Public Choice (2014) 161:385-405
DOI 10.1007/s11127-014-0154-6

Impact of natural disaster on public sector corruption

Eiji Yamamura

Received: 20 September 2013/ Accepted: 9 January 2014 /Published online: 24 January 2014
© Springer Science+Business Media New York 2014

Abstract This paper uses inter-country panel data from 1990 through 2010 to examine
how the occurrence of natural disasters affects corruption within the public sector. For a
closer analysis, disaster is classified into various categories, including general floods, other
floods, tropical storms, other storms, earthquakes, volcanic eruptions, and landslides.
Furthermore, this paper explores whether natural disasters have different impacts on
corruption levels in developed and developing countries. The study reveals a number of
novel findings. (1) Natural disasters that cause substantial damage increase public sector
corruption in both developing and developed countries. (2) Natural disasters have a greater
impact on public sector corruption in developed countries than in developing countries. (3)
In developed countries, natural disaster frequency has a significant impact on the level of
corruption. Hence, foreseeable disasters increase corruption in general. In developed
countries, an incentive may exist to live within disaster-prone areas because of the
potential for disaster compensation payments.

Keywords Corruption - Institution - Disasters - Risk

JEL classification D73 - D81 - Q54

1 Introduction

The devastating damage caused by natural disasters such as Hurricane Katrina that hit the
southeast United States in 2005 and the Great East Japan Earthquake in 2011 has led to the
investigation of disaster-related issues (Eisensee and Stromberg 2007; Luechinger and
Saschkly 2009). Disasters have been observed to have a strong influence on the political
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economy of modern society with regard to the political economy." Studies that address the
damage caused by natural disasters have found that low-quality governance, characterized
by corruption and income inequalities, increases the resultant death rates (Anbarci et al.
2005; Kahn 2005; Escaleras et al. 2007).> The occurrence of natural disasters appears to
have an effect on the contracts and incentives offered to public sector employees living in
areas prone to such disasters.®> Public sector corruption is of significant concern when
considering the interaction between politics and economics® (e.g., Glaeser and Saks 2006;
Gokcekus 2008; Apergis et al. 2010; Dreher and Schneider 2010; Escaleras et al. 2010;
Johnson et al. 2011; Swaleheen 2011). Natural disasters can generate an incentive to
engage in corruption, which is generally defined as the use of public office for private gain
(Boettke et al. 2007; Leeson and Sobel 2008). As observed in the United States, individuals
can abuse disaster relief windfalls. For example, in the aftermath of Hurricane Katrina
some public employees were accused of soliciting bribes from relief-funded contractors
and of overbilling the government (Leeson and Sobel 2008). Similarly, the misuse of
reconstruction funds was revealed after the Great East Japan Earthquake, when it was
reported that “a special account budget to fund the reconstruction of communities dev-
astated by the 3/11 earthquake, tsunami, and nuclear disasters has been used to pay for
unrelated projects” (Japan Times 2012). In the latter case, money earmarked for recon-
struction work was improperly spent on projects to improve the earthquake resistance of
the central government’s local branch buildings and on measures dealing with anti-whaling
groups (Daily Yomiuri 2013). Public choice theory can be used to explain this undesirable
situation. In the aftermath of a natural disaster, the national government plays a leading
role in reconstruction and accordingly allocates a budget for that purpose. In this case,
various groups undertaking public works sought orders from the government. However,
either because of information asymmetry or the support of favorable politicians, businesses
unconnected to reconstruction received work orders. Moreover, there have been instances
where the occurrence of disasters provided politicians with an incentive to misallocate
disaster expenditure to increase the probability of their re-election (Garret and Sobel 2003).
Such allocative failure prevents disaster relief from reaching those who need it most (Sobel
and Leeson 2006).

Empirical analysis of the impact of disasters on corruption is considered instructive for
designing appropriate incentive schemes to deal with disasters. The seminal work of
Leeson and Sobel (2008), based on panel data from the United States,’ provided evidence
that disaster relief windfalls increase corruption. Natural disasters vary in type, and the

' Specifically, in recent years researchers have investigated the impact of natural disasters on economic
growth (Skidmore and Toya 2002; Strobl 2011), death toll (Anbarci et al. 2005; Kahn 2005; Toya and
Skidmore 2007), and trust (Toya and Skidmore 2013).

2 Public sector corruption is also observed to increase the frequency of technological disasters (Yamamura
2013).

3 Some studies explore the relation between disasters and moral hazard issues (Simmons et al. 2002; Shiue
2004).

4 There are few empirical analyses of corruption before the 1990s (partly because of data limitations),
although a number of classical anecdotal and theoretical research works exist (Leff 1964; Lui 1985; Shleifer
and Vishny 1993; Jain 2001). The seminal work of Mauro (1995) was the first to explore the effects of
corruption empirically, and there were a significant number of subsequent studies (e.g., Anbarci et al. 2006;
Glaeser and Saks 2006; Apergis et al. 2010; Dreher and Schneider 2010; Escaleras et al. 2010; Johnson et al.
2011; Swaleheen 2011).

> Numerous studies have attempted to ascertain the determinants of corruption (Treisman 2000; Paldam
2001; Serra 2006; Pellegrini and Gerlagh 2008).
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existing literature claims that different disaster characteristics may influence economic
outcomes (Skidmore and Toya 2002; Kahn 2005; Kellenberg and Mobarak 2008; Toya and
Skidmore 2013). Disaster frequency and damage differ by disaster type. For example, one
disaster type may occur frequently with low damage levels sustained at each episode.
Another type may occur rarely but can result in extensive damage. Furthermore, the effect
of natural disasters differs between developing and developed countries (Toya and Skid-
more 2007; Cuaresma et al. 2008).

This paper seeks to explore how and to what extent the effects that disasters have on
corruption differ per disaster type and by the existing conditions (economic, development
level) of the stricken country, an area not previously studied. For that purpose, this paper
uses panel data from 84 countries over a 21-year period (1990-2010). The novel findings
of this paper are as follows. (1) As is observed generally, natural disasters increase public
sector corruption. (2) Natural disaster frequency rather than its economic damage has a
significant impact on the level of corruption in Organization for Economic Co-operation
and Development (OECD) countries but not in other countries.

Section 2 of this paper proposes theoretical considerations and the testable hypotheses
of the study. In Sect. 3, an overview of disasters is provided and the data and methods used
are explained. Section 4 discusses the results of the estimations, and Sect. 5 offers con-
cluding remarks.

2 Theoretical considerations and hypotheses

Theoretical works indicate that countries rich in natural resources have large numbers of
entrepreneurs engaged in rent-seeking (Baland and Francois 2000; Torvik 2002). Robinson
et al. (2006) provided a model showing that when a politician uses natural resources to
promote self-interest a misallocation of resources can result. Moreover, countries with
large economic rents stemming from natural resources tend to have high levels of cor-
ruption (Ades and Di Tella 1999; Pedro 2010). A similar observation has been made for
international aid. Foreign aid is associated with rent-seeking activities and therefore with
high corruption levels (Svensson 2000): additional government revenues increase cor-
ruption (Brollo et al. 2013). Similarly, a disaster can generate an economic windfall that
increases corruption. Natural disasters inevitably increase a government’s expenditures for
relief and reconstruction. Public choice reasoning suggests that such expenditures will
attract lobbying by individuals and groups who benefit from them and that politically self
interested government officials will be responsive to the influence of well-organized
special interest groups. The rents generated by governmental responses to natural disasters
are shaped by the same forces that determine the allocation of spending in more ordinary
times. The expenditure is efficiently allocated and effectively used if individuals and
government officers do not serve their own self-interests at the expense of the remainder of
society. However, the occurrence of natural disasters is thought to generate rents.

This paper follows Svensson (2000) and describes the situation as follows. An economy
consists of n social groups. When a disaster occurs, the increase in government recon-
struction spending in year t is y(m,, s,), where m, represents the number of natural disasters
in year ¢, with 0y/0m, > 0, ands, represents the total damage from natural disasters in
year t, with 0y/0s, > 0. Expenditure can be appropriated by each individual social group.
The appropriation of common resources is costly and so rent-seeking outlays by group i are
expressed as c;;. The appropriation equation can be expressed as:
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c:
Zy = )’(mrast)zniltclfcit-
j=1 Cit

Organized social groups can obtain a large share of government expenditure by
manipulating the political system to implement favorable transfers. Its cost, ¢, is con-

sidered a bribe. The total appropriation is larger than 0 if y(m;, s,) Zf” > ¢, In this

Cit,

j=1
case, corruption increases. Furthermore, the total damage of the natural disaster increases
the appropriation, 0z;/0s, > 0. The number of natural disasters also increases the appro-
priation, Oz;/0Om, > 0.

Niskanen (1971) reasoned that government officials seek to maximize the size of their
budget rather than deliver social benefit. There is the possibility that natural disasters give
officials an opportunity to increase their budget by using aid as a pretext. In the midst of a
disaster, a government is unable to observe the actual situation in affected areas and the
disaster victims have access to more information about their situation than their govern-
ment. Hence, there is information asymmetry regarding the damage caused by the disaster
between victims and officials. Accordingly, victims can encourage the government to offer
generous compensation for any damage caused by the disaster.

Disaster-related benefits can be regarded as rents, and as a consequence of disasters
victims (through interventions by officials) may enjoy rents, and the value of controlling
the rents is high. Hence, “bureaucrats can reap some of this value by surrendering their
control rights in exchange for bribes” (Ades and Di Tella 1999, p. 983). Victims may be
willing to pay bribes to obtain such rents if the cost of the bribe is sufficiently less than the
rents. Thus, Hypothesis 1 is proposed.

Hypothesis 1 The level of public sector corruption increases when a natural disaster
occurs.

Leeson and Sobel (2008) argued that the greater the amount of infused government
relief, the higher the level of corruption. Where the damage from a disaster is extensive,
victims will request generous taxpayer compensation. Hence, the cost of damage is
assumed to be positively associated with the inflow of aid. Furthermore, if residents have
the prospect of becoming victims of a disaster, then they are likely to receive some
disaster-related compensation from the government. The more frequently disasters occur,
the larger the expected disaster-related benefit will be. Individuals select a residential area
by comparing expected benefits and costs. This inference is consistent with the claim that
“people who voluntarily put themselves in harm’s way,” are “taking on the additional risk
of living and working in disaster-prone areas,” and of “adequately insuring their lives”
(Shughart 2006, p. 44). Thus, individuals reside in disaster-prone areas if the perceived
benefit of residing there outweighs the cost. This leads to Hypothesis 2.

Hypothesis 2 The level of public sector corruption increases when the disaster damage is
significant. The level of corruption also increases when disasters are frequent.

3 Data and method
3.1 Overview of natural disaster types

This paper uses country-level panel data similar to previous related research (Anbarci et al.
2006; Toya and Skidmore 2013; Yamamura 2013). The number of natural disasters in each
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chosen country was sourced from EM-DAT (the International Disaster Database managed
by the World Health Organization’s Collaborating Centre for Research on the Epidemi-
ology of Disasters). This paper uses a proxy for public sector corruption based on data
provided by the International Country Risk Guide (ICRG) prepared by the Political Risk
Service Group Inc.: its value ranges from O to 6, with larger values indicating higher
corruption levels.® Figure 1 illustrates the change in degree of corruption and the occur-
rence of natural disasters. It shows that both perceived corruption and the number of
disasters increased from 1992 to 2002 and then became constant. This trend suggests that
the number of disasters has a positive association with the degree of corruption prior to
2002.

The characteristics of disasters differ and thus, the disaggregation of disasters into
various disaster types provides useful information, enabling a closer analysis. Previous
research (Skidmore and Toya 2002; Kahn 2005), classifies disaster into numerous cate-
gories, including floods, storms, earthquakes, volcanic eruptions, landslides, and others.”
The number of floods and storms significantly exceed other disaster types. EM-DAT
further divides floods into three sub-categories: general floods, flash floods, and storm
surges, with general floods being the most common. Storms are further divided into three
sub-categories: tropical storms, winter storms, and local windstorms, with tropical storms
being the most common.® Hence, in this paper, floods are categorized as general floods and
other floods (flash floods and storm surges). Storms are categorized as tropical storms and
other storms (winter storms and local windstorms). Figure 2 shows the frequency of each
disaster (number of disasters per 10,000 km?) indicating the probability of occurrence, and
clearly showing that general floods and tropical storms are the most frequent events.
General floods occur approximately 1.4 times per 10,000 km? annually and other floods
occur approximately 0.5 times per 10,000 km?. Floods and storms can be categorized as
climatic disasters, while earthquakes, volcanic eruptions, and landslides can be categorized
as geological disasters (Skidmore and Toya 2002).

In comparison with geological disasters, “...climatic disasters tend to occur more fre-
quently and during a particular time of the year. In addition, forecasting makes it possible
for agents to protect themselves by taking cover or evacuating the afflicted region”
(Skidmore and Toya 2002, p. 671). Hence, climatic disasters are less likely to be a threat to
property but not to life than geological disasters. The average monetary values of the
damage caused by disasters, measured in millions of U.S. dollars, are illustrated in Fig. 3.°
The damage caused by an earthquake is estimated to cost approximately US$2,400 million,
significantly larger than the costs arising from other disasters. Tropical storm damage costs
are relatively high at approximately US$200 million, roughly three times that of general
floods and other storms. The cost of damage caused by other floods, volcanic eruptions,
and landslides is less than US$20 million.

© ICRG data scores corruption with a range of 06, with 6 indicating no corruption. In this paper, to simplify
matters, the score is inverted. Thus, countries with an ICRG score of 6 are given a value of 0 in this paper
(i.e., no corruption) and countries with an ICRG score of 0 are given a value of 6 (i.e., very corrupt).

7 The empirical results of this paper do not change when other classifications are employed.

8 Definitions of classifications can be found on the EM-DAT website http://www.emdat.be/glossary/9
(accessed on December 7, 2013).

® EM-DAT offers alternative ways of measuring the cost of a disaster, including fatalities or injuries. Their
relative values for each disaster are almost identical to those illustrated in Fig. 4. Hence, the argument of this
paper does not change if other values are used to measure the cost of a disaster.
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Fig. 1 Degree of corruption and occurrence of natural disasters 1990-2010. Note The values are calculated
from observation on 84 countries. Table Al exhibiting the list of countries is available at the author’s
website (https://www.seinan-gu.ac.jp/ ~ yamaei/)
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Fig. 2 Annual disaster frequency per 10,000 km® of landmass. Note The values are calculated from
observation on 84 countries. Table Al exhibiting the list of countries is available at the author’s website
(https://www.seinan-gu.ac.jp/ ~ yamaei/)

Table 1 summarizes disaster features. The predicted cost is considered to be very high
for earthquakes; however, their rate of occurrence is very low. With the exception of
earthquakes, the costs arising from other disasters are either low or very low. Hence,
victims of earthquakes can request greater amounts of compensation than those of other
disasters. Among those disasters with low damage costs, e.g., general floods, other floods
and tropical storms, occur rather frequently. Residents in flood- and storm-prone areas can
thus anticipate future compensation opportunities. Accordingly, it can be assumed that

@ Springer


https://www.seinan-gu.ac.jp/~yamaei/
https://www.seinan-gu.ac.jp/~yamaei/

Public Choice (2014) 161:385-405 391

3000

2500

2000
1500

1000
500

Fig. 3 Average damage cost per disaster (million US$/number of disasters)

relief from natural disasters such as earthquakes, general floods, other floods, and tropical
storms could trigger a moral hazard problem. This expectation can also be derived from
previous research. For instance, US government-backed insurance caused a moral hazard
problem (Vigdor 2009; Jaffe and Russell 2008): “Though private insurers increase the
premium on repetitive loss properties, or deny coverage altogether, the NFIP (National
Flood Insurance Program) rarely forces property owners to consider the full costs of their
decision to live in flood-prone areas” (Chamlee-wright 2010, p. 140). As a consequence of
the NFIP, property owners continue to live in areas of frequent flooding. From another
perspective, insurers were offered reinsurance against catastrophic losses by their gov-
ernment (Zanjani 2008). Accordingly, insurers can feel free to write policies for floods at
overly reasonable rates, safe in the knowledge that their downside risk is limited by the
presence of government-subsidized reinsurance. The role of the market in yielding
information about the expected cost of various disasters through prices is undone (Vigdor
2009). The frequent occurrence of natural disasters inevitably strengthens the profitable
partnership between government and insurers, leading to a structural interlocking between
the two.

3.2 Data

Data regarding the number of natural disasters were sourced from EM-DAT.'? Disasters in
the EM-DAT database fulfill at least one of the following criteria: (1) ten or more reported
fatalities, (2) no more than 100 people affected, (3) declaration of a state of emergency, and
(4) a call for international assistance. Criterion (4) merits further examination. As shown in
Fig. 1 and discussed earlier, the number of natural disasters increased from 1990 to 2002.
Kurosaki (2013, p. 2) argues that “we should pay attention to the possibility that the
reported increase is partly because of an increased tendency to report, not necessarily an
increase in the occurrence of disasters”. There are suggestions that in developing countries
the reporting of the impact of natural disasters tends to be exaggerated for the purposes of
obtaining international aid from developed countries (Albala-Bertrand 1993; Skidmore and

10 Natural disaster data were sourced from the International Disaster Database. http://www.emdat.be
(accessed on August 25, 2013).
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Toya 2002). Inevitably, measurement errors could cause some degree of bias in estimations
regarding developing countries. Measurement error is less likely to exist in developed
countries. Hence, estimation errors are minor when the sample is limited to developed
countries.

Dividing the sample into developed and developing countries facilitates the avoidance
of measurement errors when estimations are conducted. Garret and Sobel (2003) found that
both disaster declaration and the level of disaster expenditure are politically motivated
rather than driven by disaster severity or frequency. This stems from the system used by the
U.S. Federal Emergency Management Agency (FEMA), an organization concerned with
the disaster declaration process and the subsequent allocation of disaster relief money. The
U.S. president has an incentive to manipulate disaster declarations with the aim of being re-
elected. Thus, in the United States, “the vast majority of disasters declared over the last
decade have been for weather events that most people would not consider disasters at all”
(Sobel and Leeson 2006, p. 60). Canada, a developed country in the North American
continent, has a land area of approximately 9.9 million km?, similar in size to that of the
United States (approximately 9.6 million km?). Despite their similarities, the data used in
this paper show that the average annual number of total disasters is 24.5 in the United
States and just 3.0 in Canada.'! Such a significant difference might be too great to be
explained by political factors such as the FEMA system. Countries with over ten reported
disasters (such as the United States) in total are regarded as outliers in this study.
Therefore, they were removed from the sample to reduce measurement errors and improve
robustness.'? Clearly, countries with greater land area tend to have a larger number of
disasters. Thus, estimation bias can result. To control for this, the number of disasters were
divided by land area and then used as an independent variable. Data on land area were
collected from the World Bank (2010)."? Institutional condition is also thought to influence
degree of corruption (Djankov et al. 2008; La Porta et al. 1999).

The proxy for the public sector corruption variable was based on the ICRG index. The
values (indicating the level of corruption) range from O (no corruption) to 6 (corrupt). The
ICRG data reveal that corruption in business dealings is commonplace. The index is
appropriate for capturing financial corruption in the form of demands for special payments
and bribes. Integrating both the disaster and corruption data produces panel data that
include information on 84 countries over a 21-year period (1990-2010). In addition to the
key variables above, control variables such as gross domestic product (GDP) per capita and

" When we compare the landmass of Canada and the United States., attention should be paid to population
size. (1) The population of Canada is approximately 34 million, while the US population (about 314 million)
is almost ten times that. (2) Vast areas of Canada are unpopulated or have very low population densities,
thus many natural disasters would go unreported as they did not affect the human population.

12 Countries included in the sample can be seen at the author’s website: (https://www.seinan-gu.ac.jp/
~ yamaei/).

'3 In the regression estimation, various control variables are included. Latitude, the highest point of ele-
vation, lowest point of elevation, percentage of land area where elevation is below 5 meters, agricultural
sector ratio and industrial sector ratio (percentages of GDP) are available from World Bank (2010).

The percent of the population belonging to the Catholic Church is used by Easterly and Levine (1997).
The data are available from http://econ.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTRESEARCH/
0,,contentMDK:20700002 ~ pagePK:64214825 ~ piPK:64214943 ~ theSitePK:469382,00.html (accessed
June 2, 2011). Legal origin dummies and measure of democracy are available at http://www.economics.
harvard.edu/faculty/shleifer/dataset (accessed on June 1, 2011)
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Table 1 Characteristics of disasters

Predicted damage level Frequency Type
General floods Very low Frequent Climatic
Other floods Very low Frequent Climatic
Tropical storms Low Frequent Climatic
Other storms Very low Very rare Climatic
Earthquakes Very high Rare Geologic
Volcanic eruptions Very low Very rare Geologic
Land slides Very low Rare Geologic

population are included, and were collected from the University of Pennsylvania’s Center
for International Comparisons, Penn World Table 7.1

In this paper, members of the OECD are considered as developed countries, while non-
OECD members are classed as developing countries. A comparison of the basic statistics
for the variables between OECD and non-OECD countries is presented in Table 2. The
degree of corruption is 3.39 for non-OECD countries and 1.19 in OECD countries, con-
sistent with the view that developing countries are generally more corrupt than developed
countries. The average number of total disasters is 4.43 in non-OECD countries and 1.12 in
OECD countries. This is congruent with Fig. 1, suggesting a positive correlation between
the number of natural disasters and the degree of corruption. Furthermore, the larger
average number of disasters in non-OECD countries than in OECD countries possibly
reflects that the number of disasters is exaggerated by developing countries for the purpose
of receiving international aid.

“Flooding in one region can be the result of storm activity upstream” (Toya and
Skidmore 2013, p. 12). Storms are often accompanied by floods. Based on the dataset used
in this paper, the correlation coefficient between floods and tropical storms is 0.47. The
average number of tropical storms (other storms) is 1.98 (0.02) in non-OECD countries and
0.03 (0.19) in OECD countries. This seems to reflect that non-OECD countries are likely to
be located in tropical areas. In contrast, the average number of general floods (other floods)
is 1.71 (0.65) in non-OECD countries and 0.17 (0.04) in OECD countries. This is in line
with the positive correlation between floods and storms.

3.3 Basic methods

To examine Hypothesis 1, the estimated function takes the following form:

Corruption;; = ag + a;Number of disasters;; + a,Number of disasters;;_
+ azNumber of disasters;—» + asGDP;; + asPopulation;; + agTime trend,
+ u; + &ir,

where the dependent variable is Corruption;, in country i for year ¢, o represents the
regression parameters, the unobservable features of country i are denoted by u; and ¢
represents the error term. “Public sector corruption is commonly known to be highly
correlated with...omitted institutional factors” (Escaleras et al. 2007, p. 219). Previous

!4 The data were available at the website of Penn World Table. https:/pwt.sas.upenn.edu/php_site/pwt71/
pwt71_form.php (accessed on August 25, 2013).
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research has shown that institutional and socioeconomic conditions are related closely to
the outcomes of natural disasters (Kahn 2005; Toya and Skidmore 2007). For instance, it
was found that legal origin, ethnic heterogeneity, and religion determine the level of
corruption (Treisman 2000; Paldam 2001; Djankov et al. 2003; Serra 2006; Gokcekus
2008; Pellegrini and Gerlagh 2008). These factors are considered as time invariant fixed
effects of a country, and are denoted as u;. Hence, a fixed effects model was primarily used
here; however, a random effects model was alternatively used when Hausman test results
suggested that the random effect model was more appropriate. Geographic features such as
latitude, elevation, and proximity to the sea can be considered as time-invariant charac-
teristics for each country. Hence, when the fixed effects model was used, these effects were
captured by the fixed effects. However, when the random effects model was used, these
effects were estimated. Other socio-economic factors such as agricultural sector ratio and
industrial sector ratio (percentage of GDP), legal origin, and ratio of those belonging to the
Catholic Church were included as independent estimation variables.'®

Furthermore, Fig. 1 suggests the possibility that an unknown third factor is related to
both corruption and natural disasters. If the relation between disasters and corruption is
caused wholly by a third factor, then the relation is spurious, and the hypothesis cannot be
supported. Hence, following the method of Kahn (2005), a time trend was included to
exclude the effects of any third factor.

The effect of a natural disaster in year ¢ on corruption in year ¢ changes according to
the date of the occurrence of the disaster. If a disaster occurs at the end of year ¢, the
corruption level in year ¢ already has been estimated, and thus the disaster has no effect
on corruption. However, the disaster will influence the level of corruption in year 1.
As found for the US case, there is a time lag between the influx of disaster relief and the
increase in corruption (Leeson and Sobel 2008). Therefore, to capture the time lag effect
of disasters, natural disasters in year t and natural disasters in year t—I were incor-
porated as independent variables. Furthermore, it is plausible that impact of natural
disaster persists for several years. Therefore, the function also included natural disasters
in year 1—2.'® If Hypothesis 1 is supported, the number of disasters t, the number of
disasters t—1, and the number of disasters t—2 would have positive coefficients. In
examining Hypothesis 2, the effects of specific types of disasters should be identified.
Hence, disaggregated numbers of disasters were incorporated rather than the number of
total disasters. With regard to control variables, GDP and Population were included to
capture basic economic conditions.

4 Results

The estimation results are reported in Tables 3 and 4, with Table 3 providing the overall
results. There were a number of disasters in multiple years such as in year ¢, year r—1,
and year 1—2. Therefore, whether a variable was significant or not was not determined by
looking individually at each coefficient. There was the possibility that they were indi-
vidually insignificant, but were jointly significant when the level of disasters in year #,

15 Tables show the results of control variables are available at the author’s website (https://www.seinan-gu.
ac.jp/ ~ yamaei/).

16 The association between natural disasters in year t—3 and corruption in year ¢ disappears; natural
disasters in year 1—3 therefore are not included.
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year t—1, and year r—2 were correlated. For the robustness check, rather than examining
the level of disasters in year ¢, year r—/, and year r—2, the alternative specification
included a 3-year moving disaster average. The alternative specification results are
shown in Table 4.

For both Tables 3 and 4, the full sample results are presented in columns (1) and (2).
Non-OECD country results are presented in columns (3) and (4), and OECD country
results are displayed in columns (5) and (6). The key variables of columns (1), (3) and (5)
are the number of total natural disasters in year ¢, year —/, and year r—2 for both tables.
The key variables of columns (2), (4), and (6) are the disaggregated level variables, such as
the number of general floods, other floods, tropical storms, other storms, volcanic erup-
tions, earthquakes, landslides, and other disasters in year ¢, year t—1, and year —2.

4.1 Regression results

Table 3 indicates that the total natural disaster coefficients in years ¢, r—1, and t—2 are
positive in columns (1), (3) and (5). Furthermore, most are statistically significant. Hence,
this result is congruent with Hypothesis 1. In relation to the absolute value of the coeffi-
cients: the value for year t—1 is equivalent to that in year r—2 suggesting that the mag-
nitude of their effect is stable.

In columns (2) and (4), the coefficient signs (positive or negative) vary by disaster type.
The statistically significant tropical storms and earthquakes have the predicted positive
sign in column (4). However, general floods, other storms, and volcanic eruptions have
unexpected negative signs. Section 3 explains that a possible estimation bias may cause
measurement errors for the number of disasters. Consequently, the results for general
floods, other storms, and volcanic eruptions might not be accurate.

In column (6), general floods, other floods, other storms, and earthquakes have the
predicted positive sign and are statistically significant. Some coefficients are negative, but
are not statistically significant. The frequency of disasters differs between non-OECD and
OECD countries as illustrated in Fig. 4a, b; however, their average damage levels per
disaster do not differ although this is not shown here."” Earthquake-related damage is
significantly greater than for other types of disasters in both non-OECD and OECD
countries, as demonstrated in Fig. 3. Figure 4b suggests that general floods, other storms
and earthquakes occur more frequently than other types of disasters in OECD countries.
Taking column (6) of Table 3 and Fig. 4b in conjunction signifies that Hypothesis 2 is
supported in OECD countries.

Regarding the control variables, in most columns, the GDP per capita coefficients are
negative and statistically significant. This implies that developed countries are less corrupt.
The time trend coefficients are positive in all columns. Furthermore, they are statistically
significant at the 1 % level in columns (1)—(4) and significant at 5 % in column (6). This is
consistent with the observations in Fig. 1.

Table 4 reports robustness checks. The 3-year moving total disaster average has a
positive sign and is statistically significant in columns (1), (3), and (5). The tropical
disaster and earthquake coefficients have the predicted positive signs and are statistically
significant in columns (2) and (4). General floods are negative and statistically significant
in column (4). However, general floods, other floods, and other storms have the predicted
positive sign and are statistically significant in column (6). The results presented in Table 4

'7 Figures illustrating average damage levels for the non-OECD and OECD care available on the author’s
website (https://www.seinan-gu.ac.jp/ ~ yamaei/).
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Fig. 4 a Frequency of disasters per 10,000 km” of landmass during the period 1990-2010: non-OECD
countries. b Frequency of disasters per 10,000 km? of landmass during the period 1990-2010: OECD
countries

are in line with those in Table 3. Hence, Hypothesis 1 is generally supported. Hypothesis 2
is supported for developed countries but not for the developing countries.

4.2 Total effects of disasters and discussion
Table 3 indicates the effect of each disaster per km? on a country’s corruption level, over

three years, f, t—1, and t—2. If the impact of a disaster on corruption in year ¢ is 0.09, the

@ Springer



Public Choice (2014) 161:385-405 401

impact in year r—/ is 0.10, and the impact in year —2 is 0.08, and the total combined effect
is 0.27. In this paper, the coefficient values are aggregated only when the individual year
effect is statistically significant in columns (2), (4) and (6) of Table 3. For example, in
Table 3 other storms are not statistically significant in years ¢, t—1I, and t—2. Hence, there
is no effect even if they are combined. In contrast, Table 3 shows that general floods is
statistically significant in year r—/ although not in years ¢ and t—2. In this case, the
combined total effect is equivalent to its effect in year 7—/. The top section of Table 5
exhibits the combined total effects of disasters on corruption. Looking at full sample and
non-OECD sample results, Table 5 shows that tropical storms and earthquakes increase the
level of corruption. However, general floods, other storms and volcanic eruptions decrease
corruption. Therefore, the effect varies per disaster type; this result may be due in part to a
measurement error. Earthquakes have a significant effect of 0.341 that reflects the con-
siderable damage caused by earthquakes as indicated in Fig. 3. In the OECD sample, the
effect of each disaster is positive. Interestingly, with the exception of earthquakes, the
effect of each disaster is distinctly larger than those in the non-OECD sample. One reason
for such a large effect is that measurement errors are unlikely to exist in the OECD sample
and attenuation bias can generally be avoided. Additionally, the combined results of
columns (1), (2), and (3) suggest that earthquakes consistently increase corruption levels.

The results of the upper part of Table 5 illustrate the effect of each disaster when it
occurs within land areas of the same size. However, the frequency of disasters differs per
disaster type, even holding land area constant. The damage an earthquake causes is very
severe and hence its effect on corruption seems to be large. However, earthquake fre-
quency is very low. Furthermore, a disaster’s frequency depends on the landmass of the
specific country. Therefore, the lower section of Table 5 shows the predicted effect of a
disaster on corruption when its frequency is considered under real life situations. For this
purpose, the effect of the disaster shown in the upper section is multiplied by its frequency
per million km? and mean land area for each sample. When the results of the lower section
of Table 5 are interpreted, Fig. 4a, b are considered together to investigate the relation
between frequency and predicted effects of disaster on corruption.

As the lower section of Table 5 shows, in non-OECD countries tropical storms have the
greatest impact. Tropical storms increase corruption by 0.348 points for a country with an
average land size using the non-OECD countries sample. Earthquakes increase corruption
by 0.210 points. As shown in Fig. 3, the damage caused by tropical storms and earthquakes
are large. However, general floods, other floods, and tropical storms are more frequent than
other types of disasters. Therefore, a country’s corruption level tends to reflect the average
damage of each disaster, rather than its frequency.

In contrast, in the OECD sample general floods have a distinctly larger effect than other
disaster types. General floods increase corruption by 1.128 points for a country with an
average land size when the OECD country sample is used, followed by other floods
(0.781), other storms (0.498) and earthquakes (0.257). Compared with results from the
non-OECD sample, the effect of a disaster on corruption in OECD countries is consid-
erably larger. Furthermore, based on the OECD sample, Fig. 4b reveals that general floods,
other storms, and earthquakes occur more frequently than other types of disasters.
Therefore, in OECD countries, a disaster with a high frequency has a sizable effect on
corruption even if the damage per disaster is low. This is interpreted here as suggesting that
people who live in disaster-prone areas do so to benefit from disasters. Overall, Hypothesis
2 is more strongly supported for developed countries than for developing countries.

Corruption is observed to be negatively associated with economic growth (Mauro 1995;
Tanzi and Davoodi 1997; Johnson et al. 2011). However, such an observation is not
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Table 5 Effect of disaster on corruption

(1) Full sample (2) Non-OECD sample (3) OECD sample

Effect of a disaster on corruption per million km?

General floods —0.019 0.455
Other floods 1.308
Tropical storms 0.029 0.033

Other storms —0.052 0.182
Earthquakes 0.228 0.341 0.277
Volcanic eruptions —0.484 —0.628

Land slides 0.433

Predicted effect of disaster on corruption effect for average size of country in each group.

General floods —0.325 1.128
Other floods 0.781
Tropical storms 0.274 0.348

Other storms —0.011 0.498
Earthquakes 0.159 0.210 0.257
Volcanic eruptions —0.145 —0.198

Land slides 0.402

Note Coefficients of variables in ¢, t—1, and 1—2 are aggregated when they are statistically significant. The
effect presented in the upper section is calculated based on columns (2), (4) and (6) of Table 3. Values in the
lower section are calculated by multiplying the value of the upper part, frequency of disasters per land size
(per million km?) with the average land size in each sample. That is, the effect of disaster (per million km?)
* frequency (per million km?) * average land size (per million km?). Average land size is 9.80 million km?
based on the full sample. Median land size is 8.42 million km? based on the non-OECD sample, and 14.21
million km? based on the OECD sample

congruent with the finding that natural disasters cause the public sector to become more
corrupt in OECD countries than in non-OECD countries. The effect of frequent disasters
(such as floods) on corruption is greater in OECD countries than in non-OECD countries.
This may be explained by flooding occurring more frequently in agricultural areas because
agricultural land requires irrigation. It is thus difficult for farmers to move to areas where
floods are unlikely to occur because such areas are generally not suited to agriculture. The
fraction of population working in the agricultural sector is higher in developing countries
than in developed nations. Accordingly, there is little opportunity for the population to
move from risky areas in developing countries. Hence, people in these countries reside in
flood-prone areas because it tends to reflect the nature of their work, rather than a strategic
behavior to pursue disaster compensation.

People can benefit from the economic windfalls that may result from a disaster event. If
the benefit is greater than the cost, then residents in disaster-prone-areas have an incentive
to continue to live there. Thus, under such conditions in developed countries, there is the
possibility of an inflow of population into disaster-prone areas because “the prospect of
receiving federal and state reconstruction assistance after the next hurricane strikes sup-
plies incentives for others to relocate their homes and businesses from inland areas of
comparative safety to vulnerable coastal areas” (Shughart 2006, p. 44)."® Considering the

'® In the U.S., the National Flood Insurance Program causes a moral hazard problem. “The program
dramatically distorts the signaling mechanism that would otherwise guide property owners away from the
areas prone to flooding from any source” (Chamlee-Wright 2010, p. 140).
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discussion thus far, it can be argued that people in developed countries have an incentive to
live in disaster-prone areas because the expected benefits from a disaster are greater than
the damage caused. Consequently, a disaster-prone area increases the level of corruption in
developed countries.

5 Conclusion

There is the possibility that rational individuals may exploit devastating incidents such as
natural disasters. Political rent-seeking activities possibly sacrifice direct benefits to
disaster-hit areas in favor of self-interest. Leeson and Sobel (2008) found that disaster-
relief windfalls increased corruption. The characteristics of disasters differ, and thus they
are predicted to have different influences on corruption. However, there is little informa-
tion on whether different disaster types result in different outcomes. Furthermore, the
effects of disasters differ between developed and developing countries. To examine this
statistically, this paper used panel data from 84 countries over a 21-year period from 1990
through 2010.

The major findings of this study are as follows. (1) Natural disasters lead the public
sector to become corrupt. (2) Disasters that are more frequent and cause considerable
damage increase corruption in both developing and developed countries. This indicates that
people living in disaster-prone areas (e.g., ‘Tornado Alley’ in the American heartland and
along the US Gulf Coast and Atlantic seaboard, where hurricanes are predictable) antic-
ipate disaster compensation. Analogous to the logic of literature on foreign aid inflow, it is
disaster relief money that causes corruption, and more money causes more corruption
(Leeson and Sobel 2008). (3) The effect of disasters on corruption is greater in developed
countries than in developing countries. (4) In developed countries, disaster frequency plays
a significant role in increasing corruption. In contrast, in developing countries, the damage
inflicted per disaster plays a significant role in increasing corruption levels.

The findings of this paper are consistent with the claim that “disaster relief is a bad
public good also because it fosters corruption and encourages people to put themselves in
harm’s way” (Shughart 2011, p. 535). However, the degree of corruption caused by a
disaster depends on the level of damage, disaster frequency, and damage per disaster. Some
people in developed countries may reside in disaster-prone areas to obtain compensation
after a disaster. Disaster warning systems are generally thought to be effective in reducing
the level of damage caused by disasters in developed countries (Escaleras and Register
2008). The more information people receive about an imminent disaster, the greater the
number of people who can escape harm. This may provide an incentive to reside in
disaster-prone areas to seek compensation. Unanticipated behavior such as this can be seen
as a government failure (Shiue 2004).

This paper used country-level panel data and therefore measurement errors are thought
to have caused some estimation bias. Hence, a robustness check was undertaken. Micro-
level data offering greater accuracy should be used for a closer examination of the effects
of disasters on corruption. Furthermore, the strategic behavior of people regarding their
choice of residential area should be scrutinized using experimental methods. These issues
require further investigation in future studies.
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