in the year
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2010 between pixels located in areas covered by the public asset insurance program
with pixels located in other affected areas in Sumatra. Although the public asset
insurance program only covers a small number of public buildings, we find a
significantly positive effect of the insurance program on short term recovery in WestSumatra.
This paper is organized as follows: Section 2 will provide background
information about the September 2009 earthquake in Sumatra and the public asset
insurance program in West-Sumatra.

Section 3 introduces the data. Section 4

describes the econometric methodology. Section 5 discusses the results and section 6
concludes.

2. Background: The September 2009 Earthquake and the Public
Asset Insurance Program in West-Sumatra
The September 2009 West-Sumatra earthquake
Situated atop one of the earth’s most seismically active regions, Indonesia is no
stranger to natural disasters. The archipelago parallels the boundary between the
Eurasian plate and the subducting Indian-Australia plate, where tectonic stresses are
frequently released as violent seismic activity.１
The West coast of the island of Sumatra has proven to be particularly susceptible
to seismic shocks, with many (how many?) earthquakes of magnitude x or greater in
the past 10 years.
One of the largest recent examples of the vulnerability of this region occurred as
an earthquake of magnitude 7.6 on 30th September 2009. At 5:16pm local time the
earthquake struck at a depth of 71km, 60km off the coast of Padang, causing damage
in thirteen of the nineteen districts of the province of West Sumatra. The cities of
Padang and Pariaman, and the district of Padang Pariaman experienced the majority
of the damages. Tsunami warnings were triggered, however only a small local
Tsunami (27cm in wave height) was recorded. A series of aftershocks rocked the
wider region, the largest and most damaging being of magnitude 6.2 occurring in
Jambi province, 215km southeast of Padang.２
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The earthquake took a large human toll, with over 1,100 people killed and 2,900
injured, 1,200 seriously. Damage was also extensive, with total damages and losses
estimated at RP 21.6 trillion, or approximately US $2.3 billion at 2009 exchange
rates. (Perhaps insert damage map, similar to Map 3.4 of BNPB report). Over 88% of
the total damages and losses were of a private nature, which mainly reflects the large
losses sustained in the housing sector. The health and education sectors, services
provided in a large part by the private sector, also suffered heavy losses in the order
of RP 618 billion (US $66 million) and RP 744 billion (US $79 million),
respectively. Owing to Padang’s status as a major trading hub, the productive sector
was also significantly affected, with damages and losses totalling in excess of RP 2
trillion (US $212 million).
Sectoral Impacts
There are five levels of Government in Indonesia: national, provincial, district,
sub-district and nagari, or village, levels. A process of de-centralisation has seen a
significant power shift away from the federal government towards the provincial and
local-government levels.

Many services such as healthcare, education, and

infrastructure are under the remit of provincial and district governments. The nagari
levels are responsible for registration of land and people, and play an important role
in the implementation of government programs.
The earthquake inflicted heavy losses on the government sector, with total
damage and losses estimated at RP 600 billion (US $64 million). Owing to the West
Sumatran government and public administration facilities being located in Padang,
the provincial government bore the brunt of this cost, with RP 264 billion (US $28
million) of damage, as shown in Table 1 below. Fortunately, since 2008 the province
had insured a portion of its public assets against earthquakes.
Table 1. Damages and Losses in the Government sector (RP billion)
Government Sector
Damage
Losses
Central government
124.8
1.8
Provincial government
264.3
3.3
Local government
159.3
7.7
Sub-district and nagari
33.5
1.8
Boarding houses (armed forces and police)
28.8
0.2
Total
610.8
14.8
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Total
126.6
267.6
166.5
35.3
29.0
625.6

Source: BNPB (2009).

While damage to government and public administration assets affected the
provision of public services in the short term, at the provincial and district level these
disruptions were temporary. At the nagari level, however, temporary office space
and facilities were significantly more difficult to source and public services were
slower to be restored.
Housing infrastructure in the region suffered the worst of the destruction, with
damages and losses estimated at over RP 15.95 trillion (US $1.7 billion). This sector
was particularly vulnerable to disasters due to poor designs and the inadequate
quality of building materials such as concrete, masonry, and reinforcement.
Buildings with a “soft-story” – a weak floor arising from architectural design
features such as wide entrances and undercover parking – were particularly badly
affected.
The earthquake impacted all the major areas of the productive economy in some
capacity. Agriculture is the most important sector in the West Sumatran economy,
employing nearly half of the province’s workforce. While the disaster affected
agriculturally-based livelihoods in the short term, the damages and losses were
limited to around RP 280 billion (US $30 million), representing approximately 2% of
the sector’s GRDP (Gross Regional Domestic Product). However, the same cannot
be said for trade and industry, the second and third biggest employers in the
province. The cities hardest hit, Padang and Pariaman, are also the major trade and
industry hubs for the region. While large industry escaped relatively unscathed, many
small and medium enterprises (SME’s) suffered significant damages. Total damages
and losses to these businesses amounted to approximately RP 1.3 trillion (US $ 138
billion). To compound these losses, catastrophe-insurance uptake is concentrated to
large industry, while many SME’s are uninsured.

Finally, damage to tourism

infrastructure was moderate, around RP 71 billion (US $7.6 million), but the longerlasting impact from lost tourist revenue was much more substantial and is estimated
at RP 376 billion (US $40 million).
The ports, airports, and railways of the province escaped the earthquake
relatively unscathed; however there was significant damage to the road network due
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to both shaking and landslides. Total damage and losses to roads and bridges is
estimated at around RP 300 billion (US $32 million).
In any natural disaster the Indonesian government shoulders the lion’s-share of
reconstruction funding and the West-Sumatran earthquake was no different: A BNPB
survey found that 68% of respondents expected government assistance in
repairing/rebuilding damaged housing. As of January 2010 the central government
had allotted a total of RP 6.47 trillion (US $688 million) to recovery projects,
sourced from state and regional budgets, foreign aid, and NGO’s. ３ Among the
major international donors to the recovery effort were Australia (US $15 million)４,
the United States (US $12.1 million)５, the European Union (US $4.3 million)６, and
the International Federation of Red Cross and Red Crescent Societies (US $12.9
million)７.
Private catastrophe insurance uptake is low in Indonesia, where estimates for
non-life insurance penetration range from 0.4 – 0.6% of GDP８.

Despite the low

overall uptake, total non-life insurance penetration in the affected areas was
relatively high, with the BNPB estimating exposure at RP 720 billion (US $77
million).

Munich-re estimated total insured losses to be greater than $US 100

million, which would make the West Sumatra earthquake the largest disaster payout
in Indonesia for many years.９ The provincial government of West Sumatra was the
only level of government to have insured its assets against earthquake, tsunami and
fire. As a result, in May 2010 the provincial government received a payout for the
earthquake of US$2 million, one-hundred times the annual premium. Unfortunately,
while the Padang municipal government was in the process of insuring some of its
assets when the earthquake struck, the policy was yet to take effect.

The West-Sumatra province public asset insurance program
West-Sumatra Province is one of only a handful of provincial governments to
have taken out catastrophe insurance.

In 2007, the West Sumatra provincial

government insured local assets against fire risk with PT Asuransi Bangum Askrida,
an Indonesian insurance company.

Following a series of large earthquakes in

September 2007, coverage was extended in 2008 to include earthquakes and
tsunamis. In 2010, the policy covered 42 local government buildings, four hospitals,
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and 73 local government official and guest houses１０ premiums are calculated using
Maipark’s earthquake insurance tariff and are levied at 1.25% of the total sum
insured１１ or approximately US $20,000, and are appropriated annually in the local
provincial budget１２. In the aftermath of the 2009 West Sumatran earthquake, the
provincial government received a settlement of RP 20 billion (US $2.2 million) in
May 2010, seven months after the disaster.

3. Data

The nature of this study requires an empirical proxy for economic activity at a
very disaggregated level. Using subnational GDP data at the province level is simply
not disaggregated enough for this type of analysis because it would only result in a
sample size of 5. Household level income data is very often not exactly geocoded (to
ensure confidentiality) and again only limited to a small number of sample villages
within each province. We therefore build on the recent economic literature that uses
satellite images of nighttime light emissions as empirical proxy for economic activity
(e.g. Henderson, et al. 2012, Elvidge, et al. 1997; Sutton and Costanza, 2002; Sutton,
et al. 2007; Elvidge, et al. 2009; and Gosh, et al. 2009 as well as Hodler and
Raschky, 2013, and Michalopoulos and Papaioannou, 2013).
Nighttime Light intensity is constantly recorded by US Air Force Weather
Satellites, and annualized nighttime light data is provided by the National Oceanic
and Atmospheric Administration (NOAA, 2012). The major advantage compared to
other proxies of wealth and economic activity is that the data is available for any
subnational region in any country at a very fine spatial resolution. In addition, it is
collected in exactly the same way by one organization. As such, it provides proxy
values for the concentration of physical assets and economic activity that is
comparable across the ASEAN member countries. Weather satellites from the US
Air Force circle the earth 14 times per day and measure luminosity worldwide
between 65 degrees North and 65 degrees South every night sometime between 8.30
and 10.00pm. The final data contains only readings from the dark half of the lunar
cycle in seasons when the sun sets early is used. Readings affected by northern or
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southern lights, forest fires and cloud cover are removed in order to collect only manmade light. The original nighttime light readings are then recalibrated to account for
variations in sensor settings over time. This recalibrated data is delivered as a raster
file with pixels that have values on a scale from 0 to 63, with higher values implying
higher light intensity. This data is available for the time period from 1992 to 2011
and the average pixel size is about 0.8 km2.
Henderson et al. (2012) find a strong correlation between changes in nighttime
light and GDP at national level.

Nighttime light is a good proxy for the

concentration of wealth and infrastructure as a large fraction of these physical assets
is lit during between 8.30 and 10.00pm. In addition, most forms of economic activity
(consumption and production) in the evening require light.
Figure 1 presents a map of the affected provinces on Sumatra with nighttime
light emissions for 2008. The main affected provinces were Bengkulu, Jambi, Riau,
Sumatera Barat (West Sumatra) and Sumatera Utara.

The darker areas around

Padang, Pekanbaru, and Jambi nicely illustrate the higher concentration of nighttime
light emissions in these regional urban centers. The epicenter of the quake was just
off the coast of Padang.
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Figure 1: Nighttime Light Emissions in Affected Provinces in Sumatra, 2008
(darker pixels indicate more intense nighttime luminosity).

Source: Author, original data NOAA (2012).

Figure 2 illustrates the change in nighttime light intensity from 2008 to 2010. 2008
was the year prior to the earthquake. In September 2009, the earthquake hit Sumatra
and a reduction of light time intensity is visible in particular around the urban
centers. 2010 then reflects part of the economic recovery in the different provinces.

10

Figure 2: Development of Nighttime Light Intensity. (2008, 2009, and 2010)

Source: Author, original data NOAA (2012).

11

For this paper, we only focus on pixels that are located close to the border with West
Sumatra. We created a band with a 60km width (30km on each side of the border)
and only use pixels that fall within this band. Figure 3 shows the West Sumatra
provincial border in green and the boundaries of the band in red.
Figure 3: West Sumatra Border (green) and Band (red)

Source: Author, original data NOAA (2012).

Our unit observation is the pixel level. We only use pixels that were lit (pixel value >
0) in at least one of the three years of observation (2008, 2009, and 2010). Figure 4
provides a zoom of the map in Figure 3 of the border area between West Sumatra
and Jambi. For this analysis, we only use lit pixels (the darker blue spots) that fall
within the band (For example, those pixels in Jambi that are east of the red line are
excluded). We then compare the pixels that are located within West Sumatra (those
pixels in the area west of the green provincial border and east of the more western
red line) with those located in Jambi (those pixels in the area east of the green
provincial border and west of the more eastern red line).
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Figure 4: Border area between West Sumatra and Jambi.

Source: Author, original data NOAA (2012).

Table 2 provides an overview of the number of observations per province. Using
only pixels that had a value above 0 in at least once over the period 2008-2010 yields
a total number of yearly observations of 2,594. 1,399 pixels (54%) are located in the
treatment part of the band (Sumatera Barat).
Table 2: Number of Yearly Observations per Province
Province

No. of pixels
per year

Bengkulu

55

Jambi

355

Riau

626

Sumatera Barat

1,401

Sumatera Utara

157
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The individual pixel values are used and we construct to construct the variable
ln(light) for each year, which is the log of the pixel value plus 0.01. To control for
the damage each area suffered, we further construct ΔLn(light08-09) which is the
difference between Ln(light09) and Ln(light08).
Table 3: Descriptive Statistics
Variable
Ln(light10)
Ln(light09)
Ln(light08)
ΔLn(light08-09)

West Sumatra Province
Obs.
Mean Std. Dev.
1399
0.838
2.647
1399
-2.479
3.065
1399
-0.192
2.970
1399
-2.287
3.359

Obs.
1195
1195
1195
1195

Other Provinces
Mean Std. Dev.
0.741
2.844
-1.518
3.285
0.037
2.930
-1.554
3.684

4. Empirical Strategy

The coverage of infrastructure through the West Sumatra public asset insurance
program changes discretely at the province border. Public assets within the border of
West Sumatra are covered by the insurance scheme, while public assets outside the
province border are not covered by the insurance scheme. Given that the public asset
insurance program treatment is a deterministic and discontinuous function of
longitude and latitude, we can estimate the public insurance treatment effect on
short-term recovery using a regression discontinuity approach.

ln(light10) pi   o  INS p  f ( BD pi )  X pi    pi
where X is a vector of covariates that includes (depending on the specification) the
log of light in 2008 and the log difference of the light values between 2008 and 2009
to capture the earthquake damage. f(BDpi) is the RD polynomial, which controls for
smooth functions of geographic location. The literature uses various forms. We
define as the distance from each pixel i’s centroid to West Sumatra’s province
border.
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INS is our variable of main interest, which is a dummy variable that takes on the
value one for pixels that are located in West Sumatra (and thereby potentially
covered by the public asset insurance scheme) and zero if they are located in any of
the other 4 affected provinces that do not have a public asset disaster insurance
scheme in place. We interpret a positive

as an indication that the public insurance

scheme has a positive effect on short-term economic recovery in 2010.
Previous research has employed variants of this RD-type design to estimate the
effect of institutional differences at the border on particular outcome variables. For
example, Lee and Lemieux (2010) discuss the use of the discontinuity at the national
borders to identify local average (treatment) effect in the quality of national
institutions. Dell (2010) applies this RD-type design to analyze the long run effects
of a forced labor system in South America. Michalopoulos and Papaioannou (2013)
use a comparable estimation strategy in combination with pixel-level nighttime light
intensity to estimate the effect of pre-colonial institutions on contemporary economic
development.
The RD strategy in this paper exploits the discontinuity of insurance coverage at
the province border of West Sumatra. Hence, our identifying assumption is that
pixels that are located just around the geographical cut-off (West Sumatra province
border) are very similar with respect to economic, climatic, topographic,
demographic and institutional characteristics and only differ in their coverage by the
public asset insurance scheme.

5. Results
Table 4 presents the main results of the RD analysis. In the first column, we
examine the effect of the September 2009 earthquake by regressing the log of light in
2009 on the log of light in 2008, the insurance treatment dummy as well as the is the
RD polynomial f(BDpi). The negative and significant sign of INS indicates that the
decrease in nighttime light intensity due to the earthquake was larger in West
Sumatra then in the other affected provinces. Compared to the other provinces light
intensity of the pixels within the band decreased by 8.7% in West Sumatra in 2009.
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This result reflects that the epicenter of the earthquake was just off the coast of
Padang and thereby the majority of pixels in the West Sumatra part of the band are
geographically closer to the epicenter.

It also highlights the importance of

controlling for the differences in the experienced magnitude in the main regression.
Otherwise, the treatment variable would be potentially downward biased because it
also captures a higher exposure to the earthquake shock and thereby large
destruction.
The second column presents the main specification estimating the impact of the
insurance treatment on nighttime light in 2010, the year following the earthquake.
The coefficient of INS is positive and statistically significant at the 5 %-level. The
results indicate that increase in light intensity during the recovery year was on
average 2.1% higher in pixels that are located in the West Sumatra province as
compared to the other affected regions. In this specification, we also control for the
differences in the earthquake damages using ΔLn(light08-09).
The last column includes the level of light in 2008 as an additional control
variable to capture the potential effect of differences in initial light endowment
between pixels in the West Sumatra part of the band and pixels in the band covering
all other provinces. The results stay robust and the size of the INS coefficient is very
similar as compared to the specification in the second column.
One potential concern with these estimates could be that the federal government
or international NGOs were aware of the existence of the public asset insurance
scheme and adjusted their regional relief efforts accordingly. Thereby it is possible
that West Sumatra received relatively less financial relief from the central
government or NGOs.
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Table 4: Main Results - Regression Discontinuity (RD) Estimates.
Ln(light08)pi
INS pi

Ln(light09)pi
0.368***
(0.018)
-0.087***
(0.012)

ΔLn(light08-09)pi
Constant
N

-1.531***
(0.091)
2594

Ln(light10)pi

0.021**
(0.010)
0.160***
(0.022)
0.990***
(0.093)
2594

Ln(light10)pi
0.094***
(0.013)
0.027**
(0.011)
0.202***
(0.022)
1.051***
(0.091)
2594

Notes: All regressions include RD polynomial (the distance between the pixel’s centroid and the
West Sumatra province border). Robust standard errors (in parentheses). ***, **, and *
indicate significance at the , 5 and 10 percent level, respectively.

6. Conclusion
This paper analyses the effect of the West Sumatra public asset insurance
program on short-term economic recovery after the September 2009 West Sumatra
Earthquake. We use satellite data on yearly differences in nighttime-light intensity
as a proxy for economic activity, to investigate the effect of the earthquake damage
on overall luminosity in 2009 and the progress in recovery in the year 2010. Our
level of analysis is the pixel-level which corresponds to an area of about 0.8 km2.
Our identification strategy consists of a regression discontinuity approach that
compares differences between economic recovery of pixels that are located at the
province border of West Sumatra. We estimate the difference in recovery progress
(increase in light intensity in 2010) in areas that have been covered by the public
insurance program (West Sumatra province) with those affected areas that did not
have such an insurance scheme (Bengkulu, Jambi, Riau, and Sumatera Utara).
Considering that the West Sumatra insurance scheme only covers a small
amount of public buildings, we still find that areas at the province border that are
located in West Sumatra experience a 2.1% higher increase in light intensity in the
year after the earthquake as compared to areas at the other side of the province
border. Controlling for initial level of light intensity and the decrease in luminosity
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during the disaster year, we attribute these differences to the existence of an ex-ante
insurance scheme.
Our results provide empirical support for the idea that ex-ante insurance scheme,
even though the coverage is rather small, can have a positive effect on short-term
recovery. Therefore, this paper provides an ‘empirical complement’ to existing
theoretical arguments and anecdotal evidence that supports the positive effect of exante risk-transfer mechanisms. As such, the West Sumatra public asset insurance
scheme could be used a further case study for other subnational units across ASEAN
countries to manage the financial risks associated with natural disasters more
efficiently.
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