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Earthquake Propensity and the Politics of Mortality Prevention

Abstract

Governments can significantly reduce earthquake tatityr by enforcing quake-proof
construction regulation. We examine why many gowemts do not. First, mortality is lower
in countries with higher earthquake propensity, whbe payoffs to investments in mortality
prevention are greater. Second, the opportunitisaafshese investments are higher in poorer
countries; mortality is correspondingly less respea to propensity in poor countries. Third,
mortality is higher at any level of quake propensihen governments have fewer incentives
to provide public goods, such as in autocracieb Veiss institutionalized ruling parties or in

more corrupt countries.
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1 INTRODUCTION

No government can prevent earthquakes, but all rgovents can optimize the regulations
that reduce mortality when disaster strikes. Yetithejuake mortality varies widely and
systematically across countries. We argue that afgeter-related factors is responsible for
these differences. One is that the propensity fqregencing a strong earthquake varies
greatly across different parts of the world. Goweents in countries with a higher earthquake
propensity have stronger incentives to implemefectf/e earthquake mortality prevention
measures. As a consequence, a seeming paradox aaséhquake mortality Iswer in areas
with higher quake propensity, controlling for the strengttanfactually occurring quake.

This relationship, however, is contingent on adaiél economic and political factors
that influence government incentives to undertekente preventive measures that reduce
earthquake mortality. First, the opportunity castearthquake mortality prevention policies
tend to be higher at low levels of per capita ineorkarthquake-proof construction is
expensive; in poorer countries, households and rgavents have more effective ways to
spend scarce resources than to invest in earthgquraké construction. Second, political
incentives to implement and enforce earthquakefpcoastruction standards vary with the
level of democracy and governments’ ability to dogd commit to enforcement. These
political regime characteristics therefore also dibon the inverse relationship between
earthquake propensity and earthquake mortality.

Our analysis moves beyond earlier research shoviitkg between institutions and
earthquake mortality. Kahn (2005) finds that deraogr reduces disaster mortality in
specifications where all disaster types are poa@ed neither disaster magnitude nor the
likelihood of disasters are taken into account. @&wb et al. (2005) argue that inequality

reduces the probability that citizens collectivatyree to finance construction regulation and



show that disaster mortality rises with inequadityd with corruption (Escaleras et al. 2007).
Our analysis augments and advances on this impqutem research in four ways.

First, we argue that an important channel througkckvpolitical incentives matter is by
conditioning the responsiveness of governments isaster propensity (and vice versa).
Second, while we argue that elected governmentsnare sensitive to an elevated quake
propensity than non-elected governments, both deanms and non-democracies exhibit
considerable heterogeneity in political incentives provide public goods and to make
credible commitments to enforcing regulation. Wepleitly take this heterogeneity into
account, showing that democracies, more institatinad autocracies and non-corrupt
regimes respond more to a higher level of earthguakpensity than less institutionalized
autocracies and corrupt regimes. Third, we arga¢ ittcome also conditions the effect of
disaster propensity: richer countries respond nmen elevated quake propensity than poorer
countries. Fourth, we improve on previous resedesigns. In contrast to Kahn, we are able
to take disaster propensity into account. And intiast to Anbarci et al. (2005) and Escaleras
et al. (2007), who also show an inverse relatigndtetween earthquake propensity and
mortality, we use more accurate measures of theniualg and location of earthquakes and
of quake propensity that take into account the egptal nature of the Richter scale. We also
offer a different explanation for the result: whtleese papers claim that higher earthquake
propensity improves the response to earthquakesubecit offers more opportunities for
“learning-by-doing”, we argue that earthquake prgy affects the opportunity costs of
investing in earthquake mortality reduction aneyréfore, the incentives of political decision
makers to respond to the threat of earthquakes.

In the next section, we discuss why governmentruetgion is necessary for the
prevention of earthquake mortality despite the thet most buildings are privately owned.
We then develop our theory in several steps, fgblaining why there is an inverse

relationship between earthquake propensity and aiigrtand then demonstrating how
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income and political incentives condition this effeAfter a detailed description of our

research design, we present our main estimationltsesr section 5 and summarize the
findings from an extensive set of robustness testection 6. Consistent with our predictions,
empirical analysis of earthquake mortality over pleeiod 1962 to 2005 demonstrates that not
only is earthquake mortality lower in democraciashigh quake propensity countries, and in
rich countries; the conditional political and incereffects predicted by the theory are also

significant and large.

2. EARTHQUAKE MORTALITY: THE NEED FOR GOVERNMENT

INTERVENTION

Government policies have a substantial influenceisaster mortality through their influence
on private risk reduction measures and through-gissister aid (Neumayer and Plimper
2007; Plumper and Neumayer 2009). Although buildoailapse is the main cause of
mortality in earthquakes (Osaki and Minowa 2001d bnildings are often privately owned,
government decisions have a large effect on eaatgjumortality. On the one hand,
government decisions entirely dictate the safetkeyf public buildings, such as schools and
hospitals. On the other hand, governments can atétithree potentially large market failures.
One is imperfect information. Earthquake-resist@atures are costly to verify after
construction is complete. Blondet, et al. (no dataht to the clay and straw content of adobe
bricks as being central to the earthquake resistah@dobe homes. Steel reinforcement bars
make a well-known contribution to earthquake resisé in concrete buildings. However, not
only is the steel itself invisible (encased, as,itin concrete), but the durability of the steel
depends on the quality and quantity of concreteiraidt. Since these features cannot easily
be verified at reasonable cost, buyers are leskngvito pay a higher price for quality
construction and construction companies have weaakentives to provide it. Escaleras, et al.

(2007) emphasize this information asymmetry in assg that it is impossible for private



parties to contract for high quality constructidn.the absence of regulation, they argue,
earthquake mortality is high.

However, even if construction quality were obsetedlbor example by individuals who
make daily visits to their home construction sisgismic design requirements are specialized
and may not be well-understood by buyers or bydmg constructors themselves. In this
case, information about how to design earthquakistent buildings is a public good that the
market may under-supply. Building codes provideayw which governments can provide
information about appropriate earthquake-proof trocion.

A second market failure in construction is the idiffity of using reputational
mechanisms when construction failures are reveatdgafter low probability events such as
earthquakes. Government enforcement of privateraoist can obviate the need to rely on
reputation. Finally, third, behavioral distortioase a pervasive phenomenon in the face of
low-probability, high-loss events, when individufdsquently make decisions that lower their
utility (Kahneman, et al., 1982). Even if fully ovimed about building quality, buyers may
care too little about the benefits of building igtites that protect them against low probability
events. One study in the US shows that if the gitibaof a disaster is sufficiently low,
individuals simply stop thinking about it (Camerand Kunreuther 1989). A laboratory
experiment in the US concluded that individuals @mevilling to payanything for insurance
against low probability events, even if the costha event is high (McClelland et al., 1993).
Private individuals tend to be reluctant to purehesnstruction quality, even when doing so
leaves buyers better off, and government intereentan overcome such reluctarice.

Whether governments actually take actions to correarket imperfections or to
construct earthquake-proof public buildings depemds¢heir political incentives. Where those
incentives are weak, earthquake mortality is likedybe higher. Escaleras, et al. (2007),
emphasize corrupt payments as the main reasonbtnfiting codes are not enforced.

However, the problem may not be an adequate nuailimrilding inspectors who take bribes,
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but rather weak political incentives to enforce tloeles, which can also be manifested in an
insufficient number of inspectors. Following thevsiee 2009 earthquake in Sumatra, i
Street Journal quoted the mayor of the hard-hit port city of Raglawith a population of
750,000 as saying that “Most of the buildings tballapsed were those that didn’t follow
updated building codes (...). The local governmeckdaesources to check all buildings (...)
with only four staff members to check building hses.” (Wall Street Journal October 6,
2009, p. Al11l). In contrast, the budget for buildargl residential inspections and construction
compliance in Washington, DC, a city with a popiolatof approximately 600,000, amounted

to 118 full-time equivalent positiorfs.

3. THE POLITICSOF EARTHQUAKE MORTALITY PREVENTION

The argument we develop here and test below ishigher earthquake propensity reduces the
opportunity costs of transferring resources todbestruction of more quake-proof buildings
that decrease quake mortality. However, the effeicpsopensity are heterogeneous and differ
for countries at different levels of economic dewshent and with different political
incentives. The opportunity costs of expenditucesinit earthquake mortality are higher in
poor countries, so that rich countries should redpmore strongly than poor countries to
higher earthquake propensity. And in countries whatizens or members of the ruling party
can more easily sanction leaders for poor perfoomaleaders should respond more strongly

to higher earthquake propensity.

(a) Earthquake Propensity and Opportunity Costs

It is well-understood that there are few technadadtacles to constructing buildings that have
a fair chance of surviving even the strongest qubilkesvever, the returns to an investment in
earthquake-proofing a building vary sharply acresggons and countries according to their
earthquake propensity. Governments rationally abst@m passing and enforcing strict

construction standards in areas with relatively learthquake propensity, where the
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opportunity costs of investments in earthquake atityt prevention are high. We therefore
expect mortality to be higher when a strong eamrkguoccurs in a country in which
earthquake propensity is low.

The contrast between earthquake experience in, ltelythe one hand, and California
and Japan, on the other, illustrates this. Itag &t the very end of a zone where the African
plate is submerged under the European plate, tectamditions that are not conducive to
earthquakes. Correspondingly, including the Apri2809 earthquake in the town of L’Aquila
in Central Italy, the country had experienced dolyr earthquakes above 6.0 on the Richter
scale since World War 1. None of these quakeshred a 7.0 on the Richter scale.
California, by contrast, is located in one of therld's most geologically active zones. In the
post-war period, it experienced 19 earthquakes alfo®, of which six were stronger than
7.02 Japan is also in a seismically active area. fieeenced 31 quakes above 6.0, eight of
which were stronger than 7.0 on the Richter scete. seismic energy of all earthquakes that
occurred in Italy over the last 60 years (approxetyathe equivalent of 50-70 megatons
TNT), fell far short of the seismic energy of Jagastrongest single earthquake (which had
the equivalent of roughly 2000 megatons TNT). lct,f@ach of the seven strongest Japanese
earthquakes unleashed more seismic energy th#alah quakes combined.

Given vast differences in propensity, we would exgarthquakes in Italy to have much
larger mortality effects. In fact, the L’Aquila mlaguake, with a magnitude of 6.3 on the
Richter scale, left almost 300 people dead andséimated 28,000 homeledn contrast,
similar earthquakes in Japan and California hausexd many fewer deaths. One earthquake
in California offers a particularly useful companms the 1994 earthquake in Northridge,
California, in a densely populated area of soutlt&ahfornia, had a larger magnitude of 6.7,
but killed only 72 people. In sum, controlling fthe magnitude and the exposure of a

country’s population to an actually occurring eqtthke, mortality should be significantly



higher in areas dbw earthquake propensity, where #xeante opportunity costs of mortality

prevention are high.

(b) Group heterogeneity in the effect of quake prgity: the level of economic development

For numerous reasons, poor developing countriesuldhcespond less to earthquake
propensity than rich developed countries. Firsizens of richer countries generally consume
higher quality housing that is incidentally moresistant to earthquakes. Second, richer
countries simply have larger budgets to reduceatitytisk in all areas, ranging from disease
control to traffic safety to earthquake mortalityepention. Third, however, under plausible
conditions, sensitivity to earthquake propensitgréases in income, because the marginal
benefit of those expenditures is higher in the gban the rich country.

To see this, assume earthquake mortality risk fisnation of earthquake propensity
and mortality preventiong, g(p). Larger investments in mortality preventian, reduce
mortality risk, but the effects on mortality riskealower at lower levels of propensipy, if
earthquakes never occur, investments in mortatigygntion have no effect on risk. Ultility is
a function of mortality risk and other googs,The benevolent social planner therefore finds
the optimal quantity of mortality prevention by, asual, maximizing a concave utility
functionU = U(q(p), y) subject to a budget constraivt = p,q + pyy. Our argument is that,
since poorer countries generally consume lessy,oftheir marginal utility ofy is
correspondingly higher than that of richer coumstriecConsequently, their marginal loss in
utility of switching expenditures away froynto q is higher than for richer countries at every
level of propensity. In general, then, poorer countries should bedessitive to propensity.

This is, for example, true for a straightforward bBeDouglas utility function. Let
mortality risk be given byy’: expenditures have a smaller effect on mortalisk when
earthquake risk is low and a large effect whenpitodbability of an earthquake is very large.
ThenU(q(p), y) = [@)*y**. Choosingy andy to maximize social welfare and substituting into
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the budget constraint yields an expression for teenand for mortality prevention,
A, M, pg Py) =M [pq(p(a -1) + 1)pa)™1™. The derivative of this expression with respect to
propensity,p, is positive, as the previous section predictss(lenortality prevention is
consumed when earthquake risk is lower). Diffesitg again with respect to inconié
yields an expression that is again greater tham: 2ee sensitivity of mortality prevention to
propensity increases in income. We therefore exjett other things equal, mortality is not
only lower the higher a country’s earthquake prgggnbut particularly so if the country is
relatively rich.

One would not expect the effects of quake propereitvary across countries grouped
by income if it were very cheap to make buildingstlequake-proof. This is not the case,
however. Kenny (2009), for example, summarizes esnvéé on the costs and benefits of
retrofitting schools for earthquake mortality pretien and finds that even the most
optimistic estimates put the costs of retrofittatgeight percent of total construction costs. In
most cases, the costs of reducing child mortaisty through retrofitting are much higher than

the costs of reducing child mortality risk througkerventions in other areas, such as health.

(c) Group heterogeneity in the effect of quakeppresity: political incentives

A large literature identifies conditions under whigovernments have incentives to provide
public goods such as disaster risk mitigation. Buda Mesquita, et al. (2003), for example,
argue that the larger is the “selectorate”, theugrof people who select the government, the
more difficult it is for the government to use tated payoffs to remain in power and the more
likely the government will rely on public goods iead (see also Plimper and Martin 2003).
The larger the selectorate, the more it encompasseglite members of society.

Competitive elections increase the size of thecselate. Policies implemented by

democratic governments should therefore, in prieciparget a broader population than
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policies implemented by autocracies. They are rmkety to provide public goods, benefiting
all citizens, including policies that reduce theks to all citizens in the event of an
earthquake. Moreover, since earthquakes are miaeby lio kill poor people living in sub-
standard housing, and since an expansion of tleeteehte generally serves to expand the
enfranchisement of the poor, a larger selectoratelld increase government incentives to
enforce building standards (Plumper and Neumay@®R0

However, the effects of competitive elections oritjpal incentives diminish in the
presence of “political market imperfections” (Keeend Khemani 2005) that undercut the
ability of voters to hold incumbents accountabldedlly, citizens accurately observe
incumbent performance and, in the event that pedoce is poor, can expel the incumbent in
favor of a challenger who can credibly commit torfpen at a higher level. As the
comparisons of regime types in Persson and Tabdl@00) make clear, under these
circumstances, incumbents have strong incentivgsaaide public goods and to avoid rent-
seeking, corrupt behavior.

An important difference among democracies stemsn frihe ability of political
competitors to make broadly credible commitmentsitiaens. Democracies in which this is
not the case are less likely to provide public gofiteefer and Vlaicu 2008). Keefer (2007)
argues that credibility differences between denmesawith more and fewer years of
continuous competitive elections explain the ddtipolicy choices of these two groups:
younger democracies provide a lower level of pulgiimds than older, more established
democracies. Consequently, politicians in demoegacvith more continuous years of
competitive elections should provide higher levels regulation for making buildings
earthquake-proof than those in democracies withefeeontinuous years of competitive
elections’

Compared to democracies, autocracies of all kiedd to discourage collective action

by citizens. Consequently, even though it may lseedor citizens to coordinate a collective
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response after a disaster than after other pobdrés, it is difficult to coordinate any
collective response against autocratic rulers. énaies vary, however, in the degree to
which leaders allow ruling party members to orgaraollectively (that is, allow ruling-party
institutionalization). Autocrats who do not perneibllective organization by ruling party
members are less able to make credible commitmerttsose members, making it difficult
for leaders to promise rewards to party members suuzessfully implement leader policy
initiatives (Gehlbach and Keefer 2009). Regulatidasreduce earthquake mortality are
therefore less likely to be introduced or effediyvenforced in settings where party members
cannot collectively organize.

Lastly, both democracies and autocracies exhilgelavithin-regime type differences in
corruption, which is also associated with weak mtises to provide public goods. Where
political incentives to restrain corruption are |oimcentives to provide public goods are
generally (though not always) lower. Even when tlag not lower, the inability of
governments to restrain corruption by public ofisi reduces political incentives to
implement policies that are sensitive to corruptisimch as building regulations. Finally, in
corrupt regimes costly regulation — and earthquakef building regulations are costly for
construction companies — can be circumvented lyrigigovernment officials.

Following this line of reasoning, we expect corrtggimes to provide less regulation for
preventing quake mortality than non-corrupt regiraed also to fail in the enforcement of
such regulations. For example, in addition to eitimgy low earthquake propensity, Italy also
exhibits much worse scores than other OECD countde cross-country measures of
corruption® This presumably underlies the conclusions of alessr such as Franco Barberi,
a geologist, who argued that the L’Aquila quakelddoave occurred “without causing a
single death (...) if [it had] happened in Califormiain Japan or some other country where
for some time they have been practicing anti-seispmbtection.” It is unclear, however,

whether the implication that government malfeasamag responsible for the large number of
13



deaths is warranted; Italy’s low propensity caroagplain the difference in mortality. The
empirical tests below distinguish these multiplplarations.

The effects of political incentives also imply gpouneterogeneity in the effect of
earthquake propensity on mortality. The higher gh&bability that a strong earthquake will
occur, the higher the probability that citizenslwibld current policy-makers accountable for
failing to act. That is, the greater is the probgbof a strong earthquake, the greater the role
for political incentives to reduce earthquake mlagtaFor example, since democracies are
more responsive than autocracies, they should r@spond more to a higher earthquake
propensity than autocracies. They should enact raodebetter earthquake safety regulations
relative to autocracies the higher the earthquakegmsity of the country. We thus expect
earthquakes of the same magnitude not only toféwller people the higher is earthquake
propensity, but particularly so if the country iendocratic. Similarly, older democracies
should respond more to a higher earthquake proyyemsd thus have lower mortality at each
level of propensity than younger democracies; aatwes with more institutionalized ruling
parties should respond more relative to those Vafis institutionalized ruling parties, as

should less corrupt relative to more corrupt regime

(d) Hypotheses

The empirical tests below examine six hypothesas ¢éimerge from this discussion. First,
guake mortality is lower in countries with a highearthquake propensity. Second, higher
guake propensity lowers mortality more in richeumwies. Third, higher propensity also
lowers mortality more in democratic than in autticraountries. Fourth, politicians in older
democracies have stronger incentives to providelipuipoods than those in younger
democracies and an elevated quake propensity thexd mortality more in the former than
in the latter. Fifth, autocracies with more inditnalized ruling parties are better able to

commit to providing public goods and, especialtyjmplement construction regulations, and
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thus experience lower mortality at higher quakeppreity than less institutionalized

autocracies. Finally, the differences in politicatentives that distinguish corrupt and non-
corrupt regimes should yield greater public gooav@ion (mortality prevention efforts) and

stronger enforcement of appropriate regulationsn tha non-corrupt regimes. As a

consequence, a higher quake propensity should lovegtality more in non-corrupt than in

corrupt regimes.

These hypotheses are helpful in clarifying whether effects of earthquake propensity
reflect the opportunity costs of investing in risktigation or reflect learning-by-doing. If
learning-by-doing is solely the product of expecerwith earthquakes and does not reflect
the opportunity costs of investing in lower eartakg mortality, then income and political
characteristics should have no effect on the wahip between propensity and mortality.
Only if learning-by-doing requires costly investrnteshould we expect countries grouped by
income or political characteristics to exhibit difént effects of quake propensity. In that case,
however, one is immediately in the world of oppaity costs: countries with the greatest
incentives to invest in learning-by-doing, and meventing earthquake mortality generally,
are those in which the opportunity costs of makimgse investments are low, and in which

political incentives to make them are high.

4, RESEARCH DESIGN

To test these hypotheses, we analyze the deterteinfrarthquake mortality over the period

1962 to 2005. In this section, we describe ourae$edesign in detail.

(a) Data sources and operationalization

Our dependent variable is the annual sum of eaaltejdeaths in a country, with data taken
from EM-DAT (2008)% We take the sum of fatalities in a country yedaheathan fatalities
from individual earthquakes as the unit of analysimce practically all of our control

variables are measured at the country year levghrégation is unlikely to affect the
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estimates, however, since in the vast majority @fintry years no more than one large
earthquake occurs (smaller follow-on quakes afteafor quake notwithstanding).

Similar to Kahn (2005), we limit the estimation gden to observations where
earthquake fatalities were possible. This is imgudrbecause country-years in which no one
could have possibly been killed by an earthquale imelevant; their inclusion injects
unnecessary noise into the estimation. We therafesgict the sample to country years in
which at least one quake of magnitude 5 on the tRickcale happened. In the robustness
section, we further restrict the sample to coug&agrs in which stronger quakes of magnitude
6 or above occurred.

Mortality should be higher, all else equal, theatee the magnitude of an earthquake
and the larger the number of people exposed tdattality should be lower, all else equal,
the larger the distance between the hypocentep(ihe within the earth where an earthquake
rupture starts) and the epicenter (the point diyetiove it at the surface of the Earth), i.e. the
larger is the so-called focal depth of the quakes Werefore construct two magnitude
variables, one capturing magnitude itself, and oapturing magnitude weighted by the
number of people in the area affected by the eadke We also include the minimum focal
depth observed in a country year.

The measures of magnitude begin with each eartlgiakeasure on the Richter scale.
The Richter scale is on a base-10 logarithmic scall increases on the scale imply large
increases in disaster magnitude. To ensure thasteéisexposure properly reflects the much
larger impact of earthquakes with a larger Ricldgeore, we transform the Richter scale
magnitude according to the formula 10exp(magnittidé@V/e compare all the earthquakes in a
country-year and select the one with the highestnsfiormed magnitude value,
max_magnitude. The second variablenggnitude popdensity) additionally takes into account
that earthquakes in more densely populated ardasnkre people,ceteris paribus. This

variable weights each transformed quake magnitadieevby the average population density
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within 15 kilometers of the earthquake’s epicentieough results are robust to extending this
boundary to 30 or to 50 kilometers. It then sums alp population density-weighted
transformed quakes in a country y@ae earthquake data have been taken from the dUnite
States Geological Survey Advanced National SeiSysgtem (ANSS) Composite Earthquake
Catalogue. Population density data are sourced f@ndded Population of the World,
Version 3°

Earthquake propensity, though not directly obsdejatian be indirectly inferred from
historical earthquake records. Earthquakes areamewistributed around the world and are
far more likely to occur in regions where differégattonic plates border each other. Most
earthquakes occur at the various borders of thdi®patate, the Western border of the Latin
American plate, and the boundaries between the#irithe Arabic and the Indian plates and
the Eurasian plate. It is in countries locatedhiase regions that the opportunity costs of
earthquake safety regulation are lowest. Howeuers iinappropriate to use a country’s
location along these boundaries to measure itsheaake propensity, since relevant
geological features (the speed of tectonic movespeght degree to which the lower plate
bends the upper plate) can vary substantially albedoundary.

Instead, we use as a proxy for earthquake propetigtsum of earthquake strengths of
guakes above magnitude 6 over the period 1960 @8,26ansformed according to the above
mentioned formula. Results are robust to countirgsum of earthquakes above magnitude 5
or 6.5 instead. They are equally robust to usirgleid the strongest earthquake over the
period 1960 to 2008. This is not surprising, sitioe total number of earthquakes a country
experiences is strongly correlated with the magiataf its single most powerful earthquake.
We do not take into account earthquake activityol@efl960 in our measure of earthquake
propensity; data on earthquakes are much less etenghd reliable before 1960. However,
because geologic variables are unchanging over penigds of time, the choice of period is

largely irrelevant. Countries that experience neeany few earthquakes before 1960 will also
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experience no or very few earthquakes from 1960apdsv Given this, reliance on more
complete post-1960 data to construct a propensagsore does not give rise to any bias in
our estimations. It accurately depicts what paoltis could have been expected to know
about earthquake risk in their countries and thasuee is (nearly) the same as if we had had
adequate pre-1960 data available to us. In any, easalso show that our results are largely
robust to using a pre-1960 data measure of quakEepsity'*
The other main explanatory variables are countcpnme and political characteristics.

Data on income per capitén(gdppc) are taken from World Bank (2009). Democracy is
measured by thpolity2 variable taken from the Polity project (Marshadlhggers and Gurr
2006). Despite being coded on a 21-point scale fréth to 10, polity2 is not truly a
continuous variable and observations are heauvlgteted toward the lower and upper end of
the scale. In line with much of the political saerliterature, we therefore dichotomize the
democracy variable and classify a country as a deswy if it has goolity2 score of 5 or
above, which holds true for roughly 40 per centofintry years. The age of democracy is
measured by the number of years since a countryobasme a democracy, defined as 5 or
above on the Polity scale (as in Gerring, et ab520The institutionalization of the ruling
party in non-democracies is calculated as the dgbeolargest government party less the
years in office of the current leader, with bothighles taken from the Database of Political
Institutions (Beck, et al. 2001), which starts 8v5, thus restricting the relevant sample to the
1976 to 2005 period (as in Gehlbach and Keefer R®&cept for the earthquake magnitude
variables, we lag all explanatory variables by pear to mitigate endogeneity bias.

The last variable that captures the political inc@&s of governments is corruption.
Corruption measures are subjective and availalle fon recent periods. We use the source
that provides the earliest time coverage, the @tion index of the International Country

Risk Guide from Political Risk Servicesnw.prsgroup.com They report corruption data

from 1982 onwards and the estimation model whidtuthes corruption as an explanatory
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variable is therefore restricted to the period 1883005. As a further control variable we use
the log of population sizdr( pop) from World Bank (2009). This is a standard cohtn
analyses of public goods provision, capturing hmihksible economies of scale in public good
provision (the costs per citizen of developing gomeent construction standards falls with
population size); and possibly greater heteroggneititizen preferences over public goods
in see, for example, Keefer 2007 and the referetie@sin).

To capture whether the effect of earthquake prapens earthquake mortality differs
across countries grouped according to income otigadlcharacteristics, we estimate separate
earthquake propensity coefficients for country @ugiving us separate implicit response
functions for these distinct groups. The estimateefficients across the different groups are
directly comparable; tests along the lines suggebteChow (1960) can then be applied to
analyze whether any differences are statisticadjyicant.

For example, in contrasting the effects of propgnai democracies and autocracies, we
create two variables: propensity times a dummyabée that equals one if a country is a
democracy and zero otherwise; and propensity tismdammy variable that equals one if a
country is an autocracy, and zero otherwise. Bdtthese variables enter the estimations.
One represents the effect of quake propensity omafity in democracies, the other the effect
of quake propensity in autocracies. The estimateefficients for quake propensity in
democracies versus quake propensity in autocr#tuissindicate how mortality changes with
increases in earthquake propensity in democraaeshe one hand versus increases in
earthquake propensity in autocracies on the other.

In addition to separate quake propensity coeffisidor democracies and autocracies,
we estimate, in separate model specifications, ragpgropensity coefficients for high-
income and low-income (or, to be precise, “not khigtome”) countries, using the World
Bank (2009) classificatioff. About 25 per cent of countries are classified asiry high

income. Earthquake propensity coefficients are adonated, in a separate estimation model,
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for democracies with above median continuous yeardemocracy (old democracies) and
below median continuous years of democracy (yowrgatracies) and for autocracies with
above and below median values of the age of thegylarty at the time the current leader
took office, thus separating high institutionalisatfrom low institutionalization autocracies.
Finally, we estimate separate quake propensityficaafts for corrupt and non-corrupt
regimes, where a country is non-corrupt if it ssofeor above on the scale that runs from 0
(most corrupt) to 6 (free of corruption). Roughly @er cent of country years fall into the ‘not

corrupt’ category.

(b) Estimation strategy

The dependent variable, earthquake mortality, sriatly non-negative count variable for
which ordinary least squares (OLS) is inappropriateit violates the underlying OLS

assumptions of linearity of the estimation modeal ahnormally distributed errors. There are
two main estimation models for count data — Poissmhnegative binomial. Since the sample
variance significantly exceeds the sample meanhawee opted for the negative binomial
model. The zero-inflated negative binomial modetanetimes employed to deal with the
presence of many observations in which no disas¢@ths occur. Although others have
estimated disaster mortality determinants using thodel (Kahn 2005), we do not. First, we
already restrict the estimation sampleré®evant country years, i.e. to country years with at
least one quake of a magnitude large enough topally cause mortality. As a consequence,
the share of observations with zero mortality it excessively large (roughly 24 per cent of
observations exhibit positive mortality). Seconge zero-inflated negative binomial model
assumes that some observations take on a valuerofwath probability of one (Long &

Freese, 2006). This is not a reasonable assumptiowever, given that the sample is

intentionally restricted to country years at riglearthquake mortality.
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5. RESULTS

Table 1 presents the main estimation results. @rbtseline model 1, we do not test for group
heterogeneity in quake propensity. As one wouldeekpquakes of higher magnitude on the
transformed Richter scale and quakes of higher matgin more densely populated areas
kill more people, while, other things equal, theajer the focal depth of quakes, the lower is
mortality. Controlling for the strength and focapdh of actually occurring earthquakes in
this way, we find that a higher quake propensityassociated withower mortality, as our
theory predicts and as Anbaci, et al. (2005) filstumented with a much different sample
and propensity measure. Countries with higher ppita income and democracies have lower
fatalities, whereas a larger population leads giéi mortality.

In model 2, we estimate separate quake propersfficients for high-income and low-
income countries. Both rich and poor countries oagpto increasing earthquake propensity:
mortality falls significantly with higher quake prensities in both groups of countries.
However, the effects are significantly larger farhrcountries. The difference between the
two estimated coefficients is statistically sigoént at p<.002.

Figure 1 provides an illustration of the differenice sensitivity to increasing quake
propensity in the two groups of countries. It plaspected mortality as a function of
increasing quake propensity in the two groups aintges, where the two quake magnitude
variables are fixed at the @%ercentile of quake magnitudes, focal depth isdiat the 8
percentile and all other variables are set at nwadues (this convention is followed for the
remaining figures, as well). Consistent with ouedictions, expected fatalities drop much
more rapidly in developed as opposed to developmtries as quake propensity increases
to the maximum in the sample (Indonesia has thiedsigquake propensit}).

Model 3 estimates separate quake propensity coaffg for democracies and
autocracies. Consistent with the argument that ghespect of elections should make

democratic rulers more sensitive to earthquakegsipy, the estimated coefficient for quake
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propensity in democracies is roughly 2/3 largenthize respective estimated coefficient in
autocracies (-.00605 versus -.00372), althoughdifference between the two estimated
coefficients is not statistically significant. Figu 2 plots expected fatalities on quake
propensity in democracies and autocracies; expeatedtality falls more rapidly in
democracies than in autocraciés.

Model 4 further distinguishes among both democratid non-democratic regimes. The
specification distinguishes among autocracies auegrto whether the age of the ruling party
at the time the current leader came to power -Agepiarty institutionalization — is above or
below the median for that variable. Democraciesdsenguished according to whether they
are above or below the median years of continucemodratic experiencg. Since the
Database of Political Institutions starts in 19@»nd is required for the ruling-party
institutionalization variable, the sample in thsdieation is smaller than for the other models.
The democracy dummy variable is dropped from thisdeh since we now measure
democracy as years of continuous democratic expegie

Consistent with our prediction, autocracies witl lastitutionalization are unresponsive
to increases in earthquake propensity, while irgnga propensity significantly reduces
mortality in autocracies with high institutionaltin. Increasing propensity reduces mortality
even more in democracies. Contrary to our expectatyoung democracies respond
somewhat more strongly to increasing earthquakpeprsity than old democracies. However,
the estimated coefficients for earthquake propgnsitthe two groups of countries are not
statistically significant from each other. Moregvéine period of continuous democratic
experience has an additional, unconditional andifsaggnt negative effect on quake mortality.
In other words, older and more established demaesaxperience lower mortality, all other
things equal, independent of quake propensity, shiah in total, older democracies tend to

have lower mortality than younger democracies. g8 shows how expected mortality
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decreases with increasing earthquake propensitylfoand young democracies as well as for
autocracies with high institutionalization.

In the final model 5, we test whether corrupt reggndiffer from non-corrupt regimes in
their response to an elevated quake propensitgeSire corruption variable is available only
since 1982, the sample size is further reducedsiSmmt with the notion that a non-corrupt
political regime is indicative of stronger politicancentives to provide earthquake-proof
construction regulation, we find that corrupt reggrare totally unresponsive to an increase in
earthquake propensity. Figure 4 shows how expetiedality falls rapidly with increasing

guake propensity in non-corrupt countries, butinatorrupt countries.

6. ROBUSTNESS

These results are robust to a number of potenitednative specifications of the estimation
model, displayed in table’2 First, the results could be driven by the spedificoff that we
employ for measuring earthquake propensity. Howegsults are largely similar when we
substitute into all of the models of table 1 a gty measure that uses, instead of a
threshold of 6 on the Richter scale, a threshol8 ¢folumn 1) or 6.5 (column 2), or simply
the largest earthquake that the country experiencedthe period 1960-2008 (column'3).
Anbaci et al. (2005) limit their sample to obsermas in which earthquakes of
magnitude six and above on the Richter scale, adfhesmaller earthquakes can also have
fatal consequences, and which caused at leastatalities or approximately $1 million in
property damages. This implies selecting on thesdéent variable, since very successful
earthquake fatality and damage prevention measaretead to the exclusion of observations
that should be properly included in the sample. éMineless, if we include only earthquakes
above 6 (column 4), instead of above 5, resultddhe robust. They also demonstrate that
their findings are robust to the inclusion of sevetontinent dummies; our results are

similarly robust to the inclusion of these dumniest shown).
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Our measure of quake propensity covers the per@D o 2008, for which more
accurate data are available. However, resulta@reensitive to the choice of long-run period
over which one sums up earthquake activity to caostarthquake propensity. Estimation
results reported in column 5 are based on a queksepsity measure exclusively based on
earthquake activity before 1960. With the exceptamly of quake propensity in poor
countries and young democracies (model 4), anditgdeipe much noisier data from the
earlier period, results are in line with the ormesrf the quake propensity variable based on the
period 1960 to 2008.

The political incentives of leaders who have beaemffice for longer periods of time
could differ from those who have newly taken offied this could be correlated with the
political measures we include, yielding spuriousnestes. However, when we include the
number of years the chief executive has been ioeothen all effects remain essentially the
same (column 6). Mortality is significantly lowehet more years leaders are in office,
suggesting that longer-serving leaders are mordylito internalize the future political costs
of neglecting earthquake preparedness. Earthquakelity might be affected by the degree
to which people live in urban areas, but resuléstarchanged if we include the percentage of
population living in cities in the estimations (ués not shown).

The exact number of quake victims is often estichaied not known exactly, injecting
noise into the data. Measurement error could beamn in which case there would be
attenuation bias of the estimated coefficients towzero. But measurement error could also
be non-random. Estimates could be noisier, if gtibbiased, in poorer countries, where there
is less capacity to accurately register deathsautocracies, authorities might have an
incentive to downplay the actual number of deakhs,foreign observers might well over-
estimate fatalities, knowing that domestic soutteesl to under-estimate them. We therefore
conducted a Monte Carlo study, similar to what Rl@mand Neumayer (2009) do for

mortality from famines, to explore the effect of asarement error on the estimates.
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Specifically, we re-estimated all models 100 timeseach re-estimation, we multiplied the
value of the dependent variable of approximatelypgfcent of observations by a uniform
random number. For high-income countries and deactes, the number was drawn from
the interval [0.5, 1.5], which mirrors measurememors of up to 50 percent. For low-income
countries and autocracies, it was drawn from therval [0.25, 2] to reflect the larger degree
of measurement error in these counttfeSable 3 reports the full range of coefficientsnfro

the Monte Carlo study (minimum to maximum), takirgach single iteration into

consideration. Results are fully robust. This ssggehat potential measurement error is

unlikely to have a significant impact on our result

7. CONCLUSION

The politics of disaster mortality prevention exertlarge influence on actual disaster
mortality rates. We argue that governments faderdint incentives to implement and enforce
effective quake-proof construction regulationsedirthquake propensity is low, governments
are unlikely to implement an effective earthquakatality prevention system because this is
costly in the absence of major earthquakes. Irdhe event of a major earthquake, however,
the lack of ex ante incentives to implement prewvenmeasures leads to higher actual
mortality. Such an earthquake might also lead bust of activity that lowers mortality in
future earthquakes; dynamic effects such as thge rdistinct theoretical issues and have
different empirical requirements than the questiesexamine here, which we would like to
tackle in future research.

Even if earthquakes are relatively frequent anemindlly strong, governments may opt
against effective earthquake mortality preventiegutation when the country is relatively
poor. Under this condition, the ex ante opportunitysts of such regulation can be
prohibitively high if the government can save mamyre expected lives at lower cost in other

areas of social or health spending.
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Finally, political institutions directly and indicdy influence government efforts to
reduce disaster mortality. Directly, they affeovgrnment willingness and ability to credibly
commit to provide the public good of earthquake afity prevention. Indirectly, political
institutions also impact on the extent to which ggovments will respond to higher earthquake
propensity. The January 2010 earthquake in Hailickv killed around 230,000 people,
provides a telling illustration of our theory. Tlkembination of low earthquake propensity
(since 1860, there had been no major quake prithisoone), extreme poverty (Haiti is the
poorest country in the Western hemisphere), a tyistbnotoriously corrupt regimes together
with a relatively young and fragile democracy makensurprising that the disaster resulted
in one of the highest number of people killed forearthquake of size 7 on the Richter scale.
International aid may help to rebuild a more quedgstant Haiti. Yet, given low earthquake
propensity, quake-resistance is unlikely to behighest value use of these resources. Instead,
what Haitians need most urgently is a more accdlmtgovernment and sustained economic
development.

In sum, this article explains why earthquake madytal/aries widely even after
controlling for the seismic energy and the locatmnactually occurring quakes. First,
countries vary in their propensity to experienceghgpiakes, and so have different opportunity
costs to investing in earthquake preparedness.on8eqropensity has a systematically
different effect across countries with differentames or political incentives. Such group
heterogeneity suggests that, independent of theedeg which higher earthquake propensity
reduces mortality because of learning-by-doingppnsity has a significant impact on the
opportunity costs of mitigating risks. If learnihg-doing were costless, and were the only
reason that propensity affected mortality, thendtiects of propensity would be independent
of the income and political characteristics of doies.

Critics have been quick to put the blame on paditis and their apparent failure to

prevent or at least reduce mortality from earthgsakyet, our theory suggests that in
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countries with low quake propensity, failing to enand enforce regulations for earthquake-
proof construction is not necessarily a failuret tmay be perfectly rational. Our empirical
results corroborate this view. We thus find thatrtaldy and earthquake propensity are
related in precisely the way one would expect ifggoments were welfare-maximizing:
where propensity is higher, mortality is signifidgriower and poor countries respond less to
higher quake propensity, precisely as expected&ngthhe higher opportunity costs for poor
countries of investing in earthquake mortality metion. At the same time, we have also
argued and demonstrated empirically that the paesehpolitical market imperfections (lack
of elections or of credible politicians) has a Eeffect on how countries react to earthquake
propensity. In the extreme cases, higher quake emsify has no significant effect on
mortality in autocracies that lack institutionalizeuling parties or in corrupt regimes. Our
results thus suggest that policy advice to coumtregarding disaster preparedness should

strongly depend on the political characteristictheSe countries.
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ENDNOTES

! For disaster types such as riverine flooding, wheprtality risks are low relative to economic dge® the
potential for a fourth market failure, moral hazaslalso large; individuals forego investment neyention in
the expectation of government relief after the stisahas occurred. Moral hazard is less relevantibrtality-
intensive disasters, such as earthquakes, sinasteigelief only helps the living.

2 Government of the District of Columbia, Proposeatiget and Financial Plan FY 2010, Volume 2, Agency

Budget Chapters — Part I, p. B-9litp://cfo.dc.gov/cfo/frames.asp?doc=/cfo/lib/ciadiget/2010 9_29/vol-

ume 2 agency chapters_part i_web)pdf

® This comparison understates the true differencaime of the strong exponential logic of the Ricktale.
See appendix 1.

* http://news.bbc.co.uk/1/hi/world/europe/7992938.st

®> Some research has shown that voters reward niitigakpenditures (post-disaster relief) more thaavention
expenditures. Healy and Malhotra (2009) show thaters reward the incumbent presidential party for
delivering disaster relief spending (ineffectiver@ducing earthquake mortality) but not for invegtin disaster
preparedness spending (more effective). Our argtimsenot, however, that elected governments sétypo
optimally with respect to mortality prevention; grthat they are more likely than unelected govemshé¢o
respond to higher earthquake propensity with grgatparedness spending.

®In 2007, thdnternational Country Risk Guide measure of lack of corruption rates Italy at 2&mpared to an
average of 4.5 for the other 22 members of the OE®EBvhich these data are available.

" http://news.bbc.co.uk/1/hi/world/europe/79877#8.st

8 See Neumayer and Plimper (2007) for a discusdithheoweaknesses of this dataset, which is, howeker
only publicly accessible source of disaster typeetfir mortality data.

° Minor quakes are unlikely to cause major damagjealbne kill people, so we drop all quakes withagnitude
below five on the Richter scale for constructinig thariable.

19 Since the population density data are only avkldtr four distinct years, values are taken frdra tlosest
(prior) year available. This introduces some mears@nt error. Our measure of the population at bsked on
the population living within a circle drawn aroutite epicenter, introduces additional measuremeat,esince
ground shaking does not expand uniformly from tpieenter, but rather follows the fault line Forttety, this
measurement error should not be systematicallyetaded with our main explanatory variables such ithdoes

not bias our results. Allen et al. (2009) providerenprecise estimates of the number of people expts
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earthquakes, but the dataset, which is availablettpt//earthquake.usgs.gov/research/data/pagertaxpbp

only covers the period from 1973 onwards. Sinceesfimations start in 1962, we prefer our own measd
exposed population, but we recommend that any dutesearch that focuses on the period since th@sl9se
these alternative and superior estimates of expospdlation.

" The pre-1960 data are taken from http://earthquasks.gov/earthquakes/world/historical_country.php.

2 Our results are fully robust to using dummy valealfor OECD countries and non-OECD countries ate
also following World Bank (2009) classification.

13 Given the strong correlation of high income withod governance, it is difficult to exclude an aitgtive
explanation for this finding, namely that poor ctrigs are also generally governed by rulers who lass
sensitive to the broad public interest and, thegefless responsive to increases in earthquakeHiskever, this
interpretation of the risk-income interaction isatonsistent with our theoretical arguments.

14 Note that although this difference is not statity significant, the total difference between denacies and
autocraciess statistically significant at all levels of propégsbecause of the magnitude and significancénef t
democracy variable.

15 Note that since we use two different operatiomdiins for democracies on the one hand and auiesraa
the other, there is no single variable which cdaddadded to the estimation model to capture treedéffects of
within-regime type heterogeneity on mortality. Wavé therefore added two variables, namely the nurobe
years of continuous democratic experience (seeto for autocracies) and the number of years iic®ff the
largest government party minus the number of yeaosfice of the current leader.

18 Full results will be made available in a replicatdataset and do-file upon publication of thecheti

7 All measures exponentially transformed as before.

18 To determine the ‘subsample with measurement’em@drew a second continuous uniform random végiab
of the interval (0..1) and changed only those olzerns for which the randomly drawn parameter ereel
0.85. Thus, on average, we changed the dependemableaof about 15 percent of the ‘nonzeros’ inteac

iteration of the Monte Carlo analyses.
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Table 1. Main estimation results.

Dep. variable: earthquake mortality model 1 mddel model 3 model 4 model 5
max_magnitude 0.0175**  0.0163** 0.0180** 0.0173*  0.00577
(0.00643)  (0.00584) (0.00643) (0.00636) (0.00489)
magnitude_popdensity*1,000 0.0257*  0.0371**  0.0%17 0.0465**  0.0368**
(0.0124) (0.0161) (0.0151) (0.0203) (0.0172)
min_focaldepth -0.00688* -0.00685* -0.00724* 0133 -0.00106
(0.00366)  (0.00381)  (0.00337) (0.00924) (0.00727)
guake propensity -0.00476***
(0.00114)
guake propensity in developing countries -0.00480*
(0.00106)
guake propensity in developed countries -0.00885**
(0.00135)
guake propensity in autocracies -0.00372**
(0.00166)
guake propensity in democracies -0.00605***
(0.00124)
guake propensity in autocracies -0.00262***
w. high institutionalization (0.000591)
guake propensity in autocracies 0.00114
w. low institutionalization (0.00210)
guake propensity in old democracies -0.00409**
(0.00189)
guake propensity in young democracies -0.00581**
(0.000891)
guake propensity in corrupt countries -0.00318
(0.00195)
guake propensity in non-corrupt countries -Qamyr*
(0.00164)
In gdppc -0.588** -0.397 -0.603** -0.372 -0.595***
(0.252) (0.260) (0.242) (0.228) (0.218)
Democracy -1.871%*  -1.767*** -1.489* -2.369***
(0.602) (0.633) (0.795) (0.770)
In pop 0.613**  (0.638*** 0.575** 0.608*** 0.547**
(0.226) (0.230) (0.233) (0.174) (0.235)
years continuous democratic experience -0.0185**
(0.00697)
years in office largest party in autocracy 0ID3
— years in office autocratic leader (0.00363)
lack of corruption -0.173
(0.290)
Constant -0.466 -2.392 0.0196 -7.371* 1.760
(3.834) (4.272) (3.752) (3.776) (4.814)
Observations 1,288 1,288 1,288 803 698
Countries 73 73 73 65 59
Period of study 1962-2005 1962-2005 1962-2005 130@ 1983-2005
Note: Coefficients from a negative binomial modeStandard errors clustered on countries.

* significant at p<.1 ** at p<.05 *** at p<.01.
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Table 2. Robustness tests.

Propensity>5 Propensity> 6.5  Propensity: largest Only quakes 6 Propensity> 6 Executive years |
(Richter) (Richter) quake (Richter) (pre-1960 quakes) office incl.
Model 1
guake propensity -0.000345*** -0.0173*** -0.00122* -0.00484*** -0.000106*** -0.00463***
(0.0000775) (0.00424) (0.000299) (0.000728) (0.25@) (0.00158)
Model 2
propensity in developing countries -0.000314*** 0D57*** -0.00111%** -0.00577*** -0.0000634 -0.00416
(0.0000655) (0.00402) (0.000290) (0.000823) (0.@a9) (0.00160)
propensity in developed countries -0.000739*** JLg*** -0.00162*** -0.00873*** -0.000182*** -0.009D***
(0.0000991) (0.00518) (0.000334) (0.00163) (0.00093 (0.00181)
Model 3
propensity in autocracies -0.000279*** -0.0138** 00111 % -0.00528*** -0.000153*** -0.00187
(0.000103) (0.00581) (0.000290) (0.00117) (0.000942 (0.00388)
propensity in democracies -0.000419*** -0.0222*** 0.00143*** -0.00443*** -0.0000830** -0.00760***
(0.0000892) (0.00475) (0.000343) (0.00130) (0.00a94 (0.00178)
Model 4
propensity in autocracies -0.000185*** -0.0094 7*** -0.000562*** -0.00325*** -0.000339*** -0.00218***
w. high institutionalization (0.0000411) (0.00215) (0.000141) (0.000577) (0.0000950) (0.000708)
propensity in autocracies 0.0000683 0.00441 0.1907 -0.000519 0.0000424 0.000895
w. low institutionalization (0.000184) (0.00760) 0.Q00890) (0.00237) (0.000124) (0.00220)
propensity in old democracies -0.000329*** -0.0145 -0.000632 -0.00462** -0.000119** -0.00396**
(0.000107) (0.00701) (0.000528) (0.00204) (0.00@)y47 (0.00196)
propensity in young democracies -0.000355*** -0.029 -0.00143*** -0.00717*** 0.000142 -0.00537***
(0.0000649) (0.00307) (0.000273) (0.000906) (0.6001 (0.000920)
Model 5
propensity in corrupt countries -0.000276*** -0.G11 -0.00109*** -0.00488*** 0.0000742 -0.00123
(0.0000945) (0.00716) (0.000349) (0.00107) (0.00914 (0.00209)
propensity in non-corrupt countries -0.000641*** .0R74*** -0.00138*** -0.0107*** -0.000140*** -0.00B6***
(0.000113) (0.00596) (0.000282) (0.00186) (0.000932 (0.00180)

Notes: Table 2 reports estimated coefficients, tifled in the first column, using the indicated netglin Table 1, modified according to the sample
or specification change indicated in columns 2Sfandard errors clustered on countries. * sigmified p<.1 ** at p<.05 *** at p<.01.
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Table 3. Summary Statistics of the Monte Carlo Asigl testing the Importance of Measurement Errasé€d on 100 iterations)

Mean Std. Dev. Mininum Maximum
Model 1
guake propensity -0.00479 0.00024 -0.00548 -0.0043
0.00115 0.00005 0.00101 0.00132
Model 2
propensity in developing countries -0.00432 0.00024 -0.00499 -0.00382
0.00106 0.00006 0.00092 0.00132
propensity in developed countries -0.00886 0.00028 -0.00949 -0.00814
0.00135 0.00005 0.00124 0.00151
Model 3
propensity in autocracies -0.00378 0.00035 -0.00470 -0.00302
0.00164 0.00016 0.00129 0.00217
propensity in democracies -0.00605 0.00024 -0.00659 -0.00541
0.00126 0.00007 0.00114 0.00146
Model 4
propensity in autocracies -0.00262 0.00017 -0.6032 -0.00220
w. high institutionalization 0.00059 0.00002 0.880 0.00067
propensity in autocracies 0.00097 0.00054 -0.00150 0.00182
w. low institutionalization 0.00210 0.00003 0.0819 0.00218
propensity in old democracies -0.00410 0.00034 00800 -0.00298
0.00190 0.00017 0.00153 0.00255
propensity in young democracies -0.00527 0.00029 .00884 -0.00435
0.00096 0.00012 0.00074 0.00143
Model 5
propensity in corrupt countries -0.00322 0.00038 .00044 -0.00254
0.00192 0.00022 0.00130 0.00243
propensity in non-corrupt countries -0.00771 0.a003 -0.00855 -0.00678
0.00165 0.00008 0.00140 0.00184

Note: first row shows coefficient, second row staderror.
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Figure 1. The effect of increasing quake propensitydeveloped versus non-developed

countries.
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Figure 2. The effect of increasing quake propengityemocracies versus autocracies.
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Figure 3. The effect of increasing quake propensitynstitutionalized autocracies, young

democracies and old democracies.
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Figure 4. The effect of increasing quake propensityorrupt versus non-corrupt countries.
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Appendix 1. The exponential nature of the Richtales in terms of explosive equivalent.

Richter scale1000 Tons TNT equivalent

5.0 32
5.5 178
6.0 1,000
6.5 5,600
7.0 32,000
7.5 178,000
8.0 1,000,000
8.5 5,600,000
9.0 32,000,000
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