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Abstract
Purpose – This study aims to explore the link between mortality and climate change. The focus is in
particular on individuals’ adaptation to temperature changes. The authors analyze the relationship between
climatic change (measured by temperature rate) and mortality in 23 Organisation for Economic Co-operation
and Development countries during 1970-2010.
Design/methodology/approach – This study performs the adaptation regression model in the level
form as a dynamic panel fixed effects model. The authors use a non-linear threshold estimation approach to
examine the extreme temperature changes effect on the temperature–mortality relation. More specifically, the
study explores whether the large increases/decreases in temperature rates affect mortality rates more than the
modest changes.
Findings – This study indicates that the temperature–mortality relation is significant in early part of
the sample period (before 1990) but insignificant during the second part (after 1990). After including
controlling factors, as well as nation and year fixed effects, the authors provide evidence that people do
adapt to the most of the temperature-related mortalities. Also, this study provides evidence of the non-
linear relationship between national temperatures and mortality rates. It is observed that only after 5
per cent increase in the annual temperature, the relation between temperature and overall mortality is
significant.
Originality/value – Most studies cover only one specific country, hence making it difficult to generalize
across countries. Therefore, the authors argue that the best estimation of the health effects of temperature
change can be found by modeling the past relationships between temperature and mortality across countries
for a relatively long period. To the authors’ knowledge, previous studies have not systemically tested the
adaptation effect across countries.
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1. Introduction
The global climate has changed and will continue do so for decades. In its most recent
estimate, the United Nations’ Intergovernmental Panel on Climate Change found that the
average global temperature has increased by 0.6°C (60.2°C) since the mid-nineteenth
century, and most of this increase has occurred since after the 1970s (IPCC, 2014). Humidity
and precipitation levels have also risen markedly, in recent decades, all over the world.
Further, it is evident that climate change will have a wide range of impacts on human life
and health now and, especially in the future.
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A vast literature documents the excess mortality that has occurred because of the
extreme temperatures that cause heat waves (Tol, 2002; McMichael et al., 2006; Haines
et al., 2006). For example, Hübler et al. (2008) notes that in the summer of 2003, there
were approximately 25,000-35,000 deaths due to long periods of intensive heat. Hajat et
al. (2014) estimate that temperature-related deaths among UK residents will increase by
250 per cent during this century. The World Health Organization estimates that
between 2030 and 2050, climate change will cause approximately 250,000 additional
deaths per year (WHO, 2014). Watkiss and Hunt (2012) estimated that the welfare costs
of temperature-induced mortality, from 2071 to 2100 will be up to e100bn annually. In
some parts of the world, however, global warming may also decrease mortality because
of more favorable temperature environments that will arise. Bosello et al. (2006)
predicted that global warming will save more than 800,000 lives, annually, by 2050
(Ackerman and Stanton, 2008).

The aim of this study is to examine how climatic change (as measured by rising
temperatures) has affected human mortality in 23 developed countries for the period
from 1970 to 2010. Although previous studies have already presented some evidence of
these effects, we argue that many of these studies have overestimated the effects of
climate change on mortality. Further, to our knowledge, previous studies have not
systemically tested the adaptation effect across countries. The main caveat in these
studies has been that the estimates are derived from short-term analyzes, which do not
fully control for the ability of humans and societies to adapt their behavior to climatic
change. Factors such technological innovations and individual and community wealth
will influence the association between climate change and health effects (Deschenes,
2014). Also, most earlier studies cover only one specific country, hence making it
difficult to generalize across countries. Therefore, we argue that the best estimation of
the health effects of temperature change comes from modeling the past relationship
between temperature and mortality, across countries, for a relatively long period of
time.

We base our analysis on the Becker–Grossman type of health production model
(Grossman, 2000). Our analysis proceeds through three stages. First, we construct a fixed-
effects panel regression model to explore the short-run relationship between mortality rates
and temperature changes across countries. The main advantage of using panel-data models
is that we can control for many potential confounding factors.

This study provides evidence of the positive relationship between temperature
increases and overall increases in mortality in developed countries during the period
of 1970-2010. When the adaptation effect is taken into account, however, only a weak
positive relationship between temperature changes and total mortality rates is
observed. The adaptation effect is explored using two different sample periods. We
perform panel-data analysis for the sample periods of 1970-1989 and 1990-2010. The
main findings of this approach are that in the first sample period, the overall mortality
rate and some cause-specific mortality rates are related with temperature, but in the
second sample period, this relationship almost completely vanishes. Here, our
findings support the result of Deschenes and Moretti (2009) and Barreca et al. (2016)
for the US data on the importance of adaptation effects on the temperature–mortality
relationship.

We further examine whether the adaptation effects differ between areas where
temperatures differ. To explore this data, we divided the countries studied into three
different temperature zones: hot, medium-hot and cold. We noted that the adaptation effect
seems to exist, in particular, in those countries where the annual average temperature is
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below 13°C (medium-hot zone). In our data set for the period after 1990, the temperature–
mortality relationship completely vanishes in the cold zone (annual average temperature is
below 5°C). In countries in the hot zone, where the average annual temperature is above 13°
C, the temperature–mortality relationship weakens but is still significant for some cause-
specific mortality rates.

Second, we construct an adaptation regression model in the level form as a dynamic
panel fixed-effects model. This approach takes into account the lagged effects of
temperatures on mortality rate level. The results of this approach confirm our initial
findings of the significant adaptation effect with respect to the impact of temperature
changes on most of the cause-specific mortality rates.

Third, we use a non-linear threshold estimation approach to examine the effect of
extreme temperature changes on the relationship between temperature and mortality.
More specifically, we explore whether the large increases/decreases in temperature affect
mortality rates more than modest temperature changes do. Our results indicate that for
the period from 1970 to 2010, only a 5 per cent or higher increase in the annual average
temperature resulted in significant increases in mortality rates across developed
countries. We could not find similar threshold temperature change effects for areas with
negative annual temperature changes. We also find threshold temperature change effects
for some cause-specific mortality rates. In particular, circulatory specific mortalities seem
to increase even after a modest increase in the average annual temperature. Also,
respiratory-specific mortalities seem to increase when the average annual temperature
decreases by 2 per cent or more.

This paper is structured as follows. Section 2 presents the study’s theoretical framework,
and Section 3 gives the empirical specifications and presents the data. Section 4 gives the
results of the short-run and long-run panel fixed-effects models. Section 5 presents some
concluding remarks.

2. Theoretical context
There is a growing literature on the relationship between climate change, adaptation
and mortality (Kinney et al., 2008). Adaptation is defined as human adjustment in
response to climate change and its effects. Deschenes (2014, p. 606) states that “[. . .]
adaptation will refer to the set of actions that are taken in order to reduce the health
impacts of exposure to extreme weather events or changes in climate”. Barreca et al.
(2016) note that access to health care, electricity and residential air conditioning are the
three most important twentieth-century innovations that have affected the
temperature–mortality relationship. Also, climate engineering, which means the
deliberate manipulation of the Earth’s climate, might affect global temperatures in the
twenty-first century (Barreca, 2012).

To explore the long-run relationship between temperature and mortality and the
adaptation effect, we use the Becker–Grossman model of health production (Grossman,
2000). We also closely follow Deschenes and Greenstone (2011). We suppose that individuals
derive utility U from a consumption good C and from health-or-survival rate S. The utility
function can be presented as:

U ¼ U C; Sð Þ (1)

We assume that the survival rate is related to the temperature T and the consumption of
health-maintaining good, CH. The consumption of CH includes, for example, air
conditioning, heat coolers, building construction and other technical solutions that are used

IJCCSM
11,1

56



to improve adaptation to temperature changes. The consumption of CH does not directly
generate utility but it is purchased to increase probability of survival. The survival function
can be expressed as follows:

S ¼ S CH ;Tð Þ (2)

where temperatureT is, hence, treated as an exogenous variable in this model.
The budget constraint is:

C þ pHCH ¼ I (3)

where I is exogenous income. The price of other consumption goods is normalized to one.
This type of model has been fully solved by Deschenes and Greenstone (2011). For our
purpose, it is important to note that the above model shows an increase in the effective price
of survival, that is, the above model predicts that dS

dT # 0 and dCH
dT � 0. The key point is that

the welfare effect of the exogenous change in temperature is reflected in the survival rate
and in the consumption of the health-maintaining good CH.

To explore the association between temperature and mortality, we apply the above
model and present the following functional form:

Mt ¼ f T;CH ; Zð Þ (4)

which relates temperature (T) and the consumption of health-maintaining goods (CH) (i.e.
adaptation effect) and the impact on mortality (M) of other explanatory variables that
contribute to health (Z). We predict that dM

dT � 0 and dM
dCH

# 0. Hence, the total effect of the
temperature change on mortality is ambiguous.

3. Methods and materials
3.1 The empirical approach
Using standard panel methods found in health economics literature (Ruhm, 2000) and the
new climate economy literature (Dell et al., 2014), the base of our estimated panel regression
model takes the following common form:

mj;t ¼ aþ b tempj;t þ gAj;t þ d Zj;t þ m j þ u t þ « j;t

where Z is a vector of covariates, which are fully presented in the next section. A country ( j)
fixed effect (m ) absorbs fixed spatial characteristics, such as the differences in life-styles
across countries, and the time fixed effect (u ) neutralizes any common trends and ensures
that the relationship between temperature and mortality is identified from idiosyncratic
country shocks.

Using the panel fixed-effects models to estimate the possible relationship between
temperature and mortality, we are able to control for unobserved country- and time-specific
effects that, if omitted, might produce biased coefficients. In this way, we can also take into
account various country-specific factors that may affect mortality rates (e.g. latitude,
geographical location, humidity, use of air conditioning and urban engineering). In
particular, the individual country-specific determinants of adaptation may vary across
countries, and the time-varying effects can be relatively easily accounted for when using
panel-data techniques.

Do people
adapt to
climate
change?

57



To identify adaptation to climate change, our strategy is to use the following generalized
adaptation function:

A l ; temp;Dð Þ ¼ l 0tempt �
XD

d¼1

l dtempt�d

2
4

3
5 (5)

where l is a vector of adaptation parameters and D is the number of periods during which
the adaptation takes place. The parameter l 0 gives the immediate short-run effect. A full
long-run adaptation in temperature–mortality relation is evident, when l d þ l dþ1 þ . . . þ
l D= 0.

3.2 Data description
We use annual information on death rates from 23 Organisation for Economic Co-
operation and Development (OECD) countries for the period from 1970 to 2010. The
data availability on some cause-specific mortality rates constrained the start year.
The overall mortality rate, the cause-specific mortality rates and the annual
temperature data are obtained from the OECD Health Database. We selected as broad
range of countries as possible to cover the different type’s climatic environments
among the 23 developed countries. The countries included are Australia, Austria,
Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy,
Japan, The Netherlands, New Zealand, Norway, Luxembourg, Portugal, Spain,
Sweden, Switzerland, the UK and the USA. We examined the total cause-specific
mortality rates (deaths/100,000 person) from 16 leading causes of death: disorders of
blood, circulatory system disorder, digestive system disorder, endocrine disease,
external events (e.g. accidents), genitourinary disorders, illness (e.g. viruses),
infections, congenital malformations, malignant neoplasms, disorders of the nervous
system, perinatal disorder, respiratory disorder, skin disease, suicide and
tuberculosis. These specific diseases, disorders and events account for the majority of
all deaths.

Table I shows the descriptive statistics of the annual average temperature and mortality
rates of 23 OECD countries. The countries are divided into three temperature zones: hot zone
(average annual temperature above 13°C), medium-hot zone (average annual temperature
below 13°C but above 5°C) and cold zone (average annual temperature below 5°C). Countries
in the hot temperature zone are Australia, Greece, Italy, Japan, New Zealand, Portugal and
Spain; countries in the medium-hot temperature zone are Austria, Belgium, Denmark,
France, Germany, Ireland, Luxembourg, The Netherlands, Switzerland, the UK and the
USA; and countries in the cold temperature zone are Canada, Finland, Iceland, Norway and
Sweden.

Australia had the highest annual mean temperature during 1960-2010 at 18.7°C,
while Canada had the lowest, at 0.7°C. The highest total mortality rate (deaths/
100,000 person) is recorded for Portugal, at 1,432.6, and the lowest for Germany, at
970.6.

We also gathered data for several covariate variables that have been identified in the
literature as having a role in determining temperature mortality relation. The
unemployment rate (une), measured as the share of unemployed workers of total labor
force, is probably the most significant macroeconomic proxy variable that affects
health production (Ruhm, 2000). The urbanization variable (urb), measured as the share
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of the population living in cities, is included into the regression as urban areas are
vulnerable to high concentrations of people and the influence of the urban heat effect
(Kinney et al., 2008). The age variable (old), which denotes the per cent of population
over 65 years of age, is included as it is expected that mortality increases significantly
as age increases. Further, the older people are the most susceptible to the extreme heat,
and their adaptation abilities probably decrease significantly with higher age. The
alcohol consumption variable (alc) (measured in liters per capita) is included as there is
strong evidence that it increases the risk of several cause-specific mortalities (White et
al., 2002). Table A1 presents the descriptive statistics of the average annual control
variables in 23 OECD countries.

4. Results and discussion
4.1 Short-run analysis
We begin our empirical analysis by testing whether past temperature changes affected
short-run mortality rate changes (i.e. we have not included the adaptation variable in the
regressions). The use of lagged temperature changes is a crucial first step, as there is
typically a lag between environmental changes and the production of health effects, as
presented, for example, by Menz (2011) and Schwartz (2011). To explore short-run effects,
we use the following regression:

Table I.
Descriptive statistics

of the annual
temperature and

mortality rates in 23
OECD countries,

1960-2010

Temperature Mortality
Country Mean Max Min Mean Max Min

Hot temperature zone countries; annual average temperature is>13°C
Australia 18.7 19.9 17.6 1,148.3 1,623.8 673.3
Greece 17.7 19 16.7 1,127.3 1,416.7 819.7
Italy 15.3 16.8 13.6 1,174.5 1,586.2 699.2
Japan 14.6 16.1 13.4 1,061.4 1,792.2 613.4
New Zealand 13.1 14.9 12.2 1,225.7 1,581.5 764.7
Portugal 15.7 17 14.6 1,432.6 1,949.2 778.4
Spain 15 16.3 14 1,120 1,630.1 687.1

Medium-hot temperature zone countries; annual average temperature is 5-13°C
Austria 7.2 9.4 6 1,263.8 1,696.4 761.4
Belgium 10.2 11.6 7.9 1,286.8 1,697.2 822.5
Denmark 8.3 9.9 6.6 1,205.8 1,497.8 843.8
France 11.7 13.6 9.5 1,109.5 1,602 712.5
Germany 8.4 9.6 6.9 970.6 1,192.5 786.8
Ireland 9.8 10.9 8.7 1,379.4 1,772.9 775.4
Luxembourg 8.9 11 6.8 1,229.7 1,731.8 746.8
The Netherlands 9.8 11.2 7.8 1,115.3 1,395.8 768.8
Switzerland 6.4 9.2 2.8 1,085.7 1,591.9 678.9
UK 9.2 10 8.2 1,246.1 1,656 790.6
USA 11.7 12.8 11 1,170.7 1,551.7 822.8

Cold temperature zone countries; annual average temperature is<5°C
Canada 0.7 3.4 �2.5 1,089.1 1,518.9 717.6
Finland 2.9 4.8 0.7 1,312 1,942.4 789.1
Iceland 4.3 5.8 2.4 1,028.7 1,310.4 749.3
Norway 2.5 4.8 0.1 1,100 1,434.5 762.3
Sweden 4.2 5.9 1.8 1,085.7 1,446.6 757
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Dmij;t ¼ b 0 þ b 1Dtempij;t�1 þ b 2DZij;t þ m ij þ u t þ y ij;t (6)

where the sub-index i refers to the cause of mortality, j denotes the country, t refers to time
and y ij,t is the residual term.

Table II presents the results of a variety of specifications on the relationship between
temperature and total mortality rates across 23 developed countries during the period
from 1970 to 2010. We selected 1970 as our starting point for the short-run analysis,
because the most of temperature increases occurred after that year (Barreca et al., 2016).
The main outcome, in the full sample analysis, is that the average temperature has a
significant and a positive effect on the total mortality rate. This result is robust with
respect to the different specifications. Also, the estimate is insensitive to the inclusion of
country-specific trends and quadratic trend specifications. The fixed-effects estimate, in
Column 6, gives the best fit for the temperature–mortality relationship. This leads us to
conclude that the fixed-effects model with the additional covariates is the best base
specification for the rest of our analysis.

For the full sample analysis, the results show that a 1 per cent increase in the annual
average temperature leads to a modest increase in the total mortality rates (0.012 per
cent). To put this effect in perspective, a 1 per cent increase in alcohol consumption
leads to mortality rate increase that is 5-6 times higher than a similar increase in the
temperature. The effect of unemployment on total mortality is negative. This is in line
with the findings of Ruhm (2000), who uses US data that show a drop in death rates
when unemployment increases. Neumeyer (2004) presents similar findings for
Germany, and Gerdtham and Ruhm (2006) show similar findings for a panel of OECD
countries for the period from 1960 to 1997. Ruhm (2000) notes that the decrease in
mortality due to unemployment is related to a decrease in hazardous working
conditions and less job-related stress. Also, during unemployment, it is easier for an
individual to find the time to attend medical appointments and to take regular exercise.
In the full sample analysis, the variables’ urbanization and age seem to have no
significant effects on the relationship between temperature and total mortality rates.
The insignificance of the age variable probably reflects the fact that longevity
markedly increased over the sample period.

Evidence shows that adaptation to temperature changes influences mortality rates.
One way to explore whether the impact of temperature changes on mortality rates has
changed because of adaptation is to compare the effects across sub-periods. Here, we
divide our data into two sample periods. The first period covers the years 1970-1989,
and the second period covers the period from 1990 to 2010. This choice is rather
arbitrary; but here, we follow Barreca et al. (2016), who states that in the USA, the
adaptation effect due to air conditioning and engineering has increased markedly
since the 1980s. Also, splitting the sample into two same-sized sub-periods makes it
possible to compare the estimation results of different sub-periods; also, this likely
decreases the regression specification errors that can occur when different sample
sizes are used.

Columns 7 and 8 in Table II show separate estimates for the 1970-1989 and 1990-2010
periods. As we can see, the relationship between temperature and mortality is significant
and positive at the 5 per cent level of significance for the period of 1970-1989, but it is not
significant for the period of 1990-2010. This provides the first evidence of the adaptation
effect in the temperature–mortality relationship.

Table III presents the basic fixed-effects-model estimation results for the cause-
specific mortality rates. The regression specification is similar to that of the fixed-effects

IJCCSM
11,1

60



(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

D
te
m
p

0.
01
4*
**

(0
.0
04
)

0.
01
4*
**

(0
.0
05
)

0.
14
**
*
(0
.0
05
)

0.
01
4*
**

(0
.0
04
)
0.
01
2*
**

(0
.0
04
)

0.
01
2*
**

(0
.0
04
)

0.
01
4*
**

(0
.0
05
)

0.
00
5
(0
.0
09
)

D
al
c

0.
06
5*
**

(0
.0
02
)

0.
06
2*
**

(0
.0
02
)

0.
06
2*
**

(0
.0
02
)

0.
06
6*
**

(0
.0
02
)

0.
09
3*
**

(0
.0
31
)

0.
01
3
(0
.0
35
)

D
ur
b

�0
.0
78

(0
.2
35
)

�0
.1
07

(0
.2
97
)

�0
.1
11

(0
.2
95
)

0.
03
9
(0
.2
78
)

�0
.3
49

(0
.4
38
)

0.
92
3*

(0
.5
38
)

D
un

e
�0

.0
16
**
*
(0
.0
07
)
�0

.0
16
**

(0
.0
07
)
�0

.0
16
**

(0
.0
07
)

�0
.0
25
**
*
(0
.0
07
)
�0

.0
32
**
*
(0
.0
11
)
�0

.0
26
**

(0
.0
11
)

D
ol
d

�0
.0
96

(0
.1
13
)

�0
.1
01

(1
.4
9)

�0
.1
07

(0
.1
48
)

�0
.0
03

(0
.1
51
)

�0
.3
73

(0
.2
78
)

0.
22
3
(0
.2
17
)

Co
un

tr
ie
s

23
23

23
23

23
23

23
23

Pe
ri
od

19
70
-2
01
0

19
70
-2
01
0

19
70
-2
01
0

19
70
-2
01
0

19
70
-2
01
0

19
70
-2
01
0

19
70
-1
98
9

19
90
-2
01
0

O
bs
.

89
5

86
8

86
8

86
8

89
5

86
8

43
6

43
2

R
2

0.
01
1

0.
03
0

0.
04
9

0.
04
1

0.
22
9

0.
25
1

0.
25
7

0.
29
3

In
di
vi
du

al
tr
en
ds

N
o

N
o

Y
es

Y
es

N
o

N
o

N
o

N
o

Q
ua
dr
at
ic
tr
en
d

N
o

N
o

N
o

Y
es

N
o

N
o

N
o

N
o

N
ot
es

:
**
* ,
**

an
d
* d

en
ot
e
si
gn

ifi
ca
nc
e
at

th
e
1,

5
an
d
10

%
le
ve
ls
,r
es
pe
ct
iv
el
y.

E
qu

at
io
n
(6
)i
s
es
tim

at
ed

w
ith

di
ff
er
en
t
sp
ec
ifi
ca
tio

ns
so

th
at

ea
ch

co
lu
m
n

co
rr
es
po
nd

s
to

a
se
pa
ra
te
re
gr
es
si
on
.S
pe
ci
fi
ca
tio

ns
(1
)-(
4)
=
po
ol
ed
;S
pe
ci
fi
ca
tio

ns
(5
)a
nd

(6
)=

fi
xe
d;
Sp

ec
ifi
ca
tio

n
(7
)=

fi
xe
d,
19
70
-1
98
9;
Sp

ec
ifi
ca
tio

n
(8
)=

fi
xe
d,

19
90
-2
01
0.
A
ll
va
ri
ab
le
s
ar
e
tr
an
sf
or
m
ed

in
to

na
tu
ra
ll
og
ar
ith

m
s.
T
he

de
pe
nd

en
tv

ar
ia
bl
e
is
D
m
or
,w

hi
ch

re
fe
rs

to
on
ce

di
ff
er
en
ce
d
to
ta
lm

or
ta
lit
y
ra
te
;D

al
c:
on
ce

di
ff
er
en
ce
d
al
co
ho
lc
on
su
m
pt
io
n;
D
ur
b:
on
ce

di
ff
er
en
ce
d
ur
ba
ni
za
tio

n
ra
te
;D

un
e:
on
ce

di
ff
er
en
ce
d
un

em
pl
oy
m
en
tr
at
e;
an
d
D
ol
d:
on
ce

di
ff
er
en
ce
d
ag
e
va
ri
ab
le
s

Table II.
Estimation results of

the lagged
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model with additional covariates (Table II; Column 6). To save space, we do not report the
estimation results for the cause-specific mortalities that are not significant in any period.
In the full sample analysis, 4 out of 16 cause-specific mortality rates have a positive and
significant relationship temperature changes. In the sub-sample analysis, we find four
significant relationships in the first period and only two in the second period. We further
estimate the sub-sample from 2000 to 2010. Here, we find no positive and significant
relationship between temperature and cause-specific mortality at the 5 per cent level of
significance. This reflects the evidence of the adaptation effect and confirms the findings
presented in Table II.

An interesting question is whether the temperature–mortality relationship, in a
particular temperature area, is dependent on the temperature level. Table IV presents
the estimation results for the different temperature zones. Clearly, we note the
differences in the temperature–mortality relationship between temperature zones
during the period from 1970 to 2010. The relationship between changes in the overall
mortality and changes is significant at the 1 per cent level of significance in both the
cold and hot temperature zones, but only at the 10 per cent level of significance in the
medium-hot temperature zone. However, the magnitude of the effect is much higher in
the hot temperature zone (0.318) than in the cold (0.012) or medium-hot temperature
(0.031) zones. Hence, in developed countries where the average annual temperature is
over 13°C, the effect of a 1 per cent increase in temperature leads to a 0.318 per cent
increase in the overall mortality rates, on average. In general, there seem to be more
significant relationships between temperature and mortality in countries in the hot
temperature zone, and the impacts seem to be at much higher levels relative to those in
countries in other temperature zones.

We also find, in the data, that the adaptation effect differs among the different
temperature-zones. For the cold temperature zone, at the 5 per cent level of significance,
we find two significant cause-specific mortality rates (circulatory disorder and
infectious diseases) during the period from 1970 to 1989, and none from 1990 to 2010.
For countries in the medium-hot temperature zone, at the 5 per cent level of significance,
we find four significant mortality relationships (circulatory disorder, digestive
disorder, perinatal disorder and skin diseases) during the first sample period, but none
during the second sample period. For countries in the hot temperature zone, the results
show five significant relations at the 5 per cent level of significance (diseases of the

Table III.
The effect of the
lagged temperature
change on the cause-
specific mortality
rates

Full sample 1970-1989 1990-2010 2000-2010

Circulatory disorder 0.016*** (0.051) 0.018*** (0.006) 0.009 (0.012) �0.056 (0.015)
Digestive disorder 0.028** (0.011) 0.021* (0.011) 0.062** (0.026) 0.028 (0.036)
Illness 0.016 (0.032) 0.045 (0.037) �0.109 (0.073) �0.189*** (0.078)
Infections 0.041 (0.026) 0.059** (0.031) �0.041 (0.059) �0.156*** (0.076)
Nervous disorder �0.019 (0.018) �0.013 (0.022) �0.063 (0.049) �0.123** (0.058)
Respiratory disorder 0.037** (0.017) 0.028 (0.021) 0.071** (0.034) 0.045 (0.043)
Suicide 0.004 (0.017) �0.001 (0.020) 0.035 (0.034) 0.102* (0.062)
Tuberculosis 0.094* (0.062) 0.122*** (0.053) �0.031 (0.134) �0.002 (0.075)

Notes: ***, **and *denote significance at the 1, 5 and 10 % levels, respectively. The equations are
estimated with country-fixed effects and year-fixed effects. Equation (6) is estimated for each mortality
cause. The rows, where all of the estimates are not statistically significant, are omitted from the table
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blood, circulatory system disorder, external events and congenital malfunctions)
during the period from 1970 to1989 and eight significant relationship (circulatory
system disorder, digestive system disorder, external events, genitourinary disorder,
nervous system disorder, perinatal disorder, respiratory disorder, skin diseases and
tuberculosis) during the period from 1990 to 2010. However, when we use the sub-
period of 2000-2010, there are no significant relationships at the 5 per cent level of
significance. Hence, we may conclude that the adaptation effect is also present in
countries in the hot temperature zone.

4.2 Long-run adaptation and the threshold effect analyses
4.2.1 Adaptation effects. Next, we present a more in-depth estimate of the adaptation
effects. Menz (2011) investigated the concept of human adaptation to environmental
changes. In his study, he included current and lagged air pollution variables in life-
satisfaction regressions to explore whether people habituate to increasing levels of air
pollution. We follow his approach and explore the adaptation effect in the relationship
between temperature and mortality by estimating the following level-form panel fixed-
effects model:

mij;t ¼ b 0 þ
Xn

k¼0

w ij;t�ktempij;t�k þ
Xm

l¼1

f ij;t�lmi;t�l þ b 1Zij;t þ m ij þ u t þ y ij;t (7)

where k and l denote lag lengths for the short-run dynamics. In the above dynamic
fixed-effects model, f ij represents the effect of the current temperature on mortality,
and the sum of the coefficients, i.e. f ij,t þ f ij,t–1 . . .þ f ij,t–n, gives the full temperature
effect on mortality i in country j. Now, if we are able to accept the null hypothesis that
H0: f ij,t þ f ij,t–1 . . . þ f ij,t–n, then we can say that there is total adaptation to
temperature changes.

Our estimation results are summarized in Table V. The number of lags is set as n=m= 2.
The adaptation effect on the total mortality rate (mor) can be rejected at the 10 per cent level
of significance. The results on Table V shows that there seems to be a full adaptation effect,
as evidenced in most of the cause-specific mortality rates. There is only one cause-specific
mortality rate, namely, congenital malformation, for which full adaptation can be rejected at
the 5 per cent level of significance. At the 10 per cent level of significance, the adaptation
effect can also be rejected for two other cause-specific mortality rates, namely, diseases of the
nervous system and infectious diseases.

If the adaptation effect is rejected, then we can proceed to compute the long-run effects of
a change in temperature on mortality rates as follows:

LR � effect ¼

Xn

k¼0

f ij;t�k

1�
Xm

l¼1

w ij;t�l

(8)

The long-run effect of total mortality is now 0.16, meaning that a 1 per cent increase in the
temperature leads to a 0.16 per cent increase in the total mortality rate in the long run. For
the long-run effects of cause-specific mortality, the rates of increase of infectious disease,
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congenital malformations and diseases of the nervous system are 0.45, 0.22 and 0.50,
respectively.

4.2.2 Non-linear effects on the annual temperature changes. Finally, we explored
whether there exists asymmetry in the relationship between temperature and the cause-
specific mortality rates. More specifically, we estimate whether there exist specific threshold
increases/decreases in the annual temperature rates that lead to changes in mortality rates.
We explore whether large temperature changes affect cause-specific mortalities similar to
effects of small temperature changes. Our analysis is based on the following regression
equation:

mij;t ¼ b 0 þ
Xn

k¼0

f ij;t�ktempij;t�k*Dij þ
Xm

l¼1

w ij;t�lmi;t�l þ b 1Zij;t þ m ij þ u t þ y ij;t

(9)

where Dij = 1 if the per cent Dtempt > per cent threshold level; otherwise, it is equal to 0. Our
interest is in the null hypothesisH0: f ij,tþ f ij,t–1 . . .þ f ij,t–n.

Figure 1 presents threshold temperature change effects on various mortalities. We find
that for overall mortality and the seven cause-specific mortality rates, diseases of the
circulatory system, external events, congenital malformations, malignant neoplasms,
perinatal disease, respiratory disease and suicides, there are annual temperature change
threshold levels that lead to a significant increase in mortality. We find, perhaps
unsurprisingly, that cause-specific mortality rates seem to increase more with temperature
increases than with temperature decreases. Our results indicate that the overall mortality
rate has threshold temperature change effect. In developed countries, for a 5 per cent
increase in the annual average temperature, there is a significant (F-test = 3.62, p-value =
0.027) increase in the overall mortality rate.

In Figure 1, we also include the threshold effects in terms of absolute variations in
temperature when the average annual temperature is 10°C. For example, in countries like
Belgium, France, Ireland and the UK, our results indicate that after a 0.5°C increase in the
annual average temperature, there will be a significant increase in temperature-related
mortality. In contrast, for decreasing temperatures, we are unable to find any threshold
effects. For circulatory disease-, congenital malformation-, neoplasm malignancy-, perinatal
disease- and suicide-specific mortalities, temperature rate increases cause changes in
mortalities, but when the temperature decreases, the changes in mortality rates do not occur.
For external events- and respiratory disease-specific mortalities, there exist significant
changes after a decrease in the annual temperature rates, but not when the temperature
increases.

Figure 1.
Threshold

temperature effect on
the mortality rates
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5. Conclusions
In the twenty-first century, climate change will affect well-being in multiple ways.
The Intergovernmental Panel on Climate Change’s (2014) latest evaluation predicts
that global temperatures will increase by between 1.5°C and 4.6°C by 2100. Despite
the current extensive research, finding an accurate estimation of the temperature
effects on mortality is a rather complex task. First, forecasts significantly vary for
increases in the global average temperature, indicating uncertainty about the
sensitivity of the climatic system. Second, when analyzing the relationship between
temperature and mortality, human adaptation, climate engineering and mitigation
effects play an important role.

This study contributes to the previous literature in many important ways. First,
we perform our investigation in the context of several countries. This allows us to
make more convincing conclusions about the adaptation effect on the temperature–
mortality relationship. Second, we use both short- and long-run analyzes to emphasize
the relationship between temperature change and cause-specific mortality rates.
Third, we take into account the human adaptation effect. More specifically, we
provide a clear evidence of the adaptation effect in temperature–mortality
relationships in 23 developed countries for a 30-year period from 1970 to 2010. Our
analysis shows that humans have been quite adaptive to the small annual changes in
temperature levels. Also, annual changes in temperature levels have clear impacts on
only some cause-specific mortalities. The results are robust in the sense that the
relationship between temperature and mortality does not change even if we also take
into account the socio-economic factors, such as welfare costs and the unemployment
rate.

Our analysis predicts that for developed countries, if we are able to keep the annual
temperature changes to less than 5 per cent, or to approximately between�0.5°C andþ0.5°
C, then temperature-related mortalities will not increase. Our findings indicate that if no
other effects occur, then this target temperature change will allow people and society to
adapt to climate change. However, we should point out the tipping points, that are also
important factors here, such as the rapid melting of ice sheets, changes in ocean circulation
and feedback processes in warming, where warming leads to more warming. Once they
begin, these tipping points are not easily reversed; however, our analysis is unable to take
these important factors into account.

As a policy recommendation, we suggest that when analyzing climate change effects
on health production, it is important to take into account the adaptation effects.
Further, it is crucial to recognize that the adaptation effect might differ in different
temperature zones. Policy changes in the hotter temperature regions, in particular,
should be more rapid, as the temperature change effects on mortality are higher in not
regions than in cold regions.

For the future research, we suggest that better understanding of climatic change effects
on public health would take into account the effects of temperature variations and
temperature thresholds on cause-specific mortality rates. Furthermore, as air pollution
usually increases concurrently with temperature increases, this synchronous behavior
should be taken into account when predicting the climate change effects on human health
production. Further, because humans are able to adapt to changing climatic conditions, it is
crucial to include more specific climatic engineering and/or adaptation variables in the
analysis.
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