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Deliverable Summary
This deliverable (D2.6) substantiates that part of the activity of COACCH Task 2.6 consisting in assessing and
quantifying a set of selected health impacts of climate change. Specifically, the deliverable provides the following
research findings:
- In addition to the warming caused by climate change, urban areas are expected to experience higher levels of
warming due to the urban heat island (UHI) effect, which occurs because in urban areas natural land is replaced by
materials that have higher heat capacities and thermal conductivity. We assessed the warming, including the UHI
effect that can be experienced in European cities under scenarios of climate change and socio-economic
development (Part I).
- Climate change is expected to influence the frequency and severity of heat and cold stress, which has implications
for human health and mortality. Few empirical research has been done in the Netherlands to estimate impacts of
temperature rise on mortality, as has been identified as a knowledge gap in discussions with stakeholders, which is
why a separate empirical analysis for the Netherlands is included before the European scale results presented later
in the report. This study examines the impacts of climate change on future mortality in the Netherlands, and the
related economic costs, while accounting for change in both cold and heat related mortality for different age
classes, the time dynamics, demographic change, and additional local warming from the urban heat island effect.
Results show that heat and cold impacts on mortality vary considerably between age classes, with older people
being more vulnerable to temperature extremes (Part II).
- Heatwave hotspot vulnerability mapping for major European urban areas is developed, by superposing different
risk dimensions based on hazard, exposure and social vulnerability, including local warming from the urban heat
island effect for the set of chosen socio-economic/climate scenarios in WP1. This conceptual framework is applied
to map heatwaves episodes in Europe at the spatial resolution of 1/8 degree (Part III).
- New VSL estimates for fatal events due to heatwaves were quantified by conducting specific discrete choice
stated preference survey in Spain and in the United Kingdom. In monetary terms, the effect of heat waves in
Europe on premature mortality grows over time and is more severe with less strict mitigation targets (Part IV).
- Valuation of impacts of spread of tick-borne diseases, an important health risk for Europe, has been performed.
We focused on the welfare impacts of lyme borreliosis and tick-borne encephalitis. A questionnaire survey was
conducted in order to elicit revealed preferences (averting behavior) as well as stated preferences. The survey was
implemented in three countries with higher notification rates of tick-borne diseases, namely in the Czech Republic,
Slovakia, and Austria (Part V).
- Projected burden of heat stress on mortality in Europe over the period 2030–2099 under various RCPs climate
change scenarios is estimated. Contrast to the previous work, in particular done within the PESETA projects, other
factors affecting heat-related mortality are considered (Part VI).
- According to increasing evidence climate change has been linked to mental health. Acute climate events
(hurricanes, floods, droughts and heat waves) as well as long term environmental changes directly and/or indirectly
impact mental health. Our literature review summarises current knowledge on the effects of climate change on
development of mental diseases (Part VII).
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1. The Urban Heat Island Effect in European Cities under Climate
Change and Socio-Economic Scenarios
Predrag Ignjacevic (VU), W.J. Wouter Botzen (VU), Francisco Estrada (VU)

1.1 Introduction
In addition to the warming caused by climate change, urban areas are expected to experience
higher levels of warming due to the urban heat island (UHI) effect. The UHI occurs because in
urban areas natural land is replaced by materials that have higher heat capacities and thermal
conductivity, such as concrete and asphalt (Zhao et al., 2017). The result is that urbanization
alters the energy balance at the local scale, which modifies the local climate and leads to higher
temperatures. This implies that in the future, warming in cities is determined by a combination
of temperature rise caused by global climate change, and local warming from the UHI caused by
urbanization that is, for example, related to population growth in cities.
The UHI effect can be especially important in studies that estimate the economic impacts of
warming in cities, since cities have a high concentration of people and economic activities that
are exposed to the consequences of climate change. As an illustration, cities account for about
80% of the global Gross Domestic Product (GDP) and approximately 50% of global population
live in cities (Dobbs, 2011; Munich Re Group, 2004). Estrada et al. (2017) conducted a global
study of 1,692 main cities to estimate expected warming under climate change scenarios and
the UHI, and examine the economic impacts of projected changes in climate conditions. They
find that the UHI results in a significantly higher warming than if only global climate change is
considered, which may add 2°C of warming for the most populated world cities by 2050.
Temperature increases have been shown to have a wide range of health and economic impacts,
for example due to more energy use and reduced labor productivity (EPA, 2008; Zander et al.,
2015). Estrada et al. (2017) show that the total economic costs of climate change for cities this
century can be about twice as high when the UHI effect is taken into account, compared with
considering only warming from global climate change scenarios. The reason for this large effect
of including the UHI in cost estimates is that climate impacts are commonly modeled using nonlinear functional forms and, therefore, joint impacts of local and global climate change are more
than proportional.
Here, we examine in more detail the warming, including the UHI effect, that can be experienced
in European cities under scenarios of climate change and socio-economic development. This is
done by building upon the approach in Estrada et al. (2017) by using a climate module of a
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recently developed Integrated Assessment Model (IAM) called CLIMRISK (Estrada and Botzen,
2019), which can produce estimates of temperature change in urban areas under future
scenarios of climate and population change. The results offer insights into the UHI effect for
European cities and total expected levels of future warming, which are subsequently used in the
COACCH project, like the mortality analysis that is part of this report in Chapter 2.

1.2 Methods: CLIMRISK temperature projections and the urban heat
island
The climate module of CLIMRISK projects temperature changes at a spatial resolution of
0.5ºx0.5º using the MAGICC version 6 software (Meinshausten et al., 2011). MAGICC represents
a reduced-complexity model of climate change and is widely used to project future climate
conditions. The MAGICC projections used in CLIMRISK are the difference in annual mean
temperatures (in degrees Celsius) with respect to 1900. CLIMRISK makes an adjustment to
MAGICC by imposing a triangular probability distribution for the climate sensitivity parameter,
which is centered around a lower limit of 1.5°C, an upper limit of 4.5°C and a mean value of 3°C
for climate sensitivity, based on the IPCC (Stocker et al., 2013). CLIMRISK combines the global
temperature projections with the regional temperature patterns from 41 general circulation
models (GCM) included in CMIP5 (Kravitz et al., 2017; Lynch et al., 2017) that are randomly
selected through a uniform distribution and scaled by global temperature. For the purposes of
this report, only the median (50th percentile) realizations are used for all scenario
combinations. Based on the approach in Estrada et al. (2017), the increases in urban
temperature, labelled as UHI, are estimated using an empirical relationship of the form:
, where Pop represents the urban population that are based
on IIASA population projections for different SSSPs (Riahi et al., 2017), and ɑ, b are fixed
parameters. CLIMRISK projects increases in urban temperature using parameter values
calibrated for annual temperatures and for cities with a population greater than 100,000
inhabitants, resulting in b=0.45 and ɑ=1.74*10-3 (Karl et al., 1988). Future warming at the city
level at a particular point in time is then determined as the sum of the change in annual mean
temperature from global warming and the UHI effect. We acknowledge that a global climate
model approach could better account for a broader range of variables of influence on the UHI
effect, but is infeasible to apply in an IAM like CLIMRISK which has to rely on reduced form
model specifications. A key point is whether our reduced form approach gives reasonable
approximations of the UHI effect as estimated by more complex climate models. This turns out
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to be the case, since our results are very close to a more complex climate model study by
Oleson et al. (2011), which gives confidence in our approach.1
Temperature projections are made for all cities in EU-28 countries for the tier 1 and tier 2
COACCH climate and socio-economic scenarios, which encompasses the following
combinations: RCP2.6-SSP1, RCP2.6-SSP2, RCP6.0-SSP2, and RCP8.5-SSP3. Results are shown
separately for global warming only, and global and local warming which includes the UHI effect.

1.3 Results of the temperature projections in European cities
We first analyze the spatial distribution of the projected future temperature rise with and
without the additional UHI effect in Europe by using maps.
The odd numbered figures, also labelled as nUHI, present the spatial distribution of average
annual temperature increase from global warming only, without the UHI effect, for most
European cities for the years 2030 and 2085. The even numbered maps, also labelled as UHI,
show the average annual temperature increase, accounting for the UHI effect only in cities
where the total population in a given year exceeds 100,000 inhabitants. The figures present
results for climate scenarios RCP 2.6, RCP 6.0 and RCP 8.5 and socioeconomic scenarios SSP1,
SSP2 and SSP3.
The circle radius in all figures represents the average annual temperature increase in 2030 and
serves as the proxy of relative temperature difference between different cities. For example, a
circle A of twice the radius of circle B represents city A with double the average temperature
increase in 2030 of that of city B.
The circle fill color presents the average annual temperature increase in 2085 for EU28 cities.
Low temperature increase in marked in yellow and moves towards red as the city-level
temperature increases from city to city. By having both circle radius and color, the user can
directly compare the short-term relative increase temperature (2030) and the medium-to-long
term increase (2085) in one figure.
From the figures that show temperature rise under global warming only without the UHI, it
appears that temperature projections for cities in Western Europe remain below 2.5 up to 3°C
for most cities under both RCP 2.6 and RCP 6.0 climate scenarios, with higher warming under
1

Oleson et al. (2011) find that the annual UHI effect averaged over urban areas for the period 1980-1999 is 1.12°C
and that 57% of global warming caused by greenhouse gas emissions following the A2 scenario in the mid-century
(2046-2065) is caused by the UHI. We find that the annual UHI effect averaged over urban areas at the start of our
modelling period (2010) is 1.06°C and 52% of global warming caused by greenhouse gas emissions following the A2
scenario.
PU
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RCP8.5. Higher levels of warming are generally expected for some Eastern and Southern
European cities.
However, when the UHI effect is introduced, the spatial distribution of temperature projections
in Europe changes significantly. For instance, highly populated cities in Western Europe
experience high potential levels of UHI with temperature increases exceeding 3°C by the end of
the century, even under the low end global warming scenario RCP2.6. The large radius of the
circles indicate that the UHI effect already results in significantly higher total warming in these
cities in 2030. In general it should be noted that some yellow circles become larger when the
UHI is introduced, which means higher warming in 2030. Already high expected warming levels
in some Eastern and Southern European cities under global warming exacerbate further when
the UHI effect is accounted for. The countries with the highest levels of the UHI effect include
Germany, Turkey, Poland, the Netherlands and Italy. As expected, especially high levels of
warming occur under the high end climate scenario RCP8.5 and when the UHI effect is
accounted for. This highlights the relevance of implementing the reductions in greenhouse gas
emissions that underlie the RCP2.6 scenario under which projected levels of warming are
significantly lower. But even under this ambitious scenario of climate policy, the UHI effect
implies that many cities are expected to experience levels of warming that exceed the 2.5°C
threshold which can be dangerous for human health.
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Figure 1.1: Spatial distribution of temperature increases from global warming only in cities in Europe
under the RCP2.6 – SSP2 scenario combination. The results indicate temperature increase in °C.

Figure 1.2: Spatial distribution of temperature increases from global and local warming (including the
UHI) in cities in Europe under the RCP2.6 – SSP2 scenario combination. The results indicate temperature
increase in °C.
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Figure 1.3: Spatial distribution of temperature increases from global warming only in cities in Europe
under the RCP6.0 – SSP2 scenario combination. The results indicate temperature increase in °C.

Figure 1.4: Spatial distribution of temperature increases from global and local warming (including the
UHI) in cities in Europe under the RCP6.0 – SSP2 scenario combination. The results indicate temperature
increase in °C.
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Figure 1.5: Spatial distribution of temperature increases from global warming only in cities in Europe
under the RCP2.6 – SSP1 scenario combination. The results indicate temperature increase in °C.

Figure 1.6: Spatial distribution of temperature increases from global and local warming (including the
UHI) in cities in Europe under the RCP2.6 – SSP1 scenario combination. The results indicate temperature
increase in °C.
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Figure 1.7: Spatial distribution of temperature increases from global warming only in cities in Europe
under the RCP8.5 – SSP3 scenario combination. The results indicate temperature increase in °C.

Figure 1.8: Spatial distribution of temperature increases from global and local warming (including the
UHI) in cities in Europe under the RCP8.5 – SSP3 scenario combination. The results indicate temperature
increase in °C.
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Tables 1.1 and 1.2 present the top 10 cities in Europe that are expected to experience the
highest levels of total warming including the UHI effect in the 21 st century for the COACCH tier 1
and tier 2 scenarios, respectively. The selection of these cities was based on the highest level of
warming observed under the range of different scenario combinations, which occurs under
RCP8.5-SSP3. These cities are found in the Eastern part of Europe. Results show the projected
changes in temperature in these cities from global warming only and from global and local
warming for the years 2030, 2050 and 2085 under the four combinations of climate and socioeconomic scenarios. When the UHI is included in the model, the temperature increase becomes
much more severe and almost doubles in some cases. The most affected cities could experience
over 2.5°C temperature increase by 2030 and over 3°C increase by 2085 under the RCP2.6
scenario and over 4°C increase under the RCP6.0 scenario. Under RCP8.5 temperature increases
reach over 5°C for all top 10 cities with the highest rise observed for Bucharest with 6.18°C.
From comparing the temperature changes from global warming only with those from both
global and local warming, it becomes clear that the UHI effect has an important influence on the
total projected temperature rise. For instance, while the stringent mitigation of greenhouse
gasses under the RCP2.6 scenario is able to limit temperature rise below 2.5°C in the selected
cities, the UHI effect raises temperature rise above this threshold and even increases it above
3°C under RCP2.6 for some cities. From the RCP2.6 results it appears that the UHI effect is
slightly stronger under the SSP2 than the SSP1 scenario. Under the higher end warming scenario
RCP6.0 the UHI effect pushes the projected temperature rise above the 4°C threshold, while this
is the 5°C threshold and in some cases the 6°C threshold under RCP8.5, which represent
dangerous levels of warming.
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Table 1.1: Top 10 cities with the highest global and local warming (including the UHI) under the COACCH
Tier 1 scenarios RCP2.6 – SSP2 and RCP6.0 – SSP2.
RCP 2.6 – SSP2
NAME

Bucharest
Ploiesti
Helsinki
Pernik
Sofia
Katowice
Warsaw
Vac
Lahti
Budapest

Global warming only
2030
1.62
1.63
1.75
1.64
1.64
1.58
1.58
1.62
1.80
1.62

2050
1.88
1.90
2.03
1.92
1.91
1.84
1.84
1.88
2.10
1.89

2085
1.87
1.89
2.02
1.90
1.90
1.83
1.83
1.87
2.08
1.87

RCP 6.0 – SSP2

Global and local
warming (incl. UHI)
2030
3.04
3.02
2.58
2.96
2.89
2.99
2.88
2.76
2.23
2.62

2050
3.30
3.24
2.91
3.16
3.09
3.25
3.15
3.01
2.54
2.87

2085
3.21
3.16
2.94
3.03
2.97
3.20
3.09
2.96
2.54
2.83

Global warming only
2030
1.57
1.58
1.69
1.59
1.59
1.53
1.53
1.57
1.74
1.57

2050
2.10
2.12
2.27
2.14
2.14
2.06
2.05
2.10
2.34
2.10

2085
3.33
3.35
3.59
3.38
3.38
3.25
3.25
3.32
3.70
3.33

Global and local
warming (incl. UHI)
2030
2.99
2.97
2.53
2.91
2.84
2.94
2.83
2.71
2.17
2.58

2050
3.51
3.46
3.15
3.38
3.31
3.47
3.36
3.22
2.78
3.09

2085
4.67
4.62
4.51
4.51
4.44
4.62
4.51
4.41
4.16
4.28

Table 1.2: Top 10 cities with the highest global and local warming (including the UHI) under the COACCH
Tier 2 scenarios RCP2.6 – SSP1 and RCP8.5 – SSP3.
RCP 2.6 – SSP1
NAME

Bucharest
Ploiesti
Helsinki
Pernik
Sofia
Katowice
Warsaw
Vac
Lahti
Budapest

PU

RCP 8.5 – SSP3

Global warming only

Global and local
warming (incl. UHI)

Global warming only

Global and local
warming (incl. UHI)

2030

2050

2085

2030

2050

2085

2030

2050

2085

2030

2050

2085

1.62
1.63
1.75
1.64
1.64
1.58
1.58
1.62
1.80
1.62

1.88
1.90
2.03
1.92
1.91
1.84
1.84
1.88
2.10
1.89

1.87
1.89
2.02
1.90
1.90
1.83
1.83
1.87
2.08
1.87

2.97
2.93
2.59
2.94
2.87
3.00
2.89
2.77
2.23
2.64

3.18
3.15
2.91
3.12
3.05
3.29
3.17
3.04
2.54
2.91

3.01
2.98
2.93
2.91
2.85
3.19
3.08
2.97
2.54
2.84

1.77
1.78
1.91
1.80
1.80
1.73
1.73
1.77
1.97
1.77

2.79
2.80
3.01
2.83
2.83
2.72
2.72
2.78
3.10
2.79

4.80
4.83
5.18
4.88
4.88
4.69
4.68
4.79
5.34
4.80

3.15
3.13
2.74
3.08
3.01
3.12
3.01
2.91
2.39
2.77

4.16
4.12
3.87
4.05
3.97
4.08
3.97
3.88
3.53
3.76

6.18
6.14
6.05
6.03
5.97
5.95
5.85
5.82
5.77
5.70
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1.4 Conclusion
In addition to the warming caused by climate change, urban areas are expected to experience
higher levels of warming due to the urban heat island (UHI) effect, which occurs because in
urban areas natural land is replaced by materials that have higher heat capacities and thermal
conductivity. This implies that in the future, warming in cities is determined by a combination of
temperature rise caused by global climate change and local warming from the UHI caused by
urbanization, which can have negative consequences for human health and have other adverse
economic impacts. Here, we assessed the warming, including the UHI effect, that can be
experienced in European cities under scenarios of climate change and socio-economic
development. The results show that the UHI effect has an important influence on the total
temperature rise in cities that can be expected under these scenarios. For instance, it appears
that median temperature projections for cities in Western Europe remain below 2.5 up to 3°C
by the year 2085 for most cities under both RCP2.6 and RCP6.0 climate scenarios, while it can
exceeds these thresholds when the UHI effect is accounted for. Higher levels of temperature
rise from global warming are generally expected for some Eastern and Southern European
cities, and these temperature increases are exacerbated by the UHI effect in highly urbanized
areas. The ten cities with the highest expected levels of warming including the UHI effect can be
found in the Eastern part of Europe. An important finding is that even if an ambitious global
climate policy is implemented that reduces greenhouse gas emissions in line with the RCP2.6
scenario, then it is still the case that cities can experience warming above 2.5°C due to the UHI.
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2 Economic valuation of climate change induced mortality in the Netherlands
W.J. Wouter Botzen (VU) and Predrag Ignjacevic (VU)
Summary
Climate change is expected to influence the frequency and severity of heat and cold stress, which has
implications for human health and mortality. This study examines the impacts of climate change on
future mortality in the Netherlands, and the related economic costs of mortality changes. Our methods
account for changes in both cold and heat related mortality for different age classes, the time dynamics
associated with temperature-related mortality, demographic change, and additional local warming from
the urban heat island effect. Results show that heat and cold impacts on mortality vary considerably
between age classes, with older people being more vulnerable to temperature extremes. Moreover, the
sensitivity of mortality to temperature is much higher on hot than cold days, and extreme temperature
conditions appear to have long time lags on mortality, especially in the cold. A main finding is that
climate change is expected to first decrease total net mortality in the Netherlands due to a dominant
effect of less cold-related mortality, but this reverses over time under high warming scenarios, especially
if the urban heat island effect is considered. The economic valuation of the total net mortality changes
indicate that climate change will first result in net benefits of up to €10.1 bln, while this changes over
time in net economic costs under high warming scenarios of up to €23.7 bln in 2085. Implementing
adaptation policies that reduce the negative impacts of warming on mortality thus can have high
economic gains, especially for the old segment of the population for which mortality losses are the
highest.

2.1

Introduction

Climate change is projected to increase the frequency and severity of heat stress in many
regions around the world (IPCC, 2013). Temperature rise as a result of climate change is
expected to have major implications for human health, and for mortality in particular (Patz et
al., 2005; IPCC, 2014). It has been estimated that these impacts on health can have large
economic costs (e.g. Stern, 2007). For instance, Watkiss and Hunt (2012) estimate that the
temperature-induced mortality effects can cost up to €100 billion annually by the end of this
century for Europe only. Like most of the related literature, this estimate of economic impacts
has been derived by valuing physical estimates of mortality changes with the Value of a
Statistical Life (VOSL).2
2

In addition to the direct economic impacts from mortality changes, there are indirect economic effects (also called
higher order economic effects) of mortality changes, like effects originating from changes in labour productivity
and demand for health care services (Bosello et al., 2006). These indirect effects are not considered here.
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However, the effects of climate change on mortality are complex and may, in some cases, be
positive. Temperature rise is, for instance, expected to decrease cold-related mortality, even
though to increase heat-related one. Moreover, weather-related mortality is a dynamic process
which is associated with long time lags. Extreme temperature conditions may thus have delayed
effects on mortality rates up to several weeks after they occur, especially in the cold. Increased
mortality may even be partly offset by reduced mortality at a later point in time, which is called
harvesting effect. Furthermore, the total effect of climate change on mortality varies per region,
and is dependent, among other factors, on the sensitivity of mortality in cold and hot periods,
on the number of cold and hot days in a year, and on the expected future temperature rise. In
urban areas the latter is also influenced by the urban heat island effect which refers to the
additional heat in cities caused by the conversion of natural land to built-up areas that absorb
more heat (Zhao et al., 2017). Finally, mortality depends on population structure. For example
an aging population implies that more older people, a segment of the population especially
vulnerable to heat, are exposed to risk (Baccini et al., 2008).
This study3 aims to obtain insights into the potential impacts of climate change on mortality and
the related economic costs, while accounting for changes in both cold and heat related
mortality for different age classes, the time dynamics associated with temperature-related
mortality, demographic change, and the urban heat island effect. Our focus is on the
Netherlands. While this country currently experiences more cold than heat-related mortality,
this picture may change under severe scenarios of climate change.

2.2

Methods and data

We used a constrained segmented distributed lag model to estimate the effects of temperature
per day t in heat or cold periods i on mortality ratio
(Muggeo, 2008, 2010). The daily
mortality ratio was estimated by dividing daily mortality with the population at that day
multiplied by 100,000, so it yields the deaths per 100,000 inhabitants. This dependent variable
was calculated separately for different categories (c) of the total population and three age
classes for which we have separate mortality and population size data. The main regression
specification which was estimated separately for the mortality ratios in the total population and
different age classes is as follows:

3

This chapter is based on the working manuscript: Botzen, W.J.W., Martinius, M.L., Daanen, H.A.M., Folkerts, M.A.
Harmsen, C.N., Bröde, P. (2019). Economic valuation of climate change induced mortality: Age dependent cold and
heat mortality in the Netherlands. Working Manuscript, VU University, Amsterdam.
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(eq. 1)
where

following

the

Muggeo

(2008,

2010)

notation

and
are two linear spline functions which allow to estimate the effects of low and high
temperatures, respectively below and above threshold
. Here,
17.6°C which was
estimated to be the optimal temperature in our data, meaning it results in lowest daily
mortality.

and

are the maximum number of lags to estimate the delayed mortality

effects of cold and heat (set at 45).
and
are vectors of dummy variables of the
month (with December as excluded baseline) and day of the week (with Sunday as excluded
baseline) which are included as control variables to capture any seasonality or other time
effects on mortality.
Our main parameters of interests are
and
which capture the total effects of
temperature, integrated over the actual and lagged periods, in the cold and heat on the log
mortality ratio. More precisely according to the Muggeo (2008, 2010) notation,

=(

)T is the lag specific log relative risks of a one unit decline
in temperature below the cold threshold, and

=(

)T is the lag specific log relative risks for a one unit increase in temperature
greater than the heat threshold
. These coefficients can be interpreted as semi-elasticities of
the percentage change in the mortality ratio that results from a unit change in temperature
since the dependent variable is in log and temperature in levels.
The model was estimated in the statistical software R using the package modTemEff developed
by Muggeo (2008a, 2010). We report the ‘bayesian’ standard errors of
and
. The data
used are on a daily level between 1 January 1995 and 31 December 2017 and have been
obtained as follows. Mortality data was obtained from Statistics Netherlands (in Dutch Centraal
Bureau voor de Statistiek; CBS). This mortality data includes the daily number of mortality of
unknown cause for the total Dutch population, and a subdivision of this mortality data for three
age classes: <65 years, 65-80 years, ≥80 years. Moreover, data on daily population size in the
Netherlands was obtained from the CBS.4 Using data from the Royal Netherlands
Meteorological Institute (in Dutch Koninklijk Nederlands Meteorologisch Instituut; KNMI) an

4

Population data is available on a yearly interval between 1995 and 2002 and afterwards on a monthly interval.
Linear interpolation was applied to create a daily time series of this variable.
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average daily temperature5 variable in °C was created based on hourly temperature records of
the five main weather stations in the Netherlands, by averaging over time and space.6
The parameter estimates of
and
were used to project how average daily mortality on
cold and warm days is expected to change under climate change scenarios. For this analysis we
used climate change projections that have been made for the Netherlands by the KNMI (Klein
Tank et al., 2014). These projections are based on an ensemble of Global Circulation Models
that represent a wide range of uncertainties in climate system response and translate the
outcomes on global climate change of the IPCC (2013) to the Netherlands. Projections were
made for four scenarios that provide a realistic picture of how the climate in the Netherlands
will look like around the year 2050, which is representative for climate in the period 2036-2065,
and the year 2085, which is representative for the period 2071-2100. These scenarios include: a
moderate (G) and a warm scenario (W) in which global average temperature increases by 1°C
and 2°C, respectively; and corresponding “plus” scenarios (+), in which atmospheric circulation
changes in addition to the temperature change in a manner that westerly circulation is stronger
in winter and easterly circulation is stronger in summer. These projections indicate that the
average temperature is expected to increase by between 1.3 °C and 3.7 °C in the year 2085 (see
Table 3).7 We chose these scenarios because they are the official climate change scenarios for
the Netherlands, which are most relevant for local stakeholders. The relation with the RCP
scenarios used in COACCH is as follows: the G scenario is close to RCP2.6 and W matches
RCP8.5.8
Moreover, we present mortality projections separately for additional warming in urban areas
due to the urban heat island effect under these four climate change scenarios. This is done by
5

The Wind Chill Equivalent (WCE) that in addition to temperature accounts for wind speed and the Wet Bulb Globe
Temperature (WBGT) that accounts for several other weather characteristics, like solar irradiance and relative
humidity, may be better predictors for the effects of temperature on health and human mortality (Cheng et al.,
2018; Lemke and Kjellstrom, 2012; Newth and Gunasekera, 2018). We chose for only average temperature as
weather indicator since this variable can be more easily used in extrapolations under climate change scenarios that
include information on future temperature change. In our application, average temperature is a good proxy since
its correlation with mortality (-0.464) is close to the correlation with average WCE (-0.475), and the correlation
between average WBGT and mortality (-0.471).
6
Temperature data was obtained from the following five weather stations which together are indicative for
weather conditions for the Netherlands: De Bilt; Rotterdam; Schiphol Airport; Eelde; Maastricht.
7
Some policymakers are interested in more near term scenarios than 2050, which is why the KNMI has also
produced an average scenario for 2030. The temperature rise in that scenario is 1 °C, which is similar to the G
scenario in 2050 (Klein Tank et al., 2014). Hence, we do not separately report mortality projections for the year
2030.
8
These scenarios cannot be directly linked to the RCP scenarios used by the IPCC. Nevertheless, a comparison has
been made in Klein Tank et al. (2014) which shows that the G scenarios are close to the temperature rise in the
RCP2.6 scenario and correspond to the lower uncertainty bound of the RCP4.5 and RCP6.0 scenarios, while the W
scenarios match the high RCP8.5 scenario.
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accounting for the average additional warming in the main urbanized area in the Netherlands
called the Randstad, which primarily consists of the four largest cities in the Netherlands:
namely, Amsterdam, Rotterdam, The Hague, and Utrecht and surrounding areas.9 The reasons
for focusing on the Randstad is that it is the main urbanized area in the Netherlands with a
population density of 1,500/km2, and a population size that for example is comparable to the
Milan metropolitan area in Italy. Moreover, for this area we could obtain both estimates of
future demographic change under socio-economic scenarios (described below) and additional
warming from the urban heat island effect. The latter is obtained from an approach used by
Estrada et al. (2017) who assess additional warming from the urban heat island effect using an
empirical relation of average temperature rise based on population as a proxy for
urbanization.10 Using this method the average additional local warming in the Randstad area is
calculated, which is added to the warming under the KNMI climate change scenarios for the
analysis that accounts for the urban heat island effect.
The mortality projections are made under each climate scenario denoted with s using the
following steps. The temperature change in each scenario (

is multiplied with the

parameter estimates of
or
. The negative of
is used since this coefficient
represents the effect on the mortality ratio of a 1°C lower temperature, while we examine
effects of warming. This gives the expected percentage change in the daily mortality ratio in the
cold (

or heat (

under a warming scenario,

which are subsequently multiplied with the average daily mortality ratio (
in the cold
or heat in our sample period that we view as being representative for mortality under the
current climate. These calculations are made separately for the different
values under
the four climate scenarios that include or exclude the urban heat island effect. 11 These
calculations arrive at the absolute change in the daily average mortality ratio in the cold or heat
under these scenarios. These changes in the average daily mortality ratios in the cold (
and heat (
are estimated separately for the years 2050 and 2085 and
for the different estimates of equation 1 for mortality in the total population and the three age
classes. To estimate the change in the absolute number of daily deaths from climate change in
9

The main cities in the Randstad are: Amsterdam, Almere, Utrecht, Rotterdam, Leiden, Den Haag, Amersfoort,
Dordrecht, Hilversum, Haarlem.
10
The increases in urban temperature for cities with 100,000 inhabitants or more are approximated using empirical
relationships of the form , where Pop represent the urban population, and a, b are fixed parameters, which is a
functional form that has been used by a variety of studies (Oke, 1973; Karl et al., 1988; Mills, 2014). As in Estrada et
-3
al. (2017), we set to b=0.45 and ɑ=1.74*10 based on a calibration by Karl et al. (1988).
11
This procedure implies that we assume a shift by in the temperature distribution, while assuming the shape of
the distribution remains unchanged.
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the cold (
) and heat (
, these changes in mortality ratios are
multiplied with the population POPt,c per 100,000 people in the future time periods 2050 and
2085. Formally, for the projections excluding the urban heat island effect this can be expressed
as:
=

POPt,c

(eq. 2a)

=
POPt,c. (eq. 3a)
The projections including the urban heat island effect depend on the fractions of the population
living in the urbanized Randstad area λt our outside this area (1- λt) for which
and

differ due to different warming scenarios s:
=

λt POPt,c +

(1-λt)POPt,c

(eq. 2b)

=
λt POPt,c +
(1-λt)POPt,c (eq. 3b)
Finally, these daily changes in number of deaths are translated into changes in the total yearly
number of deaths by multiplying

with the average number of cold days in a year

under the climate change scenario, and adding the multiplication of
the average number of heat days in a year under the climate change scenario.

with

The values of POPt,c and λt in the years 2050 and 2085 used for the future mortality projections
are based on socio-economic scenarios of the population size, urbanization, and demographic
changes of the age structure of the population for the Netherlands. For this purpose we used
the WLO (in Dutch Welvaart en Leefomgeving) scenarios which are the most detailed socioeconomic scenarios for the Netherlands that are consistent with the global and longer term
Shared Socio-Economic Pathways (SSP) scenarios (Maders and Kool, 2015). There are two WLO
scenarios: namely, WLO-low and WLO-high of which the population changes are closest to the
SSP3 and SSP1 scenarios, respectively. The WLO-low scenario is characterized as low migration
to the Netherlands, weak rise in life expectancy, and low fertility. This scenario forms the basis
for our scenario called POP-low. The WLO-high scenario is characterized as high migration to the
Netherlands, strong rise in life expectancy, and high fertility. This scenario forms the basis for
our scenario called POP-high. The detailed WLO scenarios are only available until 2050, and we
assume the proportion of the population living in the Randstad (λt) to remain equal afterwards,
but do allow for developments in the absolute population. This is done by applying the
population growth factor between 2050 and 2085 for the Netherlands from the SSP3 (-19.04%)
and SSP1 (+3.73%) scenarios12 to estimate the 2085 population under our POP-low and POPhigh scenarios, respectively, by assuming equal growth across age categories.

12

Based on the IIASA SSP database (Riahi et al., 2017).

PU

Page 23

Version 1.7

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 776479.

D2.6 Non-market impacts - Health

The final population projections we use are given in Table 2.1. Although the total population
declines in the POP-low scenario, it is important to note the increase in the population in the
two oldest age classes that are most vulnerable to heat stress. This observation reflects aging of
the population that occurs under both the POP-low and POP-high scenarios. Some combinations
of socio-economic and climate change scenarios are more realistic than other combinations (van
Vuuren and Carter, 2014). The temperature rise that is part of the storyline of the WLO-low
scenario is higher than in the WLO-high scenario and consistent with the W climate change
scenarios for the Netherlands (Wolters and van den Born, 2017). Hence, we combined the POPlow scenario (consistent with WLO-low) with the W climate scenarios and the POP-high scenario
(consistent with WLO-high) with the G climate change scenarios in producing the mortality
projections with equations 2a,b and 3a,b. The POP-low and W climate scenarios combination is
consistent with SSP3-RCP8.5, while in COACCH RCP8.5 is generally combined with SSP5. For this
particular analysis we deviate from this because our combination
is regarded as realistic for
the Netherlands by (Wolters and van den Born, 2017) and, most importantly, because the
detailed demographic projections that are needed for our study are not available for SSP5. The
POP-high and G climate scenarios combination is consistent with the SSP1-RCP2.6 scenario
combination used in the COACCH project.
Table 2.1: Population and urbanization projections for the Netherlands for the year 2050 and 2085 under
the POP-low (consistent with WLO-low and SSP3) and POP-high (consistent with WLO-high and SSP1)
scenarios, and for our baseline sample as a comparison. Λt equals the proportion of the population living
in the Randstad.
2050
2050
2085
2085
Baseline
POP-low
POP-high
POP- low POP-high
Total population in mln
16.3
16.3
19.2
14.6
19.9
Population in age class <65 in mln
13.9
12.0
14.1
10.8
14.7
Population in age class 65-80 in mln
1.9
3.2
3.8
2.9
3.9
Population in age class ≥80 in mln
0.6
1.1
1.2
0.9
1.3
λt
0.47a
0.49
0.51
0.49
0.51
a

Note: The baseline refers to our sample period, except for λt which is the value for the year 2012 reported in
Maders and Kool (2015).

A final methodological step is to value the projected changes in mortality as a result of climate
change in monetary units. The yearly expected future changes in mortality are valued in
economic terms using the VOSL for the Netherlands. Van Gils et al. (2013) report that this value
is €6.6 million, which amounts to €6.7 million in the 2015 price level used in this study13.

13

The VOSL value in the 2015 price level is obtaining by adjusting the 2013 value according to the official
consumer price index for the Netherlands that is reported by the CBS.
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2.3

Results

2.3.1 Results of statistical models
Table 2.2 shows the main regression results for our models based on the mortality ratio for the
total population and three age classes. The reported coefficients of the total effects of heat and
cold stress, namely the betas integrated over all lag periods, are highly statistically significant (pvalue<0.01) in the model for the total population. The total effect of cold stress, meaning a 1°C
lower temperature below the cold threshold, is an increase in the mortality ratio of 1.1% for the
total population. In other words, if climate change would increase temperature in the cold with
1°C, then this decreases the mortality ratio with approximately 1.1% on cold days. The results
for this coefficient differ substantially between the three age classes. The effect of cold stress is
not significant for age class <65, which confirms that only older people are vulnerable to
temperature-related mortality. The effect of cold stress is significant for the two highest age
classes and increases with age. The total effect of heat stress, meaning a 1°C higher
temperature above the heat threshold, is an increase in the mortality ratio of 2.4% for the total
population. Hence, the sensitivity of mortality to temperature is much higher on hot than cold
days. The results for this coefficient differ per age class in a way that the effect is close to zero
and insignificant for the two lower age classes (<65 and 65-80) 14, while the effect is substantially
larger for age class ≥80. In particular, a 1°C higher temperature above the heat threshold,
results in an increase in the mortality ratio of 8% for people that are 80 years or older. The
dynamic effects of cold and heat stress on the mortality ratio are illustrated in Figures A1-A4 in
Appendix A. These results show that effects of cold stress persist longer in time than for heat
stress. Moreover, the observed long lasting effects on mortality that sometimes only dissipate
after 40 days illustrate the importance of accounting for the lag structure, like we do in our
models.
Table 2.2: Regression model results of effects of cold and heat stress on mortality for the total sample
and three age classes.
Total population
Total effect of cold
stress
Standard error
Total effect of heat
stress
Standard error

Age class <65

Age class 65-80

Age class ≥80

0.011

1

0.0003

0.0176

0.0186

0.003

8

0.0012

0.002

4

0.001

2

0.0239

9.685e-12

3.286e-17

0.079

8

0.0088

4.943e-07

0.0258

0.009

9

14

The insignificant result for age class 65-80 is add odds with the broader literature on this topic, and further
research should examine the robustness of this finding.
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Number of
observations (days)

8356

8356

8356

8356

Notes: Coefficients of control variables are suppressed for brevity.

2.3.2 Projected mortality changes as a result of climate change
Table 2.3 shows the mortality projections under the four KNMI climate change and socioeconomic scenarios for the years 2050 and 2085, without accounting for additional warming
from the urban heat island effect. The projected changes in daily mortality are shown separately
for hot and cold days and are the outcome of a higher average temperature on those days.
These estimates should be interpreted as the change in mortality that is caused by climate
change in these future years given the exposed population at that time, compared with a
situation in which no climate change occurs. Depending on the climate change scenario, cold
mortality is expected to decline with between 5 and 10 deaths per day in the year 2050 and
between 7 and 14 deaths per day in the year 2085, based on the model for the total population.
The sum of reduced deaths based on the models of the three age classes are a bit more than
twice as large, which shows that the model for the total population underestimates reduced
future mortality in the cold. The results per age class show that the number of lives saved in the
age class 65-80 is small compared with lives saved in the highest age class ≥80. The increase in
mortality on hot days is much higher than the reduced mortality on cold days, since mortality in
the heat is expected to increase between 10 and 20 deaths per day in the year 2050 and
between 14 and 29 deaths per day in the year 2085, based on the model for the total
population. These future mortality increases in the heat are almost three times as high based on
the models for the different age classes, which is due to more mortality in the highest age class.
The observation that the number of additional deaths due to climate change on hot days
outweigh the number of reduced deaths on cold days does not necessarily mean that total
mortality in a year increases due to climate change, because the number of cold days in a year
exceeds the number of hot days in the Netherlands. The projected annual mortality changes are
the combined outcomes of the increase in average temperature per day, as well as the decrease
in cold days to which the cold stress mortality curve is applied and an analogous increase in hot
days to which the heat stress mortality curve is applied. In particular, the percentage of cold
days (T<17.6°C) is 87% under current climate conditions, and this percentage decreases down to
66% under the climate change scenarios.
Up to the year 2050 we observe that the effect of climate change on net annual mortality is that
total yearly mortality declines in the model for the total population, but this decline is smaller
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under the scenarios with high warming (W and W+) based on the age class models. This pattern
of decline in mortality is observed for age classes <65 and 65-80, but for the age class ≥80 we
observe an increase in mortality from climate change in the G+ and higher warming scenarios.
The reason is that especially for this age class the decline in cold mortality is relatively small
compared with the increase in heat mortality. For the year 2085 we observe that the decline in
total yearly mortality still occurs in the low climate change scenarios (G and G+). In contrast, in
the high climate change scenarios (W and W+) mortality increases substantially up to 2,207
additional deaths per year for the sum of the three age class models. A general pattern is that
the model for the total population underestimates both declines in mortality under the low
warming scenarios and increases in mortality under the high warming scenarios. The model for
the total population even estimates a small decline in mortality in 2085 under the W scenario,
while the sum of the age class model estimates a substantial increase in deaths of 1,132 per
year. For the different age classes, it is observed that for age class <65 total annual mortality
slightly declines under all scenarios and a substantially higher decline is observed for age class
65-80. On the other hand, substantial increases in mortality are observed for the highest age
class ≥80 years under the G+ and higher warming scenarios. An important conclusion is that in
about 60 years from now the dominance of cold-related mortality will be replaced with heatrelated mortality if the W and W+ climate scenarios materialize.
Table 2.3: Projections of daily changes in heat and cold-related mortality and total net yearly mortality as
a result of climate change for the years 2050 and 2085 under different climate and socio-economic
scenarios, without accounting for additional warming from the urban heat island effect.
Year 2050

Year 2085

Climate change scenario

G

G+

W

W+

G

G+

W

W+

Socio-economic scenario

POPhigh

POPhigh

POPlow

POPlow

POPhigh

POPhigh

POPlow

POPlow

Temperature rise (°C)
% of cold days in a year

1.0
82%

1.4
80%

2.0
76%

2.3
74%

1.3
80%

1.7
78%

3.3
68%

3.7
66%

Cold impacts in terms of the change in number of deaths per day for:
Total population

-5

-7

-8

-10

-7

-9

-13

-14

Age class <65

0

0

0

0

0

0

0

0

Age class 65-80

-5

-6

-8

-9

-6

-8

-12

-13

Age class ≥80

-7

-10

-12

-14

-10

-13

-18

-20

Heat impacts in terms of the change in number of deaths per day for:
Total population

10

15

18

20

14

18

26

29

Age class <65

0

0

0

0

0

0

0

0

Age class 65-80

0

0

0

0

0

0

0

0
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Age class ≥80

29

41

50

58

40

52

74

83

Total net impacts in terms of the change in number of deaths per year for:
Total population
-804
-953
-806
-718
-948

-1023

-106

229

Age class <65
Age class 65-80

-7
-1,372

-9
-1,869

-10
-2,180

-12
-2,444

-9
-1,809

-11
-2,301

-14
-2,896

-15
-3,143

Age class ≥80
Total age classes

-216
-1,595

108
-1,770

976
-1,214

1,622
-834

32
-1,786

559
-1,753

4,042
1,132

5,364
2,207

As a next step, we examine the effects on changes in mortality of accounting for additional
warming that occurs under the climate change scenarios from the urban heat island effect in
the urbanized Randstad area. Due to additional warming people in the urbanized Randstad area
benefit more from reduced mortality in the cold compared with people outside this area, while
they experience more increased mortality in the heat. The projected changes in daily mortality
are given in Table 2.4, part a. The total additional daily mortality in the heat is higher than the
total reduced mortality in the cold if the urban heat island effect is accounted for, compared
with not accounting for it. Table 2.4, part b shows how these changes in daily mortality
estimates translate into changes in net yearly mortality. The yearly mortality estimates also
depend on the lower proportion of cold days (and higher proportion of heat days) experienced
by people subject to the urban heat island effect (shown in Table 2.4). Accounting for the urban
heat island effect implies that in the scenarios where the total net yearly effect of mortality
changes over the age classes is a decline in mortality, this reduction in mortality becomes
smaller compared with Table 2.3. Moreover, a net increase in yearly mortality is now observed
in Table 2.4 for the oldest age class in all scenarios, while this was not the case in the G scenario
for the year 2050 if the urban heat island effect is excluded. Moreover, based on the different
age class models, net increases in mortality can already occur in 2050 under the high end
climate change scenario (W+), under which the mortality increase in 2085 is substantially higher
(3,539 deaths) than without accounting for the urban heat island effect (2,207 deaths).
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Table 2.4, part a. Projections of daily changes in heat and cold related mortality as a result of climate
change for the years 2050 and 2085 under different climate and socio-economic scenarios, accounting for
additional warming from the urban heat island (UHI) effect
Year 2050

Year 2085

Climate change scenario

G

G+

W

W+

G

G+

W

W+

Socio-economic scenario

POPhigh

POPhigh

POPlow

POPlow

POPhigh

POPhigh

POPlow

POPlow

Temperature rise (°C) without
the UHI

1.0

1.4

2.0

2.3

1.3

1.7

3.3

3.7

Temperature rise (°C) with the
UHI

2.0

2.4

2.9

3.2

2.3

2.7

4.2

4.6

Cold impacts outside the urbanized Randstad area in terms of the change in number of deaths per day for:
Total population

-2

-3

-4

-5

-3

-4

-6

-7

0

0

0

0

0

0

0

0

Age class 65-80

-2

-3

-4

-5

-3

-4

-6

-7

Age class ≥80

-4

-5

-6

-7

-5

-6

-9

-10

Age class <65

Cold impacts in the urbanized Randstad area in terms of the change in number of deaths per day for:
Total population

-5

-6

-6

-7

-6

-7

-8

-9

0

0

0

0

0

0

0

0

Age class 65-80

-5

-6

-6

-6

-6

-7

-7

-8

Age class ≥80

-7

-9

-9

-10

-9

-10

-11

-13

Age class <65

Heat impacts outside the urbanized Randstad area in terms of the change in number of deaths per day for:
Total population

5

7

9

10

7

9

13

15

Age class <65

0

0

0

0

0

0

0

0

Age class 65-80

0

0

0

0

0

0

0

0

14

20

25

29

19

25

37

42

Age class ≥80

Heat impacts in the urbanized Randstad area in terms of the change in number of deaths per day for:
Total population

10

13

13

14

13

15

16

18

Age class <65

0

0

0

0

0

0

0

0

Age class 65-80

0

0

0

0

0

0

0

0

30

36

36

40

36

42

47

51

Age class ≥80
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Table 2.4: Projections of changes in total net yearly mortality as a result of climate change for the years
2050 and 2085 under different climate and socio-economic scenarios, accounting for additional warming
from the urban heat island (UHI) effect.
Year 2050
Climate change scenario

Year 2085

G
POPhigh

G+
POPhigh

W
POPlow

W+
POPlow

G
POPhigh

G+
POPhigh

W
POPlow

% of cold days in a year
without the UHI

82%

80%

76%

74%

80%

78%

68%

66%

% of cold days in a year
with the UHI

76%

74%

71%

69%

74%

72%

64%

62%

Socio-economic scenario

W+
POP-low

Total net impacts in terms of the change in number of deaths per year for:
Total population

-874

-908

-646

-474

-907

-860

260

653

-9

-12

-12

-13

-11

-14

-15

-16

Age class 65-80

-1,962

-2,424

-2,580

-2,819

-2,400

-2,856

-3,166

-3,395

Age class ≥80
Total age classes

469
-1,502

1,068
-1,368

2,031
-562

2,879
47

1,034
-1,378

1,851
-1,019

5,489
2,308

6,951
3,539

Age class <65

2.3.3 Economic valuation of climate change induced mortality changes
Table 2.5 expresses the total yearly climate change induced mortality changes in economic
costs. These results are shown separately for the mortality projections that do not (Table 2.3)
and do (Table 2.4) account for the additional warming in the Randstad area due to the urban
heat island. Valuations based on the total population and the total of the age classes do arrive
at the same sign, except for the W+ scenario in 2050 and accounting for the urban heat island.
Based on the total of the age class impacts, the results show net economic benefits in 2050 due
to a dominant effect of less cold-related mortality, except for the high end climate scenario
(W+) and additional warming from the urban heat island. These net economic benefits in 2050
range between €3.8 bln and €10.1 bln (€5.6 bln and €11.9 bln) with (without) accounting for the
urban heat island. The 2085 results show that net benefits under low warming scenarios turn
into net costs for the high warming scenarios. These net costs range between €7.6 bln and €14.8
bln in the projections that do not account for the urban heat island effect, and increase to
between €15.5 bln and €23.7 bln in the projections that do account for additional warming in
the urbanized Randstad area. The observed pattern of initial net benefits of climate change that
develop into net costs is consistent with the total net yearly mortality changes in Table 2.3.
Overall the projections with the model for the total population underestimate both net benefits
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in low warming G scenarios and net costs in high warming W scenarios, which illustrates the
importance of using the more detailed differentiation of the mortality models based on age.
Table 2.5: Net economic costs of mortality changes based on the models for the total population or
specific age classes, expressed as million euro losses per year for the years 2050 and 2085, with and
without accounting for additional warming from the urban heat island (UHI) effect (negative values are
net benefits, positive values are net costs).
Year 2050

Year 2085

Climate change
scenario

G

G+

W

W+

G

G+

W

W+

Socio-economic
scenario

POPhigh

POPhigh

POPlow

POPlow

POPhigh

POPhigh

POPlow

POPlow

-5,387

-6,385

-5,398

-4,812

-6,354

-6,853

-708

1,535

-44

-60

-69

-77

-58

-73

-92

-99

Age class 65-80

-9,190

-12,521

-14,605

-16,376

-12,123

-15,418

-19,405

-21,056

Age class ≥80

-1,449

722

6,542

10,865

213

3,744

27,082

35,942

Total age classes -10,683
Net costs, with the UHI for:

-11,859

-8,133

-5,589

-11,967

-11,747

7,585

14,786

Total population
Age class <65
Age class 65-80

-5,859
-63
-13,144

-6,084
-77
-16,244

-4,329
-82
-17,287

-3,174
-89
-18,886

-6,079
-77
-16,082

-5,762
-91
-19,133

1,745
-100
-21,215

4,378
-107
-22,750

Age class ≥80
Total age classes

3,145
-10,062

7,157
-9,164

13,605
-3,763

19,290
314

6,930
-9,229

12,400
-6,825

36,777
15,461

46,570
23,713

Net costs, without the UHI for:
Total population
Age class <65

2.4

Discussion

An important finding of our study is that climate change is expected to first decrease total net
mortality in the Netherlands due to a dominant effect of less cold-related mortality, but this
reverses over time under high warming scenarios that cause the increase in heat-related
mortality to dominate. This dominance of heat-related mortality occurs in our projections for
2085 under high warming scenarios if the urban heat island effect is not considered, but already
occurs in 2050 when the additional warming in the urbanized Randstad area is accounted for.
This observation highlights the importance of including the additional warming under climate
change caused in cities by the urban heat island effect in studies that examine the potential
effects of climate change on human mortality. In this respect, it should be noted that our
estimate of the urban heat island effect on mortality should be seen as a lower bound, since we
were not able to account for this effect for all Dutch cities, but focused on the main urbanized
area in the Netherlands only. The reason is that for this area we have estimates of both the
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urban heat island effect and demographic change under our adopted socio-economic scenarios,
while this information is not currently available for other cities. Nevertheless, our approach is an
improvement compared with neglecting the urban heat island effect as has been done in
several previous studies that examine the economic impacts of mortality changes under climate
change (Deschênes and Greenstone, 2011; Deschênes and Moretti, 2009; Barecca, 2012;
Otrachshenko et al., 2017).
The economic valuation of the total net mortality changes indicate that climate change will first
result in net benefits from the dominance of less cold-related mortality of up to €10.1 bln, while
this changes over time in net economic costs under high warming scenarios of up to €23.7 bln in
2085, accounting for the urban heat island effect. This highlights that high economic gains can
be obtained by implementing adaptation policies that reduce the negative impacts of warming
on mortality. In this respect, it is important to note the heterogeneity in economic impacts for
mortality changes for the different age classes. Although climate change is expected to bring
economic net benefits for mortality changes in age classes <65 and 65-80, it causes net
economic costs for mortality changes in the age class ≥80 under all scenarios that account for the
urban heat island effect, ranging from €3.1 bln (G in 2050) up to €46.6 bln (W+ in 2087). These
substantial cost figures illustrate the large economic gains that can be obtained from adaptation
policies that limit the impacts of heat stress on the population group with age ≥80 in particular,
although such policies may also be beneficial for the other age classes. These adaptation
policies, like improved air-conditioning, are likely to come at a cost and their desirability can be
evaluated using a cost-benefit analysis in which the benefits can be derived from the prevented
mortality losses based on our analysis here.
Although our economic cost estimates indicate substantial gains from adaptation policies, and
hence could serve as input for cost-benefit analyses to assess such policies, it should be realized
that our mortality projections do not account for adaptation. The actual mortality changes in
the future that will materialize will be smaller if adaptation occurs, as can be expected based on
the findings from other studies (Barecca et al., 2015, 2016; Valleron, 2015; Todd and Valleron,
2015). It would be especially useful if such future studies could assess which adaptation
measures are most effective in limiting heat-related mortality, and how such measures can be
effectively promoted through adaptation policies.

2.5

Conclusion

Climate change is expected to increase the frequency and severity of heat stress and reduce the
frequency and severity of cold stress, which can have large implications for human health and
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mortality in particular. This study has obtained insights into the potential impacts of climate
change on mortality in the Netherlands, which is currently experiencing mainly cold-related
mortality, and the associated economic costs. Our methods account for changes in both cold
and heat-related mortality for different age classes, the time dynamics associated with
temperature-related mortality, demographic change, and the urban heat island effect.
Our statistical modelling results show that heat and cold impacts on mortality vary considerably
between age classes, in a way that older segments of the population are more vulnerable to
extreme heat and cold conditions. This finding underlines the relevance of accounting for
demographic change and in particular aging of the population in estimating the impacts of
climate change on future mortality. Moreover, we find that sensitivity of mortality to
temperature is much higher on hot than cold days, and that extreme temperature conditions
appear to have long time lags on mortality, especially in cold periods. These observations
support our use of the constrained segmented distributed lag model that accounts for these
time dynamics and different susceptibility to heat and cold stress.
A main finding of our study is that climate change is expected to first decrease total net
mortality in the Netherlands due to a dominant effect of lowered cold-related mortality, but this
reverses over time under high warming scenarios. A dominance of more heat-related mortality
occurs in our projections for 2085 under high warming scenarios if the urban heat island effect
is not considered, but already occurs in 2050 when the additional warming in the urbanized
Randstad area is accounted for. This observation highlights the importance of including the
additional warming under climate change caused in cities by the urban heat island effect (as
estimated in Chapter 1 in this report) in studies that examine the potential effects of climate
change on human mortality. The economic valuation of the total net mortality changes indicate
that climate change will first result in net benefits from the dominance of less cold-related
mortality of up to €10.1 bln, while this changes over time in net economic costs under high
warming scenarios of up to €23.7 bln in 2085, accounting for the urban heat island effect. This
implies that high economic gains can be obtained by implementing adaptation policies that
reduce the negative impacts of warming on mortality, especially for the old segment of the
population for which mortality losses are the highest without additional policies. Future
research could focus on assessing which adaptation measures are most effective in limiting
heat-related mortality, and how such measures can be effectively promoted through adaptation
policies.
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Appendix A. Dynamic effects of temperature on mortality
Figure A1: Dynamic effects of temperature on the mortality ratio in the model for the total population for
cold (panel a) and heat (panel b) stress.

Figure A2: Dynamic effects of temperature on the mortality ratio in the model for age class<65 for cold
(panel a) and heat (panel b) stress.
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Figure A3: Dynamic effects of temperature on the mortality ratio in the model for age class 65-80 for cold
(panel a) and heat (panel b) stress.

Figure A4: Dynamic effects of temperature on the mortality ratio in the model for age class ≥80 for cold
(panel a) and heat (panel b) stress.
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3 Heat Wave Hotspot Risk mapping for major European urban areas
Marek Smid, Aline Chiabai, Marc Neumann

3.1 Introduction
Europe was marked amongst the particularly warming regions, with strong response to the
anthropogenic climate change thus exhibiting stronger warming rate then the planetary mean
(Keramitsoglou et al., 2017). The heat waves (HWs) do not only have various human, economic
and environmental consequences (Argüeso et. al, 2016) but they are considered by IPCC the
most important and dangerous hazard related to climate change and represent one of the
deadliest weather-related hazards.
Above stated situation triggered still continuing interest across various communities (i.e.
physicist, statistical climatologist, epidemiologist, medicine, economist, or policy makers). This
work aims to contribute to European preparedness to future impacts of extreme heat, therefore
focus is given on statistical climatology and epidemiology (epidemiological contribution is
addressed in separate document: “Forecast of heat attributable mortality in Europe for the
period 2030 – 2099”) approaches to map the risk associated with HWs and to identify the
impact hot-spots.
Many efforts have been recently devoted to studying European heat and to map the past and
future impacts (e.g. Barriopedro et al., 2011; Guerreiro et al., 2018; Holtanová et al., 2015; Hoy
et al., 2017; Lhotka et al., 2018; Pereira et al., 2017; Russo et al., 2014 and 2015; SánchezBenítez et al., 2018; Smid et al., 2019; Schoetter et al., 2015). These studies represent the
climatological approach to HWs impact mapping and as such their focus is on the definition of
HW in statistical sense. They provide the maps of HWs impact in resolution of underlying
circulation models, typically focus on physical aspect of climate, and the impactful HWs are
defined solely on the basis of climate/meteorological variables. On the other hand, the effect of
extreme heat on human health is in parallel being tackled by epidemiological studies (e.g.
(Michelozzi et al., 2010; Tobias et al., 2012; Muggeo, 2010; Díaz et al., 2015; Baccini et al., 2008;
D’Ippoliti et al., 2010; Gasparrini et al., 2015; Gasparrini et al., 2017; or Forzieri et al., 2017.).
These studies analyse the association between indicators for daily temperature and health
impacts in terms of daily mortality or morbidity (e.g. hospital admissions). Apart the climate
data, these studies typically exploit also the demographic variables (population, age
stratification, etc.) and take into account confounding factors affecting health such as air
pollution. They empirically calibrate the dose-response relationship, for example, between
mortality and extreme temperatures and develop so called “dose-response / temperaturePU
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mortality functions”. These studies provide heat-related health impacts which could be in turn
monetized and as such used as an input to integrated impact assessment models. On the other
hand, they typically use rather simplistic climatological definition of HW event. Also, when the
extension to future impacts is attempted, these studies often deploy low number of GCM/RCM
simulations and it is very difficult to relate the dose-response functions to future climate
projections. Finally, on European level, when the mapping of impacts across the entire
continent is of interest, the relatively spatially sparse damage functions are being approximated
to provide estimates at, for example, country level. This inevitably represents a huge
simplification as the health impact can differ widely according to specific climatic zones. For
example, in Spain the heat impacts will exhibit very different behaviour in Murcia (south Spain)
and in Bilbao located in Bizkaia bay.
The IPCC (2014) set out the general risk framework to assess any climate-related impacts. The
differences in local climates must be considered when the impact assessment aims to
comparison amongst distant locations (Pereira et al., 2017), and the perception and
vulnerability is not only function of local physical conditions but also of the cultural and
environmental attitude of the society (e.g. (Coccolo et al., 2016). As of now, still relatively low
number of HW studies provides spatially explicit mapping along all the three axis of risk
assessment defined by IPCC. Harrington et al., (2018) and King & Harrington, (2018) deployed
country level income to assess the impacts. Purely market-centric indicator, the Gross Domestic
Product, was used also by (Field et al., 2014) Arent et al., (2015) and Tol, (2009). The exposure
dimension was addressed by usage of population data in Jones et al., 2018 or Byers et al., 2018.
On global level, the evolution of HWs associated risk considering climate, demography, and
socioeconomic development was mapped via computing the IRI – Illustrative Risk indicator by
Russo et al., 2019. In this work, in principle we followed the IRI strategy to map the HWs risk
hotspots with the adjustments according to the aim of project. Firstly, we exploited climate
simulations at finest spatial scale available over the European-domain – EURO-CORDEX (Jacob et
al., 2014). Secondly, we used simplified normalization procedure. And thirdly, we deployed
different combination of RCP and SSP scenarios according to requests of COACCH project
stakeholders as they emerged from co-design project philosophy.
The objective of this work is twofold. First, we aim to propose a conceptual framework for
developing heatwaves risk hotspot mapping at European scale. Second, we applied the
framework to explore caveats of such an exercise and produce high resolution risk maps. In this
work the risk is defined as arising through the interaction of hazards, exposure and vulnerability.
The hazard is defined by Heat Wave Magnitude Index daily (HWMId) Russo et al., 2015)
computed on ensemble of 8 GCM/RCMs EURO-CORDEX models. The exposure is defined by
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population density computed on spatially explicit population dataset by Jones & O’Neill, (2016).
As a proxy variable for vulnerability the Human Development Index (HDI) developed by UNDP is
used. The input data are driven by Rcp4.5, and SSP2 scenarios. To calculate the risk, in principle
we followed the procedure of Russo et al., 2019. In each pixel the risk is defined as a product of
normalized hazard, exposure and vulnerability variables.
This strategy also complies with the recommendations which had arisen from the “Workshop on
Indicators for Climate Extremes and Socio-Economic Impacts under Different Emission Targets”
which took a place at the Joint Research Centre of European Commission, in Italy, 2017. These
requirements on technical aspects (indicators should be possible to measure, monitor, validate,
and transfer) and societal criterions (saliency, legitimacy, and credibility) are in detailed
described in the scientific paper by Jana Sillmann et al., (2018).
This report sets the methodological guideline to perform HWs risk hot spot mapping but its
indications are applicable also to other hazards, for example humid heat waves or droughts.

3.2 Conceptual framework and methodology
Diagram below (Figure 3.1) depicts the essential components of assessment of natural hazards
related to climate change.
Figure 3.1: Scheme of natural hazard assessment (IPCC, WGII AR5, 2014).
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The differences in local climates must be considered when the impact assessment aims to
comparison amongst distant locations (Pereira et al., 2017), and the perception and
vulnerability is not only function of local physical conditions but also of the cultural and
environmental attitude of the society (e.g. Coccolo et al., 2016).
Hereby, in this work the risk is defined as arising through the interaction of hazards, exposure
and vulnerability, where “Hazard” describes the future climate behaviour, “Exposure” accounts
for the features exposed to particular natural climate change-related hazard (in case of HWs the
crucial Exposure feature is society/population itself), and “Vulnerability” axis is descriptive to
how sensitive/resilient are those exposed features towards assessed hazard.

3.2.1 Hazards
The general procedure for estimating hazards consists in the application of robust metrics to an
ensemble of numeric physical models. The members of a Climate Model Ensemble should be
ideally validated against reliable observational datasets or, for data scarce regions, against reanalyses products (so-called hind cast procedures). Regarding the future periods, considering
that our planet is undergoing global warming and local climate exhibits increased variability, the
models have to incorporate future scenarios reflecting the directions and magnitude of changes
in the evolution of the climate variables relevant to climate impacts of interest. The numerical
models provide the simulated climate variables (e.g. daily maximum near-surface temperature,
daily precipitation, etc.) but the relevant impacts are commonly associated with the occurrence
of extreme events, for example, the prolonged periods of extreme heat or drought. For that
purpose, robust and understandable climate indices have to be deployed to consistently capture
the impacts (e.g. Zhang et al., 2011). The definition of extremes across long time-spans is
challenging – current extremes are likely to become the future norms (Argüeso et al., 2016).
Moreover, the climate indices should be chosen from widely utilized indicators to allow for
comparison amongst the studies. For example, in plain words, the term “Heat Wave” can mean
various different things (Zhang et al., 2011). The suit of selected climate indices also should be
aligned with the purpose of the study. Nevertheless, generally, the climate indicators represent
the quantification of climate related natural hazards.
For assessing the risks of urban populations to extreme heat, information on frequency and
occurrence of HWs is vital (McCarthy et al., 2010). However, the term “heat wave” may refer to
many different things in dependence of used formula (Zhang et al., 2011). The diversity in
obtained results was demonstrated by Jacob et al., 2014; pointing out the projected increase in
HWs occurrence ranging from 9 to 45 depending on the index used. To define a consistent index
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capturing multiday temperature extremes is, due to the dependency of these events, especially
challenging (Zhang et al., 2011). There have been numerous efforts to provide a robust HW
definition (e.g.Alexander et al., 2006; Frich et al., 2002; Hansen et al., 2008; Kyselý, 2010;
Lhotka & Kyselý, 2015; Lhotka et al., 2018; Meehl & Tebaldi, 2004; Orlowsky & Seneviratne,
2012; Perkins et al., 2012; Russo & Sterl, 2011; Russo et al., 2014, 2015; Schär et al., 2004;
Sillmann et al., 2013ª). However, the currently implemented ETCCDI (Expert Team on Climate
Change Detection and Indices) index – the so called Warm Spell Duration Index (WSDI) still
exhibits some shortcomings (see IPCC, 2012; Orlowsky & Seneviratne, 2012; Russo et al., 2014).
As a universally accepted HW definition is still missing, this represents an open issue to scientific
debate (Keramitsoglou et al., 2017). In this work we utilized “Heat Wave Magnitude Index daily”
(HWMId) (Russo et al., 2015) providing insight into magnitudes (severity) of extreme events.
Heat Wave Magnitude Index daily
In order to quantify heat wave intensity we deployed the HWMId (Heat Wave Magnitude Index
daily), taking into account duration and temperature anomalies of heat waves into a single
number (see Russo et al., 2015). The robustness of this index was illustrated, for example, by its
ability to capture the large Finish HW of 1972 which till then went largely undetected by
previous indices, despites the fact that this unusual event was reported in traditional
newspapers. In the same time the HWMId also demonstrated its ability to precisely detect well
known historical events across the globe (Russo et al., 2015). Hence, our choice of this HW
metric allows for comparison amongst large distances in space and time. Moreover, to calculate
the Heat Wave Magnitude Index daily in the reference period, the bootstrap / one “out-of-base”
year cross-validation procedure illustrated in Zhang et al., (2005) is used, therefore avoiding
potential heterogeneities between the outside and within of the base period (Sippel et al.,
2015), which is in agreement with ETCCDI recommendations (Schaller et al., 2018).
According to Russo et al., (2015) the Heat Wave Magnitude Index daily is defined as the
maximum magnitude of the heatwaves in a year, and a heatwave is defined as a climatic event
equal or longer than 3 consecutive days with maximum temperature (Tmax) above the daily
threshold for the reference period 1981-2010. The threshold is defined as the 90th percentile of
the set of daily maximum temperature computed from 31 day moving windows around each
day of the year, for the entire 30 years reference period. Hence, for a given day d, the threshold
is the 90th percentile of the set of data Ad defined as follows:

PU

Page 43

Version 1.7

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 776479.

D2.6 Non-market impacts - Health

where ⋃ denotes the union of sets and Ty,i is the daily Tmax of the day i in the year y. The
magnitude of the event is then computed as the sum of the magnitude of the consecutive days
composing a heatwave, with daily magnitude calculated by

with Td being the daily Tmax on day d of the heatwave, T30y25p and T30y75p are, the 25th and 75th
percentile values, respectively, of the time series composed of 30 year annual maximum daily
temperatures within the reference period 1981–2010. The Md function gives the magnitude of
a single heat wave day. The Md is applied to each heat wave day and the final score of the
HWMId is given by the sum of all Md values calculated for the days composing a heat wave. For
the calculation of HWMId the “extRemes” R package (Gilleland & Katz, 2016) was used.
3.2.2 Exposure
Since the main Exposure feature for heat waves is a society itself, the emphasis here is put on
the population data and their projections. Specifically, we used the spatially explicit dataset by
Jones & O’Neill (2016) which includes future projections driven by various Socioeconomic
pathways (in contrast to, for example, finer scale but not considering SSPs Eurostat data). For
selected SSP scenarios the population densities were calculated. Subsequently, the spatial
subsets of European domain of these densities were deployed in this study as Exposure data to
calculate the final Risk.
3.2.3 Vulnerability
As a proxy to express the measure of vulnerability of exposed societies we explored a range of
socioeconomic indicators. Broadly, the relevant proxy data can be divided into two main
categories: i) health indicators, and ii) economic indicators. The examples of the proxy
descriptive to the population health can be sum of people up to 5 years and over 65 years of
age (as the young and the old tend to be more vulnerable groups), median age, or life
expectancy. As potential economic vulnerability proxies, we considered the GINI coefficient,
GDP or GDP per capita, SDG17 Index, and ND GAIN Index. We decided to use the Human
Development Index (HDI) developed by UNDP since 1990. It is an indicator descriptive to state
of the countries. In contrast to economic, purely market-centric indicators, such as GDP, the HDI
argues that wellbeing of a society should be more holistic and focused on human themselves.
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Therefore, HDI is a composite indicator and takes in the account life expectancy, education, and
per capita income. Apart of merging the health and economic factors, it is the educational axis
which distinguishes HDI from other indicators. The Improvement in the employment
opportunities, as direct consequence of improvement in education, enhances the overall
individual capabilities (Palanivel et al., 2016). Here, we assume that those capabilities are
reasonable proxy to determine the ability to endure the extreme heat wave events. For more
detailed information on HDI methodology see HDR_technical_notes.pdf. The HDI has and
advantages of accounting for both – health and economy, availability of future projections
driven by SSP scenarios, and its superiority over other indices as proxy of societal vulnerability
to the implications of climate change was demonstrated by Füssel, (2010). However, it is
noteworthy to stress that HDI should be understood as distant proxy indicator of vulnerability
rather than its specific measure. Hence, also the normalized risk indicator has to be interpreted
as relative comparative result illustrating differences between geographic locations, time
instances, and climate and socioeconomic scenarios bearing in mind that empirically calibrated
dose-response relationship is not part of the analyses.
3.2.4 Risk
The strategy to map current and future hot spots of the heat waves impacts and their evolution
over the time is based on the Illustrative Risk Index anchored in Russo et al., (2019). The classical
approach frequently applied in epidemiology considers Risk as linear combination of Hazards
and Exposure. Following the IPCC framework, this paradigm was complemented with the
vulnerability dimension, assuming a linear relationship as a first approximation. Accounting for
the all three components of risk (hazard, exposure, vulnerability) in a quantitative and spatially
explicit manner allows to build the map of HWs impact risk hotspots at fine spatial and temporal
scale. In principle, the risk is then a grid-cell based product of hazard, exposure, and
vulnerability indices (Figure 3.2).
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Figure 3.2: The linear aggregation of the Risk indicator.

In order to facilitate the multiplication, the data must be transformed onto an identical grid and
specified time resolution.
Firstly, Heat Wave Magnitude Index daily data calculated on rotated EURO-CORDEX EUR11i
domain computational grid were re-rotated to regain the geographical match with the other
data sets. Secondly, since EURO-CORDEX data come in finer spatial resolution than the
population data, the First Conservative Remapping Approach (Jones, 1999) was used to remap
the HWMId onto regular grid of the population information. The population densities from
available total population projections were calculated thus allowing the remapping procedures
to be deployed. Thirdly, we normalized all the input data (Hazard, Exposure, Vulnerability)
between 0 and 1 with uniform distribution (see section XY Normalization procedure). Lastly,
Before the HDI data were processed following the aforementioned procedures, they were
inverted (1-HDI) thus in the results the higher risk corresponds to the lower socio-economic
development. Finally, to produce the risk maps of the three analysed periods requested by
project stakeholders (2020 - 2040, 2041 – 2070, 2071 – 2100), the temporal averages of time
steps available within each period were calculated.
Normalization procedure
We normalized all the input data (Hazard, Exposure, Vulnerability) between 0 and 1 with
uniform distribution. The simple algebraic normalization was used. The ties were removed from
the data. Subsequently, the data were ordered and resulting rank vector was divided by number
of non-NAs values within the input data set. In the end the obtained normalized values were
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mapped to the original values. This means that this approach does not represent definitive or
quantitative results in absolute terms. Instead, this is a relative approach illustrating the risk as a
composite of all three dimensions with the same weights. Hence, when analysing the changes in
time, the spatial patterns of risk are equally impacted by evolutions in Hazard, Exposure, and
Vulnerability. As such this strategy is design to help to understand differences between models,
instances of time, and scenarios. It is noteworthy, that if this approach would be applied to
analyse range of RCP and SSP scenarios, the normalization has to be run on multidimensional
array of complete data in order to obtained the risk in coherent scale.
The strategy to heat wave impact hot spot mapping, together with necessary processing steps is
illustrated on Figure 3.3, and formula to calculate the Risk is as below:

Figure 3.3: The linear aggregation of the Risk with illustrated pre-processing steps.
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3.3

Data

3.3.1 Climate Simulations
The European branch of the CORDEX experiment currently provides the largest collection of
simulations and provides the data at two different resolutions: 0.11° and 0.44°. From two
available EURO-CORDEX resolutions we choose the finer grid projections (~ 12.5 km). It was
previously shown that coarser simulations project drier summer conditions (Kotlarski et al.,
2014) and very persistent HWs (Vautard et al., 2013). These issues can partially be overcome
using higher resolution (Kotlarski et al., 2014; Lhotka et al., 2018). The main advantages of finer
scale projections are obtained for the warm season (Soares & Cardoso, 2018; Lhotka et al.,
2018). These improvements can be attributed to enhanced orography and better resolved local
feedbacks. This is especially the case in some coastal regions as coastline and coastal breeze are
more accurately presented (Vautard et al., 2013), as well as in areas of complex terrain (Lhotka
et al., 2018).
From the full EURO-CORDEX ensemble we excluded some models due to their shortcomings in
the Mediterranean area (Kotlarski et al., 2014) and in the ability to estimate the intensity of
extreme events (Vautard et al., 2013). The resulting subset used in this work is composed of 8
simulations, containing different GCM/RCMs combinations performed by four different
institutions (Table 3.1). The daily maximum near-surface temperature data for the 1971–2100
period were retrieved from ESG – Earth System Grid data repository and the details on models
can be found in the EURO-CORDEX website (http://www.euro-cordex.net).
Table 3.1 - The list of utilised GCM/RCMs combinations.
Institute

RCM

Driving GCM

RACMO22E

ICHEC-EC-EARTH

HIRHAM5

ICHEC-EC-EARTH

Swedish Meteorological and
Hydrological Institute (SMHI)

RCA4

ICHEC-EC-EARTH

Institut Pierre Simon Laplace
(IPSL-INERIS)

WRF331F

IPSL-IPSL-CM5A-MR

Swedish Meteorological and
Hydrological Institute (SMHI)

RCA4

IPSL-IPSL-CM5A-MR

Royal Netherlands

RACMO22E

MOHC-HadGEM2-ES

Royal Netherlands
Meteorological Institute
(KNMI)
Danish Meteorological
Institute (DMI)
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Meteorological Institute
(KNMI)
Swedish Meteorological and
Hydrological Institute (SMHI)

RCA4

MOHC-HadGEM2-ES

Swedish Meteorological and
Hydrological Institute (SMHI)

RCA4

MPI-M-MPI-ESM-LR

3.4 Population Data
To calculate the population densities, the spatially explicit population dataset consistent with
SSPs by B. Jones and BC O`Neill, (2016) was used. These data are derived by means of
parametrized gravity-based downscaling model. The resulting population information is
quantitatively consistent with the national estimates and urbanization projections for the SSPs.
The dataset was developed in view of analysing the potential exposures and vulnerabilities
towards impacts. The spatial resolution is 1/8 °, has a global extent, and provides the
information on rural and urban population. The dataset span over the period between 2010 and
2100 and offers the projections in 10 year time-steps. The data are derived with respect to SSPs
and fertility, urbanization, income, and migration are the demographic elements taken in the
account (Jones and ONeill, 2016). The data are freely available via:
http://sedac.ciesin.colombia.edu/dataset/popdynamics-pop-projection-ssp-2010-2100.

3.5 Human Development Index
The dataset offers country-level information projected up to 2075 in 5 years time-steps and
consistent with SSP scenarios. Some alternative adjustments to HDI can be find in Alkire &
Foster, (2010); Arcelus et al., (2006); or Pineda, (2012). Sagar & Najam, (1998) and Klugman et
al., (2011) offer the critical review of HDI, and guidance on usage and the interpretation in
context of climate risk studies can be found in Russo et al., (2019). The data are available in
repository reported in Crespo & Lutz, (2016). The HDI data were inverted (1-HDI), thus in the
results the higher risk corresponds to the lower socio-economic development.
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3.6 Scenarios
3.6.1 RCPs
From all the Representative Concentration Pathways (RCPs) scenarios adopted by the IPCC for
its 5th Assessment Report (Christensen et al., 2013) here we use RCP4.5 and RCP8.5 scenarios.
Unlike the SRES (Special Report on Emission Scenarios) (Nakicenovic et al., 2000) scenarios, they
are not associated with particular storylines thus account for combined uncertain influence of
economic, technological, demographical and policy factors (Sillmann et al., 2013b). The RCP4.5
representatively corresponds to the “category IV” AR4 scenarios, which made a vast majority in
that report. This illustrates the importance of this scenario and the RCP4.5 also was in the most
demand during the co-designing process with the project stakeholders. The RCP4.5 is a medium
stabilization scenario without overshoot pathway and with the stabilization after year 2100 (Van
Vuuren et al., 2011). The RCP8.5 assumes continued growth of energy demand, hence does not
have any peak breaking point during the 21st century. This scenario assumes continuing trends
in all anthropogenic activities influencing the climate with no mitigation policies being
implemented (Riahi et al., 2011). The detailed overview of RCPs can be found in Van Vuuren,
2011. The choice of scenarios was based on stakeholder’s requests and it is supported by high
number of HWs related studies concentrating on these scenarios thus allowing for the
comparisons. These scenarios might be more relevant in projected future heat impacts and their
associated risks due to the additional influence of the urbanization to local climates (where the
HWs risks are naturally concentrated), which are not considered by GCM/RCM simulations. The
other reason lays in one of the major objectives of this study which is the communication of
climate change. Multiple previous studies found that most severe impacts throughout the 21 st
century are projected under the RCP8.5 scenario (e.g. Jacob et al., 2014; Lhotka et al., 2018;
Russo et al., 2015). However it is noteworthy the recent interesting finding of Lhotka et al.,
(2018) for near future (2020-2049) in Central Europe the largest increment of HWs frequency
exhibit the RCP4.5 “low concentration” scenario. Nevertheless, the main objective of this study
is to analyse the evolution of extreme heat impacts during the entire century, and to
communicate the quantified comparative risk across the European domain in simplistic manner,
thus the RCP4.5 as the medium and RCP8.5 as an upper risk boundary were utilized in this
study.
3.6.2 SSPs
Shared Socioeconomic Pathways (SSPs) describe the range of future plausible societal
developments scenarios to be deployed in climate and global change research. The SSPs address
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the macro scale and consider political cultural, institutional, social, demographical, economical,
lifestyle, and technological factors (Ebi et al., 2014).
In this study the SSP2 “Middle of the road” was utilized. The SSP2 assumes continuing trends of
recent decades leading to most of the world economies being stable and connected via global
market. The world under the SSP2 would slowly decrease the usage of fossil fuels. The
inequality will rise in less developed countries when some would exhibit stronger progress than
the others. More in depth insights on SSPs can be found in Ebi et al., (2014) and O’Neill et al.,
(2014). The SSP2 was selected to synergize with RCPs utilized in this study and according to
stakeholder’s demands. The projections of Exposure data (population) and Vulnerability data
(Human Development Index) are available under the SSPs scenarios.

3.7 Visualization
The maps of projected heat wave risks are presented in this section. For the visualization
purposes the categories of the 10% quantiles were selected. It is important to highlight that in
order to calculate the quantile´s cut points, all the computed risk matrices were merged into
single multidimensional array. The obtained cut points were used to plot the risks maps based
on all the three (Hazard, Exposure, and Vulnerability) Risk components. This ensures that the
same level of risk is represented by the same colour on the plotted maps. For plots illustrating
separated risk components the 10% quantiles derived from original data was applied. This was
done due to much larger data ranges (e.g. population density between 0 and 36 000). The
corresponding 10% quantiles cut points was also utilized in Figure 3.10 – Risk based on Hazard
and Exposure. This is to avoid the over-representing the risk by using the identical scale of other
risks maps, while the values are, in fact, higher than when three normalised variables are
multiplied. The HWs risk hot spots maps are presented for three periods (“near future”: 2021 –
2040, “mid-term future”: 2041 – 2070, and “distant future”: 2071 – 2100) of the world following
RCP4.5 and SSP2 scenarios.
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3.8 Risk hotspot maps
3.8.1 Evolution of HWs risk over Europe
Near future
Figure 3.4: Ws Risk under the Rcp4.5 and SSP2, period 2021 – 2040 “near future”.
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Mid-term future
Figure 3.5: HWs Risk under the Rcp4.5 and SSP2, period 2041 – 2070 “mid-term future”.

Distant future
Figure 3.6: HWs Risk under the Rcp4.5 and SSP2, period 2071 – 2100 “distant future”.
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It appears that the granularity of resulting risk maps is driven by population data, even though
the original EURO-CORDEX data have the finer spatial resolution (Figure 3.8). This is due to the
strong clustering effect in population data.
In some areas (Italy, Spain, Northern Balkan) the effect of socio-economic development under
SSP2 is projected to supersede the impact HWs acceleration between mid-term and distant
future. This is also due to presence of already very severe HWs conditions in the mid of the
century and to always positive trend in the projected HDI. This subsequently leads to decrease
in the aggregated risk over these areas in distant future (Figure 3.5 and Figure 3.6).

3.9 European HWs Risk projected by the end of the century
It needs to be stressed that it is important to acknowledge in the process of decision making all
of three risk components separately.

Hazard component
Figure 3.7: HWMId under the Rcp 4.5 – 2071-2100 (temporal average).
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The hazards exhibit general North – South increasing gradient. The coastal hazards are often
mitigated by the influence of the ocean and higher altitudes are also projected to be exposed to
somewhat less severe HWs.

Exposure component
Figure 3.8: Population Density under the SSP2 – 2071-2100 (temporal average).

Even though the coastal areas exhibit lower hazards, for example in case of Portugal, where the
vast majority of inhabitants reside on the coast, the actual real risks hot spots will be loacated
on the coastline. This is a good example which illustrates that analysing all of three dimension
separately is vital in initial stages of the adaptation planning (see Figure 3.6 and Figure 3.7).
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Vulnerability component
Figure 3.9: Inverted (1-HDI) under the SSP2 – 2071-2100 (temporal average).

It is observable when seeing HDI data, that there are differences between Southern and CentralEast Europe in comparison with North-Western region attributable to socio-economic state of
aforementioned regions. This pattern is reflected also in final risk results (Figure 3.4., 3.5. and
3.6). Even though it is not that obvious within EU28 territory, this effect is strongly augmented
over the south and east margins of analysed domain covering Northern African and Asian
regions, where, for example, across sparsely populated portions of Sahara, the spatial patterns
of risks appear to be driven by underlying HDI data.
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Risk based on Hazard and Exposure
Figure 3.10: HWs Risk under the Rcp4.5 and SSP2 considering only Hazards and Exposures, period 2071 –
2100 “distant future”.

The results show that even under these “middle of the road”, medium and somewhat
conservative scenarios, the HWs risks will radically increase over the land surface of European
territory. By the end of the century not only the traditional HW impact hotspots, such as
Mediterranean and central Europe, but also significant portions of Northern Europe
(Scandinavia, United Kingdom, and – so some extent – Baltic countries) will have the impact hot
spots of comparable risks. This is also in agreement with previous studies (e.g. Smid et al.,
2019).

PU

Page 57

Version 1.7

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 776479.

D2.6 Non-market impacts - Health

3.10 Discussion and conclusions of preliminary analysis
The objective of this work is twofold. First, we aim to propose a conceptual framework for
developing heatwaves risk hotspot mapping at European scale under future climate change
scenarios, combining three dimensions representing hazard, exposure and vulnerability
components. A conceptualization of indicators related to each of the 3 components is discussed,
along with methodological issues related to their construction, resolution and scale, availability
of data, double counting effects etc. A methodological approach is proposed for aggregating the
three components based on mapped layers to derive a measure of the overall risk, building on
previous studies (Russo et al., 2019), making use of data at the finest spatio-temporal scales
available for the European domain. The underlying idea is that the risk is a function of climatic
hazard, exposure level of the population, and vulnerability factors of the exposed population
making some groups susceptible of higher health impacts compared to others.
Second, as a first exemplification, we apply the conceptual framework to map heatwaves
episodes in Europe at the spatial resolution of 1/8 degree. The application of the framework
envisages a number of operational steps related to the selection of appropriate indicators for
each of the three components, based on availability of data, socio-economic scenarios for
projections, geographical/temporal scale and resolution. Preliminary maps of projected layers
are presented for the three components separately and for the aggregated risk for three
periods (“near future”: 2021 – 2040, “mid-term future”: 2041 – 2070, and “distant future”: 2071
– 2100) of the world following RCP4.5 and SSP2 scenarios.
The work developed on the conceptual framework and the analysis of the maps show the
following implications and lessons learnt.
While we see an increase of the aggregated HWs risks over the territory in Europe in the
“middle of the road scenario” (with higher expected risk for the Mediterranean and Central
Europe and increased risk of significant portions of Northern Europe such as Southern UK,
Denmark, or South of Scandinavian peninsula), the analysis of the three layers components and
aggregation procedure becomes crucial for any interpretation and to derive recommendations
for policy action.
It must be highlighted also that in the absence of empirically calibrated temperature-mortality
relationships, the preliminary analysis needs to be understood as spatially distributed risk of
extreme heat events and not as projections of actual health impacts. As such, this strategy is
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designed to help to discuss differences between models, indicators, aggregation procedures,
geographical and temporal scales, and scenarios.
The following learning points can be highlighted from these steps of analysis.
1) Selection of indicators
The selection of the most appropriate indicators for each of the three layers is crucial for the
risk analysis and interpretation. As regards the indicators for hazard, we explored the usage of
various absolute and percentile-based indices (TXx – “the hottest day”, TNx – “the warmest
night”, Tx90p – “The amount of days much warmer than the average”, WSDI – “Warm Spell
Duration Index”, HWMId – “Heat Wave Magnitude Index daily”). The suggested indicator is
based on temperature signals (daily Tmax) and provides the measure of event
severity/magnitude by accounting for combined effects of HWs intensity and duration.
As regards exposure, we selected the whole population as potentially affected. Though
heatwaves are mostly affecting some groups of the population, such as the elderly, children or
people with pre-existing health conditions and with short remaining life expectancy, they can
also affect middle age people in “normal or good health” depending on the lifestyles (if
undergoing extreme physical activity without proper hydration, or outside workers, etc…). So
we selected the overall population as potentially exposed.
As regards the third layer, or vulnerability, we selected the HDI as an attempt to represent
socio-economic factors related to the population (for which available projections exist for the
different SSPs scenarios). However, the HDI is a complex index which includes different subindicators, with different levels of correlations among them. Further research is needed to
explore the different components of the HDI and how they interact for an understating of the
interaction with the other two layers. The main issue related to this indicator is that future
projections under SSPs scenarios are not available for sub-indicators, so that any discussion of
the interactions among sub-indicators can be discussed only conceptually. Other indicators for
vulnerability have been discussed in the conceptual framework. The GDP/capita (which is also
available for SSPs scenarios) represent the richness at country level and is one of the key
indicator for adaptive capacity. However, we would like to emphasise that even in a future with
a very strong European economy it would not be reasonable to assume that wealth and
financial resources would not completely protect Europeans if parts of the world are facing a
climatic crisis. This will probably hold true also at much smaller scales. For example, European
capitals being reasonably rich would not necessarily display extreme risk levels. However, it
would be naive to rely on local wealth and think that the fact that these agglomerations will be
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surrounded by large countryside areas undergoing dramatic climate change and facing
frequently very extreme events, would not have any negative implications on life in cities
themselves.
While GDP/capita is an interesting indicator for an analysis at world level to compare high,
middle and low-income countries and regions (Russo et al., 2019), at the EU level there are
other most important factors that undermine adaptive capacity and affect population
vulnerability. Among these, we identified social and health inequalities (which can be reflected
in differences in income/capita but also in other indicators such as accessibility of health care, to
social services, or availability of green spaces in poor urban areas, etc.). One of these indexes
can be represented by the Gini Coefficient, though this is not available for future projected
scenarios. Other key indexes are the educational level and the presence of heat warning
systems and if they related to health impacts or not. The latter are low regret measures which
are relatively not expensive, though they proved to be very beneficial in terms of preventive
behaviour. These systems can be put in place also in cities which low available resources, and
this translates in a lower vulnerability.
A combination of these different indicators for vulnerability would probably be more
representative for EU countries than just GDP/capita or the HDI. Also, these indicators should be
analysed separately and not within composite indexes as we are losing key information.
2) Scale issue
The strongly urbanized Europe contains large heterogeneity and striking inequalities within our
dense urban systems. In European highly human developed countries the differences in
resilience to extreme heat might be driven by other factors than those included in HDI, or they
can have comparatively different effect in European context. Therefore, currently, to spatially
explicitly map the HWs risk we recommend the risk indicator as the aggregation of hazard and
exposure component, as discussed in the point below.
Indices at a finer sub-national scale are needed to be able to extract recommendations for
policy making. The usage of country level vulnerability proxy data somewhat masks out the
intra-national heterogeneity in projected risk. Even within a same city, there are strong
differences related to health equity in different areas, which can be seen in large variance in life
expectancy, income/capita and educational level, and access to health care.
3) Aggregation procedure and linearity assumption in risk
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The fact that all of the three dimensions are given the same weight in the linear aggregation, in
principle can lead to the results where severe climate conditions can be compensated by socioeconomic development in a linear way. In reality, this is very unlikely to be the case, especially
beyond tipping points. While the first two layers, hazard and exposure, can reasonably be linked
in a linear relationship, the vulnerability component is unlikely to be linearly related with the
final risk. This aspect needs further exploration on how to aggregate three layers through a nonlinear algorithm, which poses additional methodological issues (e.g. estimating the weights,
testing for heteroscedasticity etc.). Otherwise it is more informative to analyse the aggregation
through the first two layers, and keeping the vulnerability separated.
4) Normalization procedure
The issue of normalization is not trivial. There is significant confusion present in current
scientific literature regarding the topics of standardization and normalization. Different
procedures can be applied – some of them transforming the data into uniform distribution, and
others preserving the shape of the original histogram of the data. Moreover, also the option not
to apply any normalization procedure, or normalize only some of the components might be
investigated. The choices in normalization methodology inevitably influence the final risk map.
However, to decide which of these algorithm leads to most accurate HWs risk hot spot map
needs to be explored.
Research gaps and future work
This study, similarly to Russo et al., 2019, represents the initial approach to heat wave risk hot
spot mapping, but with methodological, input-data and scenario adjustments to analyse
specifically European risks and reflecting the needs of European stake holders. This report can
serve as a methodological guideline to HWs risk mapping but it also illustrates the conceptual
framework applicable to other climate-related risks, for example droughts or humid heat waves.
Future work could explore the possibilities of deploying alternative vulnerability proxy
indicators, perhaps going beyond the country level information, thus delivering deeper insights
into risk distribution within the countries. Another option is to further analyse the
consequences of normalization and aggregation procedures and to examine potential non-linear
aggregation of risk components. Finally, we suggest to investigate on synergic use of epidemical
and climatological risk approaches and subsequent deployment of these information in the
process of decision making.
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4 Valuation of heat related mortality risk
Anna Alberini, Milan Ščasný

4.1 The Value of Reducing Heat-wave Mortality
4.1.1 Introduction
The purpose of this task is to assess the public’s understanding of extreme temperatures and
their effects on human health, measure preparedness to cope with extreme temperatures, and
elicit the willingness to pay to reduce the risks of premature mortality associated with excessive
heat. We accomplished these goals by conducting two waves of surveys in each of two
countries—Spain and the United Kingdom—chosen to be representative of Southern and
Northern Europe, respectively. The survey questionnaires were identical across the countries,
except of course in the sections that gathered information about the respondent’s area of
residence and schooling, and where information was provided about total and by-cause
mortality rates, which tend to be different across the two countries.
This document reports on the execution of and results from the wave 1 survey. Briefly, we
found that people were generally aware of the adverse health consequences of excessive heat,
and capable of identifying groups at risk. Most of the respondent thought of themselves as
facing average risk, and the few that thought they were at higher risk than others had
experienced hot weather related health issues at a slightly higher rate than the others. Over
three-quarters of the respondents had heard of heat alerts (in their own city or town or
elsewhere), but no more than 40% of them had heard of cooling centres, namely airconditioned public buildings where people can go and cool off during heat waves if or when
they do not have cooling devices at home or in the workplace. This has potentially important
implications for public policies meant to protect the health of the people during heat waves.
The remainder of this document is organized as follows. Section 2 describes the wave 1
questionnaire. Section 3 describes sampling and survey administration procedures. Section 4
summarizes the results.
4.1.2 Wave 1 Questionnaire
Wave 1 questionnaire began by asking the respondent to recall the winter of 2018. Did that
strike the respondent as a cold or mild winter? What were coldest periods that the respondent
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can remember? These two questions were followed by asking the survey participants to
recognize whether certain “situations”—such as health problems, insufficient fuel supply,
accidents, etc.—were associated with excessively cold weather, and whether certain groups
(e.g., the elderly, children, and others) were disproportionately affected.
The respondent was also asked whether he or she identified himself or herself as at high,
average or low risk in terms of the adverse consequences of excessively cold weather. He was
subsequently asked what he would do to take care of himself and his family if a cold snap was
announced for the next few days, and whether he was aware of any excessive cold weather
alerts issued by the authorities in the past winter.
The questionnaire then turned to summer and summer heat. We followed a similar format, in
that we started with asking whether the previous summer (summer of 2018) and the present
summer (from June 2019 to the time of the survey) had been, and was up to the time of the
survey, respectively, hot or mild ones. We then presented respondents with a list of possible
adverse consequences of excessively hot weather—ranging from adverse health effects to high
air pollution days or forest fires—and asked respondents indicate which of these effects were
potentially associated with the heat.
Next, we asked respondents to indicate whether they thought that certain groups were affected
more heavily by extremely hot weather than the population at large, and whether they thought
of themselves as being at high, medium, or low risk for such adverse effects. Earlier studies in
the United States have found that the elderly—a population that is notoriously at high risk when
heat waves occur—tend to think of others, rather than themselves, as persons at high risk
during heat waves. We wanted to check for ourselves whether that is the case in Europe, where
the elderly account for a larger share of the population. Respondents were then queried about
their knowledge of the possible effects of heat on human health, prevention of such effects to
themselves and family members, and availability of cooling devices.
In anticipation of future research on risk communication, we further asked respondents to
answer a series of questions intended to convey the intensity, frequency, duration and
geographical extent of heat waves. For example, respondents were asked which they judged to
be a more intense heat wave—one that is comprised of two consecutive days with highs of 37°
C during the day and night-time temperature of 25° C, or three days with daytime temperature
of 30° C and night-time temperature of 25° C? Which climate forecast would they consider
hotter—one where summers are very hot (average temperature 28° C) every two years starting
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in 2020, or one with a hot summer (average temperature 25° C) on alternate years starting in
2020?
The questionnaire then asked respondents how, and how frequently, they check the weather
forecast, whether they have ever been unwell during a heat wave, elicited some measure of
health-related altruism, and concluded with the usual socio-demographic questions.
4.1.3 Wave 1 Sampling Frame and Survey Administration
The survey was conducted during August 12–21, 2019 in Spain and the United Kingdom. A total
of 429 and 436 respondents, respectively, completed the questionnaire.
The data collection was coordinated by the European National Panel s.r.o. Czech Republic, and
the questionnaire was self-administered online by the respondents. Prospective respondents
were recruited from the internet panels of consumers maintained by the survey firm in each of
the two countries. Quota sampling was used, with quotas for education (three categories), age
(three categories), city or town size (three categories), gender, and regions.
The numbers of male and female respondents are even in both samples. The average age of
respondent is 41 in the UK and 44 in Spain, which corresponds to quota and population
statistics. About 22% of the respondents belong to the low-education group in the UK (39% in
Spain) and 39% hold a university degree in the UK (34% in Spain).
The average monthly household income after tax is 2,067 Euro in Spain and 2,601 GBP in the
UK. About 10 % of the respondents declined to provide information about their income. The
average family size is 2.9 in the UK and 3.2 in Spain.
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Table 4.1.1: Sampling plan and descriptive statistics of the samples.
UK

Quota variables*
Female
Education_low
Education_middle
Education_high
Age 18-34
Age 35-50
Age 51-65
Size of residence <5,000 inhabit.
Size of residence 5,000-100,000 inhabit.
Size of residence >100,000 inhabit.
Other socio-demo characteristics, means
Age
family size
Number of children, with children
Childless
Household income
median
income not provided
Employment status
Employed (fully- or part-time, self)
Looking after the home, maternity/parental leave
Unemployed
Retired
Unable to work due to sickness or disability
Social status
Married, Living together, in civil partnership
Singles

Spain

sample
(n=436)

quota

Sample
(n=429)

quota

50.9%
21.8%
39.2%
39.0%
36.2%
33.9%
29.8%
20.5%
42.4%
37.1%

50.0%
21.0%
42.0%
37.0%
36.0%
34.0%
30.0%
15.0%
26.0%
59.0%

47.8%
39.6%
27.0%
33.3%
27.3%
40.1%
32.6%
13.7%
39.4%
46.9%

50.0%
43.0%
25.0%
32.0%
29.0%
40.0%
31.0%
14.0%
48.0%
43.0%

40.96
2.93
2.14
47%
2 623 GBP
2200-2500 £
11.0%

43.54
3.20
2.07
34%
2 025 €
1700-2000 €
8.4%

73%
8%
5%
7%
4%

65%
7%
14%
7%
4%

63%
29%

65%
24%

Note: * Education categories are defined as (no qualification, CSEs below Grade 1; GCSEs Grades A-C or below or equivalent, O
Levels, NVQ Level 1; GNVQ or GSVQ Foundation Level; BTEC or SCOTVEC First or General Certificate RSA Levels 1-3 City & Guilds
Part 1 YT or YTP Certificate) defines low education in the UK; (NVQ Level 4 - 5 or equivalent, university degree, incl. BA/BSc, MA,
MBA, MSc, Mphil, PhD or DPhil) defines high education in the UK; ([1] Menos que educación primaria, [2] Educación primaria,
[3] Educación secundaria baja) defines low education in Spain; and ([6] Educación terciaria de ciclo corto, [7] Grado o
equivalente, [8] Máster o nivel equivalente, [9] Doctorado: PhD o DPhil) defines high education in Spain. Further there were 14
regionas in the UK (North East, North West, Yorkshire and the Humber, East Midlands, West Midlands, East of England, Greater
London, South East (excl. London), South West, Wales, Scotland, Northern Ireland), and seven regions in Spain (Galicia, Asturias,
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Cantabria; Vasco, Navarra, Rioja, Aragon; Madrid; Leon, Mancha, Extramadura; Cataluna, Valenciana, Baleares; Andalucia,
Murcia, Ceuta, Melilla; and Canarias).

4.1.4 Results
The answers to the main survey questions are summarized in figures 4.1.1-4.1.15. They
generally show that respondents were capable of assessing the winter of 2018, although of
course much heterogeneity is observed in terms of whether this was perceived as a cold, normal
or mild winter (figure 4.1.1). As shown in Figure 4.1.2, about two-thirds of the respondents
identified health problems for people in poor health as a possible consequence of the cold. The
samples from the two countries differed in terms of their concern about accidents (75% in the
UK but less than 50% in Spain), and displayed modest concern about disruptions in the supply of
electricity or heating fuel.
Figure 4.1.3 displays the respondents’ strong concern for the elderly, the homeless and the
poor, and surprising differences across the two samples about “people with limited mobility,”
which was mentioned by almost two-thirds of the UK respondents but only 42% of the Spanish
respondents. Children and people living in rural area were mentioned by one-quarter to onethird of the sample.
The two samples were reasonably similar in terms of their perceptions about their own risk.
Fifty-four percent of the Spain respondents and 59% of the UK respondents considered
themselves at average risk. Approximately 30% of each sample considers themselves at lowerthan-average risk, and 8-9% consider themselves at higher-than-average risk.
The COACCH research project’s major focus is, of course, heat waves. Three-quarters of the
respondents considered the summer of 2018 hot or very hot (figure 4.1.5a). Fully 47% of the
Spain respondents considered the summer of 2019 very hot. The UK respondents were more
evenly distributed among the possible response options (figure 4.1.5b).
When asked about possible undesirable consequences of very hot weather, both the Spain and
the UK respondents expressed the strongest concern for forest fires (mentioned by 83% and
69% of the respondents, respectively; see figure 4.1.6), followed by excessive heat mortality
(67% and 56%, respectively). Crop damage and illnesses were mentioned with roughly the same
frequency (45% to 51%). Strain on the electricity grid and damage to materials and
infrastructure were mentioned less frequently (10 to 39%), with over one-third of the sample
mentioning disruption of people’s schedules.
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Figure 4.1.7 shows that in both countries respondents found the elderly to be the group of
people most affected by the adverse consequences of excessive heat. The Spain respondents
were more likely to also recognize the homeless, the poor and people living in rural areas as
heavily affected groups, but the two samples are roughly even with respect to the frequency
with which they select people with impaired mobility as a heavily affected category (37-39%).
As shown in figure 4.1.8, a majority of each sample considers himself or herself at average risk
for the adverse consequences of very hot weather, but it is interesting that 13% of the Spain
sample considers themselves at higher risk, compared to only 7% in the UK sample.
As one might expect, figure 4.1.9a shows that Spain appears to be better equipped than the UK
in terms of cooling devices in the home. About 60% of the Spain respondents reported having
air conditioning in their homes, compared to only 11% of the UK respondents. The shares of
respondents with fans are relatively similar across the two countries (about 71%), and portable
cooling devices are reported by one quarter to just under 30% of the samples. Ceiling fans are
present in 27% of the respondents’ homes in Spain, but only 13% of the homes in the UK. Only 3
respondents in the UK and 2 in Spain reported not having any devices at all in the home. Cooling
devices at work or school (figure 4.1.9b) are actually reported more often by the UK
respondents than the Spain respondents. Only 3 respondents did not have any cooling devices
at work in the UK sample, against 9 in the Spain sample.
Figure 4.1.10 shows that a majority of the respondents in both countries are concerned about,
and responsible for, mostly themselves and family members during a heat wave. Elderly parents
account for 20-23% of the responses, and only negligible shares of the sample mentions being
responsible for the children of others, other elderly persons, and other people at risk in the
community.
Figure 4.1.11 summarizes the actions the respondents said they would undertake to protect the
health of their family members and themselves during a heat wave. Three-quarters or more of
the respondents in each sample said that would avoid going out during the hottest hours of the
day. Almost two-thirds of the Spain sample said that they would use air conditioning, as
opposed to 27% of the UK sample. Other options indicated by the respondents include going to
the beach, a pool or a body of water (43% of the Spain respondents and 20% of the UK
respondents), adapting the daily routine by getting out earlier or after dark, and staying inside
during the middle of the day (44% of the Spain sample and 41% of the UK sample), staying side
(45% of the Spain sample and 53% of the UK sample), and simply staying in the shade and
avoiding direct exposure to the sun. It is interesting that only 20% of the Spain sample and 17%
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of the UK sample indicated spontaneously that they would go to an air-conditioned public
building—which is how cooling centres are generally implemented.
Figure 4.1.12 shows that over three-quarters of the Spain respondents and almost two-thirds of
the UK respondents had heard of heat alerts—in their own city or town, or elsewhere. Figure
4.1.13 however shows that only about one-quarter of the UK respondents has heard of cooling
centres before. By contrast, over 43% of the Spain respondents had heard of them. Figure
4.1.14 shows that 13-17% of our respondents had used one before.
As shown in figure 4.1.15, our respondents had at least some experience—fortunately of a
relatively minor nature—with feeling unwell due to excessive heat. About 31% of the Spain
respondents report having been unwell, and 26% of the UK sample reports having been unwell.
Some 27% and 22% of these samples, respectively, are aware of a family member or
acquaintance who has had such health issues.
Figure 4.1.1: Distribution of the responses to the question “How did winter 2018 feel to you?”

Figure 4.1.2: Distribution of the responses to the question “Which of the following are associated with
excessively cold weather?”

PU

Page 74

Version 1.7

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 776479.

D2.6 Non-market impacts - Health

Figure 4.1.3: Distribution of the responses to the question “Do you think that very cold weather affects
certain groups more than others?”

Figure 4.1.4: Distribution of the responses to the question “Do you consider yourself at the same, higher
or lower risk than everyone else in terms of the consequences of very cold weather?”

Figure 4.1.5a: Distribution of the responses to the question “How did summer 2018 feel to you?”
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Figure 4.1.5b: Distribution of the responses to the question “How has summer 2019 felt to you so far?”

Figure 4.1.6: Distribution of the responses to the question “Which of the following are in your opinion
associated with excessively hot weather?”
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Figure 4.1.7: Distribution of the responses to the question “Which groups of people do you think are more
heavily affected than others by very hot weather?

Figure 4.1.8: Distribution of the responses to the question “Do you consider yourself at the same, higher
or lower risk than everyone else when the weather is excessively hot?
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Figure 4.1.9a: Distribution of the responses to the question “Which cooling devices do you have at your
home?”
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Figure 4.1.9b: Distribution of the responses to the question “Which cooling devices do you have at your
work or school?”

Figure 4.1.10: Distribution of the responses to the question “Which of the following people are you
responsible for in the event of a heat wave?”
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Figure 4.1.11: Distribution of the responses to the question “What would you do to make sure that your
family or the people you are responsible for remain well during a heat wave?”

Figure 4.1.12: Distribution of the responses to the question “Have you ever heard of ‘heat alerts’?”

Figure 4.1.13: Distribution of the responses to the question “Have you heard of ‘cooling centres’?”
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Figure 4.1.14: Distribution of the responses to the question “Have you ever used a cooling centre?”

Figure 4.1.15: Distribution of the responses to the question “Have you, or anyone you know, ever felt
unwell during extremely hot weather?”
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4.2 What VSL Should Be Used in Heat Wave Adaptation Policies?
4.2.1 Introduction
The Value per Statistical Life (VSL)—a summary measure of the willingness to pay for reductions
in the risk of dying—is a key metric in benefit-cost analyses of safety and environmental
regulations and policies. The VSL can be estimated from compensating wage differentials
(Viscusi, 2013), from the prices of otherwise similar homes, cars or other products but with
different safety levels (Gayer et al., 2000, 2002; Davis, 2004; Andersson, 2005), or by asking
individuals to report information about their willingness to pay (WTP) for mortality risk
reductions in contingent valuation or other stated preference surveys (Alberini, 2019).
This document reports on a contingent valuation survey that was conducted in two countries—
Spain and the UK—to elicit information about the WTP for reductions in the mortality risks
associated with heat waves. This information is summarized into a VSL that can be used to
assess the benefits of adaptation policies designed to abate such mortality. While several
studies and meta-analyses have been conducted in Europe to obtain policy-relevant VSL figures,
rarely if ever are original studies conducted to arrive at VSLs that are specific for the heat-wave
adaptation context. We report here on one of the first such studies.
Briefly, using two different approaches to communicate heat-related risks to the respondents,
we arrive at very similar VSL figures (€ 1.5 million in Spain and about GBP 1.8 million in the UK).
These figures are also in line with the estimates from previous studies, although a bit smaller
than the values recommended by OECD for road-traffic and air pollution-related mortality.
The remainder of this document is organized as follows. Section 2 provides background about
the VSL. Section 3 describes the study design, and section 4 the model. Section 5 provides
information about sampling and survey administration. Section 6 presents data and results.
4.2.2 Background: The VSL
The Value per Statistical Life is defined as the WTP for a marginal change in one’s risk of dying.
This metric is appropriate, and often used, in ex ante analyses of safety and health regulations
and programs. Since in many cases environmental and safety programs tend to protect the
elderly and those in compromised health, recent research has focused on the effects of age
PU

Page 81

Version 1.7

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 776479.

D2.6 Non-market impacts - Health

(Krupnick, 2007), latency (Adamowicz et al., 2011), co-morbidities and competing causes of
death (Eeckhoudt and Hammitt, 2001; Cameron and DeShazo, 2013), and some recent research
has sought to assess the rate at which people are willing to trade off income for reductions in
children’s mortality risks (OECD, 2010).
In this section, we present a simple, one-period theoretical model for mortality risks and derive
the VSL. Assume that the individual has probability p of dying during this period, and hence (1p) of surviving until the end of this period. Let the utility of income when alive be U(y), and the
utility of income when dead be V(y), which can be set to zero without loss of generality. The
expected utility of the individual is thus 𝐸𝑈 = (1 − 𝑝) ∙ 𝑈(𝑦).
It is straightforward to show that the VSL, namely the WTP for a marginal change in p, is
(1)

𝑑𝑦

𝑈(𝑦)

𝑉𝑆𝐿 = 𝑑𝑚 = (1−𝑝)𝑈 ′ (𝑦).

This is, as usual, the utility differential between the alive and dead state, divided by the
expected marginal utility of income. The WTP for a specified, finite mortality risk reduction is
obtained as WTP=VSL⋅ dp.
4.2.3 Study design
We developed a contingent valuation survey questionnaire to elicit information about the
respondent’s WTP for a specified reduction in the mortality risk from heat waves. We used a
sequence of two dichotomous choice questions. We asked the respondent whether he was
willing to pay a specified amount (henceforth referred to as the “bid”) to obtain a risk reduction
of specified size. If the respondent said he or she would pay that amount, we asked whether he
or she would pay an amount twice as large. If the respondent declined the initial bid, we asked
whether he or she would pay half as much as the original bid. The responses provided by the
respondent to the initial and follow-up questions bracket the WTP, allowing us to construct a
tighter interval around it than if we simply asked a single dichotomous choice question.
When asking people to report information about the WTP for a reduction in their own risk of
dying, it is essential to inform the respondent about the “baseline” risk (i.e., the risk level before
the reduction is offered) and the size of the risk reduction to be valued. It is also common
practice to visually display the risk information, in hopes that this will help people process the
magnitude of risks. We experimented with two alternate presentations of the baseline risks and
risk reductions, and matched them with the appropriate graph.
Specifically, people were assigned at random to one of two possible variants of the
questionnaire. In the first (“raw fatalities” version), they were told that forecasts indicate that in
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each of the next 10 years—from 2020 to 2029—there would be 2295 fatalities in Spain (3281 in
the UK) attributable to the heat. The mortality attributed to other causes of death (e.g., cancer
or car accidents) was also conveyed to the respondents for comparison purposes. The
respondents were told what the projected population size was for that period, but the
population rates were not calculated for the respondents.
The respondents were then told that government policies would be able to reduce this number
by FILL2, bringing them to FILL3=2295-FILL2 (or, for the UK, FILL3=3281-FILL2). The number
FILL2 was selected at random from one of four possible values (459, 918, 1377, 1836 for Spain;
656, 1312, 1969, and 2625 for the UK), which correspond to 20%, 40%, 60% and 80% reductions
from the baseline. Would the respondent be willing to pay €X, where €X was varied across the
respondent, for such a reduction?
In the second version of the questionnaire (“the rates” version), respondents were shown
exactly the same information—except that this time the population rate was computed for
them. In Spain, for example, the respondents were told that 2295 fatalities mean 5 fatalities for
every 100,000 people. When told about the reduction in the number of fatalities, respondents
were also informed that this reduction would bring the fatality rates from 5 in 100,000 to 4 in
100,000, 3 in 100,000, 2 in 100,000 and 1 in 100,000, respectively, corresponding to 20%, 40%,
60% and 80% risk reductions. The study design is summarized in table 4.2.1, where the final risk
level (after the risk reduction) used in the second version of the questionnaire is referred to as
FILL4.
Table 4.2.1: Summary of the Design.

Spain (baseline=2295)
UK (baseline=3281)
FILL4*

FILL1 (percentage risk reduction)
20%
40%
FILL2
FILL3
FILL2
FILL3
459
1836
918
1377
656
2625
1312
1969
4

3

60%
FILL2
1377
1969

FILL3
918
1312

80%
FILL2
1836
2625

2

FILL3
459
656
1

* Risk equivalents; the baseline is 5 in 100,000.

The graphs used to convey the magnitude of the risks are displayed in figure 4.2.1 and 4.2.2,
respectively. Figure 4.2.1 shows that in the “raw fatalities” version of the questionnaire,
respondents were informed about the total fatalities attributable to the heat and to other
causes of death. Figure 4.2.2 displays the corresponding graph for the “risk rates” version of the
questionnaire. Clearly, this second graph also includes a “risk ladder,” where the magnitude of
the risks is translated into a “community equivalent” meant to be salient to the respondent.
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Figure 4.2.1: Graph used in the “raw fatalities” version of the questionnaire.

Figure 4.2.2: Graph used in the “risk rates” version of the questionnaire.
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The government policies that would deliver such risk reductions include issuing heat alerts, so
that people can prepare for the heat emergency, organize watch system to protect vulnerable
individuals, opening cooling centres, distribute cooling devices, extending public swimming pool
hours, increase first response staff, and re-arranging schedules to avoid activities outdoors in
the hottest hours of the day.
4.2.4 The model
We assume that the responses to the WTP questions are driven by the WTP for the reduction in
risk, which is not directly observed. We assume that this unobserved WTP depends on the
magnitude of the risk reduction as follows:
(2)
𝑊𝑇𝑃𝑖∗ = 𝛼 ∙ ∆𝑚𝑜𝑟𝑡𝑟𝑖𝑠𝑘𝑖 + 𝜀𝑖𝑗 ,
where ε is a normally distributed error term with mean zero and variance 𝜎2 . Note that this
model imposes that the WTP be strictly proportional to the size of the risk reduction (Hammitt
and Graham, 1999; Corso et al., 2001). The VSL is coefficient α.
We do not observe the respondent’s WTP for a specified risk reduction: All we can infer from
the responses to the choice questions is an interval around the true WTP. For example, if the
respondent said “yes” to the first bid and “yes” to the follow-up bid, we know that his or her
WTP must be greater than the latter. If the respondent said “no” and “yes,” respectively, then
we know that his or her WTP is bracketed by the follow-up and initial bid. This results in the
following interval-data model:
∗
(3)
𝑃𝑟 𝑃𝑟 (𝑊𝑇𝑃𝐿𝑖 ≤ 𝑊𝑇𝑃𝑖 ≤ 𝑊𝑇𝑃𝑈𝑖 ) =
𝛷(𝑎 ∙ 𝑊𝑇𝑃𝑈𝑖 − 𝑏 ∙ ∆𝑀𝑜𝑟𝑡𝑅𝑖𝑠𝑘) − 𝛷(𝑎 ∙ 𝑊𝑇𝑃𝐿𝑖 − 𝑏 ∙ ∆𝑀𝑜𝑟𝑡𝑅𝑖𝑠𝑘)
where Φ(⋅ ) denotes the standard normal cdf, a=1/σ, and b=-α/σ. An estimate of α, the VSL, can
be obtained as minus the estimate of b, divided by the estimate of a.
4.2.5 Sampling frame and survey administration
The survey questionnaire was administered from the end of September 2020 to mid-October in
Spain and October 22 in the UK. The data collection was coordinated by European National
Panel s.r.o. Czech Republic. The survey questionnaire was self-administered by the respondent
online. The respondents themselves were recruited from internet consumer panels. We used
quota sampling with quotas for education (three categories), age (three categories), city or
town size (three categories), gender, and region. As can be seen in table 4.2.2, sampling was
restricted to respondents aged 18-65.
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We collected a total of 1,469 completed interviews in Spain and 1,903 in the UK. After we
exclude the so-called “speeders,” —namely respondents who completed the questionnaire too
quickly with respect to normal completion times—, there are 1,386 and 1,785 valid
observations. The median questionnaire completion time was 12 minutes in the UK and 16
minutes in Spain. Females in Spain and persons older than 50 years in the UK, as well as
respondents with lower education in both samples, took significantly longer to complete the
survey.
Information about the sampling frame and actual composition of the sample is displayed in
table 4.2.2 below. In both samples, female and male respondents are evenly distributed. The
average age is 42 in the UK and 43 in Spain, which corresponds to the quota and population
statistics. Some 21% of the respondents belong to the low-education group in the UK (43% in
Spain), while persons with a university degree account for 38 % of the UK sample (and 32% of
the Spain sample). The average net monthly household income is 2,535 GBP in the UK, and
1,746 Euro in Spain. Approximately 13 %, and 29 % of the respondents in the UK and Spain,
respectively, did not provide information about their income. The average family size is 2.8 and
3.0 person in the UK and Spain.
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Table 4.2.2: Descriptive statistics, after excluding speeders.

Quota variables*
Female
Education_low
Education_middle
Education_high
Age 18-34
Age 35-50
Age 51-65
Size of residence <5,000 inhabit.
Size of residence 5,000-100,000 inhabit.
Size of residence >100,000 inhabit.
Other socio-demo characteristics, means
Age
family size
Number of children, with children
Childless
Household income
Median
income not provided
Employment status
Employed (fully- or part-time, self)
Looking after the home, maternity/parental leave
Unemployed
Retired
Unable to work due to sickness or disability
Social status
Married, Living together, in civil partnership
Singles

UK
sample
(n=1785)
51.0%
21.4%
41.0%
37.6%
33.7%
34.7%
31.6%
15.5%
38.2%
46.3%

quota

Spain
Sample
(n=1386)

quota

49%
21%
42%
37%
37%
34%
29%
15%
26%
59%

50.9%
43.2%
25.1%
31.7%
27.1%
40.5%
32.4%
15.9%
45.4%
38.7%

50%
43%
25%
32%
30%
43%
32%
17%
46%
38%

42.0
2.8
2.0
45.0%
2 535 €
1900-2200 £
13.28%

43.2
3.0
2.6
39.3%
1 746 €
1400-1700 €
28.64%

70%
9%
5%
7%
6%

64%
7%
17%
5%
4%

62%
28%

68%
21%

Note: * Education categories are defined as (no qualification, CSEs below Grade 1; GCSEs Grades A-C or below or
equivalent, O Levels, NVQ Level 1; GNVQ or GSVQ Foundation Level; BTEC or SCOTVEC First or General Certificate
RSA Levels 1-3 City & Guilds Part 1 YT or YTP Certificate) defines low education in the UK; (NVQ Level 4 - 5 or
equivalent, university degree, incl. BA/BSc, MA, MBA, MSc, Mphil, PhD or DPhil) defines high education in the UK;
([1] Menos que educación primaria, [2] Educación primaria, [3] Educación secundaria baja) defines low education in
Spain; and ([6] Educación terciaria de ciclo corto, [7] Grado o equivalente, [8] Máster o nivel equivalente, [9]
Doctorado: PhD o DPhil) defines high education in Spain. Further there were 14 regionas in the UK (North East,
North West, Yorkshire and the Humber, East Midlands, West Midlands, East of England, Greater London, South East
(excl. London), South West, Wales, Scotland, Northern Ireland), and seven regions in Spain (Galicia, Asturias,
Cantabria; Vasco, Navarra, Rioja, Aragon; Madrid; Leon, Mancha, Extramadura; Cataluna, Valenciana, Baleares;
Andalucia, Murcia, Ceuta, Melilla; and Canarias).
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4.2.6 The data and the results
A total of 3372 persons completed the questionnaire—1903 from the UK and 1469 from Spain.
As shown in table 4.2.3, “speeders” account for about 6% of this sample. We exclude them from
our analyses for good measure. The sample is summarized in table 4.2.3.
Table 4.2.3: Summary of the samples.
Completed
questionnaires

1903

Spain

1469

Clean sample

N
(% of total)

N
UK

Speeders

118
(6.20%)
83
(5.65%)

N
1785
1386

“raw fatalities”
version
N
(% of clean
sample)
920
(51.54%)
705
(50.87%)

“rates” version
N
(% of clean
sample)
865
(48.46%)
681
(49.13%)

We estimated the model of equation (3) separately for each country and each questionnaire
version, using the method of maximum likelihood and the clean samples. For the “raw fatalities”
version of the questionnaire, we simply expressed the raw figures as changes in risk, assuming
that the respondent was capable of computing them correctly. Results are summarized in table
4.2.4. It is reassuring that the figures are statistically indistinguishable across versions of the
questionnaire (within a country), and that they are in line with our expectations based on earlier
research.
Table 4.2.4: Interval-data model estimates, WTP in PPS Euro

dRISK

Log Likelihood
N

version "rates"
UK

version "raw fatalities"
UK
SPAIN

SPAIN

16.148
(1.391)

15.079
(1.981)

17.646
(1.541)

15.614
(1.678)

-1233.68
865

-933.46
681

-1336.94
920

-947.47
705

The implied heat wave VSL is 1.61 million PPS Euro (s.e. 0.139 million) in the UK, and 1.51
million PPS Euro (s.e. 0.198 million) in Spain, and the two are not statistically different one from
each other. The VSL estimates are virtually the same for the version where respondents saw raw
fatalities instead of risk rates. The implied income elasticity of WTP is 0.29 for the “rates”
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version. It is 0.36 for the “raw fatalities” version if WTP and income are expressed in nominal
Euro, and 0.42 when WTP and income are expressed in PPS Euro.
Table 4.2.5: VSL estimates from the surveys.

UK
Mean
s.e.
SPAIN
Mean
s.e.

version "rates"
nominal
PPS Euro
Euro

currency

version "raw fatalities"
nominal
PPS Euro
Euro

currency

1,614,758
(139,105)

1,614,758
(139,105)

1,688,892
(145,492)

1,764,576
(154,082)

1,764,576
(154,082)

1,845,588
(161,156)

1,507,858
(198,109)

1,412,766
(185,616)

1,412,766
(185,616)

1,561,381
(167,791)

1,462,914
(157,209)

1,462,914
(157,209)

4.2.7 Benefit transfer and EU-specific VSL estimate
To derive a common VSL estimate for the entire EU, we perform a simple benefit transfer based
on the VSL figure from the interval-data model. We pool the data from both countries and use
the version with “rates” only. The bids and incomes are converted to PPS Euro, based on PPS
rates reported by Eurostat for 2018 (1 PPS equals to 0.936936 Euro in Spain and 1.04591 GBP in
the UK).
By simple benefit transfer we mean transferring the VSL estimate from the study sites (here,
Spain and the UK and the original surveys that took place in these two countries) to every EU
member state, after adjusting this value by differences in household income. Formally,
𝑌𝑖

𝑤𝑡𝑝

𝜀𝑦

𝑉𝑆𝐿𝑖 = 𝑉𝑆𝐿𝑐𝑜𝑎𝑐𝑐ℎ ∙ (
)
𝑌𝑐𝑜𝑎𝑐𝑐ℎ
where Ycoacch is equalized household income for the pooled survey data (1,239 PPS Euro a
month) and Yi is mean equivalised disposable (net) household income for country i, taken from
Eurostat’s EU-SILC and ECHP surveys for the year 2018 [ilc_di04].15 The term 𝜀𝑤𝑡𝑝
is the income
𝑦
elasticity of WTP, which we assume to be 1.0 (0.7 in a sensitivity analysis).

15

To equivalise incomes we follow the same approach as Eurostat that applies an equivalisation factor calculated
according to the OECD-modified scale - which gives a weight of 1.0 to the first person aged 14 or more, a weight of
0.5 to other persons aged 14 or more and a weight of 0.3 to persons aged 0-13. The equivalised income attributed
to each member of the household is calculated by dividing the total disposable income of the household by the
equivalisation factor. Total disposable household income is "equivalised" to take into account the impact of
differences in household size and composition.
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For the pooled data, the interval-data VSL is estimated at 1.578 million PPS Euro (s.e. 0.115
million).
Since household income, as reported in the survey (1,239 PPS Euro equivalised income) is lower
than country-weighted average of equivalised net income reported by Eurostat (1,689 PPS
Euro), we first adjust the VSL estimate by the income differential. In the second step, we
perform the income-adjusted benefit transfer to get an implicit VSL value for every EU country
as well as for EU28 (taking the average equivalised income for the EU28, see first row in the
table). In last step, the VSL for the EU is derived as the average of country specific value
transfers weighted by country population.
Using the above described procedure, the VSL for the heat wave context for the EU is thus
about 2 million PPS EUR based on the interval-data model. We obtain an almost identical
estimate for the EU if we transfer VSL using the survey data to EU-28, using average income for
EU-28 (first row in table 4.2.6).
Following the same procedure, but estimating the VSL from the survey data in nominal Euro and
adjusting values for income in nominal Euro, the VSL for the heat wave context for the EU is
about 2.33 million Euro (assuming an income elasticity of 1.0) and 2.15 million Euro (when the
income elasticity equals to 0.7).
Table 4.2.6: EU VSL estimate for the heat wave context, based on income-adjusted benefit transfer
VSL in PPS Euro
𝑤𝑡𝑝
𝜀𝑦 =0.7
2 075 492 €
1 911 792 €
2 407 035 €
2 120 770 €
991 657 €
1 140 011 €
1 565 008 €
1 568 981 €
2 577 798 €
2 225 001 €
2 658 826 €
2 273 729 €
1 586 354 €
1 583 930 €
2 374 539 €
2 100 688 €
1 129 818 €
1 248 998 €
1 950 287 €
1 830 311 €
2 459 390 €
2 152 956 €
1 160 296 €
1 272 489 €
2 024 199 €
1 878 595 €
2 131 139 €
1 947 530 €
1 269 678 €
1 355 318 €
1 387 024 €
1 441 832 €
4 062 310 €
3 059 124 €

𝑤𝑡𝑝
𝜀𝑦 =1.0

EU 28 average
Belgium
Bulgaria
Czechia
Denmark
Germany
Estonia
Ireland
Greece
Spain
France
Croatia
Italy
Cyprus
Latvia
Lithuania
Luxembourg
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VSL in nominal Euro
𝑤𝑡𝑝
𝜀𝑦 =0.7
2 288 373 €
2 172 376 €
3 001 852 €
2 626 871 €
505 387 €
754 750 €
1 129 325 €
1 325 072 €
3 917 890 €
3 165 213 €
3 031 885 €
2 645 241 €
1 348 137 €
1 499 961 €
3 420 094 €
2 878 014 €
1 015 444 €
1 230 058 €
2 014 718 €
1 987 084 €
2 904 418 €
2 566 893 €
817 525 €
1 056 859 €
2 257 061 €
2 151 526 €
2 095 266 €
2 042 367 €
982 007 €
1 201 563 €
946 453 €
1 170 943 €
6 236 483 €
4 382 522 €

𝑤𝑡𝑝
𝜀𝑦 =1.0
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Hungary
Malta
Netherlands
Austria
Poland
Portugal
Romania
Slovenia
Slovakia
Finland
Sweden
United Kingdom
populationweighted average

1 036 896 €
2 157 794 €
2 558 046 €
2 721 481 €
1 372 688 €
1 357 714 €
776 398 €
1 786 533 €
1 091 375 €
2 375 708 €
2 354 044 €
2 294 468 €

2 078 256 €

1 176 171 €
1 964 549 €
2 213 052 €
2 311 105 €
1 431 384 €
1 420 436 €
960 539 €
1 721 328 €
1 219 095 €
2 101 411 €
2 087 979 €
2 050 847 €

1 897 063 €

664 951 €
1 977 207 €
3 233 360 €
3 392 142 €
819 308 €
1 261 966 €
404 471 €
1 649 037 €
859 551 €
3 220 687 €
3 245 037 €
3 014 403 €

914 574 €
1 961 114 €
2 767 096 €
2 861 529 €
1 058 472 €
1 432 187 €
645 784 €
1 727 140 €
1 094 603 €
2 759 499 €
2 774 087 €
2 634 555 €

2 333 404 €

2 153 099 €

4.2.8 Mortality due to heat wave in the EU
Taking the central estimate of VSP for the heat wave context for the EU (2,078,256 PPS Euro),
we quantify the mortality impacts due to heat waves by 2100, as predicted in the PESETA III
study (Forzieri et al, 2017) and in the COACCH project (Spadaro, Chiabai, and Neumann, 2019).
Assuming the mortality impacts and demographic change as predicted in PESETA III (Forzieri et
al., 2017), we obtain a value of 67 billion PPS Euro in the 2020’s, 214 billion PPS Euro in the
2050’s, and 315 billion PPS Euro in the 2080’s, starting at 6 billion PPS Euro in the baseline (see
Table 4.2.7). This damage is distributed unevenly across European regions – 64% is attributable
to premature deaths in Southern Europe (200 billion PPS Euro), Central Europe and Western
Europe experience about 15% of the damage, and people living in Eastern Europe will bear less
than 1% of damage at the end of the century. The effect of heat waves on premature mortality
in Northern Europe will increase by two orders of magnitude; yet, in absolute terms this effect
will remain negligible.
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Table 4.2.7: Value of the mortality effects due to heat waves in the EU, based on PESETA III

Population, in million
Northern Europe
Eastern Europe
Central Europe
Western Europe
Southern Europe
EU+
Deaths due to heat waves, per 10 million
Northern Europe
Eastern Europe
Central Europe
Western Europe
Southern Europe
EU+
Fatalities
Northern Europe
Eastern Europe
Central Europe
Western Europe
Southern Europe
EU+
Monetary impact, in bln. PPS Euro
Northern Europe
Eastern Europe
Central Europe
Western Europe
Southern Europe
EU+
Monetary impact, in bln. Euro
Northern Europe
Eastern Europe
Central Europe
Western Europe
Southern Europe
EU+

baseline

2020s

2050s

2080s

24.7
82.12
108.39
151.71
137.93
504.82

29.26
78.97
109.87
175.93
149.57
543.57

34.53
69.24
107.24
197.17
149.1
557.28

38.09
56.87
98.6
207.29
137.01
537.88

0.98
4.81
61.51
34.33
105.77
54.07

4.87
18.64
397.84
176.29
1615.95
592.04

16.65
93.15
1511.63
673.16
4561.63
1848.48

27.24
177.46
2305.77
1022.67
7019.99
2816.91

2
39
667
521
1 459
2 730

14
147
4 371
3 101
24 170
32 182

57
645
16 211
13 273
68 014
103 012

104
1 009
22 735
21 199
96 181
151 516

0.01
0.08
1.39
1.08
3.03
5.67

0.03
0.31
9.08
6.45
50.23
66.88

0.12
1.34
33.69
27.58
141.35
214.09

0.22
2.10
47.25
44.06
199.89
314.89

0.01
0.09
1.56
1.22
3.40
6.37

0.03
0.34
10.20
7.24
56.40
75.09

0.13
1.50
37.83
30.97
158.70
240.37

0.24
2.35
53.05
49.47
224.43
353.55

Note: European regions are defined as Northern Europe (Denmark, Iceland, Finland, Norway, Sweden); Eastern
Europe (Estonia, Hungary, Latvia, Lithuania, Romania, Slovakia, Poland); Central Europe (Austria, Czech Republic,
Germany, Switzerland); Western Europe (Belgium, France, Ireland, Netherlands, Luxembourg, United Kingdom) and
Southern Europe (Bulgaria, Croatia, Cyprus, Greece, Italy, Malta, Portugal, Slovenia, Spain). Demographic change
and death due to heat waves are based on Forzieri et al 2017, Table S5, and Table S6, respectively.
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Spadaro et al. (2019, also a part of WP2.6 Report) estimate the effect of heat waves on
premature mortality for three Representative Concentration Pathways scenarios (RCP2.6,
RCP4.5, and RCP8.5) for four periods. Their estimate for RCP4.5 is comparable to PESETA III. In
monetary terms, the effect of heat waves in Europe on premature mortality grows over time
and is more severe with less strict mitigation targets. While in the 2030’s the impacts are
comparable across the three scenarios (between 180 and 200 billion PPS Euro), the impacts on
premature mortality grow to 285 million, and 390 million PPS Euro for RCP4.5, and RCP8.5,
respectively, in the middle of the century (see Table 4.2.8). For RCP4.5 the impacts remain then
at around 300 billion PPS Euro until the end of the century, whereas they increase up to 700
billion for RCP8.5 by 2100.
Table 4.2.8: Value of mortality effects due to heat waves in the EU, based on COACCH
Panel A – Number of deaths due to heat waves, as predicted by Spadaro et al., 2019

RCP8.5
Northern Europe
Central Europe
Southern Europe
EU+
RCP4.5
Northern Europe
Central Europe
Southern Europe
EU+
RCP2.6
Northern Europe
Central Europe
Southern Europe
EU+

2030-39

2050-59

2070-79

2090-99

6627
40037
49382
96046

14867
79055
93938
187860

27293
117805
133243
278341

36507
149295
148781
334583

7870
35366
45224
88460

12544
55715
68967
137226

13646
64700
72297
150643

12604
62974
63945
139523

7884
37368
41065
86317

9756
44422
55293
109471

9897
42438
44531
96866

5650
34057
33454
73161

Panel B – Monetary impacts of premature mortality, in billion PPS Euro

RCP8.5
Northern Europe
Central Europe
Southern Europe
EU+
RCP4.5
Northern Europe
Central Europe
Southern Europe
EU+
PU

2030-39

2050-59

2070-79

2090-99

13.8
83.2
102.6
199.6

30.9
164.3
195.2
390.4

56.7
244.8
276.9
578.5

75.9
310.3
309.2
695.3

16.4
73.5
94.0
183.8

26.1
115.8
143.3
285.2

28.4
134.5
150.3
313.1

26.2
130.9
132.9
290.0

Page 93

Version 1.7

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 776479.

D2.6 Non-market impacts - Health

RCP2.6
Northern Europe
Central Europe
Southern Europe
EU+

16.4
77.7
85.3
179.4

20.3
92.3
114.9
227.5

20.6
88.2
92.5
201.3

11.7
70.8
69.5
152.0
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5 Valuation of protection measures against spread of ticks due to
climate change and tick-borne diseases
Milan Ščasný, Iva Zvěřinová, Vojtěch Máca, Martin Kryl

5.1 Introduction
The spread of vector-borne diseases is a prima facie example of climate change impact on
human health. This chapter focuses on welfare impacts associated with spread of infectious
diseases transmitted by ticks (Ixodes spp.), tick-borne encephalitis (TBE) and Lyme borreliosis
(LB, also known as Lyme disease), in particular. With a warmer and more humid climate, the tick
infestation has expanded to higher altitudes and latitudes, and this development is expected to
continue (Daniel et al., 2003).
TBE is the most important viral tick-borne disease in Europe (Erber and Schmitt, 2018), while
Lyme borreliosis belongs among the most prevalent tick-borne diseases and constitute a
growing burden for humans, companion and farm animals (de la Fuente et al., 2017). Most
cases of TBE and LB occur during the period of highest tick activity, i.e. from April to November
in Central Europe. Central and Northern Europe are the regions with the highest notification
rates of TBE (see Figure 5.1).16 Between 2012 and 2016, the Czech Republic and Lithuania
accounted for 38.6% of all reported TBE cases (12500), although their combined population
represented only 2.7% of population of EU28 and Norway (Beauté et al., 2018).

16

Unlike LB, TBE has been included in the European Surveillance System (TESSy) database maintained by ECDC
since 2012. All EU member states are required to report the TBE data annually.
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Figure 5.1: Spatial distribution of notification rates of TBE in Europe per 100 000 by country, EU/EEA,
2018.

Source: ECDC (2019) Annual epidemiological report for 2018

Clinical presentations of TBE are non-specific and range from meningitis, mild central nervous
system involvement to severe encephalitis or myelitis or both. The incidence of TBE is highest in
age groups 5-9 years and 55-64 years (Kříž et al., 2015). Vaccination remains the most effective
protective measure for people living in endemic areas, occupationally exposed subjects, and
visitors to endemic areas. Thanks to a nationwide vaccination programme in Austria (that has
been in place since 1981), the vaccination rate increased to around 90% and incidence dropped
from 300-700 cases per year before the programme to 70-130 cases per year nowadays (Kříž et
al., 2015).
LB is caused by Borrelia spp. bacteria and is characterised by skin rash. There is no vaccine
available for humans, but LB infection is effectively treated with antibiotics. Untreated infection
can spread to joints, hearth and nervous system resulting in debilitating sequelae.
Incidence of LB has been growing in most Western European countries according to a systematic
review (Vandekerckhove, De Buck, & Van Wijngaerden, 2019). Yearly incidence rates of LB have
increased in thirteen Western European countries (Figure 5.2). In Austria, there were 135
cases/100.000/year in 2005. However, there has been a lack of available data on change of LB
incidence (Vandekerckhove, De Buck, & Van Wijngaerden, 2019). More recently, about 70
thousand new cases of LB per year were estimated for Austria (Medizinische Universität Wien,
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2017). However, there is not enough information on quality of this estimate. In the Czech
Republic, around 3-5 thousand cases of LB are reported annually (Kříž et al., 2017). In 2018,
4.724 cases of LB were reported and the incidence rate was 44.5 cases/100.000/year. However,
the incidence rate differs regionally in the Czech Republic. The highest incidence rate was
118.5/100.000/year in Highlands region (Orlíková et al., 2018). In Slovakia, 700-1.000 cases of LB
are reported annually (UVZSR, 2019).
Figure 5.2: Incidence and average yearly increase in the incidence of LB in Western Europe (Map). The
arrows represent the evolution of the mean LB incidence over the past few years, if this information was
available.

Source: Vandekerckhove, De Buck, & Van Wijngaerden (2019)

Welfare analysis of a spread of vector-borne diseases to new areas is complex and underresearched. Among the few exceptions, a valuation survey was conducted as a PhD project by
David Slunge among a Swedish population that focused on willingness to pay for vaccination
against TBE (Slunge, 2015), perceptions of exposure and risk in protective behaviour against TBE
(Slunge and Boman, 2018), and recreational choices under the tick-borne disease risk (Slunge,
Sterner and Adamowicz, 2019). A scoping review on economic burden of LB (Mac, da Silva and
Sander, 2019) found six studies that estimated significant societal economic impacts of LB for
Scotland, Sweden, Germany, the Netherlands and the USA, but the authors note that societal
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costs are not fully understood. A vaccination programme against TBE has been also found costeffective in Slovenia for adults from the health care payer's perspective (Šmit, 2012).
From an individual perspective, the Swedish survey (Slunge, 2015) found that the mean
willingness to pay (WTP) for the recommended three doses of TBE vaccine among the
unvaccinated respondents in TBE risk areas are about 40% of the market price of the vaccine. A
50% subsidy on vaccination is predicted to increase the vaccination rate almost 50% among
unvaccinated respondents in TBE risk areas.
The presence of ticks and the associated risk of tick-borne diseases also significantly influence
the choice of recreational area. Berry et al. (2018) analysed data on the time spent on
recreational activities by people in the US and found that LB risk has a significant negative effect
on the time spent outdoors. In Sweden, Slunge, Sterner and Adamowicz (2019) found that the
mean WTP per trip to avoid areas with different levels of ticks, LB risk and TBE risk ranges from
12 to 78 EUR, but TBE-vaccinated respondents have a significantly lower WTP, likely reflecting
their positive recreation benefit from the vaccination.

5.2Methods and data
Building on the previous studies, we conducted a survey to elicit revealed and stated
preferences among the adult population in the Czech Republic, Austria and Slovakia. These
Central European countries were selected, as notification rates of TBE are high. We surveyed
inhabitants of these countries aged between 18 and 65. The survey has been implemented
using web-based questionnaires. Respondents were drawn by quota sampling from online
access panels.
In total, 2666 respondents in the Czech Republic, 2628 in Slovakia, and 1265 respondents in
Austria completed the questionnaire (see Table 5.1). Respondents who completed the survey in
less than 48% of median time were denoted as “speeders” and are excluded from further
analysis, following the recommendation of Survey Sampling International (Mitchell, 2014). We
excluded about 5 % of speeders. The final dataset consists of 6238 valid observations: 2570 in
Czechia, 1177 in Austria, and 2491 in Slovakia. After excluding the speeders, the median time to
complete the questionnaire was 24 minutes in the Czech Republic, 21 minutes in Austria, and 27
minutes in Slovakia. There were few more questions in the Slovak questionnaire than in the
other questionnaires, thus it took longer to complete the questionnaire in Slovakia. The country
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subsamples are representative of national populations aged 18 to 69 years in terms of gender,
age, region and education.
Table 5.1: Sample sizes: number of completed questionnaires in the pilot, in the main
final sample excluding speeders, number of speeders that were excluded
median
speeders
time
Country
N completed
N valid
N speeders
in %
without
speeders
CZ
2666
2570
96
3,6%
24
AT
1265
1177
88
7,0%
21
SK
2628
2491
137
5,2%
27
Total
6559
6238
321
4,9%
24

wave and in the

median
time incl.
speeders
23
21
26
23

Note: N denotes number of observations

5.3Results: Exposure to and protection against ticks and tick-borne diseases
First, we describe prevalence of tick-borne diseases and exposure to ticks. Second, we examine
current averting behaviour in terms of protection against ticks and tick-borne diseases, including
respective expenses.

5.3.1 Prevalence of tick-borne diseases and exposure to ticks
More than half of Austrians (57 %), Slovaks (54 %), and Czechs (65 %) stayed at least once a
month in the areas where ticks commonly inhabit last year between May and September. A
third of Austrians and Czechs and 20 % of Slovaks even spent time in these areas several times a
week or daily (Figure 5.3).
Figure 5.3: How often between May and September in 2019 did you stay in the areas in the areas where
ticks commonly inhabit? Ticks thrive in parks, rivers, gardens, deciduous and mixed forests, meadows
with tall grass and scrubs.
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AT
CZ

8%

28%

5%

SK

26%

10%
0%

7%
7%

20%

7%

20%

30%
10%

13%

7%

8%
30%

18%
20%

20%

40%

50%

12%
11%

6%

60%

70%

6%

14%

5%

6%

80%

6%

90%

100%

Never

Occasionally

Once a month

Several times a month

Once a week

Several times a week

Daily

I don’t know

People in surveyed Central European countries are to large extent exposed to ticks and this
leads to a high share of people with an experience with a tick bite. Most of Austrians, Czechs,
and Slovaks reported that they have already been bitten by a tick. A larger share of Czechs (88
%) has ever had a tick than of Austrians (69 %) and Slovaks (72 %). From 38 % to 43 % of
respondents who have ever had a tick reported that they were bitten once and more often in
2019. Minority of respondents (7 % to 10 %) had a tick three times and more in 2019 (Figure
5.5).
Figure 5.4: Percentages of people who have had a tick.
AT

69%

31%

CZ

88%

SK

12%

72%
0%

10%

20%

30%

40%

28%
50%
Yes

60%

70%

80%

90%

100%

No

Figure 5.5: How many times did you have a tick in 2019? Percentages from respondents who have had a
tick.
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AT

62%

CZ

28%

56%

SK

35%

60%
0%

10%

20%

30%
Not once

8% 1%

7% 1%

33%
40%
1-2x

50%
3-5x

60%
6-10x

70%

80%

6%1%
90%

100%

More than 10x

The prevalence of tick-borne diseases is the highest in the Czech Republic (10 %), which
corresponds to the larger experience and exposure to ticks in comparison to the other two
countries. About 6% of Austrians and 4 % of Slovaks suffered from a tick-borne disease. In all
three countries, Lyme disease was the most frequent tick-borne disease (8 % of Czechs, 4 % of
Austrians, and 3 % of Slovaks suffered from Lyme disease) (Figure 5.6).
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Figure 5.6: Percentages of people who have had a tick-borne disease from total of respondents.
AT

4%

CZ

0,7%

8%

SK

1,5%

3%
0%

10%

20%
Lyme disease

30%

40%

0,7%

0,7%
50%

60%

Tick-borne encephalitis

70%

80%

0,4%

0,4%
90%

100%

Another tick-borne disease

5.3.1 Averting behaviour
A set of questions were targeted to elucidate current behaviour, awareness and intentions of
respondents and their households. We describe the main findings in the subsequent text and
figures, focusing primarily on differences among the responses from the three survey countries.
When the respondents were asked whether they avoid activities or areas with higher risk of
getting a tick, 30-40% of them reported doing so often, while 20-30% reported they never do so,
and there were not large differences among responses from the three countries (Figure 5.7).
Figure 5.7: Do you avoid activities or areas where there is a higher risk of getting a tick?

When in a place where ticks might be present, respondents from Austria reported more often
they never protect themselves (29% vs. 10% and 13% of Czechs and Slovaks, respectively). Still,
most respondents reported they sometimes protect themselves. A small group of respondents
(between 4% and 9% by country subsample) reported that they never go to such places (Figure
5.8).
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Figure 5.8: Do you protect yourself from ticks when in a place where ticks might be present?

Responding to a retrospective question on protective behaviour in 2019, Czech respondents
seem slightly more alert, as they more regular use repellent, wearing long pants and sleeves and
body checking after return from a trip, compared to Austrian respondents in particular. Body
checks are the most used protection actions, while tucking pants into socks is by far the least
popular self-protection (Figure 5.9).
Figure 5.9: How and how often you protected yourself from ticks in 2019?

PU

Page 104

Version 1.7

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 776479.

D2.6 Non-market impacts - Health

A related question enquired on perceived strength of protection provided by these measures.
Here, we see a consistency in that vast majority of respondents in all three countries consider
body checks as the strongest protection. Interestingly, 36% of Austrian respondents consider
repellent as a weak protection, almost twice as much as Czech and Slovak respondents (Figure
5.10).
Figure 5.10: What form of protection against ticks do you think the following measures provide?

When asked on expenditures on tick repellents in 2019, Austrian respondents display the most
skewed picture, with roughly half of respondents stating no such expenses and some 20% of
respondents having spent more than 20 euros. The median expenditure of Austrian and Slovak
respondents was 11-20 euros, median expenditure of Czech respondents was equivalent to 6-10
euros category (Figure 5.11).
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Figure 5.11: How much did you pay for the tick repellents in 2019?

Part of the differences in behaviours and perceptions of Austrian respondents may be attributed
to a much larger prevalence of vaccination against tick-borne encephalitis. Almost 40% of
Austrian respondents reported active vaccination (or being in a course of vaccines), almost
three times more than Czech respondents, and more than ten times more than Slovak
respondents. Still, about 23% of Austrian respondents reported that their vaccination was not
completed or already expired, compared to 10% of Czech and 5% of Slovak respondents (Figure
5.12).
Figure 5.12: Have you been vaccinated against tick-borne encephalitis?

When respondents who have active vaccination or started vaccination were asked about the
main reasons for getting vaccination, roughly half of Austrian and Czech respondents indicated
that it is the only reliable protection against tick-borne encephalitis (but only 27% in Slovakia).
Staying in area with ticks, doctor and family recommendation were the other most frequented
reasons stated by respondents from all three country samples (Figure 5.13).
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Figure 5.13: What were the main reasons that you decided to vaccinate against tick-borne encephalitis?

Intention renew the vaccination after the current one cease to provide protection is generally
high respondents, with over 95% support among vaccinated Austrian and Czech respondents
and 90% among vaccinated Slovak respondents. Still, about 10% of vaccinated Slovak
respondents indicated that their vaccination renewal is neither likely nor unlikely (Figure 5.14).
Figure 5.14: How likely is it that you will be vaccinated against tick-borne encephalitis when your
effectiveness is over?

Vaccination of children in respondents’ households largely mirrors the vaccination pattern
observed in respondents. From Austrian sample, at least one child is vaccinated in 60% of
households with children, from Czech households with children, some ¼ has at least one child
vaccinated, but only 8% of Slovakian respondents with children in household have at least one
of them vaccinated (Figure 5.15).
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Figure 5.15: Is (any) of your children vaccinated against tick-borne encephalitis?

The knowledge about possible financial contribution to cover the cost of vaccination from
health insurance companies is by no means universal. Roughly 60% of Austrian and Czech
respondents and 90% of Slovak respondent are not aware if there is such a contribution. The
vast remainder of Czech respondents is aware of this option, while Austrian respondents are
more split, with 26% thinking that it is possible, while 18% it is not possible to obtain any
contribution (Figure 5.16).
Figure 5.16: Is it possible to get a financial contribution to vaccination against tick-borne encephalitis
from your health insurance company?

Out of those who obtained financial contribution to vaccination against tick-borne encephalitis
from the health insurance company, it was most often in range of 15-20 euros, but substantial
part of these respondents (40% in Austrian and 35% in Slovakian subsample) were not able to
indicate how much they obtained (Figure 5.17).
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Figure 5.17: What financial contribution to vaccination against tick-borne encephalitis did you receive
from the health insurance company?

As a next step, we analyse protective behaviour in more detail in a similar fashion as Slunge and
Boman (2018) study. We look at five different types of protective behaviour against ticks and
tick-borne diseases: using protective clothing (long sleeves and trousers), using insect repellent,
tucking pants into socks, avoiding tall grass and scrubs, and checking the body for ticks after
returning from trip in tick habitats.
We analyse these behaviours jointly using a count model, and thus we define a dependent
variable, protect, which is defined on a scale from 0 to 5 depending on the number of protective
measures used. The model is defined as:
𝑝𝑟𝑜𝑡𝑒𝑐𝑡 𝑖 = 𝛽0 + 𝛽1 𝐷𝑖 + 𝛽2 𝐸𝑖 + 𝛽3 𝑃𝑖 + 𝜀𝑖
where Di is a vector of socio-demographic and socioeconomic characteristics, Ei is a vector of
exposure variables, Pi is a vector of tick risk perception and εi is an error term.
We estimate separate count models for each survey country and a pooled model with country
dummies. A major limitation of the count model is that the different measures are taken as
equally effective, what is not fully in line with the perceived strength of protection of these
measure by respondents discussed earlier. The results from Poisson regressions are reported in
Table 5.2.
The results suggest that female, older respondents, those who had at least one tick during last
year and those vaccinated against tick-borne encephalitis tend to use more protection
measures, while respondents from lower income households and those who have never had tick
tend to use less measures to protect themselves. Czechs who have a child (or children) have
also significantly higher tendency to self-protection. Slovaks on the other hand are more prone
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to self-protection if they have dog in their household, but less inclined to do so if they have
other (farm etc.) animals.
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Table 5.2: Count model of factors associated with protective measures against ticks.
Variable
Constant
Female
Age 35-50
Age 51-65
Household income: 1st tercile
Household income: 2nd tercile
Household income: 3rd tercile
Tertiary education
Child(ren) under 18 years
Lives in countryside
Dog in household
Cat in household
Has other animal
Never had a tick
Had a tick in 2019
Diagnosed with tick-borne
disease
Active vaccine against TBE

AT sample

CZ sample

SK sample

0.013
(0.115)
0.291***
(0.064)
0.192**
(0.08)
0.182**
(0.08)
-0.206*
(0.109)
-0.075
(0.085)
0.015
(0.088)
-0.06
(0.067)
0.004
(0.07)
-0.033
(0.066)
0.081
(0.089)
-0.037
(0.077)
-0.157
(0.137)
-0.008
(0.084)
0.312***
(0.07)
0.175.
(0.11)
0.234***
(0.063)

0.638***
(0.045)
0.225***
(0.028)
0.064*
(0.03)
0.149***
(0.036)
-0.075.
(0.043)
0.007
(0.038)
-0.02
(0.039)
0.002
(0.029)
0.103***
(0.028)
0.05.
(0.028)
0.018
(0.039)
-0.021
(0.041)
-0.066
(0.048)
-0.155**
(0.06)
0.053.
(0.025)
0.062
(0.037)
0.162***
(0.03)

0.648***
(0.049)
0.198***
(0.029)
0.053
(0.035)
0.102**
(0.037)
-0.119**
(0.047)
0.001
(0.045)
0.028
(0.042)
0.049
(0.033)
-0.008
(0.031)
0.026
(0.032)
0.097**
(0.036)
0.052
(0.041)
-0.152**
(0.058)
-0.184***
(0.044)
0.131***
(0.03)
0.002
(0.066)
0.239***
(0.066)

1170
0.0567

2558
0.045

2484
0.044

Austrian
Czech
Observations:
McFadden’s pseudo-R2

pooled
sample
0.628***
(0.034)
0.219***
(0.019)
0.081***
(0.022)
0.139***
(0.024)
-0.114***
(0.031)
-0.015
(0.028)
-0.004
(0.027)
0.01
(0.021)
0.046*
(0.02)
0.024
(0.021)
0.072**
(0.025)
0.012
(0.028)
-0.114**
(0.037)
-0.159***
(0.032)
0.111***
(0.019)
0.054.
(0.031)
0.195***
(0.026)
-0.5***
(0.037)
0.012
(0.02)
6302
0.075

Notes: Robust standard errors in parentheses; Significance codes: *** p<0.001, ** p<0.01, * p<0.05, . p<0.1
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5.4 Results: Preferences for public programmes against spread of ticks due to
climate change and tick-borne diseases
In this chapter, we analyse preferences for public programmes that would introduce protection
measures against spread of ticks due to climate change and tick-borne diseases.

5.4.1 Discrete choice experiments
In the part focused on stated preferences, we used discrete choice experiments to elicit
preferences for protection measures against ticks and tick-borne diseases. In the survey, we
asked every respondent to choose six times between a new programme that would introduce
protection measures and situation without a new programme. Figure 5.18 shows an example of
a choice card. There were 52 choice cards in total, which were generated using efficient
experimental design.
The new programmes differ in seven characteristics: 1) whether measures against the spread of
ticks will be implemented or not; 2) level of spread of ticks in future; 3) whether protection
against ticks will be provided or not; 4) whether vaccination will be provided against tick-borne
encephalitis or against tick-borne encephalitis and Lyme disease or none; 5) total costs of the
programme per year over 10 years; 6) state's contribution per year over 10 years, and 7) how
much will respondent pay per year over 10 years. Option without a new programme means that
no new measures will be taken to prevent the spread of ticks, the number of ticks won’t be
reduced, no protection against ticks and no vaccination will be provided free of charge for every
citizen, and therefore there will be no associated costs. Options without a new programme have
three levels of spread of ticks in future. However, each respondent evaluated always only one
level of spread of ticks. This level has been randomly assigned to each respondent. Attributes
and levels used in discrete choice experiments are summarized in Table 5.3.
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Figure 5.18: Example of one choice card selected from several choice cards.

Without a new programme

Programme A

none

yes

a half more than now

a quarter less than without a
programme

Measures against the spread of ticks

How many ticks there will be

a repellent
Protection against ticks

none

Vaccination

none

encephalitis and borreliosis

How much it will cost
per year over 10 years
How much the state will contribute
per year over 10 years
How much you will pay
per year over 10 years
Which programme would you
choose?

0 CZK

5000 CZK

0 CZK

2500 CZK

0 CZK

2500 CZK

Without a new programme

Programme A

Table 5.3: Attributes and levels used in discrete choice experiments.
Attributes

No. of
levels

Levels

SQ. Spread of ticks in future

3

as now

1. Measures against the
spread of ticks

2

2. How many ticks there will
be

3

3. Protection against ticks
4. Vaccination
5. How much it will cost

2
3
5

6. How much the state will
contribute
7. How much you will pay

3

PU

a half more
than now

none

a quarter
more than
now
yes

the same
number as
without a
programme
none
none
2.500 CZK
(100 €)

a quarter
less than
without a
programme
repellent
TBE +LB
5.000 CZK
(200 €)

a half less
than without
a
programme

0%

25%

50%

TBE
7.500 CZK
( 300 €)

10.000 CZK
(400 €)

12.500 CZK
(500 €)

Computed (“How much it will cost” minus “How much the state will contribute”)
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The attributes and their levels used in the discrete choice experiments are described in what
follows.
SQ. Spread of ticks in future and how many ticks there will be
As future development of spread of ticks is uncertain, we wanted to ensure a large variability in
scenarios of development of ticks’ population due to climate change. Therefore, we used a splitsample treatment and we randomly assigned one of three scenarios. In the first scenario,
respondents were informed that the number of ticks has increased in recent years due to
climate change. In the next 10 years, however, it may remain approximately the same as it is
now. Thanks to the measures introduced under the new programme, the current increase in tick
population can stop and even fall by a quarter to a half compared to the present. In the second
scenario, respondents were told that expert studies expect an increase in the number of ticks by
a quarter compared to the present in the next 10 years due to climate change. In the third
scenario, respondents were told that expert studies expect an increase in the number of ticks by
half compared to the present in the next 10 years due to climate change. To illustrate the
change in size of ticks’ population we have shown infographics depicted in Figure 5.19 to
respondents. The number of ticks in the infographics depended on the scenario that was
assigned to the respondent.
Figure 5.19: Illustration of the change in size of ticks’ population in the third scenario
Now
In the future without a new programme

Measures against the spread of ticks
In order to reduce the spread of ticks, measures in the landscape can be taken to adapt to
climate change, for example
●
removing food sources for tick hosts, e.g. wild boar, deer, mice and small mammals, so
that hosts do not reproduce
●
support for natural predators of tick hosts, e.g. raptors
●
mowing meadows and grass in open areas
Other measures can mitigate climate change, for example
●
energy savings (e.g. thermal insulation)
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●
support for renewable energy sources (e.g. subsidies for households, municipalities and
businesses to purchase green electricity, to install geothermal pumps, or to photovoltaic panels
for roofs, wind or hydroelectric power).
Protection against ticks
If a new programme is introduced, a tick repellent (spray, cream, or bracelet) will be free of
charge for every citizen of the given country in pharmacies. Repellents will not be paid without a
new programme.
Vaccination
There may be a new vaccination that will protect against:
tick-borne encephalitis
or tick-borne encephalitis and Lyme disease.
How much it will cost
If the new programme is introduced, the state will have higher expenses on new measures in
the landscape, on climate change mitigation, on the payment of vaccines and repellents. The
total costs will vary according to the number and extent of measures. These costs will have to
be paid each year within 10 years.
State contribution and how much will you pay
To cover these expenses, the state will need to raise taxes on goods, increasing the price of all
the products people buy. All adult residents of the given country would pay each year the
amount shown on the card. Some of the costs may be covered by the state from existing
resources and we will show you this amount on the card. Inhabitants will pay the remaining part
through increased prices.
We reminded to respondents that if they choose a new programme, they should be aware that
their budget will be lower by the amount they are willing to pay as a contribution to the
programme. If not, they were instructed to select " Without a new programme".
This approach allows us estimating willingness to pay and social benefits of several protection
measures against ticks and tick-borne diseases and their combinations.
5.4.2 Model
We assume that the responses to the dichotomous choice questions are driven by a random
utility model (Train, 2003), where the deterministic part of the indirect utility depends on
program’s attributes
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𝑉𝑖𝑗𝑡 = 𝛼1 𝑅𝐸𝑃𝐸𝐿𝐿𝐸𝑁𝑇𝑖𝑗𝑡 + 𝛼2 𝑅𝐸𝐷𝑈𝐶𝑇𝐼𝑂𝑁𝑖𝑗𝑡 + 𝛼3 𝑉𝐴𝐶𝐶𝐼𝑁𝐸𝑖𝑗𝑡 + 𝛼4 𝑆𝑇𝐴𝑇𝐸𝑖𝑗𝑡 + 𝛽 ∙
(𝑦𝑖 − 𝐶𝑂𝑆𝑇𝑖𝑗𝑡 )
where subscript i denote the individual, j describes a program (=1), and the option without a
program, i.e. the status-quo (=0), and t is choice task (1,..,6). The terms describe the program
attributes, including whether it offers protection against ticks that is a repellent (REPELLENT=1,
and 0 otherwise), vaccination against TBE, TBE and LB together, and none (VACCINE={TBE,
TBE+LB, none}), how many ticks will be reduced by a combination of measures,
REDUCTION=(50%, 25%, none), and how much it will cost over next ten years, COST={100 €, 200
€, 300 €, 400 €, 500 €). The coefficients α’s are the marginal utilities and β is the marginal utility
of income. The term STATE denotes how much state will be contributing (50%, 25%, and 0%). In
our preferred model, we express the state contribution in monetary terms (rather as
percentage contribution), by multiplying the state contribution by COST, implying the coefficient
α4 can be also interpreted as marginal utility of income (reducing the costs).
There are three levels of status-quo level on how ticks will be spread in the future, by 50%
more, 25% more, or as today. These levels were randomly attributed to each respondent, so the
same level was shown for the six tasks to the same respondent.
The responses to the dichotomous choice questions are driven by the willingness to pay for the
risk reducing program. Since we use a (sequence of) single-bounded dichotomous choice
questions, the WTP is not directly observed and we assume it depends on the magnitude of
program’s attributes as follows:
∗
𝑊𝑇𝑃𝑖𝑗𝑡
= 𝛼0 + 𝑋𝑖𝑗𝑡 𝛼 + 𝜀𝑖𝑗𝑡

where X is a vector of program’s attributes (REPELLENT, REDUCTION, VACCINE, STATE), and the
stochastic term 𝜀 is assumed to be normally distributed with mean zero and variance σ2.
We do not observe the true WTP for a specified program. We know, however, if the respondent
chooses a program (j=1), the underlying WTP is greater than the cost, i.e. the bid, of the
program. It implies that the probability of choosing a program is a function of the magnitude of
the program’s attributes, including its cost:
∗
𝑃𝑟(𝑗) = 𝑃𝑟(𝑊𝑇𝑃𝑖𝑗𝑡
≥ 𝐵𝐼𝐷𝑖𝑗𝑡 ) = 𝛷(𝑎0 + 𝑋𝑖𝑗𝑡 𝑎 + 𝑏 ∙ 𝐵𝐼𝐷𝑖𝑗𝑡 )
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where Φ(⋅ ) denotes the standard normal cdf, a0=α0/σ, a=α/σ, and b=-1/σ, and appropriate
statistical model is a probit.
Since we use a sequence of five binary questions, our observations are not independent and the
five responses and hence the five respondent’s error terms are likely correlated. We assume
that the correlation between any two pairs of responses is the same, implying a random effects
probit statistical model.17 We use xtprobit STATA 16 command to estimate our models.
The willingness to pay values are estimated by dividing the random effects coefficients on given
program attribute (or respondent characteristics) and the negative of that on cost (Cameron
and James, 1987). We compute the standard errors around the mean WTP estimates using the
delta method, with nlcom in STATA.
We prepared D-efficient Bayesian design using NGENE software, with 60 choice tasks grouped in
10 blocks. The priors were estimated from the pilot (n=200 for each country) with only two
levels for REDUCTION (0%, 50%) and a bit different (lower) bids (80 €, 160 €, 200 €, 240 €, 320 €,
400 €).18 We restricted the options for only combination that included either a measure against
spreading ticks or vaccination, avoiding a task combination with (REDUCE=0% &
VACCINE=none).
5.4.3 Results of discrete choice experiments
Acceptability of the programme in all surveyed countries declines as the total costs of a
programme and the amount paid by a respondent increase, see Figure 5.20. The share of
positive responses increases as the state contribution increases, by 8% points comparing
alternatives with 50% contribution and without any contribution. This share is not statistically
different between responses with and without additional information (qinfo={0,1}).
Figure 5.20: Percentage of responses with the agreement, by total costs (left panel) and amount required
to be paid by respondent (right panel), by country.

17

If the estimate of rho coefficient is very close to zero, then the extent of intra-panel correlation is small enough
and it would be acceptable to use a one-level model such as probit or logit on panel data. The coefficient rho equals
to v2/(v2+1), where v2 is the panel-level variance.
18
We use the following priors in the Bayesian D-efficient design: U(ticks) = bP[(n,-0.2,0.017)] *
PRICE[2.5,5,7.5,10,12.5] + br.dummy[(n,0.25,0.084)] * REPELENT[1,0] + bt.dummy[(n,0.56,0.1)|(n,0.45,0.1)] *
TICKS[0.5,0.25,0] + bv.dummy[(n,0.5,0.1)|(n,0.18,0.1)] * VACCINE[2,1,0] + i1[(n,0.154,0.028)] * PRICE *
STAT[0,0.25,0.5]; U(sq) = bsq.
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Results from random-effect probit model are reported in Table 5.4. All coefficients are
significant at any convenient level and have correct signs. Implicit WTP estimates are reported
in lower panel. Respondents are willing to pay for protection against ticks (such as repellent) 66
PPS EUR in the Czech Republic, 32 PPS EUR in Austria and 19 PPS EUR in Slovakia. WTP for
reducing spread of ticks is 83–124 PPS EUR for 25% reduction and 111–172 PPS EUR for 50%
reduction. The two estimates are statistically different in each country (chi-sq 3.72, 14.80,
15.91, respectively). WTP for vaccination against TBE is 53, 58, and 104 PPS EUR in Slovakia,
Austria, and the Czech Republic. WTP for vaccination against TBE as well as LB is 61, 90, and 136
PPS EUR, and the two estimates are statistically different in Austria and the Czech Republic (chisq 4.60 and 6.08). Contribution from state is increasing the likelihood of supporting the offered
programme. In this specification, the contribution is expressed in PPS EUR and the implicit WTP
is interpreted as willingness to pay for 1 PPS Euro of state contribution, that is 0.73 – 0.84 PPS
EUR per 1 PPS EUR of contribution.
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Table 5.4: RE probit model, cost in PPS EUR
Random-effect probit model
pooled
repellent
reduction 25%
reduction 50%
vaccination TBE
vaccination TBE+LB
contribution [PPS]
cost [PPS]

/lnsig2u
rho
LogLik
No. obs
No. IDs

0.1159
(6.02)
0.2934
(12.64)
0.4246
(17.8)
0.2110
(9.25)
0.2772
(12.1)
0.0022
(23.42)
-0.0028
(-44.18)

AT
***
***
***
***
***
***
***

1.0267
0.7363
-18181.72
36174
6029

CZ

0.1173
(2.6)
0.3029
(5.59)
0.4064
(7.29)
0.2122
(3.96)
0.3314
(6.25)
0.0029
(8.51)
-0.0037
(-16.36)

***
***
***
***
***
***
***

0.7482
0.6788
-3114.91
5808
968

0.1858
(6.24)
0.3482
(9.7)
0.4842
(13.06)
0.2940
(8.28)
0.3841
(10.74)
0.0021
(15.79)
-0.0028
(-31.12)

SVK
***
***
***
***
***
***
***

1.0625
0.7432
-7701.33
15420
2570

0.0493
(1.62)
0.2525
(6.85)
0.3963
(10.46)
0.1411
(3.94)
0.1613
(4.45)
0.0022
(15.53)
-0.0027
(-27.5)

***
***
***
***
***
***

1.0802
0.7465
-7321.10
14946
2491

Note: standard errors in parentheses, significance at 1, 5, and 10% by ***, **, *.

WTP estimates, in PPS EUR
pooled
reduction 25%
reduction 50%
repellent
vaccination TBE
vaccination TBE+LB
contribution

PU

AT

CZ

SVK

mean

s.e.

mean

s.e.

mean

s.e.

mean

s.e.

105.52

7.90

82.67

13.93

123.52

12.00

94.75

13.13

152.72

7.79

110.90

13.81

171.75

11.92

148.72

12.87

41.68

6.85

32.00

12.16

65.90

10.44

18.52

11.38

75.88

8.01

57.92

14.22

104.29

12.29

52.96

13.19

99.70

7.77

90.43

13.53

136.24

11.84

60.54

13.07

0.78

0.03

0.79

0.07

0.73

0.04

0.84

0.04
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Estimation results when cost and contribution are expressed in nominal EUR are reported in
Table 5.5. Survey participants are willing to pay for protection against ticks 13, 36, and 43 EUR,
in Slovakia, Austria, and the Czech Republic, respectively. WTP for reducing spread of ticks is 68–
93 EUR for 25% reduction and 106–125 EUR for 50% reduction, and the two estimates are
statistically different in each country. WTP for vaccination against TBE is 38, 65, and 68 EUR in
Slovakia, Austria, and the Czech Republic, and corresponding value for a vaccination against TBE
and LB is 43, 102, and 89 EUR in these three countries, with the highest value in Austria.
Table 5.5: RE probit model, cost in nominal EUR
Random-effect probit model
pooled
repellent
reduction 25%
reduction 50%
vaccination TBE
vaccination TBE+LB
contribution [EUR]
cost [EUR]

0.1191
(6.19)
0.2993
(12.89)
0.4333
(18.12)
0.2160
(9.47)
0.2831
(12.34)
0.0030
(23.58)
-0.0039
(-44.57)

AT
***
***
***
***
***
***
***

CZ

0.1173
(2.6)
0.3029
(5.59)
0.4064
(7.29)
0.2122
(3.96)
0.3314
(6.25)
0.0026
(8.51)
-0.0032
(-16.36)

***
***
***
***
***
***
***

0.1858
(6.24)
0.3482
(9.7)
0.4842
(13.06)
0.2940
(8.28)
0.3841
(10.74)
0.0031
(15.79)
-0.0043
(-31.12)

SVK
***
***
***
***
***
***
***

/lnsig2u
1.0211
0.7482
1.0625
rho
0.7352
0.6788
0.7432
LogLik
-18170.86
-3114.91
-7701.33
No. obs
36174
5808
15420
No. IDs
6029
968
2570
Note: standard errors in parentheses, significance at 1, 5, and 10% by ***, **, *.

0.0493
(1.62)
0.2525
(6.85)
0.3963
(10.46)
0.1411
(3.94)
0.1613
(4.45)
0.0031
(15.53)
-0.0037
(-27.5)

***
***
***
***
***
***

1.0802
0.7465
-7321.10
14946
2491

WTP estimates, in EUR
pooled
reduction 25%
reduction 50%
repellent
vaccination TBE
vaccination TBE+LB
contribution

PU

mean
77.22
111.78
30.74
55.72
73.03
0.78

AT
s.e.
5.66
5.59
4.91
5.75
5.57
0.03

CZ

mean
93.46
125.37
36.18
65.48
102.23
0.79

s.e.
15.75
15.61
13.75
16.08
15.30
0.07
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80.84
112.41
43.13
68.26
89.17
0.73

SVK
s.e.
7.85
7.80
6.84
8.04
7.75
0.04

mean
67.68
106.23
13.23
37.83
43.24
0.84

s.e.
9.38
9.19
8.13
9.42
9.34
0.04
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Increasing population of ticks due to climate change in Europe, as predicted by some models,
was used in a split-sample treatment to describe the status-quo level. To examine this effect, we
estimated the probit models separately for each SQ level (SQ0 = as today, SQ25 = 25% more
ticks, and SQ50 = 50% more ticks than today), using pooled data as well as for each country.
These results are displayed in Figure 5.21 and Tables 5.6 and 5.7.
Figure 5.21: WTP estimates by SQ level and country.

For the pooled data, WTP estimates do not differ much across the SQ levels, except WTP for
vaccination in particular against TBE and LB that is growing with the number of ticks, from 90
PPS EUR (SQ0) to 100 and 110 PPS EUR, while WTP for vaccination against TBE only is
considerably larger for SQ50 (85.4 PPS EUR) compared to 70.6 PPS EUR for SQ0.
There are larger differences among the three countries. In Austria and Slovakia, people are
willing to pay more for vaccination against tick-borne diseases under scenario with larger spread
of ticks, in particularly for combine vaccine against TBE and LB. Czechs are willing to pay more
only for protection (repellent) under scenario with ticks increased by 50%, while Slovaks are
ready to pay more for protection only under scenario with more than 25% of ticks. Overall, size
of tick population does not have significant and systematic effect on people preference for risk
reducing programmes.
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Table 5.6: Random-effects probit model, by SQ level, pooled data
Random-effect probit model
SQ0
repellent
reduction 25%
reduction 50%
vaccination TBE
vaccination TBE+LB
contribution [PPS]
cost [PPS]

/lnsig2u
rho
LogLik
No. obs
No. IDs
WTP, PPS
reduction 25%
reduction 50%
repellent
vaccination TBE
vaccination TBE+LB
contribution

0.0873
(2.64)
0.2988
(7.5)
0.4237
(10.4)
0.1932
(4.93)
0.2464
(6.33)
0.0020
(12.56)
-0.0027
(-25.34)

SQ25
***
***
***
***
***
***
***

1.0199
0.7349
-6143.05
12222
2037
mean
109.11
154.73
31.88
70.55
89.98
0.74

0.1492
(4.55)
0.2901
(7.3)
0.4535
(11.14)
0.2082
(5.41)
0.2866
(7.27)
0.0024
(15.07)
-0.0029
(-26.5)

SQ50
***
***
***
***
***
***
***

1.0170
0.7344
-6277.51
12408
2068
s.e.
13.76
13.60
11.94
13.98
13.51
0.05

mean
100.97
157.84
51.94
72.47
99.76
0.83

0.1108
(3.24)
0.2916
(7.1)
0.3931
(9.22)
0.2325
(5.67)
0.2982
(7.31)
0.0021
(12.85)
-0.0027
(-24.6)

***
***
***
***
***
***
***

1.0451
0.7398
-5756.97
11544
1924
s.e.
13.05
12.84
11.32
13.09
12.92
0.04

mean
107.11
144.39
40.69
85.41
109.54
0.77

s.e.
14.31
14.19
12.42
14.72
14.03
0.05

SQ50
mean
107.11
144.39
40.69
85.41
109.54
0.77

s.e.
14.31
14.19
12.42
14.72
14.03
0.05

Note: standard errors in parentheses, significance at 1, 5, and 10% by ***, **, *.

WTP estimates, in EUR
SQ0
reduction 25%
reduction 50%
repellent
vaccination TBE
vaccination TBE+LB
contribution

PU

mean
109.11
154.73
31.88
70.55
89.98
0.74

s.e.
13.76
13.60
11.94
13.98
13.51
0.05

SQ25
mean
100.97
157.84
51.94
72.47
99.76
0.83
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Table 5.7 Random-effects probit model, by SQ level and country

Austria
SQ25

SQ0
repellent
reduction 25%
reduction 50%
vaccination TBE
vaccination TBE+LB
contribution [PPS]
cost [PPS]

/lnsig2u
rho
LogLik
No. obs
No. IDs

0.0443
(0.56)
0.3858
(3.91)
0.4960
(5)
0.1037
(1.09)
0.2893
(3.13)
0.0031
(4.98)
-0.0039
(-9.66)
0.9155
0.7141
-1018.21
1962
327

***
***

***
***
***

0.2336
(3.04)
0.2383
(2.69)
0.4527
(4.93)
0.3494
(3.87)
0.3079
(3.43)
0.0030
(5.33)
-0.0042
(-10.92)
0.7220
0.6730
-1118.79
2082
347

SQ50
***
***
***
***
***
***
***

0.0628
(0.79)
0.3181
(3.28)
0.2762
(2.73)
0.1656
(1.75)
0.4188
(4.42)
0.0026
(4.45)
-0.0030
(-7.71)
0.6177
0.6497
-965.86
1764
294

Czech Republic
SQ25

SQ0
***
***
*
***
***
***

0.1859
(3.64)
0.3623
(5.96)
0.4821
(7.68)
0.3199
(5.34)
0.3627
(6.02)
0.0021
(9.32)
-0.0029
(-18.77)
0.9282
0.7167
-2593.04
5106
851

***
***
***
***
***
***
***

0.1563
(3.03)
0.3744
(5.96)
0.5286
(8.17)
0.3165
(5.15)
0.4533
(7.13)
0.0024
(10.45)
-0.0029
(-18.21)

***
***
***
***
***
***
***

1.1649
0.7622
-2605.08
5274
879

SQ50
0.2131
(4.07)
0.3064
(4.84)
0.4394
(6.71)
0.2407
(3.78)
0.3380
(5.42)
0.0017
(7.62)
-0.0027
(-16.89)
1.0955
0.7494
-2496.48
5040
840

Note: standard errors in parentheses, significance at 1, 5, and 10% by ***, **, *.
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Slovakia
SQ25

SQ0
***
***
***
***
***
***
***

0.0072
(0.14)
0.2243
(3.55)
0.3615
(5.61)
0.1086
(1.74)
0.1239
(2.01)
0.0018
(7.2)
-0.0024
(-14.56)
1.1470
0.7590
-2511.18
5154
859

***
***
*
**
***
***

0.1198
(2.32)
0.2567
(4.06)
0.4151
(6.47)
0.0671
(1.13)
0.1519
(2.48)
0.0023
(9.79)
-0.0027
(-16.68)
0.9520
0.7215
-2526.28
5052
842

**
***
***

**
***
***

SQ50
0.0164
(0.3)
0.2806
(4.28)
0.4145
(6.02)
0.2642
(4.05)
0.2108
(3.18)
0.0026
(9.81)
-0.0029
(-16.27)
1.1563
0.7607
-2275.19
4740
790

***
***
***
***
***
***
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Austria
SQ25

SQ0
reduction 25%
reduction 50%
repellent
vaccination TBE
vaccination TBE+LB
contribution

PU

SQ50

Czech Republic
SQ25

SQ0

SQ50

Slovakia
SQ25

SQ0

SQ50

mean

s.e.

mean

s.e.

mean

s.e.

mean

s.e.

mean

s.e.

mean

s.e.

mean

s.e.

mean

s.e.

mean

s.e.

98.91

23.67

56.88

20.20

107.24

30.46

124.64

19.61

128.46

20.31

115.53

22.57

93.28

25.01

93.94

21.75

97.79

21.82

127.18

23.06

108.06

20.21

93.12

30.62

165.83

19.77

181.38

19.96

165.67

22.34

150.34

24.41

151.93

21.24

144.47

21.63

11.36

20.18

55.75

17.99

21.17

26.63

63.96

17.32

53.62

17.57

80.33

19.46

2.99

21.68

43.83

18.68

5.72

19.24

26.58

23.92

83.39

21.01

55.82

30.99

110.03

20.02

108.60

20.60

90.77

23.45

45.16

25.46

24.56

21.46

92.09

22.30

74.19

22.44

73.50

20.04

141.19

30.08

124.77

19.53

155.55

20.20

127.45

21.90

51.54

24.78

55.58

21.59

73.46

21.96

0.80

0.13

0.73

0.11

0.87

0.15

0.72

0.06

0.82

0.06

0.65

0.07

0.75

0.08

0.86

0.07

0.89

0.07
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Since the survey was partly conducted during the COVID-19 pandemic (corona virus), we
attempt to control whether fear related to COVID-19 pandemic may affect the stated
preferences. We explicitly asked at the end of the survey whether the responses on
programmes that would reduce tick-borne health risk were affected by current situation by any
means. Most of the respondents were not affected by neither way, 71 % Slovaks, 73 % Czechs,
and 77 % Austrians. About 13–18 percent respondents were affected and as a consequence
their evaluated tick-borne diseases as more serious (9.1, 8.0, and 9.7 percent, respectively), or
as less serious (7.3, 9.9, and 3.7 percent, respectively). Between 9 and 13 percent did not know.
Table 5.8: Were your responses on programmes that will reduce tick-borne health risks
COVID-19 by any means, in percent?
pooled AT
CZ
No, I responded independently on risks related to COVID- 72.54
76.77
72.98
19
Yes, I evaluated tick-borne health risks as more serious
8.73
9.69
8.02
Yes, I evaluated tick-borne health risks as less serious
7.9
3.73
9.91
I don’t know
10.84
9.81
9.09

affected by
SVK
70.59
9.11
7.31
12.99

We estimated separately all models for all four segments of respondents depending how their
perceived the effect of COVID/19 on their responses. These results estimated for each of the
four segments are presented in Table 5.10, using the polled data. Figure 5.22 displays the
differences in the WTP estimates across the segments as defined by their self-perceived effect
of COVID-19 on their responses.
When only responses from the survey participants who self-reported that their responses were
neutral, that means independent on the current pandemic situation, are presented in Table 5.9.
These results may be considered as conservative values, affected by the current situation less
than the other ones. After excluding responses from survey participants who did not think their
evaluation was made independent to the current situation, we obtained the WTP estimates that
are slightly larger or statistically not distinguishable in Austria and the Czech Republic, expect
WTP for protection (repellent) in Austria that is 23% smaller. In Slovakia, these results are mixed
across the attributes, but most of these differences are very small or are not statistically
different one from each other. Overall, we conclude that if the current situation dominated by
COVID-19 pandemic affected responses of our survey participants, this effect was small or
negligible.
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Table 5.9: RE probit model results, using responses that were not perceived as affected by the current
COVID-19 situation, by country, in PPS EUR
Random-effect probit model
pooled
repellent

0.1261
(5.2)
0.3520
(12)
0.4563
(15.08)
0.2587
(8.97)
0.3197
(10.99)
0.0024
(20.55)
-0.0031
(-38.24)

reduction 25%
reduction 50%
vaccination TBE
vaccination TBE+LB
contribution [PPS]
cost [PPS]

/lnsig2u
rho
LogLik
No. obs
No. IDs

AT
***
***
***
***
***
***
***

1.0806
0.7466
-11651.44
23538
3923

0.0953
(1.69)
0.3669
(5.43)
0.4845
(6.92)
0.2844
(4.26)
0.3330
(5.02)
0.0030
(7.32)
-0.0039
(-13.82)

CZ
*
***
***
***
***
***
***

0.6749
0.6626
-2007.60
3708
618

0.2196
(5.94)
0.4251
(9.5)
0.5054
(10.86)
0.3601
(8.08)
0.4498
(10.01)
0.0023
(14.31)
-0.0031
(-27.18)

SVK
***
***
***
***
***
***
***

1.0933
0.7490
-5042.39
10212
1702

0.0464
(1.18)
0.2865
(6.01)
0.4178
(8.56)
0.1564
(3.39)
0.1963
(4.17)
0.0025
(13.26)
-0.0030
(-23.72)

***
***
***
***
***
***

1.2032
0.7691
-4560.91
9618
1603

Note: standard errors in parentheses, significance at 1, 5, and 10% by ***, **, *.

WTP estimates, in PPS EUR

reduction 25%
reduction 50%
repellent
vaccination TBE
vaccination TBE+LB
contribution

PU

pooled
mean
114.30
148.18
40.94
84.01
103.81
0.77

AT
s.e.
8.97
8.87
7.79
9.14
8.84
0.03

mean
95.14
125.64
24.72
73.75
86.35
0.78
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CZ
s.e.
16.34
16.28
14.44
16.81
15.90
0.08

mean
137.01
162.89
70.79
116.04
144.97
0.74

s.e.
13.50
13.51
11.78
13.94
13.34
0.04

SVK
mean
94.57
137.92
15.32
51.61
64.79
0.81

s.e.
14.92
14.54
12.90
14.96
14.84
0.05
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Table 5.10: RE probit model results, segments defined how the effect of COVID-19 pandemic on stated
preferences was perceived
Random-effect probit model
Responses
were made
independent
repellent
reduction 25%
reduction 50%
vaccination TBE
vaccine TBE+LB
contribution
cost [PPS]

0.1261
(5.2)
0.3520
(12)
0.4563
(15.08)
0.2587
(8.97)
0.3197
(10.99)
0.0024
(20.55)
-0.0031
(-38.24)

TBE health risks
perceived less
severe

***

0.0987
(1.36)
0.2630
(3.04)
0.4973
(5.45)
0.0670
(0.78)
0.3224
(3.87)
0.0020
(6.23)
-0.0025
(-11.29)

***
***
***
***
***
***

TBE health risks
perceived more
severe

***
***

***
***
***

0.0549
(0.87)
0.2281
(2.96)
0.3630
(4.63)
0.3013
(4.01)
0.2224
(2.98)
0.0012
(4.12)
-0.0014
(-6.89)

***
***
***
***
***
***

1.0806
0.9928
0.6909
/lnsig2u
0.7466
0.7296
0.6662
rho
-11651.4
-1289.8
-1559.9
LogLik
23538
2562
2832
No. obs
3923
427
0
No. IDs
Note: standard errors in parentheses, significance at 1, 5, and 10% by ***, **, *.

Don’t know

Responses
were not made
independent or
DK

0.0890
(1.43)
-0.0694
(-0.92)
0.1285
(1.69)
-0.0282
(-0.39)
-0.0982
(-1.34)
0.0012
(4.19)
-0.0018
(-9.6)

0.0736
(1.95)
0.1214
(2.66)
0.3017
(6.45)
0.1131
(2.54)
0.1294
(2.94)
0.0015
(8.48)
-0.0019
(-16.28)

*

***
***

0.9680
0.7247

0.9427
0.7196

-1723.6

-4642.3

3516
0

9006
0

*
***
***
**
***
***
***

WTP estimates, in PPS EUR
Responses
were made
independent

reduction 25%
reduction 50%
repellent
vaccination TBE
vaccination TBE+LB
contribution

PU

TBE health
risks perceived
less severe

TBE health
risks perceived
more severe

Don’t know

mean

s.e.

mean

s.e.

mean

s.e.

mean

s.e.

114.30

8.97

105.16

32.85

168.17

53.25

-38.13

148.18

8.87

198.80

32.52

267.60

53.92

70.63

40.94

7.79

39.46

28.55

40.48

46.26

84.01

9.14

26.79

34.13

222.09

103.81

8.84

128.88

31.47

0.77

0.03

0.82

0.10
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Responses
were not
made
independent
or DK
mean

s.e.

42.69

64.35

23.20

39.42

159.92

22.46

48.91

33.76

39.01

19.77

57.26

-15.50

40.18

59.94

23.24

163.95

51.45

-53.98

42.29

68.61

22.37

0.90

0.17

0.66

0.13

0.78

0.07
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Figure 5.22: WTP estimates by segments defined by their self-perceived effect of COVID-19 on their
responses.
300

PPS EUR

200
100
0

-100

Responses were made independent

Responses were not made independent or DK

TBE health risks perceived less severe

TBE health risks perceived more severe

Don’t know

Table 5.11 reports the results for the random-effects probit model, controlling for socioeconomic characteristics of respondents. Larger WTP estimates is again supported by country
CZ dummy. Respondents with larger net household income are more likely to accept the
programme, and hence ready to pay more, as respondents who did not provide information
about their incomes (hincome missing =1) do so. Females agree with the programme more than
males. Coefficient on experience with ticks, particularly if respondent had more than 2 ticks last
year, is positive, but virtually not different from zero. Those who have had tick-borne diseases
are not behaving systematically different either.
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Table 5.11: RE probed model with socioeconomic variables, pooled data
Coef.
repellent
reduction 25%
reduction 50%
vaccination TBE
vaccination TBE+LB
contribution
cost [PPS]
AT
CZ
h.income [PPS EUR]
h.income missing
female
age
ticks 1-2x/yr
ticks 3x and more /yr
hadTBD
constant
/lnsig2u
rho
LogLik
No obs.
No IDs

PU

s.e.

z

0.1099
0.2728
0.4090
0.1892
0.2600
0.0022
-0.0028
-0.0840
0.2649
0.0001
0.2250
0.2370
0.0009
0.0782
-0.0383
0.0657
-0.4897

0.0197
0.0271
0.0265
0.0267
0.0259
0.0001
0.0001
0.0728
0.0538
0.0000
0.0843
0.0495
0.0018
0.0586
0.0582
0.0940
0.1154

1.0013
0.7313
-18129.1
36174
6029

0.0338
0.0067

P>z
5.59
10.08
15.44
7.1
10.03
23.54
-42.28
-1.15
4.92
5.91
2.67
4.79
0.48
1.33
-0.66
0.7
-4.24
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0
0
0
0
0
0
0
0.248
0
0
0.008
0
0.634
0.182
0.51
0.485
0
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5.4Results: Willingness to pay for a new vaccination against Lyme disease
Preferences of people for a new vaccination against Lyme disease were elicited using contingent
valuation method, using dichotomous choice question. The contingent scenario was described
as follows:
“There is currently no Lyme disease vaccine, but several promising substances are at an
advanced stage of development. Now imagine that a vaccine has already appeared on the
market, providing vaccinated people almost 100% effective protection against Lyme
disease. The side effects of the vaccine are negligible. As with current tick-borne
encephalitis vaccination, three doses of vaccine would be required to protect ONE
PERSON for at least 3 years.”
Instead of offering a new vaccine against Lyme disease (LB), we offered a new combination
vaccine against Lyme disease and tick-borne encephalitis (that is already available on the
market), hereinafter LB+TBE. We attributed one of these options to every respondent at
random, using a split-sample treatment.
We offered the new vaccination for respondent, his/her spouse, and up to three his children,
using the same price and the same required payment for each of the five family members. The
offered price varied between 40 and 200 EUR (40, 80, 120, 160, and 200 EUR) and this price may
be co-funded by state by 25, 50, and 75 percent. No financial contribution by government was
also possible. We use overall 13 combinations of the price and state contribution in our design.
It implies that respondent was required to pay an amount in a range of 30 to 150 EUR in the first
choice question. Agreement with the payment was asked for every person separately, and the
sum of all agreed amounts to pay was shown at the end as well. Agreement with 7-point Lickerttype certainty-scale was elicited for this sum.
If respondent disagreed with the payment in the first choice questions, we reduced the
payments in the second choice question by a half. If respondent agreed with the payment in the
first task, the payments were increased by an amount that equalled to a half of a difference
between the offered price and the payment agreed to pay in the first choice task. In the second
choice task we however asked to pay for the vaccination only in the cases that conformed to
respondent’s decision made for herself, to avoid situations when different payment amounts
would be used for the same product for different family members. Again, the sum of agreed
payments was shown and agreement was elicited using the same certainty-scale as in the first
task.
Results
At first we analyse responses to agree with the vaccination for yourself. Mean WTP estimates
obtained from logit model are displayed in Table 5.12. In Austria, people are willing to pay on
average around 108 EUR for vaccination against LB only and 121 EUR for the combination with
TBE. Czechs are ready to pay a bit less, 58 and 78 EUR, and Slovaks are ready to pay 31 and 21
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EUR. The two estimates are statistically different one from each other in the Czech Republic
only.
Table 5.12. WTP for Lyme disease vaccination – for yourself, logit model

AT (n=1215)
mean
s.e.
in PPS EUR
pooled data
LB only
LB+TBE
in nominal EUR
pooled data
LB only
LB+TBE

CZ (n=2653)
mean
s.e.

SVK (n=2583)
mean
s.e.

101.23
95.26
106.76

(5.67)
(7.69)
(8.44)

104.84
89.35
119.77

(5.52)
(8.78)
(7.3)

37.03
43.54
29.17

(8.18)
(9.18)
(14.69)

114.44
107.69
120.69

(6.41)
(8.69)
(9.54)

68.62
58.48
78.39

(3.61)
(5.75)
(4.78)

26.45
31.10
20.83

(5.84)
(6.56)
(10.49)

Responses provided in the second choice task provide more information, although on the cost
of relaxing incentive compatibility. These results, estimating the interval-data model, are
reported in next table. More information obtained from respondents results in lower WTP
estimate in Austria (by 26 and 29 percent) and the Czech Republic (by 13 and 23 percent),
respectively, while WTP is increased in Slovakia for combined vaccination, by 38 percent, to 29
EUR. WTP for the combined vaccine is greater than WTP for vaccine against LB only in the Czech
Republic. As central WTP estimate, we recommend the values at 82 EUR (s.e.=2.60) for Austria,
56 EUR (s.e.=1.86) for the Czech Republic, and 29 EUR (s.e.=2.25) for Slovakia.
Table 5.13. WTP for Lyme disease vaccination – for yourself, interval-data model

AT (n=1215)
mean
s.e.
in PPS EUR
pooled data
LB only
LB+TBE
in nominal EUR
pooled data
LB only
LB+TBE

CZ (n=2653)
mean
s.e.

SVK (n=2583)
mean
s.e.

72.97
70.38
75.55

(2.3)
(3.21)
(3.3)

85.70
78.14
92.61

(2.84)
(4.32)
(3.75)

39.89
39.70
40.24

(3.14)
(4.26)
(4.62)

82.49
79.57
85.41

(2.6)
(3.63)
(3.74)

56.09
51.14
60.61

(1.86)
(2.83)
(2.45)

28.50
28.36
28.74

(2.25)
(3.04)
(3.3)

Probability to agree with the payment and hence the willingness to pay for a new vaccine is
declining with increasing share of payment by respondents. In the case of no state contribution
or only 25% of the price covered from the offered public support, WTP is virtually not different
from zero in Slovakia, see Figure 5.23.
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Figure 5.23. WTP for LB and LB+TBE vaccination (for yourself) by rate of state contribution, by country, in
PPS EUR (left panel) and nominal EUR (right panel)

Preferences of respondents to pay for vaccination against LB (and LB+TBE) differ depending
whether a vaccine is bought for themselves, respondent’s spouse, or for respondent’s children.
Respondents are willing to pay slightly more for their spouse, by 12, 25, and 33 percent in
Austria, the Czech Republic, and Slovakia, respectively, and the two WTP estimates are
statistically distinguishable one from each other (Wald test 5.11, 22.51, and 6.98, with
corresponding p-values .024, .000, and .008). Parents are willing to pay for a vaccination against
LB (and LB+TBE) much more for their children than for themselves. WTP’s are almost 300 EUR in
Austria and the Czech Republic. WTP for vaccination of their children is greater also in Slovakia,
at 66 EUR, but this WTP estimate is not different from the WTP for themselves (Wald=1.40).
Interestingly, WTP for vaccination of children is declining with the number of children for their
WTP values were elicited. While it is 801 EUR for the Czechs and 503 EUR for Slovaks with one
child, WTP declines to 779 and 347 EUR for two and three children in the Czech Republic, and it
is not virtually different from zero in Slovakia.
Table 5.14. WTP for vaccination – for yourself, respondent’s spouse and children, in EUR, interval-data
model

respondent (n)
mean WTP
s.e.

PU

AT

CZ

SK

1215

2653

2583

82.49
(2.6)

56.09
(1.86)

28.50
(2.25)

spouse (n)
mean WTP
s.e.

813

2030

1921

92.33
(3.49)

70.07
(2.28)

37.79
(2.7)

children (n)
mean WTP
s.e.

401

1047

1030

295.43
(43.73)

295.43
(34.24)

65.67
(31.34)
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6 Forecast of heat attributable mortality in Europe for the period
2030−2099
Joseph Spadaro, Aline Chiabai and Marc Neumann

6.1 Aim of study
The aim of this work is to estimate the projected burden of heat stress on mortality in Europe
over the period from 2030 to 2099 under various Representative Concentration Pathway (RCP)
climate change scenarios, specifically, RCP2.6, RCP4.5, and RCP8.5. The burden is calculated at
country-level, and then aggregated over three broad geographical regions covering North,
Central and South Europe.

6.2 Methodology
Mortality is calculated using regionally pooled epidemiological associations that link heat
exposure (temperature) to health effect (death) using historical time series data drawn from
115 empirical locations across the European continent (Gasparrini et al., 2017). The
methodology used in this work combines the exposure-response functions of Gasparrini et al.
(2017), which have been adjusted to reflect different local archetypes or degree of urbanization
(strictly urban, suburban and predominantly rural surroundings) using modifiers presented in
Sera et al. (2019), along with future country-level population projections provided by the UN
World Population Prospects.19 Gasparrini et al. (2017) estimated the excess mortality or heat
attributable fraction (AF) of all-cause deaths for Europe considering three potential climate
change scenarios: RCP2.6, RCP4.5 and RCP8.5. The hazard risks used in this work are
summarized in Table 6.1. The analysis by Sera et al. (2019) used data from the “Multi-City MultiCountry” network (MCC) and indicators of “OECD regional and metropolitan database” to
investigate the impact of various ecological and socio-economic indicators on the attributable
fraction of deaths due to heat exposure.
Incidences of heat attributable mortality are accrued when the daily mean air temperature
exceeds the minimum mortality temperature (MMT), the reference (or threshold) temperature
when the average daily mortality at the population-level is minimum. Temperatures above the
MMT are considered non-optimal (these include days classified as moderately to excessively
hot, or heatwaves), and pose an increased risk of death on susceptible population sub-groups,
19

https://population.un.org/wpp/
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especially those with preexisting cardiopulmonary disease. For this analysis, the MMT and the
temperature-mortality relationship is assumed constant over time without consideration of
potential acclimatization of the exposed population.
Heat attributable deaths at the country level (North, Central, or South Europe) in year j are
estimated as follows:
Heat mortality= Annual mortality at country-level (year j)
* [(Share of population living in cities * AF * Location adjustment factor for city)
+ (Share of population living in suburbs * AF * Location adjustment factor for towns &
suburbs)
+ (Share of population living in rural * AF * Location adjustment factor for rural)]
Degree of urbanization, i.e., population living in cities, suburbs or rural settings, are based on
Eurostat statistics. Taking Italy as an example for South Europe, the attributable mortality in
year 2035 is calculated as follows:
Heat attributable deaths = 707,460 deaths/yr *[46% * 2.85% *1.093 + 43.6% * 2.85% * 0.722 +
10.4% * 2.85% * 0.63] = 17,800 deaths.
Table 6.1: Heat attributable fraction (AF) for North, Central and South Europe, and archetype
adjustment factors20.

20

Source: Gasparrini et al, 2017 and Sera et al, 2019.
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6.3 Results and Discussion
The work carried out under this section provides an estimate of projected all-cause mortality in
European countries due to non-optimal temperature (including both moderate and excess heat)
over the period 2030-2099 under different RCPs scenarios, using pooled epidemiological
associations linking heat exposure to premature deaths, adjusted for different degrees of
urbanization. The work differs from Section 2 where both cold- and heat-waves are analyzed in
detail for the Netherlands for different age groups and under different scenarios with and
without UHI effect, and calculating the net yearly mortality.
For Europe in RCP8.5 scenario, the annual mortality is around 300,000 excess deaths by the last
quarter of the 21st century, which accounts for deaths from heat stress for exposures above the
MMT, including extremely hot temperatures (classified as heatwaves). The mortality rate is onehalf as large under RCP4.5 (145,000 deaths), and about one-quarter for RCP2.6 (85,000 deaths).
On a decadal timescale, the influence of heatwaves on mortality is estimated around 40-50% of
the total heat burden (Albizuri et al, 2019), but this share is likely to increase appreciably in
future warming climates.
At the European level, the mortality estimates in this analysis can be compared against 150,000
(range: 80,000 to 240,000) heatwave deaths predicted under climate scenario SRES-A1B by
Forzieri et al. (2017) who utilized historical weather-related disaster databases in their work,
while assuming no future acclimatization to heat stress. The JRC PESETA II Project (Ciscar et al.,
2014) estimated 200,000 heatwave deaths by the end of the 21 st century, double the current
heat-related mortality (100,000 deaths), considering as their Reference scenario the pooled
results of twelve SRES-A1B possible scenarios. Although future population acclimatization was
assumed, their analysis did not account for significant mitigation efforts or adaptation to climate
change, nor were changes in population size and distribution anticipated. Estimates of Ciscar et
al (2014) show that mortality impacts more than double compared to the control scenario
simulation. A linear-shaped temperature-mortality epidemiological association, with the daily
max temperature as input, was used to calculate deaths. Other than changes in the threshold
temperature to account for acclimatization, this relationship was held constant over time.
We present the trends in heat-related mortality for Europe under the different climate
scenarios and for 4 periods: 2030-39, 2050-59, 2070-79, 2080-99. Results are also shown in
terms of heat attributable fractions for all-cause mortality related to heat exposure, heatrelated deaths per 100,000 inhabitants and the 95th percentile confidence interval, for the same
periods and summarized for North, Central and South Europe. The Appendix reports the heat
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attributable deaths, the number of deaths per 100,000 inhabitants and the 95 th percentile CI, at
country level under the different scenarios for the 4 time periods, as well as maps with central
estimates for each climate scenario and time period.
Comparison of results across RCP scenarios
Figure 6.1: Trend in annual excess deaths attributable to heat (moderate and excessive) in Europe.
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Figure 6.2: Trend in annual excess deaths per 100,000 inhabitants attributable to heat (moderate and
excessive) in Europe.

Note: AF = Heat attributable fraction, or share of all-cause (non-accidental) mortality related to heat exposure
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Results for RCP8.5 climate change scenario
Table 6.2: Annual excess deaths attributable to heat (moderate and excessive) per EU region, RCP8.5.

AF = Heat attributable fraction, or share of all-cause (non-accidental) mortality related to heat exposure
Rate = Heat-related deaths per 100,000 population
th

95%CI = 95 percentile confidence interval
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Figure 6.3: Trend in annual excess deaths attributable to heat (moderate and excessive) in Europe,
RCP8.5.

Note: deaths are central estimates.
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Figure 6.4: Trend in annual excess deaths attributable to heat (moderate and excessive) in Europe,
RCP8.5.

th

Note: Vertical lines indicate the 95 percentile confidence interval (CI).
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Results for RCP4.5 climate change scenario
Table 6.3: Annual excess deaths attributable to heat (moderate and excessive) per EU region, RCP4.5.

AF = Heat attributable fraction, or share of all-cause (non-accidental) mortality related to heat exposure
Rate = Heat-related deaths per 100,000 population
th

95%CI = 95 percentile confidence interval
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Figure 6.5: Trend in annual excess deaths attributable to heat (moderate and excessive) in Europe,
RCP4.5.

Note, deaths are central estimates.
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Figure 6.6: Trend in annual excess deaths attributable to heat (moderate and excessive) in Europe,
RCP4.5.

th

Note: Vertical lines indicate the 95 percentile confidence interval (CI).
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Results for RCP2.6 climate change scenario
Table 6.4: Annual excess deaths attributable to heat (moderate and excessive) per EU region, RCP2.6.

AF = Heat attributable fraction, or share of all-cause (non-accidental) mortality related to heat exposure
Rate = Heat-related deaths per 100,000 population
th

95%CI = 95 percentile confidence interval
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Figure 6.7: Trend in annual excess deaths attributable to heat (moderate and excessive) in Europe,
RCP2.6.

Note: deaths are central estimates.
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Figure 6.8: Trend in annual excess deaths attributable to heat (moderate and excessive) in Europe,
RCP2.6.

th

Note: Vertical lines indicate the 95 percentile confidence interval (CI).
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Appendix
Table A6.1. Heat attributable mortality in Europe under the RCP8.5 climate change scenario
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Table A6.2. Heat attributable mortality in Europe under the RCP4.5 climate change scenario
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Table A6.3. Heat attributable mortality in Europe under the RCP2.6 climate change scenario
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RCP8.5 – Heat-related mortality by country
Figure A6.1. RCP8.5, decade 2030-39: Heat attributable deaths from non-optimal ambient air
temperatures (central estimates)
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Figure A6.2. RCP8.5, decade 2050-59: Heat attributable deaths from non-optimal ambient air
temperatures (central estimates)

PU

Page 154

Version 1.7

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 776479.

D2.6 Non-market impacts – Health
Figure A6.3. RCP8.5, decade 2070-79: Heat attributable deaths from non-optimal ambient air
temperatures (central estimates)
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Figure A6.4. RCP8.5, decade 2090-99: Heat attributable deaths from non-optimal ambient air
temperatures (central estimates)
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Figure A6.5. RCP8.5, decade 2030-39: Heat attributable mortality rates from non-optimal ambient air
temperatures in Europe (central estimates, per 100,000 persons)
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Figure A6.6. RCP8.5, decade 2090-99: Heat attributable mortality rates from non-optimal ambient air
temperatures in Europe (central estimates, per 100,000 persons)
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RCP4.5 – Heat-related mortality by country
Figure A6.7. RCP4.5, decade 2030-39: Heat attributable deaths from non-optimal ambient air
temperatures (central estimates)
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Figure A6.8. RCP4.5, decade 2050-59: Heat attributable deaths from non-optimal ambient air
temperatures (central estimates)
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Figure A6.9. RCP4.5, decade 2070-79: Heat attributable deaths from non-optimal ambient air
temperatures (central estimates)
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Figure A6.10. RCP4.5, decade 2090-99: Heat attributable deaths from non-optimal ambient air
temperatures (central estimates)
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Figure A6.11. RCP4.5, decade 2030-39: Heat attributable mortality rates from non-optimal ambient air
temperatures in Europe (central estimates, per 100,000 persons)
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Figure A6.12. RCP4.5, decade 2090-99: Heat attributable mortality rates from non-optimal ambient air
temperatures in Europe (central estimates, per 100,000 persons)
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RCP2.6 – Heat-related mortality by country
Figure A6.13. RCP2.6, decade 2030-39: Heat attributable deaths from non-optimal ambient air
temperatures (central estimates)

PU

Page 165

Version 1.7

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 776479.

D2.6 Non-market impacts – Health
Figure A6.14. RCP2.6, decade 2050-59: Heat attributable deaths from non-optimal ambient air
temperatures (central estimates)
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Figure A6.15. RCP2.6, decade 2070-79: Heat attributable deaths from non-optimal ambient air
temperatures (central estimates)
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Figure A6.16. RCP2.6, decade 2090-99: Heat attributable deaths from non-optimal ambient air
temperatures (central estimates)
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Figure A6.17. RCP2.6, decade 2030-39: Heat attributable mortality rates from non-optimal ambient air
temperatures in Europe (central estimates, per 100,000 persons)
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Figure A6.18. RCP2.6, decade 2090-99: Heat attributable mortality rates from non-optimal ambient air
temperatures in Europe (central estimates, per 100,000 persons)
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7 Climate change and mental health
Jana Hroudová21

7.1 Introduction
Questions about climate changes and human health are often discussed. The current research is
mainly focused on physical health, minority of scientific attention is given to effects of climate
changes to human behavior and well-being. Mental health can be affected by direct and/or
indirect ways, that can lead to serious psychiatric disorders, and increased rates of suicides
(Berry, Bowen et al. 2010). Relationship between disasters and psychopathology was found, the
highest prevalence for posttraumatic stress disorder (PTSD), general anxiety and depression. It
is followed by psychological distress, phobic and somatic symptomatology, medication usage,
and usage of alcohol, tobacco and other substances (Rubonis and Bickman 1991, Fernandez,
Black et al. 2015, Trombley, Chalupka et al. 2017). The most vulnerable communities are
children, elderly people, indigenous people, people with disabilities, pregnant women, and
people living in poverty (Trombley, Chalupka et al. 2017).
Climate changes are primarily caused by greenhouse gas, thermodynamic changes are related to
changes in humidity and unchanged winds (Merlis, Schneider et al. 2012). Acute events as
consequences of climate change are apparent and the most described in the research. Weather
disasters include hurricanes, tornadoes, floods, tsunamis, mudslides, as well as droughts, heat
waves and wildfires. The weather disaster has a great potential to cause psychological trauma;
acute and extreme weather events could be beyond the human’s adaptability (McMichael,
Woodruff et al. 2006). Acute stress disorder can be present usually in the first four weeks after
the extreme weather disaster (Trombley, Chalupka et al. 2017), persisting symptoms of stress
can lead to development of PTSD. Psychopathologic symptoms were observed in of 7-40% of
natural disasters’ victims. Disasters had a significant impact on mental health, quality of life
related to mental health was found significantly lower in disaster-affected areas compared to
non-affected areas (Alderman, Turner et al. 2013).
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Subacute and chronic events have less evident impact on mental health. Severe periods of
drought or extreme heat are concerned with higher number of mood disorders, attempts to
commit a suicide, increased aggression and violence (Berry, Bowen et al. 2010, Bourque and
Willox 2014). Long term drying and warming results in environmental degradation and changes
of landscape, which can lead to distress sense, helplessness, anxiety and grief reactions.
Indirectly, yield-damaging temperatures also increase rates of suicides (Carleton 2017).
Similarly, impaired physical health caused by climate changes can reversely lead to mental
health problems (Berry, Bowen et al. 2010).
This review is focused mostly on mental health of individuals, from the directly related effects
after the natural disaster to changes of behavior observed after years. Although incidence of
aggression, violence as well as crime was found higher after acute events, community health is
not discussed in this paper. Somatic diseases, cardiovascular and infectious diseases, asthma
and allergies are not included, it would exceed the scope of the paper.

7.2 Changes of mental health after acute weather events
Common reactions following a traumatic event, including those caused by climate change,
include psychological distress such as flashbacks, guilt, anger and social withdrawal. This
symptomatology resolves during the time; however, in sensitive individuals could lead to
psychiatric disorder. The most frequently diseases related to climate changes are posttraumatic
stress disorder (PTSD), depression, and anxiety. Changes of emotions, mood, recovery guilt,
fatigue, grief, and suicidal behavior are also mentioned (Hayes, Berry et al. 2019).
7.2.1 Suicidal behavior
Natural disasters as negative life events have been associated to suicidal behavior (Blumenthal
1988, Sinyor, Tse et al. 2017). The effect of acute weather event and suicide rates were
examined in several studies; the most frequently reported disasters were hurricanes (cyclones)
(Kolves, Kolves et al. 2013).
Increased number of suicides and homicides was observed in the first six months after the
hurricane Katrina; later, it returned to the pre-hurricane level (Lew and Wetli 1996). Systematic
survey of displaced persons was performed approximately 10 months after the hurricane
Katrina, 50 % of responders met criteria for major depression, 20% of responders mentioned
suicide ideations (Larrance, Anastario et al. 2007). The prevalence of suicidality after hurricane
Katrina in post-survey was found low, whereas the prevalence of mental illness was increased
(Kessler, Galea et al. 2006). Increased prevalence of suicidal ideations and suicidal plans were
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observed in study examining the population in areas affected Katrina, almost 2 years after
hurricane (Kessler, Galea et al. 2008). The data were retrospective, are obtained from survey,
participants were not interviewed clinically. However, hurricane-related stress affected the
higher prevalence of anxiety-mood disorders and increased suicide ideations (Kessler, Galea et
al. 2008). Longitudinal study collected data from victims and disaster workers over 3 years after
cyclone Orissa. In the early post-disaster period, suicide attempts and plans, self-injurious
behavior, post-disaster symptoms started early and persisted in some victims (Kar 2006).
The suicide rates were not found increased after the floods in following 6 months (Australia)
(Fernandez, Black et al. 2015). Even though some regions are afflicted by the flood periodically,
life of people in those regions are negatively affected by the floods. Although the floods do not
occur every year, they threat the residents of the regions; e.g. Yangtze Basin (China), the median
of suicide rate was 40% (He 1998).
No differences were found between the suicide rates in affected and non-affected areas by
tsunami, the differences were not observed 2 years prior and 1 year after the tsunami (Rodrigo,
McQuillin et al. 2009). Study examining the effect of different kinds of natural disasters (floods,
hurricanes, tornados, severe storms, and earthquakes) on committing the suicide found no
differences in suicide rates before and after the event (Krug, Kresnow et al. 1999).
Some studies examined children and adolescents as more vulnerable individuals. Slightly higher
prevalence of completed suicide was found after the hurricane Andrew, differences in
prevalence before and after the hurricane were reported in youths (13-24 years) (Castellanos,
Perez et al. 2003). Suicidal behavior was examined in adolescents, strong predictors of posthurricane suicidal behavior were found both pre-hurricane suicidal thoughts, and post-hurricane
depression (Warheit, Zimmerman et al. 1996). Adolescents who experienced typhoon mudslides
were recruited and risk factors for suicide were examined. Increased suicide risk was mediated
by both PTSD and MDD (Tang, Yen et al. 2010). A longitudinal case-control study investigated
the effect of floods on children (2-15 years at the time of floods) during 17 years after, the
psychiatric symptomatology drop to overall recovery, however, the suicidal ideation and
substance abuse was increased.
Effect of heat waves was investigated with negative impact on mental health, strong evidence
for risk of suicide was reported (Hansen, Bi et al. 2008, Thompson, Hornigold et al. 2018).
Increased suicide rates connected to long term drought were found statistically significant,
however, long term variations in the suicide rated did not correlate to precipitation variations.
According to this study, about 300 mm of precipitation could lead to approximately 8 %
increased suicide rate (Nicholls, Butler et al. 2006). Increased number of suicides were reported
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during the extremely heat waves in period 1983-2006 (Basagana, Sartini et al. 2011). Increased
risk of suicide was observed during two heatwaves (Page, Hajat et al. 2007).
Major depressive disorder (MDD) is often mentioned in studies among people after natural
disasters (Trombley, Chalupka et al. 2017). Survivors with MDD had the highest suicide rates
compared to other psychiatric diagnoses (Chou, Wu et al. 2007).
7.2.2 Posttraumatic stress disorder
PTSD has been described very frequently in relation to climate changes and as a consequence to
climate related disasters (Trombley, Chalupka et al. 2017). PTSD symptoms are similar to acute
stress disorder, but they persist, and include e.g. emotional distress, irritability and anger, sleep
disturbances, and insufficient concentration. The estimated prevalence of PTSD ranges between
30-40% of direct victims of disasters, 5-10% between the general population (Neria, Nandi et al.
2008, Goldmann and Galea 2014). Higher prevalence of PTSD symptomatology was found in
studies comparing flooded and non-flooded areas (McMillen, North et al. 2002, Fernandez,
Black et al. 2015). Severity of PTSD was associated with cumulative stress from the previous
weather disaster (Verger, Rotily et al. 2003). E.g. prevalence of PTSD after the hurricane Mitch
was evaluated in one-year perspective study. It ranged from 4,5 to 9%, in less damaged to
seriously afflicted areas (Caldera, Palma et al. 2001).
Study of mental health impacts of floods observed high prevalence of PTSD, symptoms of
trauma and depression initially decline, but were stabilized after 2 years at higher levels than in
the general population, with MDD as considerable comorbidity (Norris, Murphy et al. 2004). The
mental health of natural disaster victims can be affected for a long time, the high prevalence
was observed 13-14 years after flood (Dai, Chen et al. 2016). Incidence of PTSD varies depending
on the extent of floods, age and culture (Ahern, Kovats et al. 2005). Even though high rates of
psychiatric comorbidities were associated with the PTSD, prior psychiatric history did not
contribute to PTSD symptomatology though social vulnerability (McMillen, North et al. 2002).
This finding supports the model of psychological vulnerability to PTSD development (McMillen,
North et al. 2002).
Increased PTSD symptomatology was found in case-control study after 3-6months after the
floods (Chae, Tong Won et al. 2005). Higher prevalence of PTSD symptoms, anxiety, depression,
and psychological distress was observed in cross-sectional study after 3-6 months after the
floods (Paranjothy, Gallacher et al. 2011). Similarly, another cross-sectional study found
increased rates of depression, anxiety and PTSD symptoms in adults, 6 months after floods
(Mason, Andrews et al. 2010). Cross-sectional study 10-13 months after the floods reported
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increase in PTSD symptomatology (Carroll, Balogh et al. 2010). Wildfires related to climate
change are more intent and more frequent (Withen 2015). Pre-trauma mental health increased
the probability of PTSD symptomatology after fires, fire experiences, evacuation and distress
during the disaster were strongly associated the PTSD, in survey of young adults after wildfires
on Australia (Parslow, Jorm et al. 2006).
More vulnerable to developing of psychological stress supposed to be children, adolescents and
elderly people (Zhong, Yang et al. 2018). The impact of floods was examined in population older
than 60; this prospective study included the surveys of anxiety, depression, and self-reported
health before and after the floods. The post-disaster survey monitored also PTSD
symptomatology; PTSD symptoms were found only in 15% of personally affected participants.
(Bei, Bryant et al. 2013). Depressive, and PTSD symptoms were observed in persons older than
60 years after the hurricane Ike (Pietrzak, Southwick et al. 2012). Children and adolescents are
also more vulnerable for development of psychological distress more than adults (Mason,
Andrews et al. 2010). PTSD symptomatology of children was examined in study after hurricane
Andrew, moderate range of symptoms were reported (Vernberg, Silverman et al. 1996).
Posttraumatic stress symptoms were examined in children during the school year after the
hurricane Andrew. The level of PTSD symptomatology declined over the time, however
sustained up to 10 months after the natural disaster (La Greca, Silverman et al. 1996). Sustained
PTSD symptoms of children were reported 4 years after devastating tornados (McDonald,
Vernberg et al. 2019).
7.2.3 Other psychiatric disorders after the acute weather events
Relationship between number of admitted patients for schizophrenia and floods were explored
in flooded areas, the highest rates of admitted patients were in 5-14 days (Wei, Zhang et al.
2019).
Increased substance usage has been observed in several studies after the flood or other
weather disaster (Vetter, Rossegger et al. 2008, Turner, Alderman et al. 2013). Results from
logistic regression analysis of survey after floods found increased self-reported use of alcohol
and tobacco (Turner, Alderman et al. 2013). Increased usage of tobacco, alcohol and cannabis
was observed after the tsunami, where findings suggested gender specificity of substance use
(Vetter, Rossegger et al. 2008). Relationship between PTSD symptoms in men significantly
correlated with pharmaceutical consumption, degree of PTSD symptoms in women correlated
with increased usage of alcohol, tobacco and cannabis (Vetter, Rossegger et al. 2008).
Longitudinal studies are indispensable to provide deeper insight to psychiatric co-morbidities of
posttraumatic symptoms.
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7.3 Weather variables and changes of behavior
Temperature, humidity and solar radiation involve our lives, humans have limited adaptability
to weather-related events. High temperatures negatively affect human well-being; studies
observed that heat exposure reduced happiness and joy, increased interpersonal aggression,
diminished life satisfaction, and had negative consequences on mental health (Anderson and
Bushman 2002, Berry, Bowen et al. 2010, Noelke, McGovern et al. 2016). Increased ambient
temperature (daily average temperatures above 21 °C) increased stress, anger, and fatigue, and
reduced positive emotions in general population (older 18 years) (Noelke, McGovern et al.
2016), compared to daily average temperatures 10-16 °C. Changes of weather, humidity,
barometric pressure, and wind speed were examined as possible risk factors for psychiatric
decompensation (Schory, Piecznski et al. 2003). None of tested meteorological parameters was
associated with inpatient admissions and suicides. Only low barometric pressure positively
correlated with impulsive behaviors (Schory, Piecznski et al. 2003).

7.3.1 High temperatures and psychiatric patients
Patients with mental disorders are more sensitive to high temperature exposures (Almendra,
Loureiro et al. 2019). Extreme heat represented a risk factor for patients with psychiatric
disorders, admission rates of mental disorder patients were analyzed. Positive correlation
between temperature above 24 °C and hospital admissions (with 0-1 lag days) was reported
(Peng, Wang et al. 2017). Similarly, positive correlation was found in study examining the effect
of heat waves (Australia) (Hansen, Bi et al. 2008). A positive correlation between ambient
temperature above a threshold of 27 °C and hospitalizations of patients with mental disorders
was found (Hansen, Bi et al. 2008). Increased number of mental health admissions was observed
during the heat waves (data from Adelaide, Australia), without changes in mortality of those
patients (Nitschke, Tucker et al. 2007).
Increased mortality was found in group of patients with schizophrenia, schizotypal, and
delusional disorders (Hansen, Bi et al. 2008). Increased risk of dying during hot days was found
in people with previously detected psychiatric disorders, especially with depression (Stafoggia,
Forastiere et al. 2006). 34% increased risk of mortality was found during the days with mean
temperature above 30°C compared to days with 20°C (Italy) (Stafoggia, Forastiere et al. 2006).
Deaths of psychiatric patients was examined during the heat waves, control periods and were
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compared to overall population. The risk of dying was twice higher in psychiatric patients than
general population (Bark 1998).
7.3.2 Weather variables as risk factors for suicidal behavior
Connectivity between suicides and weather was examined in many studies, most of them are
contradictory and inconclusive. Probably due to high variability of methodology it is difficult to
find the relationship between specific weather conditions and higher risk of suicide
(Deisenhammer 2003). Most of studies investigated ambient temperature and duration of
sunlight, other parameters were explored in minority. There was a strong evidence that
increased rates of suicides were associated with high ambient temperature (Kim, Kim et al.
2016, Noelke, McGovern et al. 2016, Thompson, Hornigold et al. 2018).
Effects of sunlight duration and ambient temperature on suicidal behavior was observed
(Souetre, Wehr et al. 1990). Latitude, longitude, and season variations could affect the suicidal
behavior and results should be correlated to these parameters (Souetre, Salvati et al. 1987,
Terao, Soeda et al. 2002). Seasonal variation with the higher rates of suicide was observed with
the peaks in May and September (France) (Souetre, Salvati et al. 1987). Suicide seasonality was
observed in other studies. Relationship between weather variables and suicide rates were
examined, the peaks of suicides were found in spring and summer (Dixon and Kalkstein 2018).
The increased rates of suicides in spring and summer could be explained by increased sunshine
duration during these months; melatonin production could be suppressed (Dixon and Kalkstein
2018). Numbers of suicides were in relationship with temperature and precipitation, higher
rates of suicides were observed with rising temperature and precipitation, when the data were
correlated to latitude, observed effects disappeared (Lester 1986). Correlation between suicide
and temperature was not found in study using linear regression analysis (Dixon, McDonald et al.
2007).
Some studies differentiate violent and non-violent completed and/or attempted suicides,
resulting in higher rates of violent suicides and weather variables (Deisenhammer 2003). Study
examined the association between violent suicide, and weather conditions (e.g. sunlight
duration, relative humidity, precipitation during the day, air pressure, and wind speed). Increase
in ambient temperature and air temperature were found as significant predictors of violent
suicide behavior, whereas correlation between weather conditions and nonviolent suicide was
not observed (Maes, De Meyer et al. 1994). Similarly, increased sunlight duration and
temperature was related to the violent suicides, correlation between weather conditions and
non-violent suicide was not found (Linkowski, Martin et al. 1992). The study concluded that
delayed rather than immediate weather conditions might be associated with the violent suicidal
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behavior (Belgium) (Linkowski, Martin et al. 1992). In conclusion, completed suicides correlated
to high temperature more than suicide attempts (Gao, Cheng et al. 2019).
Results from studies indicate that meteorological factors are not acute stress factors, but from
longitudinal point of view, could trigger a suicidal attempts (Kordic, Babic et al. 2010). No
specific weather conditions can be associated with higher risk of suicide and assigned as “suicide
weather”, increase of temperature was associated with higher suicide incidence
(Deisenhammer 2003, Gao, Cheng et al. 2019). Study, which analyzed the weather conditions as
possible predictors of suicidal behavior, did not found any direct correlation in “forecast model
for suicide”(Preti and Lentini 2016). However, daily or weekly temperature could predict risk of
suicide more precisely, than longer time episodes (Gao, Cheng et al. 2019).
Effect of weather conditions was found in suicide rates in elderly, hours of sunshine and relative
humidity positively correlated (Salib 1997). Similar association was found in study where the
effect of season and suicide rates of elderly people were examined and compared to younger
patients (Marion, Agbayewa et al. 1999). Elderly suicides were affected more by monthly mean
temperature than to seasonal variations, which were explored in younger suicides (Marion,
Agbayewa et al. 1999).
Hypothesis was postulated that monoaminergic transmission has a season variety and seasonal
variations can be projected in the risk of suicide during the seasons (Preti and Lentini 2016).
Another hypothesis presumes serotonergic dysfunction, serotonin, and 5-HT2A receptors are
tightly related to emotions. Increased temperature was associated with aggressive and
impulsive behavior (Antypa, Serretti et al. 2013). Impaired circadian rhythms were observed in
patients at a high risk of suicide and seasonal affective disorder.
The effect of weather and seasonal variations on parasuicide was also examined, with peaks in
spring and summer and nadir in winter; only small effect was observed in women (Barker,
Hawton et al. 1994).Similarly, seasonality of parasuicidal behavior was observed in women with
peak in summer and nadir in winter. No seasonal variations were found in men, differences
were explained by different thermoregulatory efficiency (Masterton 1991).
Effects of temperature, atmospheric pressure changes, precipitation, and wind speed were
examined in study from Greenland, where the suicide rates have rapidly increased since the last
decades (Grove and Lynge 1979). No relationship between attempted or completed suicide and
selected meteorological parameters was observed (Grove and Lynge 1979).
7.3.3 Schizophrenia
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Schizophrenia is a severe, multifactorial disease, many of outside factors can contribute to
development of the disease and psychotic attack. Risk factors of climate changes leading to
schizophrenia have not been systematically studied (Zhao, Zhang et al. 2016), significant
correlation between development of schizophrenia and climate changes have been found in
several studies.
Increased ambient temperature (positive relation to mean environmental temperature) was
described as a risk factor in two multicenter studies carried out by World Health Organization
(WHO) (Gupta and Murray 1992). Extremely high ambient temperature range was found as a
potential risk factor for schizophrenia admissions (Zhao, Zhang et al. 2016). Additionally, the risk
of schizophrenia development was found higher due to high ambient temperature over the time
(higher in second five years than in the first five years) (Zhao, Zhang et al. 2016). Association
between the increased temperature range and schizophrenia admissions was shown in 12-year
study, increased ambient temperature range correlated with increased schizophrenia
admissions (Sung, Chen et al. 2011). Increased rates of schizophrenia admissions during the
summer was observed in 11-year study, mean of maximal ambient temperature significantly
correlated with the number of admitted schizophrenic patients (Shiloh, Shapira et al. 2005).
Significant increase of admitted schizophrenic patients in emergency rooms was found in a 7day period after the initial exposure to high ambient temperature (Wang, Lavigne et al. 2014).
Significant increase of admitted schizophrenic patients was observed in summer (Hare and
Walter 1978). Impact of high temperatures on admitted number of schizophrenic patients was
observed in study, where attributable factors for hospitalizations were heat or cold (Pan, Zhang
et al. 2019). Heat significantly attributed to number of hospitalizations (especially in patients
older than 40, men, non-married) (Pan, Zhang et al. 2019). No seasonal variation was observed
in Tasmania, the number of admitted patients suffering from schizophrenia did not differ, when
it was related to seasons of the year (Daniels, Kirkby et al. 2000). Similarly, significant
correlation between severity of symptoms and indoor temperature was found; participants of
the study were treated by antipsychotics during the entire period and were evaluated using
PANSS (positive and negative syndrome scale) (Shiloh, Munitz et al. 2007).
No significant correlation was observed for cold ambient temperatures (Wang, Lavigne et al.
2014). One of the first studies examined isolated population in extreme north of Sweden and
found increased incidence of schizophrenia. This finding was explained more likely by genetic
predisposition of this population, than by weather (Book 1953).
Therefore, high ambient temperature and/or exceed of body temperature are considered as
potential risk factors to trigger psychotic attack and exacerbation of schizophrenia (Zawahri
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2002, Shiloh, Shapira et al. 2005). There are several hypotheses that explain higher temperature
as a risk factor:
a) Dopamine, one of the key mediators in schizophrenia development, is involved in
thermoregulation, which can be disrupted in schizophrenic patients (Zhao, Zhang et al.
2016). Impaired thermoregulation can be associated with schizophrenia and reflect
pathophysiology of the disorder (Hermesh, Shiloh et al. 2000). Increased mean of body
temperature was observed in schizophrenic patients compared to non-schizophrenic
patients in the morning (Morgan and Cheadle 1976).
b) Intolerance of heat was observed in schizophrenic patients treated by antipsychotics
(Hermesh, Shiloh et al. 2000). Antipsychotics can interfere with regulatory temperature
functions; they have central thermoregulatory effects (Kwok and Chan 2005) and/or
decrease elimination of heat affecting parasympathetic nervous system (suppression of
perspiration) (Martin-Latry, Goumy et al. 2007).
c) Pharmacokinetics of other psychotropic drugs, e.g. lithium, can be altered in dehydrated
patients and increases the risk of drug toxicity (Martin-Latry, Goumy et al. 2007).
d) Some of schizophrenic patients manifest cognitive impairment that can affect their ability
to evaluate the environmental temperature and act adequately (Zhao, Zhang et al. 2016).
During the heatwaves increased risk of death has been observed in patients with psychosis,
increased risk of death of 4.9% per 1°C was found in temperatures higher than the 93 rd
percentile of the annual distribution of temperatures (Page, Hajat et al. 2012).
Other factors and geographic variables, humidity, mean of sunshine hours per day,
precipitation, etc. have been examined, none of them affected the incidence of schizophrenia
(Gupta and Murray 1992). Number of admitted schizophrenic patients was examined in a study,
where various parameters (temperature, photoperiod, humidity, barometric pressure) were
investigated (Modai, Kikinzon et al. 1994). Increased admission rates of schizophrenic patients
correlated with mean relative humidity, other parameters did not show any significance.
Different climate parameters were examined in study, which evaluated the effect of weather on
patients’ admissions. Negative effect of barometric pressure was explored (Tapak, Maryanaji et
al. 2018). Low barometric pressure was found as a risk factor in study, where number of
admitted patients with psychiatric disorders was examined (Talaei, Hedjazi et al. 2014).
Recent studies presume the hypothesis that barometric pressure is associated with changes of
cerebral blood flow and changes of cerebrospinal concentrations of serotonin metabolite 5hydroxyindoleacetic acid (5-HIAA). Decrease of air pressure correlate with increased levels of 5HIAA, which can lead to increased violent behavior (Talaei, Hedjazi et al. 2014). Significantly
increase of 5-HIAA was observed in patients suffering from depression (Schory, Piecznski et al.
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2003). Contrarily to this study, retrospective study with higher number of patients did not
replicate this relationship (Faustman, Elliott et al. 1993).
Influence of antipsychotics on body temperature has been hypothesized as a possible
mechanism, both antagonists and agonists of dopamine receptors decrease body temperature
(Gupta and Murray 1992). Likely, dopamine in involved in thermoregulation and it can be
connected to dopaminergic abnormalities in schizophrenia.
7.3.4 Schizoaffective disorder
Association between the temperature and admission rates of schizoaffective disorder patients
was examined in 12-year study, no correlation between number of admitted patients and
increased ambient temperature range was shown (Sung, Chen et al. 2011). Seasonal variation
was observed in Tasmania, the peak of admitted schizoaffective disorder patients was found in
winter (Daniels, Kirkby et al. 2000).
Variety of meteorological parameters were evaluated in study, where number of admitted
schizoaffective patients was studied. Admissions of schizoaffective patients were found higher
in dusty/rainy/snowy/foggy days and effect of cloudiness was observed (Tapak, Maryanaji et al.
2018).
7.3.5 Bipolar disorder
Similarly to schizophrenia, bipolar disorder (BD) is also a multifactorial disease with certain
season patterns and unknown provoking factors (Christensen, Larsen et al. 2008, Medici,
Vestergaard et al. 2016). Studies examined different weather conditions as possible provoking
factors of BD.
Seasonality of BD related to admission rates of patients was observed, most of the studies
observed admissions of manic patients with peak in spring and summer; admissions of patients
in depressive episodes were found in winter (Geoffroy, Bellivier et al. 2014). No seasonal
variation was observed in tropical area (India) (Jain, Kaliaperumal et al. 1992). Seasonality effect
was not observed in self-reports of BD patients, neither latitude nor climate variables
corresponded to mood (Bauer, Glenn et al. 2009). No seasonal variation was observed in
Tasmania, the number of admitted BD patients did not show any seasonal variation, low rate of
admitted patients was in autumn seasons (Daniels, Kirkby et al. 2000).
7.3.6 Manic episodes of bipolar disorder

PU

Page 181

Version 1.7

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 776479.

D2.6 Non-market impacts – Health

Higher number of admission of manic patients correlated with mean daily hours of sunshine and
mean daylengh (Myers and Davies 1978). This study concluded in the multiple regression
analysis that the temperature is the determining factor rather than mean daylengh and mean
daily hours of sunshine (Myers and Davies 1978). These parameters - sunshine and daylight
hours were observed in following studies with statistical significance, other weather variables
did not correlate to admission rates. The peak of admitted BD patients was found in spring and
was observed for both manic and depressive episodes (Frangos, Athanassenas et al. 1980). The
highest rates of admitted patients for mania were in spring and highest rates of depressive BD
patients were found in winter (Parker and Walter 1982). Prevalence of mania was found high in
sunnier months and months with longer sunlight duration (Carney, Fitzgerald et al. 1988).
Reanalysis of this data doubted these relationships, however, it confirmed the strong
association between mean sunshine hours and manic patients‘ admissions one month later
(Peck 1990). Significant peaks of admitted patients in mania was observed in spring/summer
(New Zealand) (Mulder, Cosgriff et al. 1990, Sayer, Marshall et al. 1991), however, this trend
was not constant from year to year (Mulder, Cosgriff et al. 1990). It could be presumed that
irregular seasonal peaks might be related to seasonal variation of serotonin (Mulder, Cosgriff et
al. 1990). Admission rates of patients in mania (BD patients were excluded) occurred mostly in
summer months; however, data were not consistent during the examined 7-year period. This
finding did not supported the hypothesis of light duration effect (Jones, Hornsby et al. 1995).
Significant correlation was found between sunlight radiation, mean hours of sunshine and the
first episodes of mania (Lee, Kim et al. 2002). Mean hours of sunshine significantly affected the
occurrence of mania in patients with previously detected major depressive episode (Lee, Kim et
al. 2002). Other observed parameters, daylengh and temperature, did not correlate with the
occurrence of the first manic episode. It was concluded that intensity and duration of sunlight
could facilitate the overlap to mania (Lee, Kim et al. 2002). Seasonal patterns were observed
with peaks of admitted manic patients in late spring and summer, the lowest admission rates
were found in winter (Volpe, da Silva et al. 2010). The highest peaks of admitted BD patients in
mania were found in summer (Medici, Vestergaard et al. 2016). This study investigated, whether
the meteorological parameters correlated with year to year variations to explore the effect of
climate change. Number of admitted manic patients correlated with higher temperature, more
sunshine and UV radiation. No secular trend reflecting climate changes was explored (Medici,
Vestergaard et al. 2016).
7.3.7 Depressive episodes of bipolar disorder
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The highest rates of admitted BD depressed patients were found in spring and summer, which
significantly correlated with mean maximal ambient temperature (data from Israel) (Shapira,
Shiloh et al. 2004). Contrarily, correlation between various meteorological parameters (hours of
sunshine, mean temperature, humidity, rainfall, pressure, cloudiness) and onset of BD episodes,
depression or mania, was examined; no correlation was found (Christensen, Larsen et al. 2008).
Increased admission rates of BD patients in depressive episode were observed during winter, it
negatively correlated with monthly photoperiod. Other examined parameters (mean ambient
temperature, relative humidity, barometric pressure) had no effect on admission rates (Modai,
Kikinzon et al. 1994). Effects of seasons were examined in retrospective study, where number of
admitted BD patients was associated to climate variables, admission peaks were observed in
spring and summer (Lee, Tsai et al. 2007). In this study, regression analysis showed significant
and positive correlation between bipolar depressed patients and temperature (Lee, Tsai et al.
2007). One study found the association between monthly photoperiod and admissions of BD
patients in depressive episode (Modai, Kikinzon et al. 1994).
There are several hypotheses, how can be seasonality and weather effects on BD explained.
Impaired circadian rhythmicity can contribute to seasoning changes of sleep and mood
(Hakkarainen, Johansson et al. 2003). Consequently, increase of light in spring and summer
could suppress melatonin production and be a risk factor of mania development BD patients
could benefit from natural light, production of melatonin can be suppressed by short length
waves that can lead to hypersensitivity to light.
Connectivity between mood disorders, circadian genes and physiological processes with
circadian rhythmicity has been discussed. Sensitive individuals can be less adaptive to
environmental changes and incline to sleep disturbances (Harvey 2008, Etain, Milhiet et al.
2011). Effects of phototherapy was found more significant in patients suffering from BD
compared to unipolar depression (Deltito, Moline et al. 1991).
Higher temperature could also affect sleep and lead to sleeping disturbances, increasing
intensity and duration of sunlight can facilitate the overlap to mania (Lee, Kim et al. 2002).
Likely, the effect of global warming can increase the admission rates of BD patients, especially in
mania (Medici, Vestergaard et al. 2016). Admission rates of BD patients significantly correlated
with solar radiation and maximum temperature. These meteorological variables could serve as
predictors for BD admissions (Aguglia, Serafini et al. 2019). Maximum daily temperature
correlated to clinically relevant change of mood (Bullock, Murray et al. 2017).
Evaporation and temperature were found as climate variables, which could contribute to spring
excess of patients in mania (Parker, Hadzi-Pavlovic et al. 2017). Barometric pressure and
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humidity were examined in minority of studies. Relationship between humidity and admission
rates of patients in mania negatively correlated with relative humidity (Mawson and Smith
1981). Relative humidity was inversely associated (with a time lag) with admission rates of
patients with affective disorders (Salib and Sharp 2002). Neither humidity nor barometric
pressure had significant effect on BD patients’ admissions (Modai, Kikinzon et al. 1994, Lee, Kim
et al. 2002).
Some studies used more individualized parameters and examined the BD symptomatology by
scales for mood, anxiety, suicidality and sleep. Psychotic symptoms positively correlated with
increasing hours of sunshine and negatively correlated with humidity (Volpe, Tavares et al.
2008). Aggressive behavior was not affected by any climate variable (Volpe, Tavares et al. 2008).
A mean and maximum temperature significantly correlated with mean scores of Hamilton
Depression Scale (HAM-D17), other factors of weather did not significantly correlate with new
episodes of the BD (Christensen, Larsen et al. 2008). Other studies, examining mostly
symptomatology and seasonality patterns, were excluded to exceed the review purpose.
7.3.8 Major depressive disorder
Major depressive disorder (MDD, unipolar depression) is a serious mood disorder with
increasing prevalence (Chen, Lin et al. 2019). According to evidence, MDD is less affected by
seasonality than BD. Seasonal fluctuations were not observed in patients suffering from MDD,
compared to BD patients in depressive episode (Geoffroy, Bellivier et al. 2014). Number of
admitted patients with MDD did not differ in various seasons (data from Tasmania) (Daniels,
Kirkby et al. 2000). Similarly, rates of admitted MDD patients in spring and summer did not
correlate with mean maximum monthly environmental temperature (data from Israel) (Shapira,
Shiloh et al. 2004).
Number of MDD admissions significantly correlated to number of rainy, dusty, snowy days and
cloudiness (Tapak, Maryanaji et al. 2018). The relationship between depression and
meteorological variables (mean temperature, hours of light, precipitation) was examined in
Spain (Henriquez-Sanchez, Doreste-Alonso et al. 2014). The risk of depression correlated to daily
hours of light and mean temperature. Rain reduces the risk of depression development in men.
Temperature and humidity are considered as environmental factors affecting development of
MDD. Long term exposure to high temperatures (average temperature >23 °C) was associated
with higher prevalence of MDD (Chen, Lin et al. 2019). Every 1 °C above 23 °C increased the risk
of MDD development by 7% (Chen, Lin et al. 2019). Humidity fortified the effect of hot weather,
humid conditions inhibit physiological response of body and reduce the efficiency of sweating
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(Ding, Berry et al. 2016). However, admission rates of MDD patients did not correlate with
humidity or photoperiod (Modai, Kikinzon et al. 1994).
7.3.9 Other psychiatric disorders
Dementia and disorders with cognitive decline are typical in their progress and less effected by
weather (Berry, Bowen et al. 2010). No significant relationship between meteorological
parameters (temperature, hours of sunshine, humidity, precipitation) and admission rates of
dementia. and organic brain syndromes (Salib and Sharp 1999). Indirectly, changes of diurnal
and seasonal molecular rhythms could contribute to dementia and neurodegenerative diseases,
e.g. Alzheimer’s disease (AD) (Lim, Klein et al. 2017). High temperatures are related to higher
number of admissions and higher dementia mortality. Heat wave days at lag 3 were associated
with relative risk for patients with AD; during the heat wave periods, number of admitted AD
patients was higher (Culqui, Linares et al. 2017). Admissions of AD patients started to rise, when
the maximal daily temperatures exceeded 34°C (Linares, Culqui et al. 2017). Increased agitation
was found higher in patients with dementia, when they were exposed to room temperature
above 26°C, higher temperatures linearly correlated to scores on Cohen-Mansfield Agitation
Inventory (CMAI) (Tartarini, Cooper et al. 2017). Incidence rate ratios of dementia and organic
disorders increased during the period with heat waves, compared to non- heat waves periods
(Hansen, Bi et al. 2008).
Elderly people are more vulnerable to high temperatures (Chen, Lin et al. 2019). During the
heatwaves mortality of patients with mental and behavior disorders (65-74 years) increased
(Hansen, Bi et al. 2008). Older people are more sensitive to heat stress and have less efficient
thermoregulation. Likely, reduced autonomic nervous system could contribute to heat stress
and development of depression, especially in elderly (Hughes, Casey et al. 2006, Chen, Lin et al.
2019).
Substance misuse and eating disorders are less effected by weather. Increased number of
hospitalizations during the heat waves was found only in group of elderly (≥ 75 years), younger
patients did not differ from periods without heat (Hansen, Bi et al. 2008).

7.4 Limitations
Meta-analyses based on currently available studies are missing, many studies retrospective
(Rubonis and Bickman 1991); prospective studies are small (Bei, Bryant et al. 2013). Most of the
studies are cross-sectional, they vary in sample size, times of data assessed, diagnostic and
screening tools, various aspects and associations between the provoking factors and mental
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health. Studies used external temperatures measured at monitoring stations, that could vary
from the temperature in proxy of sensitive individuals. Furthermore, people spend more time
indoors. Studies explore hospital admission rates, individual symptomatology and seasonality of
symptoms, and changes on diagnostic scales. Minimum studies have explored flood migration
and impact of flood-affected communities (Fernandez, Black et al. 2015). Minority of studies
examined the most vulnerable populations, e.g. displaced and elderly people (Zhong, Yang et al.
2018). These differences limit the possibilities to comparison the results of separated studies
(Neria, Nandi et al. 2008).
Majority of the studies examined the effects of different meteorological parameters as potential
triggers of mental diseases. Diurnal temperature range serves as an index for climate change
and is used as a tool to determine the effects of temperature on human health. Mean ambient
temperature is often used as index for climate change, it cannot reflect the climate change in its
complexity (Zhao, Zhang et al. 2016). Humidex and windchill index are meteorological variables,
which could also affect human behavior and should be more investigated (Deisenhammer 2003,
Aguglia, Serafini et al. 2019).

7.5 Conclusions
Associations between climate changes and behavior are complex. The mental health can be
influenced not only by meteorological parameters but also by seasonal and other factors (Salib
and Sharp 2002). Acute natural disasters related to climate changes as well as long term
changes of weather negatively affect human being and behavior. According to strong evidence,
natural disasters are related to development of MDD, anxiety and PTSD. Suicidal behaviors were
described in majority of studies, increased suicide rates can be observed with delay. Previously
detected psychiatric diagnosis, previous mental problems and traumatic event are predicting
and/or contributing factors to development of both suicidal behavior and PTSD. Most of the
studies found increasing ambient temperature as possible risk factor for psychiatric diseases.
Generally, high temperatures negatively affect human well-being, and increase hospitalizations
of elderly people. Rising temperature has been associated with higher suicide rates, increased
admission rates of mania, and relapses of schizophrenia. Increased ambient temperatures, UV
radiation and hours of sunshine correlated to increased rates of admitted manic patients.
Temporal trend reflecting climate changes was not explored. High ambient temperatures raise
suicide risk and increase number of admissions of patients with mental, and organic disorders.
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Future research focused on climate change and mental health is needed. Longitudinal studies of
weather effects are needed. The hypotheses, how weather could affect exacerbations of severe
psychiatric disorders, should be confirmed.
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