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Longevity risk factors:  
the perspectives of selected European countries
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Abstract 
A  significant and ongoing debate about the economic, financial and social implications of longevity was ini­
tiated a few years ago. . Both individuals and governments are increasingly concerned about the effects of aging, 
however, their concerns differ. Individuals are more concerned about increased longevity, because it affects their 
own financial and labor market plan, whereas governments are more concerned about old-age dependency as an 
aspect of population aging. In this paper, in the first part set of economic, financial and demographic variables are 
discussed in a context of their impact on longevity. In the second part, using principal component analysis, we 
identify risk factors of longevity by means of macroeconomic and financial data collected from the last decade for 
selected countries from Europe.  
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1.	 Introduction
The changing and ageing structure of European population is driven primarily by two factors. 
Firstly, improvements in life expectancy mean that people are living longer and reaching older 
ages. Along with this factor, there is a decrease in fertility, people are having fewer children 
and are having children later than ever. The observed improvements in longevity and changing 
structure of the population bring both opportunities and challenges for the economy, services, 
and society at national and local levels (ONS UK, 2018). 

Institutions and individuals have to face some specific challenges related with longevity 
risk, i.e. the risk that actual survival rates and life expectancy will exceed expectation or pricing 
assumptions, resulting in greater-than-anticipated retirement cash flow needs (NAIC, 2019). 
For individuals longevity risk is the risk of outliving one’s assets resulting in a lower standard 
of living, reduced care or just return to employment. For those institutions providing covered 
individuals with guaranteed retirement income, this is the risk of underestimating survival rates 
resulting in increased liabilities to cover promised payments. 

For a few years discussions and research have been intensively carried out on how to deal 
with the economic and financial implications of longevity– in both academic circles and the 
business press (e.g., Olshansky et al., 2009; Bloom et al., 2010; Cocco and Gomes, 2011; IFM, 
2012). It is a problem of shrinking populations, reduced economic growth, negative effect on 
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pension and health care system. Understanding the nature of longevity risk is crucial to model 
and manage this risk.

The goal of this paper is to examine a  set of reasonable macroeconomic and financial 
variables for determining factors of longevity risk. As a research method we use principal com­
ponent analysis. Sources of longevity risk are discussed on the example of three European 
countries with significant differences in level of economic growth, life expectancy, pensions 
and welfare systems.

2.	 Economic and financial implications of longevity 
The impact of aging on the economy and financial markets has been analysed widely in the 
literature. There are different implications for individuals, for households, for insurers, for local 
and central governments. Concerns about the economic impacts of aging fall into three main ar­
eas: potential worker shortages, excessive expenditure on health services and old-age care and 
shortfalls in pension funding. The impact of aging on financial stability occurs largely through 
changes in investment demand, financial market asset prices and returns, and liabilities among 
individuals and institutions.

An aging population means that there will be fewer working-age people in the economy. It 
leads to a supply shortage of qualified workers, making it more difficult for businesses to fill in-
demand roles. An economy that cannot fill in-demand occupations faces adverse consequences, 
e.g., declining productivity, higher labor costs, delayed business expansion and reduced interna­
tional competitiveness. In some instances, a supply shortage may push up wages, thereby causing 
wage inflation and creating a vicious cycle of price or wage spiral. Given that demand for health 
care rises with age, countries with aging populations must allocate more money and resources 
to their health care systems. With health care spending as a share of GDP already high in most 
advanced economies, it is difficult to increase spending while ensuring care improvements and 
other social needs  not to deteriorate in the case of publicly funded or government-administered 
health care systems. Countries with large elderly populations depend on smaller pools of workers 
in which to collect taxes to pay for higher health costs, pension benefits and other publicly funded 
programs. The combination of lower tax revenue and higher spending commitments on health 
care, pension and other benefits is a major concern for advanced industrialized nations.  

Empirical studies uncovered evidence that population aging has an important impact on 
financial markets because of its expected impact on saving rates and the demand for investment 
funds (e.g. Poterba, 2001; Poterba , 2004). The rising demand for safe assets by the elderly may 
lead to safe asset shortages and an overpricing of safe assets. These effects may be counterbal­
anced by defined-benefit funds with funding gaps in the current low interest-rate environment, 
which may invest in risky assets to enhance expected returns. Population age structure can af­
fect stock market prices and the real returns of different classes of financial assets. Relations be­
tween long-term government bond yields and demographics are well documented (see Andrews 
and Bonnar, 2018).
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3.	 Selected variables associated with longevity risk
Empirical investigation of relations between longevity phenomenon and selected macroeco­
nomic and financial variables is made for selected European countries with different level of 
economic growth and life expectancy, i.e. for Germany, Spain and Poland. From longevity 
perspective, life expectancy (at birth and at aged 65, for both sexes) in Poland is shorter than in 
Germany and Spain, while life expectancy is the highest in Spain. Spain is expected to become 
the world’s second oldest country by 2050, behind Japan. According to HDI index3 Germany – 
since 2010 – has been in the group of five the most developed countries, Spain – in the second 
ten, and Poland – in the third ten the most developed countries in the world (UNDP, 2018). 

The selection of variables was preceded by an analysis of literature in the field of research 
on determinants of macroeconomic and financial implications of ageing. The analysis broadly 
focuses on the issues: economic welfare, current standard of living, current possible increase of 
welfare resulting from labour market, population longevity, and financial markets and invest­
ments opportunities. 

In the process of identification of risk factors the following variables are taken into consid­
eration: 
	 1.	Demographic old-age dependency ratio4 – traditionally seen as an indication of the level 

of support available to older persons (those aged 65 or over, i.e. age when they are gener­
ally economically inactive) by the working age population (those aged between 15 and 64; 
expressed per 100 persons of working age (15–64)). 

	 2.	Life expectancy at birth5 – the mean number of years that a new-born child can expect to 
live if subjected throughout his life to the current mortality conditions (age specific prob­
abilities of dying; expressed in years).

	 3.	Life expectancy at age 656 – the mean number of years still to be lived by a man or a woman 
who has reached the age 65, if subjected throughout the rest of his or her life to the current 
mortality conditions (age-specific probabilities of dying; expressed in years).

	 4.	Consumer Price Index (CPI)7 – the change over time in the prices of consumer goods and 
services acquired, used or paid for by households (measured in an index, 2015 base year).

3�  The Human Development Index (HDI) is a summary measure of average achievement in key dimensions of 
human development: a long and healthy life, being knowledgeable and have a decent standard of living. The HDI 
is the geometric mean of normalized indices for each of these three dimensions (http://hdr.undp.org/en/, access: 
12.12.2018).
4�  In 2016 this ratio (per 100 person of working age 15–64) amounted to 32.4 (Germany), 28.7 (Spain), 24.2 
(Poland). Projected ratio for 2050: 51.2 (Germany), 62.1 (Spain), 54.6 (Poland).
5�  In 2016 LE at birth (male and female): 81.0 (Germany), 83.5 (Spain), 78.0 (Poland).
6�  In 2016 LE at aged 65 (male and female): 19.8 (Germany), 21.6 (Spain), 18.5 (Poland).
7�  In 2016 CPI annual growth rate %:  0.48 (Germany), -0.20 (Spain), -0.58 (Poland). In general, CPI decreased 
over the last 7 years. CPI projected for 2020: 2.16 (Germany), 1.74 (Spain), 2.95 (Poland). 
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	 5.	Real GDP per capita8 – the ratio of real GDP to the average population of a specific year; 
a measure of economic activity used as a proxy for the development in a country’s material 
living standards (a limited measure of economic welfare; per capita, in current prices).

	 6.	Unemployment rate9 – represents unemployed persons as a percentage of the labour force 
(the total number of people employed and unemployed) [% of active population].

	 7.	Real effective exchange rates (REER)10 – aims to assess a country’s price or cost competi­
tiveness relative to its principal competitors in international markets; changes in cost and 
price competitiveness depend not only on exchange rate movements but also on cost and 
price trends (indices).

	 8.	Gross saving11 – measures the portion of gross national disposable income that is not used 
for final consumption expenditure; gross national saving is the sum of the gross savings of 
the various institutional sectors (current prices).

	 9.	Long-term government bond yields12 – refer to central government bond yields on the sec­
ondary market, gross of tax, with residual maturity of around 10 years; the bond or the 
bonds of the basket have to be replaced regularly to avoid any maturity drift (%).

	10.	Long-term care (health) expenditures13 – expenditures on a range of medical and personal 
care services that are consumed with the primary goal of alleviating pain and suffering and 
reducing or managing the deterioration in health status in patients with a degree of long-
term dependency (share of current expenditures on health).

	11.	Currency exchange rates14: EUR/USD, EUR/PLN.
	12.	Stock market a main index15: DAX in Germany, IBEX35 in Spain, WIG20 in Poland.  
	13.	Real Estate Funds and Equity/Dividend Funds: Unilmmo Deutchland and Allianz Vermö­

gensbildung Deutschland (Germany), Seguffondo Inversion and Bankia Dividendo España 
FI (Spain), PZU UFK Investor Nieruchomości i Budownictwa and Investor FIO Subfun­
dusz Akcji Spółek Dywidendowych (Poland).
Economic and demographic variables are derived from the Eurostat database (variables 

1–9) and the OECD database (variable 10), stock quotes – from stock exchange (Frankfurt, 
Madrid, Warsaw) and other financial database (the Yahoo Finance) (variables 12 and 13). Time 
series were obtained for the time period 2010–2016. As the sample is short, some data were 
converted to monthly frequency (and then all variables were expressed as indices using a base 

8�  In 2016 GDP (milions USD): 4.1M (Germany), 1.7M (Spain), 1.1M (Poland). Projected for 2030: 4.3M 
(Germany), 1.9M (Spain), 1.4M (Poland).
9�  In 2016 unemployment rate (% of labour force): 4.1 (Germany), 19.6 (Spain), 6.2 (Poland). 
10�  In 2016 REER index (2010=100): 100.88 (Germany), 99.2 (Spain), 89.79 (Poland).
11�  In 2016 gross saving (2010=100): 116.97 (Germany), 101.64 (Spain), 113.85 (Poland).
12�  In 2016 long-term gov. bond yields (2010=100): 3.28 (Germany), 32.78 (Spain), 52.51 (Poland).
13�  In 2016 long-term health care exp. (2010=100): 113.69 (Germany), 97.18 (Spain), 95.62 (Poland).
14�  Rate of return 2010–2016: EUR/USD –26.34% , EUR/PLN +7.63%. 
15�  Rate of return 2010–2016: WIG20 –18.45%; DAX +92.72%; IBEX35 -21.85%.
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year of 2010), with maintaining the strength and direction of correlation between variables. The 
period does not cover years from the financial crisis of 2008–2009 to avoid unusual observa­
tions from financial market.

Relations between the above-mentioned variables and longevity are analysed in empirical 
studies. Some relations are clear, while others are still a subject of debate (in particular, the 
impact of longevity on inflation is unclear). Due to the complexity of these relations and their 
multidimensionality, a  few confirmed consequences of longevity are worth mentioning (e.g. 
Bloom et al., 2010; Mandel et al., 2017; Rachel and Smith, 2015; Maestas at al., 2016; Acemo­
glu and Restrepo, 2017): reducing investment return, reducing public saving, reducing growth 
rates, reducing real interest rates, affecting labour supply and returns, reallocation of saving 
from riskier to safe assets may lead to potential mispricing of risk, running down assets may 
result in negative wealth effects.  

Based on the results of Majewska and Trzpiot (2016), the above mentioned variables could 
be grouped into five clusters: standard of living risk, elderly needs risk, financial risk, longev­
ity risk and long-term investment risk. However, it should be taken into account that the time 
period in their research covered years of financial crisis 2008–2009.

4.	 Principal component analysis of variables associated with longevity risk
The rotated Principal Component Analysis, an adaptive data analysis technique, was used to 
specify risk factors of longevity. Relations between some of considered variables suggest the 
existence of new variables – the principal components – that are the linear combinations of the 
original demographic, macroeconomic and financial variables. All calculations were made in R 
software environment. 

As a result of PCA three components for each country separately were selected and treated 
as Fi risk factors. Risk factor loads are presented in Tables 1–3. Factors were simplified by or­
thogonal (varimax), which minimised the number of variables with high loadings on each factor 
(orthogonal rotation to transform the extracted factors into uncorrelated, independent factors to 
increase the interpretability of the factors). The correlations between the factors were explained 
by factor loadings, values greater than or equal to 0.4 were used to indicate significant correla­
tions between the component and the variables. The components with eigenvalues (sum of the 
squared factor loadings) greater than or equal to 1 were retained for analysis (components with 
variances less than one produce negligible information than one of the original variables and, 
hence, are not worth retains). 

For Germany (Table 1) the first principal component explains 59% of the variation, while 
all components – 83%. The first component is identified as the wealth risk because of the high 
positive factor loadings on GDP, gross savings, long-term care expenditures combined with 
a high negative weighting on long-term government bond yields and unemployment rate. All 
these variables are associated with standard of living risk and elderly needs risk. The second 
component was high loadings of variables that reflect longevity. Advancing age due to increased 
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life expectancy itself is a risk factor. The last component explains 10% of total variance and was 
loaded only by REER and real estate fund and it would associate with financial market risk. 

Table 1. Risk factor loads of principal components: Germany

Variable F1 F2 F3
Old Age Dependence Ratio 0.93
GDP 0.92
Gross Saving 0.93
CPI 0.80
Long-term Care Expenditures 0.95
Long-term Government Bond Yields –0.89
REER 0.92
Unemployment Rate –0.90
Dividend Fund 0.75
Real Estate Fund 0.63
LE65 0.88
LE birth 0.97
DAX 0.75
EUR/PLN 0.74
EUR/USD –0.85
Cumulative Var 0.59 0.73 0.83

Table 2. Risk factor loads of principal components: Spain

Variable F1 F2 F3
Old Age Dependence Ratio 0.93
GDP –0.94
Gross Saving –0.55
CPI 0.83
Long-term Care Expenditures –0.66
Long-term Government Bond Yields –0.78
REER –0.61
Unemployment Rate 0.93
Dividend Fund 0.69
Real Estate Fund –0.91
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Variable F1 F2 F3

LE65 0.85
LE birth 0.94
IBEX35 0.96
EUR/PLN –0.65
EUR/USD – – –
Cumulative Var 0.44 0.68 0.82

For Spain (Table 2) the first component was the highest loadings with variables that reflect 
elderly needs and longevity. Thus, this component was  identified as long-term standard of living. 
It can be supported by noting that the factor loadings associated with long-term care expenditures, 
REER and real estate fund are negative.  The second component proved to be a strong indicator of 
longevity risk related with GDP, gross savings, unemployment rate and long-tern expenditures. This 
component was clustered with standard of living and long-term investments risk factors. The last 
component explains 14% of total variance and has been positively loaded with IBEX35 returns and 
negatively – with EUR to PLN exchange rate. It would be associated with financial market risk. 

Table 3. Risk factor loads of principal components: Poland

Variable F1 F2 F3
Old Age Dependence Ratio 0.86
GDP 0.89
Gross Saving 0.77
CPI 0.72
Long-term Care Expenditures –0.84
Long-term Government Bond Yields –0.91
REER 0.80
Unemployment Rate – – –
Dividend Fund 0.92
Real Estate Fund –0.97
LE65 0.95
LE birth 0.95
WIG20 0.88
EUR/PLN –0.81
EUR/USD – – –
Cumulative Var 0.54 0.77 0.87
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For Poland (Table 3) the first component was  loaded with variables related with increasing 
life expectancy as well as economic well-being and explains 54% of total variance. Therefore, 
the component was  identified as demo-economic risk. The second component was  heavily 
loaded with dividend fund, WIG20 returns, REER and negatively with EUR to PLN exchange 
rate. It would be identified as financial market risk and explained 23% of total variance. The 
last component was loaded negatively only by a real estate fund and would be associated with 
individual wealth risk.

Conclusions 
The current study focused on determining significant longevity risk factors through principal 
component analysis for three different European countries. The study performed PCA to reduce 
14 inter-correlated demographic, economic and financial variables into groups of independent 
factors. For each country, within considered variables, 3 principal components with high ex­
plained variance (82%, 83% and 87% respectively for Spain, Germany and Poland) are suffi­
cient to capture the nature of longevity risk.

The complex nature of longevity risk do not allow for constructing factors consisting of the 
same variables for each country. It is due to the fact that longevity increases at different rates 
across different countries. Therefore, impact of population aging differs across countries. This 
difference is linked to the state of health, age-structure profiles, lifestyle, progress in disease 
diagnosis and medical treatment, to mention a few. This is the reason why we need to have 
a  real understanding of the causal factors underlying longevity, the ageing process, and the 
characteristics governing different populations. In our opinion, the risk factors will vary de­
pending on the country selected for next the study. 

Interestingly, some factors constitute a mix of demographic, financial and economic vari­
ables. It enables explanation of key differences between considered countries; however, some 
trends are noticeable. Countries are prepared for the challenges of population aging in varying 
degrees. Clustering of variables informs about diversification in both opportunities and chal­
lenges for the economy, services and society at national and local levels. 

There is a need for further analysis made for various time periods, especially asset returns 
are sensitive to the start and end dates of the period covered by the analysis. Moreover, com­
parative analyses between countries with share similar demographic histories would be very 
important due to the growing popularity of coherent (multi-population) mortality (longevity) 
models, where a  single population is modeled in reference to another coherent population. 
Little work has been done on the importance or selection of the reference group and there is no 
standard procedure on how to select populations for the reference population. 
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