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Whyhavesomecountries donesignificantlybetter thanothers infighting theCovid-19pandemic?Had some
countries been better prepared than others? This paper attempts to shed light on these questions by exam-
ining the role of climate risk and culture in explaining the cross-country variation in the Covid-19mortality,
while controlling for other potential drivers. In our analysis, we consider climate risk, readiness to climate
change and individualismasmain indicators reflecting the climate and culture status of individual countries.
Using data from 110 countries, we find that the greater the climate risk; the lower the readiness to climate
change and the more individualistic the society, the higher the pandemic mortality rate. We also present a
series of sensitivity checks and show that our findings are robust to different specifications, alternative def-
initions of the mortality rate; and different estimation methods. One policy implication arising from our
results is that countries thatwere better prepared for the climate emergencywere also better placed to fight
the pandemic. Overall, countries in which individuals look after each other and the environment, creating
sustainable societies, are better able to cope with climate and public health emergencies.

� 2021 Elsevier Ltd. All rights reserved.
1. Introduction

The Covid-19 crisis is unquestionably the greatest global public
health emergency, at least since the influenza pandemic of 1918.
As the virus has been transmitted across the globe with alarming
pace and catastrophic consequences, exposing significant cross-
country variation in the mortality rates, several key questions have
emerged. Why have some countries done significantly better than
others in fighting the Covid-19 pandemic? Were some countries
more exposed than others to the virus? Had some countries been
better prepared against such a health crisis than others?

In this paper, we attempt to shed some light on these questions,
by exploring the links between the Covid-19 crisis, climate change
and culture. Scientists have long established deep links between cli-
mate change and pandemics (Colwell, 1996; Epstein, 2002; Harvell
et al., 2009; Semenza & Menne, 2009; Altizer et al., 2013; Ficetola
& Rubolini, 2020). Specifically, climate change is known to drive
wild-life closer to people, resulting in extensive interactions
between wild animals, domestic animals and humans. This, in turn,
paves the way for viruses that are harmless in wild animals to be
transmitted to humans with deadly consequences (Kamradt-Scott,
2012; Vora, 2012). Indeed, around 75 percent of all major diseases
affecting humans, including Aids, Sars, H5N1 avian flu and the
H1N1 flu now originate in animals (USAID). It is also widely agreed
that frequent extreme weather events have played a major role in
the range and spread of diseases, increasingly turning them into epi-
demics and pandemics (Loevinsohn, 1994; McMichael, 2015;
Tosepu et al., 2020).

Since the outbreak of the pandemic early in 2020, there has been
much discussion on how learning from the coronavirus would help
tackle the impending climate crisis (Jacobsen, 2020). It is argued that
responding to the pandemic can teach policy-makers important les-
sons towardsfightingother global threats, includingclimate change.
Increasing national and international resilience against future epi-
demics and pandemics is highlighted as required preparation
towards future climate change (Djalante, Shaw, & DeWit, 2020).

In this paper,we approach this issue in reverse order by exploring
whether countries that are vulnerable to climate risk suffered more
in the face of the Covid-19 pandemic. We hence have more specific
questions to consider, namely (1) had countries been better pre-
pared for climate change, would they have fared better in their fight
against the Covid-19 pandemic? (2) Did cultural traits such as indi-
vidualism that are closely linked to climate action, play any role in
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the human cost of the Covid-19? To establish whether a country’s
standingwith regard to climate change and its cultural traits impact
its fight against the pandemic,we examine the link between climate
risk, culture and the Covid-19 outcomes. Our choice ofmetric for the
pandemic outcomes is the Covid-19 mortality rate – defined as the
numberof pandemic relateddeaths as a proportionof the total num-
ber of cases – widely referred to as the case-fatality ratio.

The relationship between climate conditions and mortality has
long been recognized; through the impact of both extreme hot and
cold weather increasing mortality (Curriero et al., 2002; Deschênes
and Greenstone, 2011; Barreca, 2012); through warmer climates
and spread of diseases (Altizer et al., 2013); and through changes
in weather patterns, adaptation and mortality (Deschênes and
Greenstone, 2011; Hajat et al., 2014). Given such significant role
of climate change in health outcomes, and particularly in mortality,
one would expect climate risk to play a significant role in influenc-
ing the Covid-19 fatality rate. Indeed, Ma et al. (2020) documents
the effect of temperature and humidity on the Covid-19 mortality
in Wuhan province, China, the pandemic has originated in. Simi-
larly, Araujo & Naimi (2020) and Ficetola & Rubolini (2020) estab-
lish how the spread of the coronavirus is likely to be impacted by
climate.1 Yet, there is no formal analysis of climate risk as a potential
factor underlying the cross-country variation in Covid-19 mortality
rates. To the best of our knowledge, this is the first paper formally
establishing the link between climate risk, culture and the Covid-
19 mortality rate.2

While it is true that a definitive cross-country comparison is dif-
ficult until after the full set of data are available – naturally after
the pandemic is all but eradicated – there is now sufficient infor-
mation enabling us to examine the link between climate risk, the
preparedness of countries and the Covid-19 mortality rates. As is
widely observed, the great majority of the worst-affected countries
appear to have passed the peak of first wave of pandemic in terms
of both the number of cases and the number of deaths, allowing
comparability of the fatality rates (see, for example, Jinjarak,
et al., 2020).3 This is clearly seen in Fig. 1 that displays the seven-
day rolling averages of the number of deaths and the number of
cases over January-May 2020, for 25 countries with highest number
of deaths.4 Another difficulty in cross-country comparisons of mor-
tality rates arises from potential biases in reporting fatalities and
the number of infections. The former is caused by under-reporting
and the latter arises from the wide variation in testing ability across
countries. Using the case-fatality rate is likely to moderate this bias
1 Recent work has also documented the link between climate indicators such as
weather and temperature changes and the spread of Covid-19 using country-level
data for: Brazil (Prata et al., 2020); China (Shi et al., 2020); USA (Bashir et al., 2020);
Spain (Briz-Redon & Serrano-Aroca, 2020) and Turkey (Sahin, 2020).

2 Clear parallels between the Covid-19 crisis and the climate emergency gave rise
to a proliferation of studies drawing lessons from the former for the latter (Buscher
et al., 2021; Botzen et al., 2020; Herrero & Thonton, 2020; Howarth et al., 2020;
Klenert et al., 2020; and Manzanedo & Manning, 2020). It was argued that both types
of crisis are less costly to prevent than cure and hence the early action is key (Klenert
et al., 2020 and Manzanedo & Manning, 2020); climate emergency should be treated
with the same urgency as the Covid-19 pandemic (Herrero & Thornton, 2020); and
behavioural changes are essential for future climate action (Botzen et al., 2021;
Howarth et al., 2020).

3 Excess mortality, the difference between number of deaths in excess of the
historical average over the same period would be a better measure of mortality, yet
this data is only available for a small number of countries, and for restricted periods at
present (FT, 27 May 2020). We utilize the available data on excess death as part of our
robustness analysis in Section 4.

4 It should be noted that several countries have witnessed a notable increase in the
number of cases beyond our sample period, especially picking up from September
2020 - widely referred to as the second wave of the pandemic. While our analysis
therefore focuses on the initial phase of the pandemic, most of the worst-hit countries
in the first wave were also hit hard in the second wave, allowing us to generalize our
findings.
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given both the numerator and the denominator are likely to be lower
than their true unobserved values.

In addition, as is also noted in Atkeson (2020), the difficulty in
estimating Covid-19 case-fatality rate at the earlier stages of the
pandemic is significantly alleviated as large scale testing becames
available, as has been the case at the time of recording of our data
in late May 2020. Notwithstanding these arguments, we re-
estimate our model using different dates and an alternative defini-
tion of mortality – the number of deaths per capita – as part of our
robustness tests. We also provide an informal analysis of our key
relationships using excess death data, which are available only
for a limited number of countries.

We conduct our analysis by empirically linking the Covid-19
mortality rates and a set of country-specific factors, consisting of
pre-Covid-19 characteristics and a set of social, economic andhealth
responses to the outbreak of the virus. Among the pre-Covid-19 fac-
tors are climate indicators and cultural traits, as well as a set of con-
trols combining other potential drivers of the pandemic related
mortality.

Our findings yield some important insights. First, we establish
that climate risk has been amajor determinant of the Covid-19mor-
tality. That is, countries that face a greater climate risk are found to
have suffered a highermortality. This is a robust result that prevails
whether we measure climate risk on past outcomes such as deaths
and income losses fromweather related events in thepast, or on cur-
rent exposure and capacity to respond to climate change. Second,we
also find that greater preparedness to climate risk is consistently
associated with a lower Covid-19 mortality rate. Third, we find that
collectivist societies are associatedwith consistently lower fatalities
in the face of the Covid-19. Finally, our results suggest that public
health capacity in terms of both health expenditures and number
of hospital beds; the share of the elderly population; and economic
resilience are important factors in fighting a pandemic.Wepresent a
range of robustness checks and show that our findings on the rela-
tionship between climate risk, culture and the mortality rate is
remarkably consistent across all specifications.

By formally establishing the link between climate-related risks
and the Covid-19 mortality, this paper contributes to several
strands in the literature. First, by quantifying additional costs of
climate risks and inaction, we contribute to the debate on climate
change. Second, by identifying climate and culture as additional
sources of the cross-country variation in the pandemic-related
mortality, we contribute to the fast-developing literature on the
Covid-19 and efforts to develop our understanding of pandemics.
Our findings clearly point to the crucial need for investment in
both climate action and public health infrastructure as key lessons
from the Covid-19 crisis, and hence towards better preparation for
similar disasters in future.

The rest of this paper is organized as follows. Section 2 outlines
our empirical methodology. Section 3 describes the data and the
variables used in the analysis. Section 4 presents and discusses
our empirical findings, including a set of robustness checks. Finally,
Section 5 concludes.

2. Methodology

To examine the link between climate risk, culture and the
Covid-19 mortality rate, we estimate the following specification:

DRi ¼ aþ bX1;i;pre covid þ cX2;i þ dj þ �i ð1Þ
where DR is death rate and i denotes country. In our benchmark
case, DR corresponds to the cumulative number of deaths as a ratio
of the cumulative number of cases, as recorded on the 26th of May
2020 (data on other dates are used as part of the robustness checks
in Section 4). X1;i;pre covid in Eq. (1) consists of two sets of variables:
(1) climate and cultural factors; and (2) control variables that are



(a)

(b)

Fig. 1. (a) 7-day rolling average of number of deaths, Jan-May 2020. (b) 7-day rolling average of number of cases, Jan-May 2020.
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likely to impact the Covid-19 mortality rate. Both sets of variables
relate to the pre-Covid-19 period. In contrast, X2;i contains policy
measures taken during the pandemic, including a wide range of
containment measures, economic responses and health measures,
taken in response to the onset of the virus, combined in an aggre-
gate index, Stringency. In addition, dj denotes controls for time-
invariant regional characteristics.
3

3. Data and variables

In this section, we briefly discuss data on variables that are our
focus in this paper – climate risk, readiness and individualism –
and other controls containing factors that are also likely to influ-
ence the pandemic-related mortality. We also provide the reason-
ing for including each variable in our analysis. Full definitions of
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the variables used in the analysis and the sources of data are given
in Table A1 in the Appendix A.

Death rate – Our choice of mortality rate, DR, is the ratio of the
number of confirmed Covid-19 deaths to the total number of con-
firmed cases – widely referred to as the case-fatality rate (DR1). It is
a measure of how deadly the pandemic is in individual countries. As
part of our robustness checks, we also use crude fatality rate (DR2),
definedas thenumberof deathsper100,000of thepopulation, aswell
as excess death, given by the number of deaths over and above thehis-
torical averageover the sameperiod. The analysis of excess death rate
is provided only descriptively due to limited data availability.
3.1. Climate indicators

We utilize three separate climate-related indicators; Climate
Risk; ND-Gain; and Readiness.

Climate Risk – This is a country-specific measure of climate risk
definedas the scale of damage fromextremeweather-related events
in the past, such as storms, floods, heat waves. Climate Risk is a com-
bined measure incorporating four indicators; number of deaths;
number of deaths per 100,000; total losses of income; and total
income losses per unit of GDP. The resulting index reflects the vul-
nerability of a country against similar events, and as such is branded
as climate risk and is measured for the 1999–2018 period.

ND-Gain – This measure, provided by the Notre Dame Global
Adaptation Initiative, is a composite index combining an extensive
set of both vulnerabilities to and resilience against climate change
and other global challenges, quantifying the net readiness to cli-
mate change. Its components reflect exposure to climate change
and contain country-specific measures of dependence on sectors
susceptible to climate emergencies; capacity of adaptation; eco-
nomic ability to adapt in the face of climate change; institutional
readiness for adaptation; and social readiness incorporating factors
such as infrastructure, education and innovation adaptation
actions. ND-Gain is calculated as net readiness and is normalized
to lie between [0–100], with a higher score indicating a greater
readiness and/or lower vulnerability to climate change.

Readiness – This measure, a component of ND-Gain index, com-
bines economic, governance and social adaptability in the face of
climate change, hence indicating how prepared individual coun-
tries are against the climate emergencies.
3.2. Culture variable

Individualism – A widely used measure of cultural traits is the
degree of individualism, reflecting the prevailing cultural world-
views. Individualism is defined as the strength of ‘preference for a
Fig. 2. Covid-19 mortality, clim
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loosely-knit social framework in which individuals are expected
to take care of only themselves and their immediate families’, with
a higher score indicating a greater degree individualism (Hofstede,
2001).

Before we formally establish the impact of climate change and
culture variables on the pandemic mortality rate, we present
bivariate relationships between mortality and Climate Risk; and
mortality and Individualism, respectively in Fig. 2. The clustering
of countries with high climate risk corresponding to high
pandemic-mortality rate is clearly visible from Fig. 2, while low cli-
mate risk countries are associated with low mortality rates. Simi-
larly, Fig. 2 suggests that as individualism increases so does
pandemic-mortality, with highly individualistic countries exhibit-
ing highest mortality rates.
3.3. Control variables

Clearly, mortality rates during a public health emergency such
as the Covid-19 are likely to be closely linked with public health
capacity. We incorporate two controls as measures of the public
health infrastructure, namely the level of health expenditure
expressed as a percentage of total public spending, Health Exp;
and the number of hospital beds available per 100,000 people in
the population, Hospital Beds. Both measures feature widely in
the existing work on pandemics including the Covid-19 episode,
with the number of hospital beds consistently emerging as a key
driver of mortality (see, for example, Morens & Fauci, 2007;
Favero, 2020; Sussman, 2020).

Two other control variables relate to population characteristics.
The age distribution of population has already been established as
an important risk factor in the fight against the Covid-19 (see, for
example, Dowd and Andriano, 2020; Vincent & Taccone, 2020).
We use Pop65, the ratio of those aged 65 and above as a proportion
of total population, to capture the role of population age inmortality
rates. Countrieswith higher population density are also known to be
at greater risk in the face of an infectious disease as the transmission
of the virus is much faster in densely populated areas (Rocklöv &
Sjödin, 2020). To capture this effect, we use a density proxy,Density,
defined as the number of people per square kilometre.

In addition, we control for economic conditions prevailing at
the time the country in question is hit by the pandemic by using
both the latest pre-Covid-19 GDP growth rates, GDP Growth, and
GDP per capita figures, GDP per capita.

Finally, we also control for the regional effects that are common
for countries in the same region, by incorporating regional dummy
variables for seven distinct regions following the World Bank clas-
sification, as reported in Appendix A.
ate risk, and individualism.



Table 1
Descriptive statistics.

Variable Obs. Mean Median Std. dev. Min. Max.

DR1 110 3.897 2.944 3.579 0 16.239
DR2 110 6.382 0.807 13.794 0 81.445
GDP Growth 110 3.080 2.775 2.249 �4.200 9.350
GDP per capita 110 9.052 9.115 1.443 5.605 11.667
Density 110 4.430 4.574 1.421 0.713 8.981
Pop65 110 10.277 8.305 6.723 1.090 27.580
Health Exp 110 17.399 13.904 11.780 1.783 69.523
Hospital Beds 110 31.209 26 24.082 1 134
Stringency 110 84.371 85.710 13.007 28.570 100
Climate Risk 110 �87.903 �79.165 41.395 �173.670 �10.330
Readiness 110 45.893 43.339 15.487 20.520 80.135
ND-Gain 110 52.334 50.892 11.356 30.952 76.052
Individualism 81 39.840 30 22.941 6 91

Notes: This table reports the descriptive statistics for the variables used in the analysis. Variable definitions are presented in Appendix A.

Table 2
Covid-19 mortality and climate risk.

(1) (2) (3)

GDP Growth �0.252* �0.256* �0.242*
(0.131) (0.150) (0.141)

GDP per capita �0.589** �0.647** �0.310
(0.258) (0.296) (0.321)

Density 0.120 0.304 0.345*
(0.197) (0.218) (0.202)

Pop65 0.434*** 0.394*** 0.312***

(0.061) (0.080) (0.086)
Health Exp �0.016 �0.054** �0.074***

(0.020) (0.026) (0.026)
Hospital Beds �0.044*** �0.046*** �0.038**

(0.014) (0.017) (0.017)
Stringency �0.003 �0.013

(0.025) (0.025)
Climate Risk 0.022**

(0.009)

Region dummies Yes Yes Yes
N 110 110 110
R2 0.328 0.366 0.403

Notes: This table reports the regression results to assess the impact of the control
variables and climate risk on Covid-19 mortality rate (DR1). The specifications are
estimated by OLS regression. Variable definitions are presented in Appendix A.
Robust standard errors are in parentheses. ***, **, * denote the significance level at
1%, 5%, and 10%, respectively.
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3.4. Post-Covid-19 policy measures

We control for the policy response to the pandemic as a poten-
tial determinant of the resulting fatalities, through the use of Strin-
gency Index (see, for example, Acemoglu et al., 2020; Anderson
et al., 2020; Lin & Meissner, 2020). This index taken from the
Coronavirus government response tracker at the University of
Oxford, reflecting the number and strictness of government poli-
cies in response to the pandemic. The attributes in the index
include containment and closure policies; economic policies and
healthcare responses such as testing regime; and emergency
investment into healthcare.

Table 1 presents the descriptive statistics of the variables used
in the analysis. There is significant variation in the average values
of the variables. For example, the sample mean (median) value of
the case fatality ratio, DR1, in the sample is about 3.90 (2.94), with
the highest ratio observed in Belgium as 16.24. There are 6 coun-
tries in the sample where the mortality rate is recorded as zero.
On the other hand, the mean (median) value of DR2, the number
of deaths per 100,000 in population, is about 6.38 (0.8), with the
highest deaths per capita is observed in Belgium as 81.45. Table 1
offers several other observations. The mean value of Pop65 is 10.28,
with significant variation ranging from 1.09 (United Arab Emirates)
to 27.58 (Japan). There are also significant differences in health
measures across countries, with the lowest (highest) health expen-
ditures ratio, Health Exp, being recorded in Iraq (Mozambique);
while the mean value of Health Exp is 17.40. Furthermore, the aver-
age number of Hospital Beds is 31.20 where the lowest (highest)
number of beds is observed in Mali (Japan).

There are also significant differences across countries with
respect to the values of the climate and culture indices. The values
of Climate Risk (Readiness) range from �173.67 to �10.33 (20.52 to
80.14), with a mean value of �87.90 (45.89). The highest (lowest)
value for Climate Risk is observed in Myanmar (Qatar) and highest
(lowest) value for Readiness is observed in Singapore (Zimbabwe).
Finally, the average value of Individualism is 39.84, with a range
of values from 6 to 91. The most (least) individualistic country in
our sample is United States (Guatemala).
5 There has been a clear age pattern in the Covid-19 deaths. For example, in
England, those younger than 65 made up only the 12 percent of total Covid-19 deaths,
in April 2020 (ONS, 2020, as documented at https://www.ons.gov.uk/peoplepopula-
tionandcommunity/birthsdeathsandmarriages/deaths/bulletins/deathsinvolv-
ingCovid19englandandwales/deathsoccurringinapril2020.
4. Covid-19 mortality rate, climate risk and culture

4.1. The main results

Table 2 presents the first set of our empirical results from esti-
mating Eq. (1). Column (1) reports our baseline specification that
only includes the control variables, with estimated results mostly
in line with predictions. Specifically, we find a negative and signif-
icant relation between the Covid-19 mortality rate (DR1) and GDP
5

Growth, and GDP per capita, suggesting better outcomes for coun-
tries with greater economic resilience. In contrast, the percentage
of population aged 65 and over (Pop65) is positively related to
the Covid-19 death rate. This is not surprising given the widely
observed higher likelihood of pandemic mortality among the
elderly population5. The estimated coefficient of Density is positive,
but it is not statistically significant.

Regarding the role of the health-care capacity, the estimated
coefficient of Hospital Beds is negative and statistically significant
at the 1 percent level, in line with the prediction that the state of
the pre-Covid-19 public health infrastructure has played a signifi-
cant role in mortality rates (Favero, 2020; Sussman, 2020). This
variable captures the extent to which countries were prepared to
deal with the Covid-19 cases in providing the support to the
infected to recover from the disease. In our second specification
in Table 2, in addition to the pre-Covid-19 characteristics of coun-
tries, we incorporate Stringency, combining the extent and the

https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/deathsinvolvingCovid19englandandwales/deathsoccurringinapril2020
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/deathsinvolvingCovid19englandandwales/deathsoccurringinapril2020
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/deathsinvolvingCovid19englandandwales/deathsoccurringinapril2020
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strictness of government policies in response to the pandemic. We
also include regional dummies to control for the common regional
effects. The results suggest that Stringency is not significantly
related to the Covid-19 mortality ratio. This may be due to the fact
that Stringency is more likely to affect the number of infections
rather than the number of deaths, resulting in an insignificant
impact on the case-fatality rate.

In Column (3), we incorporate a measure of pre-Covid-19
country-specific Climate Risk, one of our key variables of interest.
As can be seen, the estimated relation between the Covid-19 mor-
tality rate and climate risk is positive and significant, indicating
that countries that are susceptible to damage from climate change
are likely to suffer a higher Covid-19 mortality. As specified above,
Climate Risk measure is derived from the observed losses a country
has suffered due to weather and climate conditions in the past, sig-
nalling its vulnerability to other global threats such as pandemics.
Estimation results in Column (3) suggest that countries that suf-
fered losses – both human and economic – from previous emer-
gencies, have also suffered greater mortality in the face of the
current coronavirus crisis.

In Table 3, we further examine the relationship between climate
risk and Covid-19mortality by refining thewaywemeasure climate
risk. Our earliermeasure, Climate Risk, is based on observed losses in
the form of the number of actual deaths and economic losses arising
from the past climate-related events in individual countries. We
now consider an alternative measure of climate risk to capture a
range of country-specific characteristics reflecting the ability and
capacity of countries todealwithpublic health emergencies. Clearly,
such ability and capacity would also be reflected in the success in
reducing the Covid-19 related fatalities. Specifically, in our first
specification in Table 3, we use ND-Gain as a proxy for climate risk.
As explained earlier, this measure is derived from two opposing
aspects of climate risk, encompassing both the vulnerability and
readiness of countries in relation to climate change and the associ-
ated risks. A high value of ND-Gain represents the strength of readi-
ness over vulnerability, andhence countrieswith the highest level of
ND-Gain are the oneswho have the highest level of readiness and/or
Table 3
Covid-19 mortality, climate risk, readiness, and individualism.

(1)
OLS

(2)
OLS

GDP Growth �0.230* �0.202
(0.135) (0.136)

GDP per capita 0.372 0.375
(0.453) (0.445)

Density 0.265 0.303
(0.200) (0.193)

Pop65 0.358*** 0.359***

(0.091) (0.089)
Health Exp �0.056** �0.052*

(0.027) (0.029)
Hospital Beds �0.038** �0.039**

(0.017) (0.017)
Stringency �0.012 �0.013

(0.025) (0.024)
Climate Risk 0.019** 0.019**

(0.009) (0.009)
ND-Gain �0.126*

(0.069)
Readiness �0.082**

(0.039)
Individualism

Region dummies Yes Yes
N 110 110
R2 0.417 0.419

Notes: This table reports the regression results to assess the impact of the control variable
19 mortality rate (DR1). The specifications are estimated by OLS regression. Variable defin
* denote the significance level at 1%, 5%, and 10%, respectively.
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the lowest level of vulnerability to climate change. As can be seen
from the estimated coefficient in Column (1), a reduction in vulner-
ability and/or a strengthening of readiness against climate change is
associated with a fall in the Covid-19 mortality rate.

In Column (2) of Table 3, we replace ND-Gain with Readiness, a
measure of economic, governance and social ability to adapt in the
face of climate change. This enables us to evaluate, in isolation,
how the extent of the pre-Covid-19 preparedness against climate
change affects the mortality rate during the crisis. This specifica-
tion also includes Climate Risk and hence the estimated coefficient
of Readiness would reflect the impact of climate readiness on mor-
tality, while controlling for the climate vulnerability of countries.
In line with our predictions, the estimated relation is negative
and significant. The extent to which countries were ready for the
potential adverse effects of climate change prior to the Covid-19
period helps reduce the mortality rate during the pandemic, while
the finding for Climate Risk remains unaffected.

4.2. Individualism, climate change and the Covid-19 mortality

An additional source of climate risk is related to societal atti-
tudes to climate change, which in turn, is linked to cultural world-
views. It is widely agreed that a society’s worldview, defined as ‘its
common values, shared beliefs and wisdom’ provides the basis for
individual and societal behaviour, including those towards envi-
ronmental action (Dunlap & Liere, 1984). A commonly used mea-
sure of cultural attitudes is the degree of individualism versus
collectivism in a society. Emphasis on personal achievements and
a strong sense of competition are among the key characteristics
of individualist cultures. In contrast, in collectivist societies group
or societal goals are above the individual needs and preferences.
People in collectivist societies are ‘integrated into strong, cohesive
in-groups, which through people’s lifetime continue to protect
them in exchange for unquestioning loyalty’ (Hofstede, 1991). Uni-
ted States and Western Europe exemplify individualistic societies,
while collectivist cultures are observed in Asia, Latin America and
Middle East (see, for example, Triandis, 2018).
(3)
OLS

(4)
OLS

(5)
OLS

�0.229 �0.195 �0.154
(0.200) (0.197) (0.197)
�0.990** �0.048 0.045
(0.442) (0.604) (0.653)
0.939*** 0.761** 0.818**

(0.319) (0.336) (0.320)
0.164 0.267** 0.272**

(0.126) (0.114) (0.117)
�0.116*** �0.082** �0.076**

(0.037) (0.035) (0.035)
�0.027 �0.027 �0.028
(0.022) (0.023) (0.024)
�0.012 0.006 0.007
(0.037) (0.039) (0.037)
0.017*
(0.010)

�0.224**

(0.093)
�0.148**

(0.058)
0.091*** 0.107*** 0.104***

(0.026) (0.027) (0.027)

Yes Yes Yes
81 81 81
0.505 0.521 0.527

s, climate risk, readiness of countries to climate change, and individualism on Covid-
itions are presented in Appendix A. Robust standard errors are in parentheses. ***, **,
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A large body of work has emerged on the relationship between
cultural attitudes and climate policy, suggesting that individualis-
tic societies are less likely to support environmental action due to:
(1) lower perceived risks from climate change (Xue et al., 2016);
(2) greater perceived intractability of environmental challenges
(Xiang et al., 2019); and (3) greater scepticism about the environ-
mental risks (Kahan et al., 2011).

We, therefore, incorporate in our analysis a country-specific
individualism score, Individualism, reflecting the differences in cul-
tural worldviews prevailing in individual countries (taken from
Hofstede database). A higher value of the index represents a more
individualistic, and hence less collectivist, society. Including Indi-
vidualism as an additional regressor in our estimation of the
Covid-19 mortality serves two purposes. First, following from the
above arguments on the link between individualism and climate
change action, Individualism can be viewed as a proxy for climate
inaction. In this respect, it can be taken as an alternative to the Cli-
mate Risk measure used earlier. Second, although the observation
that collectivist countries have done better at fighting the Covid-
19 pandemic has featured widely in the debates since the onset
of the crisis, there is no formal evidence, as yet, on this relation-
ship. Relatedly, the degree of individualism may impact on the
pandemic-mortality rate through linkages other than the climate
risk channel. For example, the relative success of Asian countries
such as South Korea, Japan and China in controlling the Covid-19
is partly linked to the ability of these countries to impose surveil-
lance on their citizens (Ahn, 2020). It is argued that such informa-
tion exposure requires a culture that tolerates a certain level of
surveillance, absent in most western societies which instead chose
to restrict movements (Won Sonn, 2020).

Further to the role of individualism through the climate action
channel, individualism may also impact on mortality through the
link between national culture and social cohesiveness. High social
cohesiveness, including a high degree of trust among people, and a
less individualistic orientation, are, in turn, viewed as an important
driver of overall health in a society (Marmot, 2004). Similarly, col-
lectivism is viewed as an effective mechanism addressing health
inequalities (Coburn & Coburn, 2007). In the context of Covid-19,
individualistic societies may be less likely to engage with social
distancing, handwashing and wearing masks since they may be
less concerned about the favourable impacts of such actions on
others. Indeed, Bian et al., (2020) finds that more individualist US
counties complied less with social distancing over the period,
January-April 2020. We, therefore, predict that in more individual-
istic societies the death rate is likely to be higher.

To formally test the impact of individualism on the Covid-19
mortality, we include Individualism as an additional country-
specific regressor in Column (3) of Table 3. Individualism is esti-
mated with a positive coefficient, significant at the 1 percent level.
This finding points to an adverse impact of individualism on the
Covid-19 outcomes, suggesting that mortality rates are higher in
countries with greater (lower) levels of individualism (collec-
tivism). Similar to our earlier specifications, Column (4) incorpo-
rates ND-GAIN in the empirical model together with
Individualism. The estimated positive and highly significant rela-
tion between the Covid-19 mortality rate, DR1, and individualism
prevails in Column (5) which combine both Individualism and
Readiness. Overall, the results presented in Tables 2 and 3 clearly
show that the climate indicators and cultural traits exert a signifi-
cant influence on the Covid-19 mortality rate.

We now turn to the economic significance of the variables of
interest that emerge as statistically significant drivers of the
Covid-19 mortality rate. Given that the variables are measured in
different units, we utilize results from estimating our specification
with standardised values of the variables (not reported) to discuss
the relative importance of the determinants of the mortality rate.
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The results suggest that the percentage of population over 65
(Pop65) is economically the most significant variable. Increasing
it by one standard deviation increases the mortality rate by 0.674
standard deviations – holding the other variables constant. This
corresponds to about 2.41 (0.674 � 3.579) deaths in 100 cases.
The second most relevant variable in our analysis is Readiness.
With an increase of one standard deviation in Readiness, mortality
rate decreases by 0.35 deviations, or about 1.27 (�0.354 � 3.579)
less deaths in 100 cases. Furthermore, one standard deviation
increase in the number of hospital beds (Hospital Beds) decreases
the mortality rate by 0.26 standard deviations. If Climate Risk,
one of our main variables of interest, increases by one standard
deviation, mortality rate is expected to increase by 0.22 standard
deviations, which is about 0.79 (0.222� 3.579) deaths in 100 cases.
Finally, the effect of one standard deviation increase in total health
expenditures reduces mortality rate by 0.16 standard deviations.

4.3. Robustness checks

4.3.1. Alternative measures of Covid-19 mortality and dates
In this section, we conduct several checks to test the robustness

of our results. Starting with the measure of Covid-19 related
deaths, we incorporate two additional measures in the analysis.
First, we acknowledge that the number of reported cases, which
is the denominator of our mortality rate, also depends on the abil-
ity of countries to carry out tests for the virus. We therefore use an
alternative measure of Covid-19 related mortality rates, expressing
the number of deaths in relation to population (per 100,000),
rather than as a ratio of the number of observed cases. Second,
given that countries are at different stages of the Covid-19 cycle,
we carry out our empirical analysis using the cumulative death
rates on two earlier dates: 30th of April and 13th of May.

The results corresponding to these different cases are reported in
Table 4. Panel A (Panel B) reports the results for 13th May (30th
April). The Columns 1–3 in each panel display the estimation results
based on the case mortality rate, DR1, whereas in Columns 4–6 we
estimate the specifications incorporating the death per capita,
DR2, in the model. Other control variables and regional dummies
are included in all specifications. In Columns 1 and 4 (2 and 5), we
include Climate Risk and Readiness (Individualism and Readiness) to
test the impact of both climate risk and the preparedness of coun-
tries. Our estimation results are remarkably consistent across the
alternative definitions of mortality; the death numbers recorded
on different dates; and across different estimation methods.

As is stated earlier, a good measure of cross-country mortality
comparisons is excess death ratio, defined as the number of deaths
in excess of historical averages for the corresponding period. Cur-
rently this is only available for a very small number of countries,
insufficient for re-estimating our regression models. We collected
data for 16 countries for which excess death numbers are available
from a variety of sources (details are provided in Table A1 in the
Appendix A). Bivariate relationships between the excess death
ratio, defined as the number of excess deaths per 100,000, and
our three measures of interest, namely climate risk, readiness
and individualism are displayed in Fig. 3. The relationships estab-
lished earlier in our formal analysis between mortality, climate
risk, readiness and individualism are also visible in these plots.
Clearly, given the small size of the sample the displayed relation-
ships are only suggestive rather than definitive at this stage.

Finally,we control for the possibility that countriesmay be at dif-
ferent stages of the pandemic by including a new regressor – the
number of days since the first Covid-19 death was reported in each
country. Including this variable does not change ourfindings regard-
ingourmainvariables of interestwhile, not surprisingly, the relation
between the number of days and themortality is positive and signif-
icant at the 1 percent (the results are not reported for brevity).



Table 4
Robustness checks.

Panel A. Mortality rates (13th of May), climate risk, readiness, and individualism.

(1) OLS (DR1) (2) OLS (DR1) (3) Tobit (DR1) (4) OLS (DR2) (5) OLS (DR2) (6) Tobit (DR2)

Climate Risk 0.021** 0.091***

(0.009) (0.034)
Readiness �0.085** �0.144** �0.139** �0.178 �0.570* �0.558**

(0.041) (0.059) (0.054) (0.171) (0.295) (0.268)
Individualism 0.114*** 0.117*** 0.319*** 0.330***

(0.026) (0.024) (0.116) (0.106)
Controls Yes Yes Yes Yes Yes Yes
Region dummies Yes Yes Yes Yes Yes Yes
N 110 81 81 109 80 80
R2 0.397 0.525 0.447 0.524

Panel B. Mortality rates (30th of April), climate risk, readiness, and individualism

Climate Risk 0.021** 0.082***

(0.009) (0.029)
Readiness �0.079* �0.121* �0.117** �0.164 �0.516* �0.507**

(0.044) (0.061) (0.056) (0.150) (0.261) (0.237)
Individualism 0.119*** 0.121*** 0.277*** 0.286***

(0.026) (0.024) (0.099) (0.091)

Controls Yes Yes Yes Yes Yes Yes
Region dummies Yes Yes Yes Yes Yes Yes
N 110 81 81 109 80 80
R2 0.350 0.494 0.449 0.530

Notes: This table reports estimation results using alternative dates, mortality rate definitions and estimation methods. The results are reported only for the main variables of
interest for brevity. Panel A (Panel B) gives the results for the Covid-19 mortality rate measured on 13th May (30th April). In Columns 1–3 (Columns 4–6) we define mortality
by the ratio of the number of deaths to total cases (the number of deaths per 100,000 population). Variable definitions are presented in Appendix A. Robust standard errors are
in parenthesis. ***, **, * denote the significance level at 1%, 5%, and 10%, respectively.

Fig. 3. Excess death rate, climate risk, readiness, and individualism.
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4.3.2. Tobit regressions
As an additional robustness check, we have re-estimated our

main specifications by utilizing a Tobit regression, as presented in
Columns 3 and 6 in Table 4. The choice of Tobit regression is based
on its ability to control for the observed number of zeros for the
dependent variable. The presented coefficient estimates in Table 4
are marginal effects that are comparable to the coefficients of the
OLS results presented in Columns 1–2 and 4–5. As is clear from
Table 4, Tobit regressions produce very similar findings to the OLS
results.

4.3.3. Further robustness checks
We have also carried out a number of other robustness checks

by controlling for the potential impact of public debt levels; using
alternative definitions of health expenditure (as a ratio of GDP and
per capita health expenditure); and excluding the US and the UK
from our sample. Our results under the alternative specifications
are presented in Appendix B. As can be seen, our findings prevail
under all three cases.
5. Conclusions

This paper investigates the role of climate risk, preparedness and
culture in explaining the cross-country variation in the Covid-19
mortality rates. By using data from 110 countries, we estimate the
relation between mortality rate and indicators of climate risk and
culture, while controlling for a set of other determinants identified
in the existing literature. To the best of our knowledge, this is the
first paper formally exploring these interactions.

Our results show that the Covid-19 mortality rate is linked to
the pre-Covid-19 levels of climate risk, individualism and the
readiness of countries to climate change related adversities. The
estimated relations are both statistically and economically signifi-
cant. Specifically, the greater the climate risk and the lower the
Table A1
Variable Definitions and Data Sources.

Variables Definition

DR1 (Mortality rate) The ratio of the total number of deaths to total number of inf
DR2 (Mortality rate

per 100,000
people)

The ratio of total number of deaths to population
Excess death is calculated as the difference between the obser
average deaths over the last 5 years for the same period.
The ratio is defined as the number of excess deaths to the exp
the corresponding period.Excess death ratio

GDP Growth Average GDP growth rate for 2018 and 2019
GDP per capita Gross Domestic Product per capita
Density Population density (people per square kilometre of land area)
Pop65 Population aged 65 and above as percentage of population
Health Exp Total health expenditure including government and external e

ratio of total public spending
Hospital Beds Number of hospital beds expressed per 10,000 people
Stringency A composite index derived from information on 17 indicators

including containment and closure policies; economic policies

Climate Risk Cumulative climate risk index based on the impact of extreme
terms of fatalities and economic losses from 1999 to 2018.

ND-Gain A measure of climate change adaptation based on the vulnera
country. Higher score indicates higher adaptation

Readiness The country’s ability to leverage investments and convert them
considering three components: economic, social and governan

Individualism Individualism score of the countries which is defined as a prefe
framework

Regions 1. East Asia and Pacific
Europe and Central Asia

2. Latin America and The Caribbean
3. Middle East and North Africa
4. North America
5. South Asia
6. Sub-Saharan Africa
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readiness to climate change, the higher the risk of mortality from
the Covid-19. We also find that countries with more individualistic
societies fare significantly worse than the collectivist ones in cop-
ing with the pandemic, displaying greater mortality rates. Put dif-
ferently, countries in which individuals look after each other and
the environment, key hallmarks of sustainable societies, are better
able to cope with climate and public health emergencies.

In terms of our control variables, the findings reveal that the
Covid-19 mortality rate is closely linked to public health capacity,
measured by the share of health expenditure in GDP and the num-
ber of hospital beds; the share of those aged 65 and over in popu-
lation; and economic resilience. We present a series of sensitivity
checks and show that our findings are robust to different specifica-
tions, alternative definitions of the mortality rate as well as to dif-
ferent estimation methods.

Our findings suggest that (1) countries facing higher climate
risk were also more exposed to Covid-19 and hence suffered
greater pandemic-mortality; (2) countries that were better pre-
pared for the climate emergency were also better placed to fight
the coronavirus crisis; (3) collectivist societies did significantly
better than individualistic ones in limiting the damage from the
pandemic with consistently lower fatality rates. Taken together,
our findings point to the crucial need for investment in both cli-
mate action and public health infrastructure.
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Appendix A
Sources

ections John Hopkins CSSE GitHub Data Source

ved that for the period and

ected number of deaths for

John Hopkins CSSE GitHub Data Source
The Economist
The New York Times

Human Mortality Database https://

www.mortality.org/
IMF
World Bank
World Bank
World Bank

xpenditure expressed as a World Bank

UNDP
of government responses;
; and health system policies

https://www.bsg.ox.ac.uk/research/research-

projects/coronavirus-government-response-

tracker
whether events both in https://germanwatch.org/en/cri

bility and readiness of the Notre Dame Global Adaptation Initiative

to adaptation actions
ce readiness

Notre Dame Global Adaptation Initiative

rence of loosely-knit social https://hi.hofstede-insights.com/national-culture

World Bank

https://www.mortality.org/
https://www.mortality.org/
https://www.bsg.ox.ac.uk/research/research-projects/coronavirus-government-response-tracker
https://www.bsg.ox.ac.uk/research/research-projects/coronavirus-government-response-tracker
https://www.bsg.ox.ac.uk/research/research-projects/coronavirus-government-response-tracker
https://germanwatch.org/en/cri
https://hi.hofstede-insights.com/national-culture
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Appendix B
Table B1
Further Robustness Checks.

Panel A. Estimation results when controlling for public debt

(1) OLS (DR1) (2) OLS (DR1) (3) Tobit (DR1) (4) OLS (DR2) (5) OLS (DR2) (6) Tobit (DR2)

Climate Risk 0.024** 0.098***

(0.010) (0.036)
Readiness �0.084* �0.141** �0.138** �0.114 �0.502* �0.497*

(0.044) (0.061) (0.055) (0.154) (0.278) (0.251)
Individualism 0.114*** 0.117*** 0.326*** 0.336***

(0.027) (0.024) (0.119) (0.108)
Controls Yes Yes Yes Yes Yes Yes
Region dummies Yes Yes Yes Yes Yes Yes
N 108 81 81 107 80 80
R2 0.407 0.525 0.462 0.535

Panel B. Estimation results when Health expenditure is defined in per capita terms

Climate Risk 0.012 0.072**

(0.009) (0.031)
Readiness �0.154*** �0.195*** �0.192*** �0.336* �0.693*** �0.690***

(0.042) (0.059) (0.053) (0.173) (0.252) (0.225)
Individualism 0.100*** 0.102*** 0.275** 0.285***

(0.028) (0.025) (0.113) (0.101)

Controls Yes Yes Yes Yes Yes Yes
Region dummies Yes Yes Yes Yes Yes Yes
N 110 81 81 109 80 80
R2 0.399 0.510 0.483 0.570

Panel C. Estimation results when excluding the US and the UK

Climate Risk 0.019** 0.082**

(0.009) (0.033)
Readiness �0.097** �0.155*** �0.150*** �0.219 �0.605** �0.592**

(0.040) (0.058) (0.053) (0.161) (0.287) (0.259)
Individualism 0.106*** 0.109*** 0.281** 0.294**

(0.027) (0.025) (0.123) (0.112)
Controls Yes Yes Yes Yes Yes Yes
Region dummies Yes Yes Yes Yes Yes Yes
N 110 81 81 109 80 80
R2 0.380 0.497 0.407 0.477

Note: All other variables are as defined earlier.
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