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Longevity risk may be defined as the risk of outliving one’s accumulated wealth. Although many
theoretical studies have suggested that individuals will increase their precautionary saving in
order to mitigate longevity risk, only a few of such studies have used empirical data to test
people’s decision-making behaviour in response to longevity risk. The main purpose of this paper
is to investigate how households adjust their consumption and investment plans in response to
longevity risk. We find that households reduce their consumption over their entire lifespan
and increase the proportion of their risky assets before retirement when they face longevity risk.
Furthermore, we also discover that households with females, more children, higher health
expenditure and greater risk aversion change their risky assets to a lesser extent in their whole life
period in the face of longevity risk, compared with other households.
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Introduction

In the last two decades, with improvements in the quality of life, the health of the
environment and medical technology, average human life expectancy has significantly
increased. An ageing population is becoming a serious issue that needs to be recognised and
managed in almost every country. As in many countries, ageing is a serious problem in
Taiwan because of the prolonged lifespan and low fertility of its population. According
to the statistics from the Taiwan government, the aged population was about 2.49 million at
the end of 2010, accounting for 10.74 per cent of Taiwan’s total population. This percentage
is predicted to double to 20 per cent by 2026 and to 40 per cent by 2050.1 Moreover,
according to a survey conducted by the Population Reference Bureau, Taiwan had the
world’s lowest fertility rate in 2009 and 2010, with an average of one child per woman. Thus,
investigating an individual’s behaviour under longevity risk in Taiwan has become an
important issue.

1 Taiwan Council of Economic Planning and Development (2008).



Longevity risk may be understood as existing at both aggregate and individual levels.2

As pointed out by MacMinn et al.,3 methods for dealing with longevity risk have become an
important topic for many interested parties, including governments, life insurers and individuals.
Many studies have also investigated how to alleviate longevity risk in the capital market at the
aggregate level. At the individual level, individuals may be aware of longevity risk and, if so, this
awareness may influence their decision-making behaviour. The issues relating to the decisions
individuals make when facing longevity risk appear to have gained recognition and importance
in the literature. Theoretical studies have suggested that longevity risk plays an important role in
individuals’ decisions about consumption and saving,4 retirement timing5 and asset allocation.6

This paper focuses on the longevity risk issue at the individual level. Its purpose is to investigate,
through a questionnaire and an experiment with assumed scenario conditions, how households
adjust their consumption and investment plans in the face of longevity risk.
Modigliani and Brumberg and Modigliani and Ando7 have developed the “life-cycle

hypothesis”, which states that households tend to maintain a steady expenditure over their
entire lifespan. Then, Modigliani8 points out that savings should be positive for households
during their working life and negative during retirement; thus, a chart of savings over time
would be bell-shaped. Moreover, some scholars have used the “habit formation” theory,
according to which an individual’s past consumption might influence the utility of current
consumption.9 In other words, “habit formation” implies that it is difficult for individuals to
change their consumption behaviour significantly. However, some studies disagree with the
“habit formation” theory and argue instead that when people become aware of longevity risk,
they will reduce their expenditure and increase their precautionary saving.4 Thus, the issue of
how people adjust their consumption plans in response to longevity risk remains a controversial
one that needs to be investigated further. Some of the theoretical studies relating to the
asset allocation decisions of individuals over time have shown that the risk asset holding is
independent of both the age and wealth of an individual under certain specific assump-
tions.10,11 Subsequent, studies have applied parts of these theoretical model assumptions and
derived different results based on the original model. Households decrease the percentage of
risky assets in their portfolio as they age if the asset returns are not followed by an independent
and identical normal distribution over time.12 Furthermore, Hochguertel13 finds the share of

2 MacMinn et al. (2006); Stallard (2006).
3 MacMinn et al. (2006).
4 Cocco and Gomes (2009); De Nardi et al. (2009).
5 Cocco and Gomes (2009).
6 Menoncin (2008); Milevsky et al. (2006); Schulze and Post (2010); Stevens (2010); Cheng and Han (2011);
Post (2012); Yogo (2012).

7 Modigliani and Brumberg (1954); Modigliani and Ando (1957).
8 Modigliani (1986).
9 Dynan (1993); Fuhrer and Klein (2006).
10 Mossin (1968); Merton (1969); Samuleson (1969).
11 The theoretical result is based on the following important assumptions. Firstly, the representative agent has the

constant relative risk aversion (CRRA) utility function. Secondly, asset returns are independently and
identically distributed over time. Thirdly, the representative agent has no labour income or a non-tradable
asset. Finally, the financial market is a frictionless and complete market.

12 Kandel and Stambaugh (1996); Campbell and Viceira (1999); Barberis (2000).
13 Hochguertel (2003).
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risky assets to total wealth to be hump-shaped over the working lifetime, assuming income
uncertainty, liquidity constraints and precautionary saving behaviour. With respect to
investment decision under longevity risk, Yang and Huang14 document that individuals will
include more risky assets in their portfolio during the annuity accumulation period to
mitigate the longevity risk. Thus, based on the above theoretical literature, we predict that
households may adjust their risky asset holding in response to longevity risk.
Although previous scholars have provided evidence on decision-making behaviour in

relation to longevity risk based on theoretical models,15 relatively few studies have used
empirical data to investigate this issue, partly because of the lack of detailed data. Most
previous empirical studies support a strong negative relationship between the age and the
percentage of risky assets in the portfolio.16 By using cross-sectional data, Yoo17 finds that
the ratio of risky assets to wealth increases over the individual’s working life, and then
declines after retirement. Furthermore, Post and Hanewald18 provide the first empirical
evidence within the growing theoretical literature that analyses individual decision-making
under longevity risk. In this paper, we use a questionnaire-based experimental methodology
to investigate how households adjust their decisions under longevity risk. Our paper
contributes to the literature in two ways. Firstly, previous papers often examine either
consumption or investment decisions concerning a change in life expectancy. However, the
interaction between consumption and investment should be taken into account. Secondly,
finding an appropriate proxy for measuring longevity risk by using real data may be
difficult. Furthermore, collecting real data over a long-term period is expensive and
time-consuming. In our study, we use uncertain life extension as the proxy for the longevity
risk and observe participants’ decision-making behaviour in such a scenario. Thus, our usage
of a questionnaire-based experimental approach in these circumstances provides an
alternative method for analysing multi-dimensional plans made by households faced with
longevity risk.
In our study, we invited participants who are the heads of households, are aged between 30

and 45 years and married, to indicate their consumption and investment decisions in two
scenarios. In the process of collecting data, we recorded their consumption and investment
plans, with and without longevity risk. We then analysed how each household’s demo-
graphic characteristics affect consumption and investment plans under longevity risk. With
regard to consumption plans, our empirical results show that the household will reduce their
consumption significantly when they are faced with longevity risk. Our finding is consistent
with the conclusions in the theoretical literature that an increase in precautionary saving
could be an optimal response to longevity risk. With regard to investment decisions, we find
that households intend to increase significantly the risky asset portion of their investments
before retirement in response to longevity risk. This may be because they take on more risk
in the expectation of higher returns, which can increase the extra money needed to pay for a
longer life expectancy. However, households become more conservative towards risky asset
holding after retirement even if they face longevity risk. Furthermore, our empirical results

14 Yang and Huang (2009).
15 Schulze and Post (2010).
16 Bodie and Crane (1997); Heaton and Lucas (2000); Bertaut and Starr McCluer (2002).
17 Yoo (1994).
18 Post and Hanewald (2013).
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also indicate that households with females, more children, higher health expenditure and
absolute risk aversion increase the portion of their risky asset holding to a lesser extent over
their entire lifespan, compared with other households. From the above results, we find that
household characteristics determine if they will actively modify their investment decisions to
manage longevity risk. Our empirical findings support the conclusion that households adjust
their consumption and investment plans in response to longevity risk.
The remainder of this paper is organised as follows. Longevity risk will be discussed in

the next section. Then, we explain the methodology we used to investigate participant’s
behaviour in response to longevity risk. The latter section contains variable definitions,
summary statistics and empirical results. Some discussions and implications are presented in
the penultimate section. We provide our conclusions in last section.

Longevity risk

Longevity risk may be defined at an aggregate or individual level. At the aggregate level,
longevity risk may be defined as the risk that the average member of a birth cohort will live
beyond the normal life expectancy. At the individual level, longevity risk may be defined as
the risk of outliving one’s accumulated wealth. The reduction in mortality rates for older aged
individuals also induces some social and economic challenges. Fertility rates have fallen in
many countries and this, in conjunction with the increase of the elderly population, has caused
the inversion of some countries’ age distributions and increased the severity of the longevity
risk problem for many government pension plans by both extending the payout period and
reducing the tax base.3 Furthermore, the government has also broadened expenditure on public
health insurance because of the increase in the proportion of the elderly. Life insurers also face
the pressure of longevity risk. For example, in selling an annuity product to their customers,
they need to account for longevity risk, that is, the risk that annuitants might live longer on
average than anticipated in the life insurers’ mortality tables used to price annuities.19

Both practical and theoretical solutions for alleviating longevity risk have grown
increasingly in recent years. Capital markets indeed provide governments, corporations and
life insurers with vehicles to hedge longevity risk more efficiently.20 Many market investors
may be interested in longevity derivatives, since mortality-linked products can provide a
zero-beta asset to diversify their portfolios.21 Thus, some mortality-linked products
have been created by the capital market (longevity bond, 2003; q-forward contract,
2008; longevity swap, 2008). Many studies have also provided possible measurements
for evaluating these longevity derivatives, for example, the pricing of longevity bonds,22

pricing of longevity-linked derivatives such as survivor swaps,23 survivor forward24 and
q-forwards.25

19 Blake et al. (2006b).
20 MacMinn et al. (2006); Brown and Orszag (2006).
21 Blake and Burrows (2001).
22 Chen and Cummins (2010); Kogure and Kurachi (2010).
23 Dowd et al. (2006).
24 Dawson et al. (2010).
25 Deng et al. (2012).
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Although numerous studies have attempted to investigate from a macroeconomic
perspective what longevity risk is and how such risk can be mitigated, other studies have
also examined this issue from the individuals’ perspective and concluded that longevity risk
is also an important determinant in individuals’ decisions. However, only a few papers
discuss individuals’ decision under longevity risk by using empirical data. Post and
Hanewald18 show that individuals are aware of longevity risk by using a data set that
matches subjective survival expectations from the Survey of Health, Ageing and Retirement
in Europe (SHARE) with life table data from the Human Mortality Database. Furthermore,
they find that the awareness of longevity risk translates into an increased dispersion of
savings income, which indicates that disagreement effects impact the underlying decision-
making process. To follow the path of previous studies, our paper provides more empirical
evidence relating to the decision-making process in the face of longevity risk.

Methodology

Process of collecting data

We invited programmers to design the interactive experimental system on an Internet
website.26 We published our recruiting information in an Internet bulletin. In order to reduce
sampling error, our sample is selected based on the general population structure of Taiwan.
The participants, who are the heads of households aged between 30 and 45 years old and
married, were selected randomly. One participant needed to spend approximately 40 min to
finish all the steps in our experiment. Our sample contains 112 participants. After deleting
data with missing values, we kept 100 samples for use in our regression analysis.
When participants decided to take part in our experiment, they were not initially informed

about exactly what this experiment would be in relation to the issue of longevity risk.
They were only invited to take part in an activity relating to “economic decision-making”.
Therefore, self-selection depending on the type of experiment is avoided in our study. At the
beginning of the experiment, we explained the rules of the activity to the participants,
including how to use the interactive platform. However, in order to prevent the longevity
perception affecting participants’ behaviour, we did not hint at any concept of uncertain life
extension until during the last round of the experiment.
After this, the participants were asked to fill in a questionnaire, with details about the

characteristics of their households. This questionnaire contains three parts, pertaining to
household demographics, health status perception and risk aversion. We used Eisenhauer
and Ventura’s27 method to measure the risk aversion of participants because their method
includes a discrete theoretical model and contains only one question. This measurement can
help us to estimate the risk aversion of participants quickly and precisely. All participants are
asked to complete three rounds of the experiment. The first two rounds were conducted in
the same conditions in order to deal with the possible learning effect during the experiment.
In the first round, without longevity risk, participants make their consumption and

26 Our website is on http://163.13.214.148:8080/life/index.html?method=login. The language of our interactive
experimental platform is designed in Chinese.

27 Eisenhauer and Ventura (2003).
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investment decisions based on the life expectancy they indicate in their questionnaire.28

In the second round, participants make their decisions under the same conditions as the first
round. Changes in decisions between the first and the second round can be attributed to the
learning effect. In order to examine whether the learning effect is significant during our
experiment, we test whether the difference between the decisions in the two rounds is equal
to zero or not. The empirical evidence supports the finding that the mean difference between
the two rounds of decisions is not significantly different from zero and, therefore, that the
learning effect is insignificant in our experiment. In the third round, participants are told that
they may have an uncertain life extension for another 0–10 years, and then asked to complete
their plans again.29 The only difference between the second round and the third round is a
possible life extension. We use the life extension possibility as the proxy for longevity risk,
and observe how the households chose to adjust their consumption and investment plans
after incorporating a longevity risk into the experiment. The experimental framework is
shown in Figure 1. We obtain information such as salary, net wealth and salary growth
expectations from the questionnaires, and use these as data values in our experiment.30

Participants are initially asked to repeat several turns of consumption and investment
decisions31 before retirement, assuming that they are 5 years older at each turn. At each turn,
consumption and investment decisions are repeated with a different age, and they are given
an estimated salary as income, calculated on the basis of their initial salary. At each turn,
participants have to decide how much money they would spend, and then decide what
percentage of their money they would invest in riskless assets and risky assets. We assume
that the risk-free return is 3 per cent. The average and standard deviations of the risky asset
return are 6 and 7.5 per cent, respectively. The risk-free return is publicly available
information; however, the risky asset return is a random variable for all participants. (They

(1) Before experiment    (2) Pre-retirement period         (3) Post-retirement period         (4) Extended 
(before 65 years old)  (65 years old- life

 expectancy)
life expectancy

 (0–10 years)

The first round contains steps 1, 2, and 3. The participants proceed to fill in the questionnaire with their consumption 
and investment decisions until they reach the age of their life expectancy. The second round contains steps 2 and 3. The 
participants still make their decisions under the same conditions in the first round. In the former two rounds, they make 
decisions without a longevity risk. Moreover, we find that the learning effect is insignificant during our experiment. The 
third round contains steps 2, 3 and 4. In step 4, participants’ life expectancy has the possibility of being extended between 
0-10 years. At this stage, participants are able to incorporate longevity risk into their decisions. The purpose of our paper is
to investigate how the household will adjust their c onsumption and investment plans under longevity risk.

Participants fill out the 
questionnaire and understand 
the rules of the experiment. 

 Participants proceed with their 
consumption and investment 
decisions when earning salary 
(before retirement). 

 The participants proceed with their 
consumption and investment decisions 
when not earning salary (after retirement).  

Figure 1. Experimental framework.

28 People often have a prediction about how long they will live based on their perceptions about their average life,
health status and hereditary disease.

29 In order to avoid participant’s decisions being influenced by perceptions of longevity risk, they are not informed
that they will face longevity risk until they have completed all the steps during the experiment.

30 The participants filled in their net wealth, monthly salary, salary growth and life expectancies in the
questionnaire. We used this real information to calculate future salaries in each turn.

31 In this paper, we define a series of decisions in our experiment as plans.
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only know the average and standard deviation of the risky asset return.) The process of
wealth accumulation during the pre-retirement period is shown in Eq. (1).

Wt + 1 = ðWt + St -CtÞ½αtð1 + rf Þ + ð1 - αtÞð1 +ertÞ�
t= 1; 2; 3; 4; 5; 6; 7 ðPre-retirement: 30 to 65 years oldÞ; ð1Þ

Wt+1 andWt is the household wealth at turn t+1and t, respectively. St is salary at turn t. The
questionnaire provides information regarding monthly salary and salary growth for each
participant. Ct is the consumption amount at turn t. rf and ~rt are the risk-free return and risky
asset return, respectively. Each household decides how much money it will spend at the
beginning of a turn. Then, the household decides what percentage α and 1−α will be invested
in riskless assets and risky assets, respectively (Table 1).
Participants are assumed to retire at 65 years old, after which they would no longer receive

a salary.32 At assumed retirement, participants are asked to repeat the consumption and
investment decision in the same manner as for the pre-retirement period. In the second round,
the participants are told that they would die at the age of their life expectancy indicated in
their questionnaire. For example, if a participant expects to live until 75 years old, he
or she repeats the decision-making in 5-year intervals for nine turns (bringing the participant
to the age of 75). This creates a situation where there is no longevity risk, as each individual
could predict how long they would live. Without longevity risk, participants make their
consumption and investment decisions based on their life expectancy. In the third round,
participants have the opportunity to live an additional 0–2 extra turns.33 We assume the life
extended probability follows the exponential function 1/(1+expα).34 In other words,
participants could have 0–10 years life extensions (see step 4 of Figure 1). Although the
participants know they will have the chance to extend their life, they do not know the exact
life extension. With longevity risk, participants make their consumption and investment

Table 1 Number of turns per life expectancy

Life Expectancy Under 64 65–69 70–74 75–79 80–84 85–89 Over 90

Number of turns 7 8 9 10 11 12 13

32 The pension system in Taiwan is very complicated. In order to avoid different salary amounts during post-
retirement period disturbing decision-making behaviour under longevity risk, we assume that there is no income
after retirement.

33 One definition of longevity risk refers to the randomness around the trend in improvements of future mortality.
However, in this paper, we follow definition of Blake et al. (2006a), who regard longevity risk as arising where
“members of some reference population might live longer on average than anticipated”. We use this definition
for two reasons. Firstly, the empirical evidence generally supports the conclusion that life expectancy has been
improved in past two decades (Vaupel 1986; Oeppen and Vaupel, 2002). Thus, the assumption of a longer
expected lifetime in our study seems reasonable. Secondly, we find the stochastic mortality modelling
assumption to be too complicated and difficult to understand by our participants. Thus, we think that the use
of uncertain life extension as the proxy for longevity risk could be better than the use of the stochastic mortality
assumption.

34 We set alpha equal to 0.5 in our experiment. The computer will give the random life extension to each
participant by this formula.
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decisions based on the uncertain life extension again. The process of wealth accumulation
after retirement is shown in Eqs. (2) and (3).

After retirement without longevity risk

Wt + 1 = ðWt -CtÞ½αtð1 + rf Þ + ð1 - αtÞð1 +~rtÞ�
t= 8; 9; ¼ ; n; ð2Þ

(Post-retirement: 65 years old to the participants’ life expectancy n)

After retirement with longevity risk

Wt + 1 = ðWt -CtÞ½αtð1 + rf Þ + ð1 - αtÞð1 +~rtÞ�
t= 8; 9; ¼ ; n; n + 1; n + 2; ð3Þ

(To extend the participants’ life expectancy between 0 and 2 additional turns)

The main difference between the two rounds is that in round 3, the participants do not know
when they will die. Thus, they could adjust their consumption and investment plans with a
possible extra lifespan. We use this uncertainty in life extension as the proxy for longevity risk.
As the other conditions were maintained as in the former round, we are able to observe how
participants adjust their consumption and investment plans in response to longevity risk.

Summary statistics and empirical results

Summary statistics

The main purpose of this paper is to investigate how households adjust their decisions under
longevity risk. Initially, participants are asked to complete a background questionnaire
covering household demographics, health status perceptions and risk aversion. The
demographics variables include gender, education, number of children, family salary, net
wealth and bequest motivation. The variables relating to health status perceptions include
the participants’ life expectancy, health status and health-care expenditure. We used
Eisenhauer and Ventura’s27 method to measure the risk aversion of participants. Some
variables including sex, age, salary, education, number of children, net wealth, life
expectancy, health-care expenditure, bequest motivation and absolute risk aversion were
used in regression to analyse how households with different characteristics adjust their plans
in response to longevity risk. The variable definitions are described in Table 2.
Tables 3 and 4 respectively present the descriptive and quantitative statistics for our

participants. In Table 3, the percentages of male and female participants are 56 and 44 per
cent, respectively. The percentage of participants who graduated from university or college is
approximately 57 per cent. The percentage of participants with an education level above
university or college is approximately 19 per cent. Nearly 43 per cent of participants do not
have any children, while 50 per cent have one or two children. This reflects the low birth rate
in Taiwan. The percentages of participants who report their health status as excellent and
good are 25 and 32 per cent, respectively. Nearly 38 per cent of participants consider their
health status to be mediocre. The participants show that their risk attitudes are respectively
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risk-averse (68 per cent) and risk neutral (28 per cent). Only 4 per cent of the respondents are
classified as risk lovers.
Table 4 shows the quantitative statistics of our research. Participants’ average life

expectancy is 77.4 years, which is consistent with Taiwan’s average life expectancy
(75.9 years for males and 82.5 years for females). The average annual household salary is
approximately US$30,456, and the maximum and minimum are US$80,004 and US$8,004,
respectively. This shows that a significant difference in household salaries exists. The
average net wealth and health expenditure of the households are respectively US$66,625 and
US$1,183.35 Bequest motivation measures how much money parents intend to leave to their
children. The average bequest motivation is nearly US$103,167. Therefore, bequest
motivation seems to play an important role in households’ financial decisions in Taiwan.
Following Eisenhauer and Ventura’s27 methodology, we calculate the average absolute risk
aversion to be 0.0980.
Based on the above statistics, we found that the ageing population is a serious problem in

Taiwan because of prolonged lifespans and low fertility. An ageing population raises issues
such as reduced tax revenue and labour supply shortages, with one of its most important

Table 2 Variable definitions

Variable names Variable definitions Abbreviation

Demographic
Gender Gender is the dummy variable with value 1 if the head of the household is male,

and 0 otherwise.
Sex

Age Age of the respondent. Age
Education The education years of the head of the household. We translate the rank into

education years by the following rules. The education years are 9, 12, 16
and 18 years if education level is, respectively, junior high school or under,
senior high school, university and graduated school.

Edu

Salary The variable is the aggregate sum of the salaries of all family members. S
Net wealth The net wealth is defined as the total value of the household’s assets minus the

total value of its liabilities.
NW

Children The variable means the number of children under 18 years old. Chi
Bequest

motivation
This variable means how much money the household has the willingness to left

to their children after parents died.
B

Health situation perception
Life expectancy The participant predicts how long they will live. LE
Health status The participant thinks the personal health status based on his own historical

medicine record. This variable can be divided into several degrees including
excellent, good, mediocre, illness and serious illness.

HS

Health-care
expenditure

The average amount of health-care expenditure spent by the household per
year.

HE

Risk attitude
Absolute risk

aversion
The variable is defined as the Arrow-Pratt measure of absolute risk-aversion

(ARA).
ARA

35 The average health expenditure in Taiwan is lower than in other countries. This could be because the Taiwan
government provides National Health Insurance (NHI) to every citizen.
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effects being a significant increase in pension and medical expenditure. Longevity risk
influences people’s consumption and investment decisions. However, increasing saving and
reducing expenditure in response to longevity risk will impede economic growth. Furthermore,
many studies argue that a change in the age structure of the population will be reflected in a
change in investment needs and will cause price fluctuations in the capital market.36 Thus, the
ageing issue and reducing the negative impact of longevity risk will remain a very important
issue for Taiwan.

Table 4 Summary statistics

N Mean Standard deviation Max Min

Life expectancy 100 77.4 8.1489 90 60
Salary 100 30,456 12,840 80,004 8,004
Net wealth 100 66,625 81,627 450,000 6,667
Health expenditure 100 1,183 3,547 33,333 0
Bequest motivation 100 103,167 95,895 333,333 0
Absolute risk aversion 100 0.0980 0.1174 0.2 −0.2

(All monetary amounts are originally recorded in NT dollars. In Table 4, we convert the amount from NT dollars to
U.S. dollars using an exchange rate of NT dollars to U.S. dollars of approximately 30 (NTD/USD=30)).

Table 3 Descriptive statistics of participants (N=100)

Variable Percentage

Gender Male 56
Female 44

Education Junior high school or under 2
Senior high school 22
University or college 57
Master degree 18
PhD degree 1

Number of children None 43
One 19
Two 31
Three 7

Health status Excellent 25
Good 32
Mediocre 38
Ill 4
Seriously ill 1

Risk attitude Risk aversion 68
Risk neutral 28
Risk lover 4

36 Goyal (2004); Ang and Maddaloni (2005).
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Regression model

We investigate how households adjust their consumption and investment plans under
longevity risk. In the second round of the experiment, households make their decisions in
the absence of longevity risk, and in the third round, the households make their decisions
with a longevity risk, but with other conditions remaining the same. We denote Cj, as the
ratio of average consumption to average salary in the period j ( j=1, 2, 3). The period j refers
to specific periods, including the pre-retirement period ( j=1), the post-retirement period
( j=2) and the entire lifespan ( j=3). ΔCj, defined as Eq. (4), refers to the differences in the
consumption-to-salary ratio in the second round and in the third round. We set the null
hypothesis at ΔCj=0. If households adjust their consumption level in response to longevity
risk significantly, the null hypothesis examined by the t-test will be rejected.

ΔCj =
ACj

ASj

� �
with longevity

-
ACj

ASj

� �
without longevity

: (4)

Furthermore, we denote Stockj as referring to the average amount that households invest
on risky assets within period j. Similarly, Risklessj refers to the average amount that
households invest on riskless assets within period j. We denote Ij as the ratio of risky assets to
the aggregate of riskless and risky assets in each period. ΔIj, defined as Eq. (5), refers to the
change portion of risky assets with and without longevity risk. We set the null hypothesis at
ΔIj=0. If households adjust their risky asset portion in response to longevity risk
significantly, the null hypothesis subjected to the t-test will be rejected.

ΔIj =
Stockj

Risklessj + Stockj

� �
with longevity

-
Stockj

Risklessj + Stockj

� �
without longevity

: (5)

Furthermore, in Model 1, we use the regression to investigate what factors will affect
participants’ consumption and investment decisions under longevity risk. The dependent
variable in Eq. (6) is measured by the differences between consumption decisions in the second
and the third rounds (ΔCj). Similarly, the dependent variable in Eq. (7) is measured by the
proportional change of risky asset (stock) in the second and the third round (ΔIj). The
independent variables include sex, age, salary, education, number of children, net wealth, life
expectancy, health-care expenditure, bequest motivation and absolute risk aversion.

Model 1:

ΔCij = α + β1Sexi + β2Agei + β3Si + β4Edui + β5Chii + β6NWi

+ β7Lifei + β8HEi + β9Bi + β10ARAi + εcij; ð6Þ
ΔIij = α + β1Sexi + β2Agei + β3Si + β4Edui + β5Chii + β6NWi

+ β7Lifei + β8HEi + β9Bi + β10ARAi + εsij: ð7Þ

Empirical results

Table 5 shows the t-test for the difference between consumption and investment decisions of
the households when faced with or without longevity risk. We find that households reduce
their consumption levels significantly during the pre-retirement, post-retirement and entire
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lifespan period. Moreover, we discover that the mean and standard deviation for the post-
retirement period is larger than for the pre-retirement period. This indicates that households
will reduce their expenditure to a greater extent in response to longevity after retirement.
Figure 2 shows that the pattern of consumption plans is bell-shaped, which is consistent with
the results of Modigliani’s study.8,37 We also find that households reduce their expenditure
over their entire lifespan in response to longevity risk. Furthermore, Figure 3 shows
that the average saving ratio maintains at certain level.38 This could be because individuals
have less income and decrease their expenditure simultaneously after they retire from
their work. Our findings are consistent with previous studies, which conclude that house-
holds will reduce their expenditure and increase precautionary saving in order to mitigate
longevity risk.4

For investment decisions, we find that before retirement, households reduce their
percentage of risk-free assets and invest more money into risky assets in response to
longevity risk. That is to say, people may take more risks in the expectation of higher returns
to supplement the additional costs of a longer life expectancy. However, this phenomenon
cannot be detected during the post-retirement period and the entire lifespan period.
In Figure 4, we also discover that the ratio of risky assets in the face of longevity risk is
higher than in the absence of longevity risk before retirement. However, people become
more conservative during the post-retirement period even if they face longevity risk. Figure 4
also supports many previous findings that households gradually reduce their risky portfolio

Table 5 T-test for differences in consumption and investment decisions with and without a longevity
risk

Definition Mean SD t-value p-value

ΔC1 AC1
AS1

� �
with longevity pre - retirement

- AC1
AS1

� �
without longevity pre - retirement

−0.019 0.061 −3.15 0.0021***

ΔC2 AC2
AS2

� �
with longevity post - retirement

- AC2
AS2

� �
without longevity post - retirement

−0.103 0.339 −3.05 0.0030***

ΔC3 AC3
AS3

� �
with longevity whole life

- AC3
AS3

� �
without longevity whole life

−0.061 0.178 −3.45 0.0008***

ΔI1 Stock1
Riskless1 + Stock1

� �
with longevity pre - retirement

- Stock1
Riskless1 + Stock1

� �
without longevity pre - retirement

0.017 0.081 2.13 0.0360**

ΔI2 Stock2
Riskless2 + Stock2

� �
with longevity post - retirement

- Stock2
Riskless2 + Stock2

� �
without longevity post - retirement

−0.021 0.152 −1.37 0.1752

ΔI3 Stock3
Riskless3 + Stock3

� �
with longevity whole life

- Stock3
Riskless3 + Stock3

� �
without longevity whole life

0.014 0.095 1.44 0.1528

Notes: (1) AC and AS refer to average consumption and average salary in period j, respectively.
(2) *p< 0.1; **p< 0.05; **p< 0.01.

37 The shape of consumption profiles is still a controversial issue that needs to be further investigated. One of the
challenges to the life cycle model is the question of whether the empirical data really supports the fact that
people save when they are young and reduce their saving when they grow old. Some papers have provided
empirical support for the life-cycle hypothesis (Shorrocks, 1975; Modigliani, 1986). However, some empirical
studies have found that the level of consumption is not reduced among the elderly (Mirer, 1979; Avery and
Kennickell, 1991). Some studies have provided possible explanations for this phenomena, including bequest
motivations, unexpected medical expenditures and longer life expectancy.

38 In order to avoid different pension systems in Taiwan disturbing decision-making behaviour under longevity
risk, we assume that there is no income after retirement. If we assume the income after retirement is the average
income during the working period, the average saving profiles look like Figure 3.
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starting from the mid-life stage.39,40 Our empirical result is consistent with the conclusion of
Yang and Huang14 that making a more aggressive asset allocation during the annuity
accumulation period is a good way to mitigate the longevity risk for defined contri-
bution (DC) pension plan members. Furthermore, Cocco and Gomes5 also document that
individuals will benefit from investing in risky assets that can be used as a hedge against
longevity risk.
Table 6 shows the relationship between households’ demographic characteristics and their

decisions. Nearly none of the demographic variables affects consumption decisions, apart
from age and gender variables. We find that females will reduce their expenditure more than
males in order to deal with longevity risk before retirement. Older-aged individuals also
increase their saving during the post-retirement period and over their entire lifespan. These
two demographic characteristics have long been hypothesised as affecting human behaviour
in the literature. However, our study shows that demographic variables other than gender and
age hardly explain consumption changes under longevity risk. For investment decisions, our
empirical results also show that households with particular characteristics, such as includ-
ing females, more children and with higher health-care expenditure, will increase the
proportion of their risky assets to a lesser extent before retirement in response to longevity
risk, compared with other households. After retirement, households with higher education,

Figure 2. The average consumption amount with and without the longevity risk.

39 Campbell (2006); Fagereng (2009).
40 The shape of risky share profiles over an individual’s lifespan is still a controversial issue. Many existing studies

support a strong negative relationship between age and the percentage of risky assets in the individual’s
portfolio (Bodie and Crane, 1997; Heaton and Lucas, 2000; Bertaut and Starr McCluer, 2002). Furthermore,
some studies also find the risky share to be hump-shaped over an individual’s working lifetime (Hochguertel,
2003). Yoo (1994) finds that the ratio of risky asset to wealth increases over the working life and then declines
after retirement. Our results support the shape of risky share profiles decreases with age.
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more children and a higher risk aversion will increase the proportion of their risky assets to a
lesser extent compared with other households.
Over their entire lifespan, households with females, more children, higher health-care

expenditure and higher risk aversion will increase the proportion of their risky asset
holding in response to longevity risk, to a lesser extent than other participants. Our study
shows that parents in Taiwan still regard children as an important factor in their investment
decisions when they face longevity risk. The possible explanation for this is that parents with
more children in Taiwan may expect to receive financial support from their children in the

Figure 4. The average risky asset ratio with and without the longevity risk.

Figure 3. The average saving ratio with and without the longevity risk.
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future, and consequently change the proportion of their risky assets to a lesser extent
compared with other households without children. Moreover, we find that females are more
conservative with financial risk-taking than males when they face longevity risk. This could
be because women are more risk-averse than men.41 Furthermore, households with a higher
ARA are more conservative with financial risk taking in response to longevity risk. Thus,
households with females, more children and higher risk aversion may adjust their holding of
risky assets discretely.
Furthermore, we also conduct a post-experimental survey in order to check robustly

participant’s decisions during our experiment. One question in our post-experimental survey
is as follows: “Please rank the following types of behaviour that you will take in order to
respond to longevity risk”. For this purpose, five types of behavioural responses are listed,
including reducing expenditure, increasing the proportion of risky assets, purchasing real

Table 6 The relationship between decisions and backgrounds of households (N=100)

Before retirement After retirement Whole life

Consumption
change ΔC1

Stock holding
change ΔI1

Consumption
change ΔC2

Stock holding
change ΔI2

Consumption
change ΔC3

Stock holding
change ΔI3

Intercept 0.1659 0.6203* −0.2392 0.9276 -0.0367 0.6307*
(0.6354) (0.0684) (0.8704) (0.1331) (0.9626) (0.0780)

Gender 0.0549** 0.0636*** 0.0399 0.0378 0.0474 0.0480*
(0.0260) (0.0078) (0.6952) (0.3767) (0.3844) (0.0539)

Age −0.0015 −0.0007 0.0302** 0.0024 0.0144** 0.0011
(0.6084) (0.7925) (0.0150) (0.6456) (0.0297) (0.6995)

Income 0.0080 −0.0141 0.1352 −0.0147 0.0716 −0.0118
(0.7936) (0.6332) (0.2925) (0.7845) (0.2964) (0.7038)

Education −0.0167 0.0013 0.0110 −0.0676** −0.0028 −0.0184
(0.3730) (0.9414) (0.8873) (0.0405) (0.9459) (0.3287)

Children 0.0036 −0.0363*** −0.0793 −0.0635** −0.0378 −0.0439***

(0.8004) (0.0100) (0.1898) (0.0132) (0.2407) (0.0033)
Net wealth 0.0049 −0.01028 −0.0793 −0.0239 −0.0372 −0.0131

(0.6767) (0.3681) (0.1124) (0.2512) (0.1624) (0.2762)
Bequest −0.0187 −0.0023 −0.0511 0.0007 −0.0349 −0.0030

(0.2228) (0.8749) (0.4245) (0.9806) (0.3078) (0.8462)
Health care 0.0050 −0.0241** −0.0513 −0.0219 −0.0232 −0.0211**

(0.6213) (0.0143) (0.2240) (0.2144) (0.3030) (0.0403)
Life expectancy −0.0054 0.0049 0.0034 0.0117 −0.0010 0.0063

(0.4779) (0.5034) (0.9142) (0.3788) (0.9539) (0.4114)
Absolute risk 0.0568 −0.08651 0.0500 −0.5120*** 0.0534 −0.2288**
aversion (0.6050) (0.4142) (0.9134) (0.0091) (0.8279) (0.0422)
Adjusted

R-square
0.0121 0.1889 0.0586 0.0671 0.0514 0.1294

Notes: (1) The number in ( ) indicates the p-value; (2) 0.1<p-value<0.05→*, 0.01<p-value≦0.05→**,
p-value≦0.01→***.

41 Palsson (1996).
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estate, finding a part-time job to generate additional income and purchasing a commercial
annuity. Nearly 40 and 26 per cent, respectively, of the participants make their priority
choice the reduction of expenditures and the purchase of real estate. Approximately
17 per cent make their priority choice the increase in the proportion of risky assets. Based
on our empirical results and interviews with the participants, we find that reducing
expenditure is the priority choice when households face longevity risk. The second choice
is increasing the portion of risky assets.42

Discussions and implications

The population ageing problem is an important issue that will affect most countries around
world. The changes in population structure result from the low fertility and mortality. The
structure will change the economic situation of countries because different age groups have
distinct needs, expenditure habits and productive capacities. Thus, an investigation of how
the longevity risk affects human behaviour with respect to consumption, saving and
investment is very important in an ageing society. At the aggregate level, an increase in the
percentage of elderly persons also has a significant impact on government spending. An
inevitable consequence of the ageing problem is that, to maintain certain benefit levels,
the government will increase expenditures on the public pension system. Then, because
the probability of chronic disease increases with age, expenditure on the health-care
system is also expected to increase sharply. Thus, the appropriate reform to control costs
and reduce the burden on the public pension and health-care system is an important
issue in an ageing society. Furthermore, in such a society, the country faces a decline in
tax income and a decrease in the working age population, which may lead to a shrinking
economy. The ageing population structure of countries also leads to some challenges,
including debt, deficits and even deflation. Thus, policies such as the relaxation of
immigration restrictions and the broadening of the tax base should be considered. An
ageing population is also a serious problem in Taiwan because of its sharply increasing
elderly population and low fertility rate. The ratio of the ageing population to total
population in Taiwan is predicted to reach 20 per cent in 2026 and Taiwan’s fertility
rate, with an average of one child per woman in 2009 and 2010 has become the lowest in
the world. Thus, investigating household consumption and investment decisions in
response to longevity risk should be beneficial in providing some policy options for the
Taiwan government.
Our empirical results indicate that when households face longevity risk, they will reduce

their consumption regardless of the period (pre-retirement, post-retirement or entire lifespan
period); that is, households will save more money in order to deal with longevity risk. If
households cut down on their expenditure and save a larger portion of their income under
longevity risk, such consumption retrenchment will impede economic growth. Thus, some
policies that will help to mitigate the adverse impact of longevity risk could be considered.
For example, governments can provide tax reduction incentives to encourage households to

42 Purchasing real estate may be regarded as one kind of investment in risky assets. Because our experiment did
not include any decisions relating to purchasing real estate, we might underestimate that the participants have
the willingness to increase their risky asset holdings.
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buy more private health insurance and long-term care insurance,43 which will stabilise
health-care expenditure under longevity risk. If households face less uncertainty about
health-care expenditure in the future, they may be more willing to spend more money, even if
they face longevity risk. Furthermore, we also observe that there is a significant drop in
consumption between the pre-retirement period and the post-retirement period. In other
words, people will prefer to reduce their consumption level after retirement because they
have less income during this period. Based on our empirical results, the Taiwan government
may raise the retirement age. This policy will not only encourage Taiwanese workers to
remain in the labour force longer (thereby mitigating the shortage of labour in the ageing
society), but also enable them to earn more income over their lifetime. The increase in
lifetime income could enable Taiwanese workers to save less and consume more during their
working years.
Since the ageing rate in Taiwan is projected to be faster than that of most developed

countries, the financial burden of health care and the public pension system in Taiwan will
inevitably increase in the future. In order to maintain some pension schemes, the Taiwan
government will need to increase expenditure on subsidising the public pension system.
The reform of the country’s pension system, though difficult, appears to be inevitable
in an ageing society. There are several possible ways that government can modify the
pension systems to reduce costs, including increasing worker’s contribution rates, reducing
pension benefits and raising the retirement age. Furthermore, because many public pension
schemes in Taiwan are in the form of defined benefit (DB) and pay-as-you-go plans, which
place severe financial pressure on the government budget, the gradual transfer of some
guaranteed pension plans to DC plans should be seriously contemplated by the Taiwan
government.44

Our empirical results also indicate that people hold more risky assets before retirement
when they face longevity risk. In other words, households may take greater risks in
order to exchange higher expected returns to supplement the additional costs of a longer
life expectancy. However, although they receive more risk premiums from risky assets,
they still cannot hedge against longevity risk, exactly because the risk premiums for these
assets depend on other risk factors that are not attributable to the risk from the unexpected
life extension. To hedge against longevity risk, the addition of mortality-based securities
to the investment portfolio should be considered. Cowley and Cummins45 have documented
that mortality risk is one of the drivers of the demand for insurance securitisation. Through
mortality-based securitisation, the insurer can provide insurance to cover part of the
longevity risk. If the capital market could create an asset such as survivor bonds or survivor

43 Taiwan’s National Health Insurance (NHI) programme, which is well known worldwide, was launched in
March 1995 with the goal to provide every citizen with equal access to comprehensive medical services
regardless of their socio-economic status. Thus, Taiwanese have a lower incentive to purchase private
(commercial) insurance and long-term care insurance.

44 The pension system in Taiwan may be divided into two broad categories: public and private. The public
pensions system, which provides a basic safety net for the elderly, includes civil government employees’
insurance, school staff insurance, military personnel insurance and the public service pension fund. Most of
public pension systems in Taiwan are designed as defined benefit (DB) and pay-as-you-go plans. The private
pension systems, which include labour insurance and a new labour pension fund, are designed as defined
contribution (DC) plans for private sector employees.

45 Cowley and Cummins (2005).
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swaps securitisation whose returns are highly correlated with the unexpected changes in life
expectancy, individuals may hedge against the longevity risk more efficiently. Such
mortality-based securitisation products would be beneficial for pension plan members
because they can avoid taking unnecessary additional risks in preparing to fund their
extended lives.

Conclusion

Because of the significant increase in average human life expectancy, individuals’ decision-
making behaviour in response to longevity risk has become an important topic of research.
Although many studies have contributed to the modelling of an individual’s decision-making
behaviour in response to longevity risk, their theoretical results need to be further tested with
empirical data. In this paper, we use empirical data to investigate how households adjust
their consumption and investment plans under longevity risk. Two main conclusions emerge
from our study. Firstly, we find that households reduce their expenditure in response to
longevity risk. This finding is consistent with the conclusions of many theoretical studies
that individuals will increase their precautionary saving when they face longevity risk.
Households also increase the portion of their risky assets before retirement under longevity
risk. Secondly, we find that households with females, more children, higher health
expenditure and greater risk aversion plan to increase the proportion of their risky assets to
a lesser extent in their whole life period under longevity risk, compared with other
households. Longevity risk will become a serious problem for the Taiwan government in
view of the increase in the ageing population. If people increase their saving and reduce their
expenditure continuously in response to longevity risk, consumer retrenchment will impede
economic growth. Therefore, the manner in which the Taiwan government avoids the
shrinking of the consumer market and encourages increased household expenditure in an
ageing society will become an important issue in the future.
With an ageing society, the financial burden of the pension system in Taiwan will

inevitably increase in the future. Thus, the government should seriously consider possible
ways to reduce the cost of the pension systems, including increasing workers’ contribution
rates, reducing pension benefits and raising the retirement age. Our empirical results support
the conclusion that people increase the portion of their risky assets before retirement when
they face longevity risk. However, the receipt of additional premiums from risky assets that
are not attributable to unexpected life extension cannot be used to hedge against longevity
risk effectively. If the government or the capital market could provide individuals with an
asset whose returns are highly correlated with the unexpected changes in life expectancy
(e.g. survivor bonds or survivor swap securitisation), such individuals may hedge their
longevity risk more efficiently. These mortality-based securitisation products would be
beneficial for pension plan members or households by enabling them to avoid taking
unnecessary risk in preparing to fund their uncertain life extensions.
Nevertheless, there are still some limitations to this study. One is that it does not consider

other ethnic groups and countries. Thus, our conclusions are only applicable to Taiwanese
households. Further studies to investigate the same issue in other countries should be
encouraged. Furthermore, while we only use the data collected in our experiment to undertake
our empirical regression, the individuals could adjust their consumption and investment
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decisions in real-life situations. Although collecting survey data is time-consuming and
expensive, the use of long-term panel data to investigate individuals’ behaviour under
longevity risk deserves further study. Another limitation of our paper is that the concept of
longevity risk used only considers a higher expected lifetime. However, a number of existing
studies refer to longevity risk as including not only a higher expected lifetime, but also the
randomness around the trend in improvement of future mortality. Advanced empirical work to
disentangle these two effects is therefore needed. Finally, individuals belonging to various
pension plans may react differently in response to longevity risk. Individuals with DB plans
may reduce their expenditure to a lesser extent than those with DC plans because they can
receive a certain amount of pension after retirement. Therefore, further research to investigate
whether people belonging to various pension systems make different consumption and
investment decisions in response to longevity risk should be encouraged.
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