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ABSTRACT. Inthecontext of still uncertain specific effectsof climate changein specificlocations, this paper examineswhether
education significantly increasescoping capacity withregard to particul ar climatic changes, and whether itimprovestheresilience
of people to climate risks in general. Our hypothesis is that investment in universal primary and secondary education around
theworld isthe most effective strategy for preparing to cope with the still uncertain dangers associated with future climate. The
empirical evidence presented for a cross-country time series of factors associated with past natural disaster fatalities since 1980
in 125 countries confirms this overriding importance of education in reducing impacts. We also present new projections of
populationsby age, sex, and level of educational attainment to 2050, thus providing an appropriatetool for anticipating societies

future adaptive capacities based on alternative education scenarios associated with different policies.
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INTRODUCTION

There is little doubt that climate change is already ongoing
and more change is to be expected (Solomon et al. 2007). A
number of organizations have assessed the costs of adapting
to these changes, with the most recent of these estimatesbeing
in the range of US$70 to 100 hillion each year, and with the
greatest losses being associated with increases in magnitude
and frequency of extremeweather events(World Bank 2010a).
However, the specific effects of climate change that will be
experienced in specificlocationsare highly uncertain, and this
creates a challenge for investments into climate-protective
infrastructure (Dessai et a. 2009). An increasing number of
researchers, both in academia (Agrawa and Perrin 2009,
M cBean and Rodgers2010) and inthepublic sector (Agrawala
et al. 2008, Schipper et a. 2008, World Bank 2010b), suggest
that the most sensible investments in adaptation, or
government interventions, may be those that focus not on
directly addressing particular climatic changes, but rather on
t hose that improve the resilience and reduce the vulnerability
of people to climate risks in general (Eakin and Patt 2011).
Here we examine the effects of one particular intervention,
education, on losses from extreme wesather events.

The idea that social and human development can improve
resilienceto climate change and extreme weather eventsis not
new. A number of studies have compared losses from climate
hazards with a number of development indicators, finding
significant correlations with income, population density,
access to drinking water, female fertility, and a number of
indicators of good governance and public corruption (Y ohe
and Tol 2002, United Nations Devel opment Programme 2004,
Brooks et al. 2005, Kellenberg and Mobarak 2008, Patt et al.
2010). The most recent one of these (Patt et al. 2010) has
looked explicitly at the human development index (HDI) as
an indicator of disaster vulnerability. HDI is a composite
indicator derived from indexes of income, life expectancy at

birth, and education. This study has revealed anonmonotonic
relationship that as yet is causaly unexplained: initial
improvementsin HDI correlate with increasing vulnerability
to climatic risks, while further improvements then correlate
with falling risk levels.

No detailed empirical study to date has broken down HDI into
its composite elements to consider education alone, nor has
any study compared the effects of different education
indicators. A possible reason for this could be the lack of
detailed and consistent empirical information on level of
education across countries and over time. This situation has
recently been improved through the reconstructions and
projectionsof educational attainment distributionsby age, sex,
and four levels of educational attainment for most countries
intheworld (Lutzetal. 2007, KCetal. 2010). A critical feature
of these data, which has allowed researchers to use them to
show the effects of education on economic growth, was their
disaggregation of education across age groups.

There are several reasons to expect empowerment to occur
through basic literacy and subsequently through secondary
education to reduce vulnerability to climate change related
risks. Most directly, better education typically implies better
access to relevant information, such as early warnings for
tropical storms or seasonal prediction of drought (Patt et al.
2007, Moser and Ekstrom 2010). Second, there is evidence
that education also enhances cognitive skills and the
willingness to change risky behavior while at the same time
extending the personal planning horizon (Neisser et al. 1996,
Behrman and Stacey 1997, Nisbett 2009). Third, there is
scientific evidence that education leads to better health and
physical wellbeing at any given age, invirtually every country
(Fuchs et al. 2010, KC 2010). Fourth, more education leads
to higher income at theindividual and household level aswell
as higher economic growth at the aggregate level (Becker
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1993, Schultz 1993, Lutz et al. 2008). All of these effectsought
to play arolein reducing vulnerability to climate hazards.

MATERIALSAND METHODS

To investigate the link between disaster risk, development in
general, and education in particular, we used data from the
Emergency Events Data Base (EM-DAT) provided by the
Centre for the Research of the Epidemiology of Disasters
(Centrefor Research on the Epidemiology of Disasters 2004).
These data provide information on the number of disasters, as
well as the number of deaths caused by these disasters, by
country and year since 1900, with the data since 1980 being
themorereliable. Although dataareavailablefor abroad range
of different types of disasters, we concentrated on floods,
droughts, storms, mass movements, extreme temperature
events, and wildfires because they most closely resemble the
kinds of disastersthat are expected to increase due to climate
change.

Whether aspecific event islisted asadisaster inthe EM-DAT
database is determined by fulfillment of one of the following
criteria: (1) 10 or more people were reported killed; (2) 100
or more people were reported affected; (3) a cal for
international assi stancewasissued, or; (4) astateof emergency
was declared. Due to these specific criteria there is the
possibility of sample selection bias. Some countriesmay have
experienced a natural disaster, but because they were so well
prepared none of the criteria necessary for being counted asa
natural disaster was fulfilled. On the other extreme, in some
very poorly devel oped regions disasters may havekilled many
people but due to poor information it may not even be
registered and hence would not enter this database. In both
cases, however, the estimated effects of development
indicatorson disaster deathswould only be biased downward.
For a comparison of EM-DAT with other sources of disaster
data, as well as adiscussion of the strengths and weaknesses
of these data, see Guha-Sapir and Below 2002.

Data on the level of human development and its components
were taken from the United Nation’s Human Development
Report (United Nations Devel opment Programme 2010). The
HDI isacompositeindex measuring progressinthethreebasic
dimensions. health, knowledge, and income. While the
methodology of the HDI has been changed dightly in its
twentieth anniversary edition, for reasonsof compatibility and
comparability with previous studies we used the original HDI
where the knowledge component was calculated using a
combination of school enrollment and rates of adult literacy.

In addition to HDI and its components we al so controlled for
education using data on the portion of 20 to 39-year-old
women with completed secondary education or higher among
thetotal femal e population aged 20 to 39. Past comprehensive
research on the effects of the entire educational distribution
(i.e., considering the distribution of educational attainment
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categories by age and sex) for awhole range of issues, going
from economic growth to transition to free democracies, has
shown that explicit consideration of that distribution has
significant additional explanatory power compared to just
taking an average measure of education such asthemeanyears
of schooling (Lutz et al. 2008, Lutz et al. 2010). For practical
purposes it is often convenient to have only one education-
related variable included in the equation, so the one indicator
that till reflects the inequality aspect and has the greatest
discriminatory power—as shown by the above cited studies
—turnsout to bethe proportion of younger women with junior
secondary or higher education. Dueto their key rolein family
matters, ranging from childbearing to family health to
household decision making and changes in labor force
participation, this group seemsto be of particular importance
for socia as well as economic development. The data on
educational attainment by age and sex was taken from the
IIASA/VID data set (Lutz et al. 2007) which offers full
education detail sby ageand sex for most countriesof theworld
from 1970 onwardsin 5-year intervals.

For the regression analysis we aggregated the datainto 5-year
and 10-year periodsin order to limit the influence of extreme
outlier years when certain countries experienced particularly
severe disasters with exceptionaly high death counts and
because some of the social variables were available only for
5-year intervals. We then estimated a number of multivariate
model sfor thegiven panel of national timeseries. Inall models
we used the natura logarithm of the total number of deaths
per thousand of population by country and period as our
dependent variable. This probability of dying from disaster
wasthen explained by different setsof devel opment indicators
—including education—after controlling for someof theusual
background variables: real GDP per capitawastaken fromthe
Penn World Tables (Heston et al. 2009); dataon the degree of
democracy were taken from the Polity 1V database (Marshall
and Jaggers 2002); and data on population size, population
density, as well as on infant mortality (IMR) stemmed from
the 2008 revision of the World Population Prospects (United
Nations Secretariat 2009).
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Model 1 recurs to earlier findings by Patt et a. (2010) who
had used the HDI asan indicator of disaster vulnerability. HDI
isavery comprehensive indicator of development outcomes,
which in itself neither identifies the primary causes of
vulnerability nor suggests aparticular policy priority. Hence,
in Model 2 we decomposed the HDI into its three constituent
subindices, one based on purchasing-power-adjusted per
capitaincome, another one combining school enrollment and
literacy rates, and finally an index derived from average life
expectancy at hirth. Including these three individual
components of HDI separately in Model 2 yielded estimates
for the relative importance of the three dimensions on the
number of deaths from natural disasters. Yet, as discussed
above, the education component of the old HDI does not
explicitly measure education by the gender and age groups
that matter most for vulnerability todisaster. Model 3therefore
uses our aternative education variable (eduF, ) to account for
human capital.

All threemodel sal so considered theeffect of income. Whereas
GDP was implicitly included in the HDI in Model 1, Models
2 and 3 controlled for income explicitly by using the GDP
component of the HDI (hdi®®", ). This can help us to address
an important question for setting policy priorities, namely
whether income matters more than education in reducing a
country’ s disaster death counts.

Furthermore, we assumed that the quality of acountry’ shealth
system should play a significant role in minimizing human
lossesfrom natural disasters. Model 1Lincludeslifeexpectancy
at birth implicitly in the HDI, while Models 2 and 3 included
it as a separate index (hdi“™, ). Because disaster deaths in a
given year are aso reflected in the life table and hence life
expectancy of that year, as asensitivity analysis we also used
the log of the infant mortality rate (inr,,) as an aternative
indicator of health system quality. While infant mortality is
not necessarily less affected by this possible endogeneity, it
would be differently affected (unless the infant deaths as a
proportion of al deaths are exactly the same in disasters and
under normal conditions). Furthermore, infant mortality is
often considered to be more closely related to the quality of
thehealth care system than adult mortality which alsoincludes
many life-style-related factors (Fuchset al. 2010). Inany case,
as can be seen in Appendix 1, our results were not affected.

In addition to these different development indicators all three
modelscontrolled for aset of other variableswhich arelabeled
“General” in the equations above. The exposure to climate-
related risk was accounted for in our models as the log of the
total number of disasters in the given period normalized by
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thetotal population sizein 1000s (nodis; ;). We al'so controlled
for population density (density, ), which has been found
significant in explaining casualty numbers by Y ohe and Tol
(2002) and more recently by Patt et al. (2010). In terms of the
political system of the country we included the polity score
(polity2, ) which has the highest values for modern free
democracies. We also control for the geophysical fact of
whether a country is landlocked or has a coastline (coastal ),
which may affect its expose to tropical storms and flooding.
Finally, we controlled for possible regional particularities
(region,) in the form of regional fixed effects that could also
account for other still-uncontrolled factors in our models.

Due to the availahility of population projections by age, sex,
and education (KC et a. 2010), we were also able to forecast
adaptive capacity based on different educati on scenariosunder
the assumption of constant hazard levels.

RESULTS

Our analysis covers 130 countries over the time period 1980
to 2010. In the regression analysis we have complete data for
125 countries. Fig. 1 depictsthebivariaterel ationship between
the log of disaster deaths per 1000 (on the vertical axis) and
the proportion of women with completed junior secondary or
higher education in the age group 20 to 39. The hump shape
observed in Patt et al. (2010), who have examined the
relationship between disaster risk and aggregate HDI, is
present when one examines the full sample of countries (left
side), but then disappears when we exclude countries that
experience very few climate disasters. For al countries that
experienced at least 30 disasters over the 30-year period, i.e.,
one or more disasters on average per year, it shows aclearly
negative and almost linear association. As can be seen in
Appendix 1, the picture looks the same when using HDI
instead of our education variable.

Fig. 1. Relationship between the log of disaster deaths (per
1000 of 1980 population) and the mean of female education
(proportion with secondary and higher education among
women aged 20 to 39) over the period 1980 to 2010 for all
130 countries (left side) and 63 countries with one or more
disasters on average per year (right side).



http://www.ecologyandsociety.org/vol18/iss1/art16/

Ecology and Society 18(1): 16
http://www.ecol ogyandsociety.org/vol 18/issl/art16/

Table 1. Determinantsof national death from natural disaster. Panel regression for 125 countriesover 5-year and 10-year intervals
between 1980 and 2010 using time fixed effects. The dependent variableisthe log of deaths per capita. Numbersin parentheses
are standard errors based on the heteroskedasticity-reistant and autocorrelation-resistant covariance matrix. HDI = human
development index. LEX =life expectancy at birth. EDU = education. Other independent variables not reported here are dummy
variablesfor 17 world regions. Significance codes: 0.01 = ***; 0.05=**; 0.1 = *.

5-yr 10-yr 5-yr 10-yr 5-yr 10-yr
Log 0.695*** 0.698*** 0.699*** 0.678*** 0.729*** 0.725%**
(disasters/pop., in 1000s) (-0.075) (-0.115) (-0.075) (-0.114) (-0.075) (-0.115)
Log (density) 0.123* 0.159* 0.141** 0.156 0.118* 0.136
(-0.067) (—0.096) (—0.068) (—0.098) (-0.069) (-0.1)
Polity score 0.296** 0.364* 0.290** 0.347* 0.279** 0.322
(-0.137) (—0.206) (-0.135) (—0.203) (-0.136) (-0.206)
Coastal country 1.210%** 1.027%** 1.174*** 0.952*** 1.054*** 0.826%**
(-0.189) (-0.272) (-0.188) (—0.269) (-0.19) (-0.275)
HDI —5.943*** —6.658***
(-0.818) (-1.176)
LEX component of HDI -2.818** -1.321 —3.274*** —-2.346
(-1.135) (-1.633) (-1.113) (-1.629)
GDP component of HDI -0.522 -0.955 -0.904 -1.413
(-0.762) (-1.103) (-0.763) (-1.118)
EDU component of HDI —3.626*** —5.125%**
(-0.741) (-1.076)
Females, age 20 to 39 yr, —1.912*** —2.239%**
> secondary education (-0.423) (-0.625)
F-statistic 15.67 8.8 15.49 8.89 14.96 821
N 706 355 706 355 706 355

For thegiven panel of national time serieswe specified various
multivariate models in which the probability of dying from
natural disastersisrelated to variousindicators of risk aswell
as social and economic background factors. Results of three
of them are displayed in Table 1, where two neighboring
columns always belong to one model specification. Ascan be
seen from the number of observations, theleft column of each
model correspondsto 5-year intervals and the right column to
10-year intervals.

Model 1 showsthewell-known negative rel ationship between
the HDI and human disaster losses. The linear effect of HDI
is highly significant for both panels (representing the 5-year
and 10-year intervals). We aso tested for nonlinear effects
from HDI on disaster losses (results of which are shown in
Appendix 1) but they turn out to be insignificant. While the
results from Model 1 lend support to earlier findings that
negatively related devel opment and disaster death counts, they
do not tell uswhich of the individual components of the HDI
areresponsiblefor thisdecrease. Model 2 reveal sthat theonly
truly significant component of the HDI isthe education index.
The life expectancy component is significant with the 5-year

intervals but not with the 10-year intervals, whereas the GDP
component showsno significant additional explanatory power
whatsoever. Model 3 uses our dternative indicator of
educational attainment, yet the results turn out to convey the
same story. Female education is most significant in reducing
vulnerability to natural disasters.

Most of the parameters for the control variables have the
expected signs, while their significance varies among the
models. The frequency of disasters as the key variable
measuring the exposure of countries to disastersindependent
of thenumber of fatalitiesis, asexpected, consistently positive
and highly significant under all models. Similarly, thefact that
a country has a coastline turns out to have a consistently
positive effect on the number of fatalities, and is significant
under all models. Also, not surprisingly, acountry with higher
population density on average seems to have experienced a
higher number of casualties. What is rather surprising at first
glance, however, is the positive relationship between
vulnerability and the democracy score. Whilethe effect isnot
significant in all model specifications, it still seemsto imply
that in more authoritarian countries, ceteris paribus, the


http://www.ecologyandsociety.org/vol18/iss1/art16/

vulnerability to natural disastersisreduced. This may in part
be true for cases such as Cuba, Iran, Singapore, and other
countriesthat have efficient disaster control systems, although
they arenot freedemocracies. Therearea so countrieslabeled
as democracies—such as India and Bangladesh— that have
serious problems in handling disasters. But there clearly
remains a selectivity issue. Democratic governments may be
more ready to report disaster deaths than authoritarian ones.
Contrary to Costa (2012), we did not find a significant effect
when controlling for possible nonlinearity in the relationship
betweenthedemocracy scoreand deathsfromnatural disasters
(see Appendix 1). Clearly, thisissue warrants further in depth
research.

In sum, the results presented in Table 1 clearly show that
education (and in particular female education) is the single
most important social and economic factor associated with a
reductioninvulnerability to natural disasters. Bothintheform
of the education component of the HDI and as measured by
the proportion of the female population aged 20 to 39 with
junior secondary and higher education, education hasthe most
significant and consistently positive effects under all models
and also when considering 5-year aswell as 10-year intervals.
In terms of setting policy priorities and in linking this to
economic studies of vulnerability, which often uncritically
start from the assumption that higher income is the key
determinant for reducing vulnerability, it isimportant to note
that in none of the models did income (whether in the form of
theincome component of the HDI or asconventional GDP per
capitaor itsgrowth rate) turn out to be significant if education
is being considered at the same time. This robust aggregate
level finding now needs to be complemented by further
microlevel evidence.

DISCUSSION

It islikely that over the next years, large amounts of money
will be spent on adaptation programs through the Kyoto
Protocol adaptation fund, national governments, or other
donors. But there is not enough of a scientific basis to guide
these funds into directions that are meaningful under along-
term perspective. There is serious concern that significant
funds might be channeled into “investments’ that (given the
strong path dependence of, e.g., agricultural policies) lock
countries into certain paths that are not tenable under future
climates. Alternatively, giventheuncertainty about the precise
manifestations of climate change in specific areas, it may be
better toincreasethegeneral flexibility and enhancethehuman
and social capital through massive new investments in
universal basic educationin order to empower the popul ations
to better copewith climate changein away that will betotheir
best long-term benefit. Our results reveal the degree to which
climate vulnerability is sensitive to differences in education
at the national level.

Given this, new projections of populations by age and level
of education (KC et al. 2010) can also be used to anticipate
the future adaptive capacities of societies. Fig. 2 shows the
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population pyramid for Sub-Saharan Africain 2050 with the
colors indicating the level of education. Men and women
without any formal education are marked in red, those with
some primary education in yellow, those with completed
junior secondary educationinlight blue, andthosewithtertiary
education in dark blue. Today, more than half of young adult
women in Africa are till without secondary education. For
2050, Fig. 2-A depictstheresults of projectionsin which age-
specific school enrollment rates at al levels are kept constant
a their current levels, which means that schools are only
expanding in paralel with the growth of the school-age
population (CER, constant enrollment rates scenario). In
contrast, Fig. 2-B showsascenarioinwhich school enrollment
rates over the coming years increase following the path of
other countries that had been at the same level earlier (GET,
global education trends scenario). In both cases the 2050
population sizes (1.9 billion in CER and 1.7 in GET) will be
a lot bigger than today (0.8 billion), with the difference
between CER and GET resulting from the fact that more
educated women have lower birth rates. Under the CER
scenario the number of young adults (in particular women)
will increase dramatically while under the GET scenario most
of the added population will be men and women with
secondary or higher education (in blue).

Fig. 2. Age pyramids by level of education for Sub-Saharan
Africa, for 2050. A — under the global education trends
(GET) scenario. B —under the constant enrollment rates
(CER) scenario.
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These are two very different societies projected for 2050. In
light of the empirical analysis presented here, the first one
would be highly vulnerable to possible increases in natural
disasters due to climate change, while the second one would
likely have considerably more adaptive capacity to cope with
whatever changes the future will bring. While calculating the
exact number of lives that can be saved by increasing
investments into education is impossible because of the high
uncertainty around futurerisk level s, we can use the upper and
lower bounds of past disaster-risk levels to calculate the
number of deaths under the CER and the GET scenarios. A
first back-of-the-envelope calculation combining the
projections shown in Fig. 2 with our regression results from
Model 3in Table 1 revealsthat inthetime period 2040 to 2050
the number of desths due to natural extreme events in Sub-
Saharan Africa under the CER scenario will be in the range
of 7900t0 180,000 whileunder the GET scenariothe predicted
number of deaths ranges from 3200 to 72,200. Regardless of
therisk level theratio between the scenariosisrelatively stable
and important. It can account for between 4700 and 107,800
additional livessaved or lost, which correspondsto areduction
of roughly 60%. Note that this tremendous effect is not only
due to the direct effect of education. The portion of women
aged 20to 39that have compl eted at | east secondary education
will have reached almost 70% under the GET scenario,
compared to just 30% under the more pessimistic outlook. But
the difference between the two scenarios also has indirect
effects by means of reducing the affected population size as
well aspopulation density inthe GET scenario. If inthefuture
there are more disasters than in the past, the effects from
education—direct and indirect—would be even stronger.

Which scenario will actualy be more likely depends on
education policies in the near future. If nothing happens and
school expansion does not even keep pace with population
growth, the outcomewould be even worsethan under the CER
scenario. There are of course many other important reasons
for expanding school enrollment (and at the same time also
enhancing thequality of schooling) intermsof positive effects
on health and poverty reduction, which hasled to theinclusion
of universal primary education asaMillennium Development
Goal (United Nations 2010). But viewing education as an
investment in the adaptive capacity to climate change would
be an important new policy focus.

Responsesto this article can be read online at:
http://www.ecol ogyandsoci ety.org/i ssues/responses.

php/5252

Ecology and Society 18(1): 16
http://www.ecol ogyandsociety.org/vol 18/issl/art16/

Acknowledgments:

Funding for this work was made possible by an Advanced
Grant of the European Research Council “Forecasting
Societies Adaptive Capacities to Climate Change”: grant
agreement ERC-2008-AdG 230195-FutureSoc and the
“Wittgenstein Award” of the Austrian Science Fund (FWF):
Z171-G11.

LITERATURE CITED

Agrawal, A., and N. Perrin. 2009. Climate adaptation, local
ingtitutions, and rural livelihoods. Pages350-367inW. Adger,
I. Lorenzoni, and K. O'Brien, editors. Adapting to climate
change: thresholds, values, governance. Cambridge
University Press, Cambridge, UK.

Agrawala, S., F. Crick, S. Fankhauser, D. Hanrahan, S. Jetté-
Nantel, G. Pope, J. Skees, C. Stephens, A. Tepes, and S.
Y asmine. 2008. Economic aspects of adaptation to climate
change: costs, benefits and policy instruments. Organization
for Economic Co-operation and Devel opment (OECD), Paris,
France.

Becker, G. S. 1993. Human capital: a theoretical and
empirical analysis, with special reference to education. 3rd
edition. The University of Chicago Press, Chicago, Illinais,
USA.

Behrman, J. R., and N. Stacey. 1997. The social benefits of
education. University of Michigan Press, Ann Arbor,
Michigan, USA.

Brooks, N., W. N. Adger, and P. M. Kely. 2005. The
determinants of vulnerability and adaptive capacity at the
national level and the implications for adaptation. Global
Environmental Change 15:151-163. http://dx.doi.org/10.1016/
j.gloenvcha.2004.12.006

Centre for Research on the Epidemiology of Disasters
(CRED). 2004. EM-DAT: theinternational disaster database.
School of Public Health, Université Catholique de Louvain,
Brussels, Belgium.

Costa, S. 2012. Government repression and the death toll from
natural disasters. CESlifo Working Paper No. 3703.
Mnchener Gesellschaft zur Forderung der Wirtschaftswissenschaft
- CESifo GmbH (Munich Society for the Promotion of
Economic Research), Munich, Germany.

Dessai, S., M. Hulme, R. Lempert, and R. Pielke Jr. 2009.
Climate prediction: alimit to adaptation? Pages 64-78 in W.
N. Adger, I. Lorenzoni, and K. O'Brien, editors. Living with
climate change: are there limits to adaptation? Cambridge
University Press, Cambridge UK.


http://www.ecologyandsociety.org/vol18/iss1/art16/
http://www.ecologyandsociety.org/issues/responses.php/5252
http://www.ecologyandsociety.org/issues/responses.php/5252
http://dx.doi.org/10.1016/j.gloenvcha.2004.12.006
http://dx.doi.org/10.1016/j.gloenvcha.2004.12.006

Eakin, H. C., and A. Patt. 2011. Are adaptation studies
effective, and what can enhance their practical impact? Wiley
Interdisciplinary Reviews—Climate Change 2:141-153.

Fuchs, R., E. Pamuk, and W. Lutz. 2010. Education or wealth:
which mattersmorefor reducing child mortality in developing
countries? Mienna Yearbook of Population Research
8:175-199.

Guha-Sapir, D.,and R. Below. 2002. Thequality and accuracy
of disaster data: a comparative analysis of three global data
sets. The ProVention Consortium The Disaster Management
Facility, The World Bank, Brussels, Belgium.

Heston, A., R. Summers, and B. Aten. 2009. Pennworld table
version 6.3. Center for International Comparisons of
Production, Income and Prices a the University of
Pennsylvania, Philadelphia, Pennsylvania, USA.

KC, S. 2010. The effect of education on adult mortality and
disability: a global perspective. Vienna Yearbook of
Population Research 8:201-236. http://dx.doi.org/10.1553/
popul ationyearbook2010s201

KC, S.,, B. Barakat, A. Goujon, V. Skirbekk, and W. Lutz.
2010. Projection of populations by level of educational
attainment, age, and sex for 120 countries for 2005-2050.
Demographic Research 22:383-472. http://dx.doi.org/10.4054/
DemRes.2010.22.15

Kellenberg, D. K., and A. M. Mobarak. 2008. Does rising
income increase or decrease damage risk from natura
disasters? Journal of Urban Economics 63:788-802.

Lutz, W., J. C. Cuaresma, and M. J. Abbasi-Shavazi. 2010.
Demography, education, and democracy: globa trends and
the case of Iran. Population and Development Review

36:253-+. http://dx.doi.org/10.1111/].1728-4457.2010.00329.
X

Lutz, W., J. C. Cuaresma, and W. Sanderson. 2008. The
demography of educational attainment and economic growth.
Science 319:1047-1048. http://dx.doi.org/10.1126/science.1151753

Lutz, W., A. Goujon, S. KC, and W. Sanderson. 2007.
Reconstruction of populations by age, sex and level of
educational attainment for 120 countries for 1970-2000.
Vienna Yearbook of Population Research 2007:193-235.
http://dx.doi.org/10.1553/popul ationyearbook2007s193

Marshall, M. G., and K. Jaggers. 2002. Pality IV project:
political regime characteristics and transitions, 1800—2002.
Center for International Development and Conflict
Management, University of Maryland, USA. [online] URL:
http://www.systemi cpeace.org/polity/polity4.htm.

McBean, G., and C. Rodgers. 2010. Climate hazards and
disasters: the need for capacity building. Wiley
Interdisciplinary Reviews—Climate Change 1:871-884.
http://dx.doi.org/10.1002/wcc.77

Ecology and Society 18(1): 16
http://www.ecol ogyandsociety.org/vol 18/issl/art16/

Moser, S. C., and J. A. Ekstrom. 2010. A framework to
diagnose barriers to climate change adaptation. Proceedings
of the National Academy of Sciences of the United Sates of
America 107:22026-22031. http://dx.doi.org/10.1073/

pnas.1007887107

Neisser, U., G. Boodoo, T. J. Bouchard, A. W. Boykin, N.
Brody, S. J. Ceci, D. F. Halpern, J. C. Loehlin, R. Perloff, R.
J. Sternberg, and S. Urbina. 1996. Intelligence: knowns and
unknowns. American Psychologist 51:77-101. http://dx.doi.
0rg/10.1037/0003-066X.51.2.77

Nisbett, R. E. 2009. Intelligenceand howto get it: why schools
and cultures count. 1st edition. W. W. Norton, New York,
New York, USA.

Patt, A. G., L. Ogallo, and M. Hellmuth. 2007. Sustainability
—L earningfrom 10yearsof climate outlook forumsin Africa
Science 318:49-50. http://dx.doi.org/10.1126/science.1147909

Patt, A. G., M. Tadross, P. Nussbaumer, K. Asante, M.
Metzger, J. Rafael, A. Goujon, and G. Brundrit. 2010.
Estimating | east-devel oped countries vul nerability to climate-
related extreme events over the next 50 years. Proceedings of
the National Academy of Sciences of the United States of
America 107:1333-1337. http:/dx.doi.org/10.1073/pnas.0910253107

Schipper, E. L. F., M. P. Cigaran, and M. M. Hedger. 2008.
Adaptation to climate change: the new challenge for
development in the developing world. United Nations
Development Programme (UNDP), New York, New York,
USA.

Schultz, T. P. 1993. Investments in the schooling and health
of women and men—quantitiesand returns. Journal of Human
Resources 28:694-734. http://dx.doi.org/10.2307/146291

Solomon, S., D. Qin, M. Manning, Z. Chen, M. M., K. B.
Averyt, M. Tignor, and H. L. Miller, editors. 2007. Climate
change 2007: the physical science basis. Contribution of
Working Group | to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge
University Press, Cambridge, UK and New Y ork, USA. http://
dx.doi.org/10.1126/science.286.5437.87

United Nations Development Programme (UNDP). 2004.
Reducing disaster risk: a challenge for development. Bureau
for Crisis Prevention and Recovery, New York, New York,
USA

United Nations. 2010. We can end poverty 2015, millennium
development goals. Goal 2: achieve universal primary
education. Fact Sheet, United Nations Summit, 20-22
September 2010, New Y ork, High-Level Plenary Meeting of
the General Assembly. New Y ork, New York, USA. [onlin€]
URL: http://www.un.org/millenniumgoal §/pdf/MDG_FS 2 _EN.

pdf.



http://dx.doi.org/10.1553/populationyearbook2010s201
http://dx.doi.org/10.1553/populationyearbook2010s201
http://dx.doi.org/10.4054/DemRes.2010.22.15
http://dx.doi.org/10.4054/DemRes.2010.22.15
http://dx.doi.org/10.1111/j.1728-4457.2010.00329.x
http://dx.doi.org/10.1111/j.1728-4457.2010.00329.x
http://dx.doi.org/10.1126/science.1151753
http://dx.doi.org/10.1553/populationyearbook2007s193
http://www.systemicpeace.org/polity/polity4.htm
http://dx.doi.org/10.1002/wcc.77
http://dx.doi.org/10.1073/pnas.1007887107
http://dx.doi.org/10.1073/pnas.1007887107
http://dx.doi.org/10.1037/0003-066X.51.2.77
http://dx.doi.org/10.1037/0003-066X.51.2.77
http://dx.doi.org/10.1126/science.1147909
http://dx.doi.org/10.1073/pnas.0910253107
http://dx.doi.org/10.2307/146291
http://dx.doi.org/10.1126/science.286.5437.87
http://dx.doi.org/10.1126/science.286.5437.87
http://www.un.org/millenniumgoals/pdf/MDG_FS_2_EN.pdf
http://www.un.org/millenniumgoals/pdf/MDG_FS_2_EN.pdf
http://www.ecologyandsociety.org/vol18/iss1/art16/

United Nations Development Programme (UNDP). 2010.
Human development report. New York, New York, USA.
http://dx.doi.org/10.1057/9780230598508

United Nations Secretariat. 2009. Wor|d popul ation prospects:
the 2008 revision. Population Division, Department of
Economics and Social Affairs. New York, New York, USA.

World Bank. 2010a. Economics of adaptation to climate
change: synthesis report. Washington, D.C., USA.

World Bank. 2010b. Economics of adaptation to climate
change: social synthesis report. Washington, D.C., USA.

Yohe, G., and R. S. J. Tol. 2002. Indicators for social and
economic coping capacity—moving toward a working
definition of adaptive capacity. Global Environmental
Change-Human and Policy Dimensions 12:25-40. http://dx.
doi.org/10.1016/S0959-3780(01)00026-7

Ecology and Society 18(1): 16
http://www.ecol ogyandsociety.org/vol 18/issl/art16/



http://www.ecologyandsociety.org/vol18/iss1/art16/
http://dx.doi.org/10.1057/9780230598508
http://dx.doi.org/10.1016/S0959-3780(01)00026-7
http://dx.doi.org/10.1016/S0959-3780(01)00026-7

1 Controlling for non-linearities

Since previous studies have found significant evidence for deaths from natural catastrophes to be
non-linearly related to different measures of development (Brooks et al. 2005, Kellenberg and
Mobarak 2008, Patt et al. 2010, Costa 2012), Table A presents the results of our panel regression
analysis controlling for quadratic effects. Two neighboring columns always belong to one model
specification. As can be seen from the number of observations, the left column corresponds to
S-year intervals and the right column to 10-year intervals. The dependent variable is the logged

value of the number of people killed per 1000 of national population.

Model (4) reproduces Model (1) from Table 1 in the main article. As an additional control it
includes HDI squared. While the squared term does not turn out to be significant, the linear effect
remains unchanged for both panels (the 5-year and 10-year intervals). Model (5) corresponds to
Model (2) from Table 1 in the main article and it shows a similar result controlling for the three
squared components of the HDI. While there is no additional explanatory power coming from the
GDP component of the HDI - neither in linear, nor in non-linear form - there seems to be some evi-
dence for the relationship between life expectancy and death counts to be u-shaped. The education
index, however, remains the strongest and most significant component of the HDI in explaining
variation in the number of deaths from natural catastrophes and again, there doesn’t appear to be a

non-linear relationship.

Since we find an unexpected positive relationship between the polity score and our measure of
vulnerability, in Model (6) of Table A we also test for non-linearities in democratization. But even

in this specification, we find no evidence of a u-shaped pattern.

Finally, Figure A corresponds to Figure 1 in the article showing the bivariate relationship be-
tween deaths from natural catastrophes and the share of women aged 20-39 with at least secondary
education. As can be seen, we find the same pattern when plotting the total number of deaths

against the average HDI-value for each country between 1980 and 2010.
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