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Abstract. The financial sector, as one of the most sensitive economic
sectors, is alert to all trends and changes in the environment. The aim of the
article is to study the impact of climate change on the life insurance market
using panel data from 28 countries of the European Union (EU) for the last
9 years. This study is based on a panel model, where the amount of premiums
under life insurance contracts is defined as a function of the fundamental
factor of climate change - greenhouse gas emissions. According to empirical
findings, an increase in greenhouse gas emissions per thousand tons leads to
an increase in the amount of life insurance premiums by 0.1786 million
euros. It has also been found that an increase in greenhouse gas emissions
per thousand tons leads to an increase in deaths in the European Union by
1.0442 people, and these consequences are statistically significant. In
general, our results suggest that the life insurance market as well as the non-
life insurance market is dependent on climate change. The empirical results
of this study provide valuable insight into how greenhouse gas emissions
affect mortality in the European Union.

1 Introduction

The European Union takes into consideration five major disaster risks: floods, extreme
weather activities such as heat, industrial and nuclear accidents, and forest fires. Other risks
that receive significant attention include epidemics, critical infrastructure disruptions,
terrorism, cyber threats, seismic risks, and animal and plant diseases [1]. The former are those
related to climate change. This is a wide range of local, regional and global changes in
average weather patterns, mainly due to human activity over the last 100 years [2]. These
changes cause structural and other swings in various fields of society, in particular, the
financial sector, which is one of the first to respond to global challenges. Thus, recent events
related to the spread of coronavirus disease (COVID-19) have clearly demonstrated that all
markets around the world have reacted with different in value, but clearly significant changes
in financial figures [3-12]. An important part of the financial sector of the economy is the
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insurance sector, which is integral to financial stability as a whole [13]. Insurance consists of
two main subgroups: non-life insurance and life insurance. Non-life insurance commonly has
short-term contracts while life insurance has long-term contracts [14-16]. Life insurance is a
contract between a client and an insurer under which the insurer pays benefits to the clients
after their death or extension of life in exchange for a premium. With non-life insurance, an
insurance policy to cover property risks is issued [17]. Life insurance can be understood as a
long-term investment that requires periodic payments. This type of insurance is targeted at
policyholders who want to prevent an economic catastrophe for their dependents when they
die [18] or to provide for old age if they will be alive when the contract expires. Thus, it
serves not only as the protection of the life cycle, but also provides the potential of
accumulating cash value for the future [19] with the aim to achieve an acceptable level of
financial security [20]. To that end, the product is often sold as a cost-saving or investment
method.

Non-life insurance embraces property insurance for a short period (usually one year) and
provides protection against loss [21]. The functioning of certain sectors of the economy, such
as agricultural business, real estate, directly depends on the proper insurance system of
weather-related risks [22]. Thereafter, most research on insurance focuses on characterizing
the relations between non-life insurance and climate change, although environmental changes
also have a significant impact on human health and life, as well as on the life insurance
market, the relations with which has not been researched that deep yet.

The purpose of this study is to examine the impact of climate change on the life insurance
market, basing on the data from a group of 28 EU countries during 2011-2019.

Although the structure and dynamics of life insurance figures vary considerably
depending on the EU member state, the EU countries are of great interest for studying these
relations, as they show significant differences in the structure of the insurance market as well
as in the level of financial development. Knowing that the average level of insurance entering
the European domestic market in recent years has been 5.25% [23], the EU can be divided
into clusters, as shown below [24, 25]:

Ist cluster: Luxembourg, Ireland, United Kingdom, Denmark, France, Italy. In these
countries the average market entrance level is more than 5.25%.

2nd cluster: Sweden, Portugal, Belgium, Germany, Malta, Spain, Finland, Netherlands,
Cyprus, Poland, Slovakia, Czechia, Austria, Hungary, Slovenia, Greece. In these countries
the average entrance level is less than 5.25% but more than 1%.

3d cluster: countries with a low entrance level: Estonia, Croatia, Lithuania, Latvia,
Romania, Bulgaria. In these countries the entrance level is less than 1%.

This study focuses on the interdependence between climate change and the life insurance
market and makes the following contribution to the literature of this area. First, the life insurance
market of the European Union in recent years has been researched. It revealed differences in the
structure of the insurance market in different EU countries. Secondly, due to the lack of evidence,
this study seeks to expand knowledge about the impact of climate change figures on life insurance
in the EU. It is important to promote life insurance in order to reduce the risk of financial
difficulties, as well as to increase the level of financial security for households by increasing
money savings. Life insurance can be a reliable and effective tool for this. As far as the authors
know, this article is one of the first to quantify the impact of climate change on the life insurance
entrance into the European Union. The empirical results can help insurance companies to take
measures for increasing the life insurance market by raising awareness of the impact of climate
change on quality of life and the mortality risks which provoke them. Although this study
combines with a wealth of literature that seeks to explain the relation between insurance entrance
and other socioeconomic figures, it is filling a gap in the literature by focusing on life insurance
as a tool for accumulating cash value for the future and achieving an acceptable level of financial
security for households. This study uses a significant sample (28 EU Member States) and a time
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period (2011-2019), compared to several previous studies examining both the life insurance and
non-life insurance entrance.

2 The Literature Analysis

An analysis of recent research shows that the scientific literature most often examines the
relationship between non-life insurance and climate change, which seems logical given the
objects of insurance. The instant connection between the effects of climate change (floods,
hurricanes, fires, droughts) and the risks of damage caused by extreme weather activities
(more frequent and intense heat waves, droughts, extreme rainfall, storms and high levels of
solar radiation) with significant damage and the expenditures on the restoration of enterprises
and households in case of damage or destruction of housing or movable property, crop failure
or destruction of agricultural assets [26,27,28,29].

Ranger N. and S. Surminski predict in their study [30] that over the next decade gross non-
life insurance premiums in the BRICS economies can grow from 5.4% to 12.3% per year,
depending on the country. They also demonstrate that increasing wealth has been an
important long-term stimulus of aggregate insurance demand growth in developing countries.
Despite the importance of insurance for the financial protection of households from the
damage caused by weather activities that adversely affect the welfare and socio-economic
situation in the world, few studies have examined the life insurance market in the European
context of climate change. For this reason, new evidence on trends in life insurance and
predictable behaviour is of crucial importance for the information policy in this area.
Research [31] even focuses attention on the relations between prejudices and farmers' costs
of life insurance. The authors argue that households increase their life insurance costs by
18.5% during the year corresponding to the zodiac sign of the year in which these persons
were born, and in other years such an increase does not occur.

Although life expectancy in the world has increased from 80.3 to 83.9 years over the last 20
years (2000 to 2020) [32], which could be an additional stimulus to purchase life insurance
policies, there are still exist various barriers for the growth of this market, in particular,
related to education, retirement age, single households, age, marriage, lack of dependent
children [33], and self-discipline [34,35].

However, the literature does not deny that with climate change, the risks of death from natural
disasters also increase. Thus, worldwide, natural disasters have caused an average of 0.1%
of total deaths in the last decade. Approximately 60,000 people die each year as a result of
natural disasters. Franzke, C. L. E., and H. Torell6 and Sentelles find clear evidence that
climate change regimes affect the predisposition and number of deaths [37]. In 2020, 389
natural disasters were reported. The results of these disasters were: 15,080 people killed, 98.4
million people injured and $171.3 billion in economic losses. Of these, 41 cases were
recorded in Europe, resulting in 42.9% of all deaths during the mentioned period [39]. One
of the most expensive catastrophes in the world was Hurricane Katrina, which cost the
insurance industry about 82.4 billion US dollars [40,41]. Research by Mitchell and colleagues
[42] finds clear evidence that climate change regimes affect the predisposition and number
of deaths on all continents. However, the relation between the increase in climate change
risks and the size of life insurance premiums has not been sufficiently studied in modern
research, although at first it seems logical to assume that climate change and its effect on
quality of human life vary as well as their attitudes to risk management and their insurance
through cooperation with insurance companies in this direction.

The aim of this study is to analyse the relations between the size of life insurance premiums
in the European Union and climate change figures.
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3 Data and Methodology

3.1 Data

The analysis is based on an unbalanced data set from 28 countries of the European Union for
the period of 2011-2019. The period was chosen based on the availability of all data series.
The dependent variable is the amount of life insurance premiums. Independent variables,
which are of interest for the purposes of this study, are indicators that are directly related to
the effects of climate change: greenhouse gas emissions, temperature deviations, overall
mortality rate in the EU and environmental conservation costs (Table 1).

Table 1. Variables used in the analysis of the panel data.

Name Definition Abbreviation Source
Total £rO8S Life insurance gross premiums PREMIUS OECD [43]
premiums

Greenhouse gases (CO2, N20 in
CO2 equivalent, CH4 in CO2
equivalent, HFC in CO2
Grzemni‘;?slfsgas equivalent, PFC in CO2 GGEt(gI}lfs‘f”d Eurostat [44]
equivalent, SF6 in CO2
equivalent, NF3 in CO2
equivalent)
Temp_ergture Mean near surfac_e temperature D (°C) FAOSTAT [45]
deviation deviation
Fatalities Deaths in the EU F Eurostat [46]
Exp@dlture on Environmental protection EPEA (million Eurostat
environmental .
. expenditure accounts euro) [47,48,49]
protection

Table 2 presents descriptive statistics for a complete unbalanced data set of a panel with 28
countries and 252-time observations. The standard deviation of premiums is 52,994.88,
which shows how diverse our life insurance sample is. According to the panel, the lowest
premiums are paid in Bulgaria (average for the study period 40.16 million euros), and the
highest are in the UK (231,988.92 million euros for the same period).

Table 2. Descriptive statistics.

Variable Obs. Mean St. Dev. Min Max
PREMIUS 252 27,224.75 52,994.88 0.00 283,789.44
GG%E:S‘)‘S“C' 252 160,837.70 214,224.73 2279.56 966,107.30
TD (°C) 252 182,542.92 229,598.91 3236.00 | 954,874.00

F 252 1.67 0.57 0.37 2.72
EPEA 252 6952.08 11,863.89 0.00 54,388.00

Source: calculated by the authors.

Table 3 presents the correlation matrix of dependent and independent variables. There is a
significant correlation between life insurance premiums and greenhouse gas emissions, the
number of deaths, the average temperature deviation and the environmental conservation
costs. Also, simple relations between model variables show that greenhouse gas emissions
are strongly correlated with the number of deaths in the EU.
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Table 3. A correlation matrix.
PREMIUS GGE F TD EPEA
PREMIUS 1
GGE 0,722227 1
F 0,747745 0,974313 1
TD -0,2295 -0,12268 -0,09253 1
EPEA 0,667356 0,86541 0,86 -0,09109 1

Source: calculated by the authors.

3.2 Methodology

The size of the premium under life insurance contracts in this study is defined as a function
of greenhouse gas emissions as follows:

PREMIUS i;=bo + b; * GGE i + &i; (D

where countries are denoted by the index i (i =1, ..., N); the period of time is denoted by the
index t(t=1, ..., T); bl is the regression coefficient estimated by regression analysis. It shows
that as long as other variables remain fixed, an increase of the explanatory variable in one
unit increases (or decreases) the amount of premiums under life insurance contracts by b
units. € i¢ is a member of the random error, which covers all factors that affect the amount of
premiums, but are not included in the variables of the model specification.

A positive reaction between the growing effects of climate change and the amount of
premiums for life insurance contracts in the European Union is expected. Based on the latest
literature, the following hypothesis is tested:

A hypothesis: There is a positive relation between the growing effects of climate change and
the amounts of life insurance in the European Union.

The model in equation (1) presents a general specification aimed to study the role of climate
change figures in the life insurance market, where the amount of premiums is considered as
a dependent variable while greenhouse gas emissions are considered as an explanatory
variable.

To identify the dependence of the life insurance market on climate change a regression
analysis model will be used. There are conducted tests at the EU country level using the panel
data.

Since the correlation matrix (Table 3) also shows relations between the number of deaths and
greenhouse gas emissions, it will also be analysed. Thus, the number of deaths in the EU (F)
is considered as a function of greenhouse gas emissions as follows:

Fii=bo+ b * GGEi; + &i; 2

where countries are denoted by the index i (i =1, ..., N); the period of time is denoted by the
index t(t=1, ..., T); by is the regression coefficient estimated by regression analysis. It shows
that as long as other variables remain fixed, increasing the explanatory variable by one unit
increases (or decreases) the number of deaths by b units. € ;; - a member of the random error,
covering all factors that affect the number of deaths, but are not included in the variables of
the model specification.

4 Empirical Results

Table 4 shows the results of the base specification mentioned in section 2. According to the
panel model, an increase in greenhouse gas emissions per thousand tonnes leads to an
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increase in life insurance premiums of 0.1786 million euros and this effect is statistically
significant at 0%.

Table 4. Empirical results of the impact of greenhouse gas emissions on the amount of life insurance

premiums.
PREMIUS
0.1786*
GGE (0.0108)
R-squared 0.5216
Total panel (unbalanced) observations 252

Source: Research results.
Notes: Standard error in parentheses; * p < 0.0001.

Table 5 shows the results of the basic specification mentioned in section 2. According to the
panel model, an increase in greenhouse gas emissions per thousand tonnes leads to an
increase in deaths in the European Union by 1.0442 people and this effect is statistically
significant at 0%.

Table 5. Empirical results of the impact of greenhouse gas emissions on the number of deaths.

PREMIUS
1.0442*
GGE (0.0152)
R-squared 0.9492
Total panel (unbalanced) observations 252

Source: Research results.
Notes: Standard error in parentheses; * p < 0.0001.

The reliability of conclusions is verified by running models on sub-samples formed by the
EU countries in accordance with clusters 1 and 2 listed in section 1. Countries in cluster 3
have a low level of life insurance entrance, so it should not be used to test the model because
life insurance market indicators are not representative. The results are presented in table 6
and confirm the previous conclusions. In general, these results show that climate change is
affecting the development of the life insurance market and the size of premiums under life
insurance contracts at the level of 0% significance.

Table 6. A reliability check — an updated model.

A\ MOST

PREMIUS - cluster 1 PREMIUS - cluster 2
0.311909* 0.0885*
GGE (0.0212) (0.0037)
R-squared 0.8058 0.7934
Total panel (unbalanced) observations 54 144

Source: Research results.

Notes: Standard error in parentheses; * p < 0.0001

5 Conclusions

The aim of the article was to study the impact of climate change on the development of the
life insurance market in the European Union using panel data from 28 EU countries for the
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period of 2011-2019. Four factors were considered: greenhouse gas emissions, temperature
deviations, overall mortality rate in the EU, and environmental conservation costs.

The results of the panel model highlight the significant positive relations between greenhouse
gas emissions and the size of premiums for life insurance contracts. It seems logical, because
climate change and the impact of its effects on quality of human life changes their attitude to
risk management and focuses their attention on insurance through cooperation with insurance
companies in this direction.

According to empirical findings, an increase in greenhouse gas emissions per thousand tons
leads to an increase in the amount of life insurance premiums by 0.1786 million euros. It has
also been found that an increase in greenhouse gas emissions per thousand tonnes leads to an
increase in deaths in the European Union by 1.0442 people, and these consequences are
statistically significant. This means, for instance, that increasing Bulgaria's average
greenhouse gas emissions to European Union averages could lead to an additional 98,019
deaths in that country.

In general, our results suggest that the life insurance market as well as the non-life insurance
market is dependent on climate change.

Considering these findings, it is suggested to draw households’ attention to maintaining the
concept of sustainable development and to inform them about the possibilities of ensuring
financial security due to life insurance mechanisms [50].

Empirical results provide a valuable insight into how greenhouse gas emissions affect
mortality in the European Union to provide consumers with cost-effective options, with the
ultimate goal of expanding life insurance services. As far as we know, this work is the first
study of the relation between climate change and the development of the life insurance market
in the European Union. It is also an extremely important issue in the longer term, considering
current trends and the EU's desire to reduce climate change risks [51-111].

This study is not devoid of limitations. First, the findings of this study are limited to the data
on which the results are based. Second, the analysis uses a limited number of variables that
determine climate change. This research to compromise between the explanatory variables
and the full availability of data for the sample of countries. Future research should include
other variables that affect climate change. The research should be conducted as soon as the
data are available over time.
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