
Insurance: Mathematics and Economics 99 (2021)

Contents lists available at ScienceDirect

Insurance: Mathematics and Economics

www.elsevier.com/locate/ime

Macro longevity risk and the choice between annuity products: 

Evidence from Denmark ✩

Anne G. Balter a,∗, Malene Kallestrup-Lamb b, Jesper Rangvid c

a Tilburg University and Netspar, the Netherlands
b Aarhus University and PeRCent, Denmark
c Copenhagen Business School and PeRCent, Denmark

a r t i c l e i n f o a b s t r a c t

Article history:
Available online 21 April 2021

MSC:
91B30
62C12
62P05

Keywords:
Macro longevity risk
Variable annuities
Defined contributions
Pension reform
Empirical decision making

We study a unique data-set containing individuals who were given the opportunity to substitute a 
guaranteed pension product with relatively low levels of risk for a market-sensitive pension product 
with both a higher degree of financial risk and exposure to macro longevity risk. Implicitly there is a 
longevity hedge built into the guaranteed product that is abolished when one switches to the market-
sensitive product. The analysis shows that situations might arise where expected pension payments in 
the market-sensitive product fall below expected pension payments in the guaranteed product, despite 
the fact that the former has a higher expected return from financial assets. We find that young male 
residents of Copenhagen with a degree in economics who are guaranteed a low return on their pension 
savings and have moderate pension wealth are more likely to switch to the market-sensitive pension 
product.
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1. Introduction

Pension systems around the world are challenged by unex-
pected increases in life expectancy (i.e. macro longevity risk), his-
torically low interest rates, and increased Solvency II capital re-
quirements. Consequently, the pension industry has witnessed a 
move from guaranteed pension products to market-sensitive pen-
sion products. The result is a significant risk transfer, from risk 
accruing to the pension provider to risk accruing to the individ-
ual pension holder. Even in countries like the Netherlands and 
Denmark, which have consistently been rated “the best pension 
systems in the world”, we observe a move towards more uncer-
tainty.1 In Denmark, to take just one example, around 10% of 
pension contributions went to market-sensitive products in 2005. 
In 2017 around 75% of pension contributions went to market-
sensitive products (FSA, 2017).
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The transfer of financial and longevity risk when moving from 
guaranteed to market-sensitive products significantly adds to the 
complexity of the choice of pension product. This leads to an in-
crease in the required degree of financial literacy of the individual 
to optimally plan and prepare for retirement. This is important as 
it is well-documented that individuals consistently make errors re-
garding financial decisions; see Mitchell (1988) and Van Rooij et al. 
(2011). It also raises the question of how to correctly inform pen-
sion holders about the multiple risk factors they face when they 
move away from a guaranteed product with a relatively low level 
of risk to a market-sensitive product.

Given these developments towards more risky pension prod-
ucts and the complexity associated with such products, it is im-
portant to understand what types of individuals choose a riskier 
(both in terms of financial and longevity risks) product, and what 
types choose a less risky one. Such studies have been sparse, not 
least due to the lack of data. Historically, the literature on pension 
choices has mainly investigated the puzzling unexplainably low de-
mand for annuitization; see Beshears et al. (2014), Brown (2001), 
and Bütler and Teppa (2007). We, however, investigate the choice 
between two annuity products rather than a lump sum.

To the best of our knowledge we are the first to provide empiri-
cal evidence on real transition decisions between annuity products. 
We study a unique setting where pension holders in a Danish 
pension fund were offered the choice to switch from a guaran-
teed product to a market-sensitive product. More specifically, their 
le under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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option was to choose between (i) macro longevity protection and 
little financial risk/low expected returns (the guaranteed product) 
and (ii) higher financial risk/higher expected return but also higher 
macro longevity risk (the market-sensitive product). Thus, in our 
setting, individuals were offered the opportunity to shift to a prod-
uct with more financial risk and more macro longevity risk.2 We 
ignore micro longevity risk as it is treated similarly in the two an-
nuity products in our setting. For a thorough treatment of micro 
longevity risk, see Milevsky (2020), Chen et al. (2015), and Don-
nelly et al. (2013).

Recent developments in longevity and the associated risk (Oep-
pen and Vaupel, 2002; Blake and Morales, 2017; Pascariu et al., 
2018) demonstrate that there is a need to understand how unex-
pected increases in life expectancy influence pensions. Qiao and 
Sherris (2013) investigate macro longevity risk and highlight its 
importance because benefit payments can be expected to decrease 
and the volatility of payments expected to increase over time. 
Maurer et al. (2013) show that many households with constant 
relative risk aversion prefer deferred annuities, that vary due to 
unexpected mortality developments, over deferred guaranteed an-
nuities. The latter type of annuity is expensive because its fair price 
includes longevity risk. Macro longevity risk in pooled funds is in-
vestigated by Piggott et al. (2005), who update the expectations 
of the individuals within group self-annuitisation in which macro 
longevity risk is not allowed to be shared among cohorts. De Wae-
genaere et al. (2017), De Waegenaere et al. (2018), and Broeders et 
al. (2019) explicitly investigate various sharing rules for different 
types of macro longevity risk.

This paper illustrates how changes in macro longevity affect ex-
pected pension payments in the market-sensitive product, based 
on actual changes in mortality rates in Denmark. These illustra-
tions show that situations might arise where expected pension 
payments in the market-sensitive product fall below expected pen-
sion payments in the guaranteed product, despite the fact that the 
market-sensitive product has higher expected returns from finan-
cial assets. The reason for this is that the market-sensitive product 
does not hedge longevity risk to the same extent as the guaranteed 
product. Consequently, if there are no increases in life expectancy, 
the expected pension payments in the market-sensitive product 
will dominate the expected pension payments in the guaranteed 
product. However, in Denmark, like in many other countries, future 
gains in life expectancies have consistently been underestimated 
(Oeppen and Vaupel, 2002; Murphy and Topel, 2006; Fund, 2012).

At this point we consider what types of individuals choose to 
switch from a guaranteed product to a market-sensitive product. 
We find that being young, male, living in Copenhagen, having an 
economics degree and moderate levels of pension wealth increases 
the probability that the individual will switch to a market-sensitive 
product. We also find that the higher the guaranteed return, the 
lower the probability of switching. This is interesting because a 
higher guarantee means that a larger fraction of pension savings 
must be allocated to the risk-free asset to secure the guarantee. We 
conclude that the built-in longevity hedge works in favour of the 
guaranteed product. Also, given that women live on average longer 
than men, the hedge of macro longevity risk in the guaranteed 
product should make the guarantee relatively more attractively to 

2 When investigating the effect of longevity, it is important to distinguish be-
tween micro longevity risk and macro longevity risk. The former involves the risk 
that an individual might live longer (or shorter) than the longevity forecast. This is 
an idiosyncratic risk that can be shared among individuals. Macro longevity risk, on 
the other hand, is the risk that the life expectancy of the population increases. This 
is a systematic risk. When the pool of individuals is large enough, micro longevity 
risk can be shared among the individuals in the pool. This means that the expected 
path of pensions will be unaffected by the existence of micro longevity risk. How-
ever, systematic macro-wide changes in longevity cannot be shared as they affect 
everybody in the pool.
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Table 1
Level of guarantees.

Date of admission Level of guarantee

Before 1 January 1990 3.70% or 4.25 %
1 January 1990 – 31 December 1996 3.70%
1 January 1997 – 30 June 1999 3.00%
1 July 1999 – 1 July 2005 2.00%
From 1 July 2005 0.00%

women. In support of this hypothesis, we find that women are less 
likely to relinquish the guarantee.

This paper is organised as follows. First we investigate the dif-
ferences between the two products the pension holders can choose 
in Section 2. In Section 3 we analyse which type of pension hold-
ers switch from guaranteed to market-sensitive pensions. Lastly we 
conclude in Section 4.

2. Pension products

We have access to a unique-data set from a Danish pension 
fund that offered its members a one-time voluntary switch from a 
guaranteed to a market-sensitive pension product. Until the mid-
2000s the fund only offered guaranteed average interest rate prod-
ucts. The level of the guaranteed returns was determined at the 
start of the contract, i.e. when the individual became a member 
of the pension fund. The higher the prevailing interest rate on the 
market upon entering the contract, the higher the guarantee. Due 
to falling interest rates during the last decades, the guarantees of-
fered by the fund have also fallen. As a result the members have 
been offered different guarantees, depending on their date of ad-
mission (Table 1), ranging from 4.25% to 0.00%. Pension holders 
with a guaranteed interest rate above zero are grouped into a sep-
arate division within the pension fund called Division 1.

In May 2007, the 31, 497 pension holders in Division 1 – who 
at the time had a guaranteed product – were offered a choice 
to voluntarily give up the guarantee in return for an investment 
strategy that enabled more risky investments and thus higher ex-
pected returns. It is important to stress that this transition was an 
individual voluntary choice, i.e. each member (with a guarantee) 
chose individually whether or not to switch from a guaranteed to a 
market-sensitive product. The pension holders received individual 
information from the pension fund describing the expected conse-
quences of their choices.3

2.1. The guaranteed pension product

A guaranteed pension product includes a return guarantee that 
is fixed and life-long. After the creation of a pension contract 
the guarantee does not depend on subsequent interest rate move-
ments, contribution rates, or developments in longevity. Thus, 
these products ensure pension holders a minimum annual return 
on their pension savings.4 The pension savings can be increased 
above the guaranteed rate due to bonus payments, which occurs if 
the actual investment performance exceeds the guaranteed return 
(thus they are only exposed to the upside). Pension holders were 

3 Source: A general information guide, “Pensionsvalg 2007”, was attached to the 
letter and individual pension overview received by Division 1 pension holders.

4 There has been a debate in Denmark about whether the annual guarantee 
should be understood as a minimum return every single year or as an average 
annual return during the accumulation phase. A 2016 court ruling by the Danish 
Supreme Court made clear that these are guaranteed average annual minimum re-
turns and thus not a return that the member can expect every single year. The 
Supreme Court case dealt with a different pension fund than the one we study, but 
the ruling means that the guaranteed return in our pension fund is to be under-
stood similarly as the average return over a number of years and not a guaranteed 
return every single year.



A.G. Balter, M. Kallestrup-Lamb and J. Rangvid Insurance: Mathematics and Economics 99 (2021)
told that their guaranteed rate of return was close to the prevailing 
interest rate on the market and that life expectancies had increased 
relative to when the members originally signed the pension con-
tract. For these reasons, the pension fund had to mainly invest in 
safe assets and buy return protection to honour the return guar-
antees. Moreover, members were informed that future expected 
Solvency II capital requirements would most likely lower expected 
returns for individuals with a guaranteed product as no bonus pay-
ments would be expected in the future. Overall this implied that 
the expected returns from the pension fund’s investments would 
be lower than the guaranteed return.

Furthermore, pension holders were told that if life expectancies 
continued to increase, only the minimum annual return would be 
added to their pension savings (any return above that level would 
be added to the reserve to circumvent unexpected increases in life 
expectancy). However, pension payments could not be reduced be-
low the certain minimum level. Thus, even if not explicitly stated, 
the fact that the pension fund was not allowed to reduce pensions 
below a certain minimum level, no matter the increase in life ex-
pectancies, means that an implicit longevity hedge was built into 
the guaranteed pension contract.

2.2. The market-sensitive pension product

A market-sensitive pension product, on the other hand, is one 
in which there is no positive minimum floor on returns, though 
sometimes a zero lower bound, and no hedge against macro 
longevity risks. Members were told that if they switched to the 
market-sensitive product, the guaranteed rate of return would be 
lowered to 0%, allowing the pension fund to invest more freely in, 
e.g. stocks and other higher-yielding assets. Members were thus 
informed that pensions would be expected to increase at a higher 
rate in the market-sensitive product (compared to the guaranteed 
product) but also with higher risk/variance. The information mate-
rial did not distinguish between the accumulation and decumula-
tion phase, i.e. the 0% guarantee implicitly only applied to the ac-
cumulation phase as pension payments in the decumulation phase 
would be reduced if the pension fund performed consistently badly 
in the financial market or experienced unexpected increases in life 
expectancy.

Members were also told that if they gave up the guarantee, 
they would receive a compensation equal to 20% of their accumu-
lated pension wealth, i.e. the pension wealth of members would 
be increased by 20% if they switched to the market-sensitive prod-
uct. The reason was that the return protection had a positive net 
present value at the time of the switch, i.e. the proceeds from the 
sale of the return protection would be added to the accounts of the 
members who switched. It is important to stress that the informa-
tion material did not provide further details on how the 20% was 
calculated. Similarly, the 20% applied to all members, regardless of 
their level of guarantee.

Members were also told that life expectancies had been in-
creased in the market-sensitive product compared to the guaran-
teed one. This meant that in the new product, pensions had to 
cover a longer period during retirement, i.e. measured at the time 
of switch, the expected pension payments during retirement would 
be lower. The increase in pension wealth at the time of the switch, 
i.e. the 20% that would be added to the individual’s account, was 
thus not large enough to cover the cost of the assumed increase 
in life expectancy in the market-sensitive product. However, the 
higher expected return in the market-sensitive product (due to a 
higher fraction of stocks and other risky assets in the investment 
portfolio of the market-sensitive product) implied that expected 
pensions would increase at a faster rate than in the guaranteed 
product. After some time, when enough higher expected returns 
in the new product had been harvested, expected pensions would 
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be expected to exceed those from the guaranteed product. This is 
illustrated in Fig. 1 based on the information sent to the pension 
holders by the pension fund. Basically, a pension holder would give 
up expected pensions today in return for higher expected pensions 
at some future point. Finally, the information material did men-
tion a potential risk that pensions might be reduced further due 
to even higher life expectancies. However, this was only labelled 
as a “theoretical” risk because the market-sensitive product was 
already based on expected improvements in longevity. In contrast 
to the guaranteed product, the market-sensitive product contains 
no minimum level that needs to be maintained regardless of an 
increase in longevity. In other words, there is no longevity hedge 
built into the market-based contract and this was not explicitly 
stated in the information material or in the general advice given to 
the pension holders from the pension fund, as shown in Table 2.

2.3. Expected pension payments by product type

We illustrate the two pension products using a numerical ex-
ample of the expected pension payments in the decumulation 
phase.5 We assume that the risk-free rate is 4.25%, the guaran-
teed return is 2%, the expected excess return on the risky stock is 
4%, and the volatility 20%.6 We normalise initial pension wealth to 
e100, 000 (DKK 750, 000). In Fig. 2 a solid line represents the ex-
pected pension payment of a guaranteed product, while a dashed 
line depicts the minimum pension payments corresponding to a 
guaranteed rate of 2%.7 To embed the 2% floor into the guaranteed 
product, the investment strategy is tailored accordingly. The “resid-
ual” (i.e. the part of pension savings that is not invested to secure 
the guarantee) can be invested in risky assets and interpreted as 
a risky bonus on top of the guarantee. For the figure we assumed 
that the residual is invested fully in risky assets. The confidence 
interval depicts the risk of the bonus.

The market-sensitive product is more exposed to financial risk 
because the total capital can be invested in risky assets rather than 
just the residual. At the same time, the market-sensitive product is 
also exposed to macro longevity risk. The Danish life expectancies 
are based on the Lee and Carter (1992) forecast, with data from 
1978 to 2007. We update the longevity forecasts after three years 
based on a rolling window of 30 years. Table 3 shows that the re-
maining life expectancy of an individual who was 67 in 2007 – the 
year of the transition – is 15 years and 4 months. Conditional on 
that person surviving to the age of 70 in 2010, he is expected to 
live 12 years and 5 months based on the forecasts with data from 
1978 to 2007. However, if the updated forecasts are used, i.e. based 
on actual data from 1981 to 2010, this individual is expected to 
live 13 years and 8 months. The unforeseen deviations in longevity 
thus lead to an unexpected increase of 1 year and 3 months in re-
maining life expectancy. The table is read analogously for the other 
two updates. We observe that each update leads to an increase in 
forecasted survival rates and thus remaining life expectancy.

Fig. 3 shows the impact of both types of risk, i.e. financial risk 
and longevity risk, on the market-sensitive product. The confidence 
intervals show the financial risk (we assume a diversified portfolio 

5 Unlike Charupat and Milevsky (2002), Horneff et al. (2010), Hanewald et al. 
(2013), Steinorth and Mitchell (2015), and De Kort and Vellekoop (2017), who study 
the optimal investment mix in the decumulation phase of variable annuities with 
possible riders and/or optimal annuitisation (which is not a choice individuals can 
freely make in Denmark).

6 Based on the observation that the average one to twenty year maturity euro 
spot rate in 2007 was between 4.0% and 4.5% (https://www.ecb .europa .eu /stats /
financial _markets _and _interest _rates /euro _area _yield _curves /html /index .en .html). 
For empirical validation of our choice of the equity premium, see Dimson et al. 
(2008) and Mehra and Prescott (1985), among others.

7 This figure, together with Fig. 3, is based on Balter and Werker’s (2020) frame-
work.

https://www.ecb.europa.eu/stats/financial_markets_and_interest_rates/euro_area_yield_curves/html/index.en.html
https://www.ecb.europa.eu/stats/financial_markets_and_interest_rates/euro_area_yield_curves/html/index.en.html
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This figure is an exact replica of the figure provided in the information material, i.e. there were no 
numbers on the axes or further clarifications about the figure.

Fig. 1. Development in the value of pension accounts for different products.

Table 2
Advice given to pension holders from the pension fund.

Keep guarantee

- Believe that bond returns will exceed stock returns in the long run
- Prefer yearly stable additions to the pension account
- Are close to retirement or are already retired

Abolish guarantee

- Believe that stock returns exceed bond returns in the long run
- Prefer yearly variable additions to the pension account depending on the size of annual returns
- Are healthy
- Plan to work for many years

The solid line indicates the expected pension payment of a guaranteed product with a full risk exposure of the bonus, 
dotted lines the 90%-confidence interval (CI), and the dashed line the minimum guaranteed pension payments.

Fig. 2. Guaranteed pension product.
358
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Table 3
Unforeseen increases in life expectancy.

Data\Age 67 70 73 76

2007 15y4m 12y5m 9y8m 7y3m
2010 13y8m 10y8m 8y2m
2013 12y3m 9y4m
2016 10y7m

Life expectancy of an individual who was i) 67 years old in 2007 based on data up 
to 2007; ii) 70 years old in 2010 based on data up to 2007 and, after a change in 
the forecasts, based on data up to 2010; iii) 73 years old in 2013 based on data up 
to 2007, 2010, and 2013; and iv) 76 years old in 2016 based on data up to 2007, 
2010, 2013, and 2016.

in which 35% is invested in the risky asset and the rest risk-free).8

To illustrate how an unexpected change in future survival rates af-
fects expected pension payments, Fig. 3 shows the consequences 
of an update of survival rates every three years. As the individuals 
were asked to switch in 2007, we first depict the expected pen-
sion payments depending on the survival forecasts that are based 
on the historical data for Danish males up to 2007. After a three 
year update of the survival forecasts, i.e. updating the data-set 
with the new observations, as provided in Table 3, an unforeseen 
longevity deviation leads to a change in the expected pension pay-
ments from that point onwards until the next update.9

Imagine two males, who prior to retirement, are given the 
choice to keep the guaranteed product or switch to the market-
sensitive product. Mr. Low-Risk keeps the guaranteed product and 
Mr. High-Risk switches, reflecting the difference in financial risk 
and macro longevity risk. As Fig. 2 shows, Mr. Low-Risk expects 
to receive e10,156 every year until he dies. The only risk in-
volved is the exposure of the bonus to the financial market returns. 
Mr. High-Risk expects to receive e10,691 every year, conditional 
on forecasts/expected survival rates to remain unchanged until he 
dies. Since the pension fund invests 35% of Mr. High-Risk’s re-
maining pension wealth in risky assets he benefits from the risk 
premium leading to the higher expected pension payments. How-
ever, as the exposure to financial risk is higher, this means that 
there is also more risk, which explains the wider confidence in-
tervals. Yet, the crucial difference between the annuity products is 
the following. In 2007, both Mr. Low-Risk and Mr. High-Risk will 
retire at the age of 67 and are expected to die at the age of 82 
years and 4 months. Three years later, in 2010 – we assume that 
both are still alive – they have a remaining life expectancy of 12 
years and 5 months. However, the forecasted survival rates, which 
were based on the last 30 years of observations, are now updated, 
leading to new life expectancies. Suddenly Mr. Low-Risk and Mr. 
High-Risk are expected to live another 13 years and 8 months. 
Mr. High-Risk’s expected pension payments are recalculated based 
on the new forecasted survival rates, leading to a drop to e9,757, 
while Mr. Low-Risk’s pension payments are not lowered. Hence, 
Mr. High-Risk is exposed to macro longevity risk but Mr. Low-Risk 
is not. Initially, in 2007, Mr. High-Risk did not expect this change in 
forecasts to happen as the forecasts had already anticipated future 
improvements in life expectancy. The unforeseen part that arises 
due to new observations is the macro risk leading to the ex post 
shocks in Fig. 3.

The main learning from Fig. 2 and Fig. 3 is that situations 
can arise where the negative effect of unforeseen longevity shocks 

8 Both figures are based on a Merton model, a simplified setting in which there 
is a risky asset and a bank account returning the risk-free rate. The guaranteed 
product is constructed as a hybrid product of a fixed and a variable annuity, and 
for the market-sensitive product survival probabilities are explicitly added to the 
variable annuity as in Balter and Werker (2020).

9 Note that we assume no correlation between the financial market and unex-
pected changes in life expectancies, therefore the impact of longevity risk can occur 
in any financial scenario.
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dominates the positive effect of the unrestricted risk exposure in 
the market-sensitive product. In the illustrations presented here, 
the expected pension payments are higher in the market-sensitive 
product during the early years of retirement. If unforeseen in-
creases in longevity do not occur, expected pension payments con-
tinue to be higher in the market-sensitive product. Unexpected 
increases in longevity can reduce pension payments in the market-
sensitive product, however. Multiple and large increases in mortal-
ity tables can lower expected pension payments in the market-
sensitive product so much that they become lower than expected 
pension payments in the guaranteed product. In our numerical ex-
ample, pension payments are lower already after the first update 
in mortality tables. In this regard, it is important to point out that 
the forecasts have consistently underestimated future gains in life 
expectancies (Oeppen and Vaupel, 2002; Murphy and Topel, 2006; 
Fund, 2012).

The illustrations in this section show that there is a built-in 
longevity hedge in the guaranteed product that protects the pen-
sion holder from unforeseen longevity increases. At the same time 
this guarantee restricts the risk exposure and lowers the expected 
returns, resulting in lower expected pension payments during re-
tirement, all else equal. In the market-sensitive product, unfore-
seen longevity shocks can have a large impact on future pension 
payments. Potentially, they can even lead to lower pension pay-
ments than with the guaranteed product. Moreover, the example 
shows that the choice of pension product is not a simple choice, 
as it depends on expectations in terms of both financial risk and 
longevity risk.

3. Empirical study

This section provides empirical evidence on real transition deci-
sions between annuity products. In particular we study what type 
of pension holders switch from a guaranteed product to a market-
sensitive product.

3.1. Data

Our data contain information on each member of the Dan-
ish pension fund, Juristernes og Økonomernes Pensionskasse (JØP), 
which serves lawyers and economists. Fully funded and owned by 
its more than 60,000 members, JØP managed assets worth DKK 78 
billion (approximately e10.5 billion) in 2018. We use the data to 
investigate which type of individual would voluntarily switch from 
a guaranteed to a market-sensitive product.

We have information on various personal characteristics and 
financial information. Table 4 contains descriptive statistics and 
reports the mean of the explanatory variables. The dependent vari-
able “Election outcome” is a dummy variable that takes the value 
1 if a pension holder in Division 1 voluntarily chose to opt out of 
the current guaranteed contract. Table 4 shows that 18% made that 
choice. The male dummy variable for gender shows that more than 
half (56%) of the pension holders are male, which corresponds well 
with the higher labour force participation rates of men. The major-
ity of pension holders are married (65%). Age is divided into four 
categories, which clearly indicates that the pension fund has rela-
tively young members, with almost 70% of them under the age of 
50. For almost all members the level of education corresponds to a 
university degree at bachelor level or higher. Education is divided 
into four field categories: economics and business economics, po-
litical science, law, and others. Around 29% of the pension holders 
have a degree in economics or business economics, 20% a degree 
in political science, and 33% in law. Regarding the geographical 
location, we distinguish between those living in Copenhagen or 
elsewhere. More than 50% of the members live in Copenhagen. In 
terms of the levels of the guaranteed return, 30% of the members 
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A solid line indicates the expected pension payment of a market-sensitive product with a risk exposure of 35%, and 
the dotted lines depict the optimistic and pessimistic financial quantiles. The expected pension payments for the first 
three years of the market-sensitive product are based on the mortality table forecasts, with data from 1978 to 2007, 
while the three updates are based on a rolling window of 3 years ahead, each based on Danish data for males.

Fig. 3. Market-sensitive pension product.
Table 4
Summary statistics.

Guarantee Total 2% 3% 3.7% 4.25%

Election outcome 17.9% 31.8% 23.8% 16.0% 2.8%
Male 56.2% 50.7% 50.0% 52.8% 67.4%
Married 65.4% 56.1% 65.7% 69.8% 71.5%
Age 20-49 69.6% 93.6% 93.2% 89.1% 18.7%
Age 50-59 18.1% 4.3% 5.0% 8.7% 45.6%
Age 60-69 10.3% 2.1% 1.8% 2.2% 29.2%
Age 70-100 2.0% 0.0% 0.0% 0.0% 6.6%
Economics degree 28.6% 31.4% 36.1% 28.8% 22.6%
Political science degree 19.3% 26.3% 23.1% 20.3% 9.7%
Law degree 33.8% 24.5% 26.2% 31.0% 49.0%
Other degree 18.3% 17.8% 14.7% 19.9% 18.8%
Copenhagen 50.6% 54.9% 48.7% 46.7% 49.9%
Outside Copenhagen 49.4% 45.1% 51.3% 53.3% 50.1%
Pension wealth low 48.5% 96.7% 61.2% 30.1% 8.6%
Pension wealth medium 22.1% 3.1% 37.7% 52.8% 10.0%
Pension wealth high 29.4% 0.1% 1.1% 17.1% 81.3%

Number of observations 31,497 10,044 3,730 8,129 9,594
Distribution of observations 31.9% 11.8% 25.8% 30.5%

in Division 1 had the highest level of 4.25%; 26% had a 3.7% level of 
guarantee; 12% a 3% level of guarantee; and 32% a 2% level of guar-
antee. Finally, we have information on the size of pension wealth. 
This is divided into three different categories. Table 4 shows that 
almost 50% of the pension holders have pension wealth below DKK 
400,000 (approximately e55,000), whereas almost 30% have pen-
sion wealth above DKK 800,000 (approximately e110,000).

Columns 3 to 6 depict the summary statistics for those with 
a specific level of guarantee. Since the level of guarantee de-
pends on the date of admission, older individuals typically have 
higher guarantees. Individuals with high guarantees differ from 
the other members in that almost none of them switched to 
the market-sensitive product. More males have a high guarantee 
(consistent with previous gender-specific labour force participation 
rates). Those with a higher guarantee are on average older and al-
most half of those with the highest guarantee has a law degree. 
Finally, as they entered at an earlier point in time they have accu-
mulated more pension wealth.
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3.2. Probit model

Let Y be the “Election outcome” for an individual. This is a bi-
nary variable equal to one if the individual switched to the market-
sensitive product, and zero if the individual kept the guaranteed 
product. The probit model (McFadden, 1976) describes the proba-
bility of an individual switching:

P (Y = 1|X) = �(β0 + β X) ,

where � is the cumulative distribution function of the standard 
normal distribution, X is a vector of explanatory variables, β is the 
corresponding vector of coefficients, and β0 is the intercept. Coeffi-
cient estimates are obtained by maximising the likelihood function, 
and standard errors are based on computation of the information 
matrix. The average marginal effects are given by:

∂ P (Y = 1|X)

∂ Xi
= φ (β0 + β X)βi,

where φ is the standard normal density φ (β0 + β X) =
(2π)−1/2 exp

(− (β0 + β X)2 /2
)

that scales βi . The reference groups 
comprise of single females, aged 20 to 29, who do not have an eco-
nomics degree, reside outside Copenhagen, and posses a pension 
wealth of less than DKK 400,000 (approximately e55,000) and a 
2% guarantee.

Table 5 presents marginal effects from the probit estimation ex-
ploring the relationship between the election outcome and the set 
of independent variables listed above. In column one, for the total 
population of guaranteed individuals, we see that all except two 
variables (married and high pension wealth) are individually sig-
nificant at a 5% level. Further, the likelihood ratio test is jointly 
significant with a χ2(12) of 4376.21. We see that males have a 
slightly higher probability (2.6%) of relinquishing the guarantee. 
Marital status has no significant effect on the decision, whereas 
compared to being young (between the ages of 20 and 29), the 
older the pension holder, the more likely the individual is to re-
main in the current contract. Being above the age of 50 decreases 
the probability 20-39%. We observe regional differences as pension 



A.G. Balter, M. Kallestrup-Lamb and J. Rangvid Insurance: Mathematics and Economics 99 (2021)

Table 5
Results from probit estimation.

Guarantee Total 2% 3% 3.7% 4.25%

Male 0.0258∗∗∗ 0.0395∗∗∗ 0.0379∗∗ 0.0227∗∗ 0.0141∗∗∗
(6.27) (4.29) (2.72) (2.80) (3.71)

Married -0.00405 0.00536 0.00731 -0.00183 -0.0127∗∗∗
(-0.95) (0.57) (0.50) (-0.21) (-3.59)

Guarantee 3% -0.0645∗∗∗
(-10.19)

Guarantee 3.7% -0.129∗∗∗
(-20.43)

Guarantee 4.25% -0.187∗∗∗
(-17.24)

Age 50-59 -0.196∗∗∗ -0.441∗∗∗ -0.312∗∗∗ -0.250∗∗∗ -0.0363∗∗∗
(-20.65) (-12.08) (-6.32) (-9.66) (-9.46)

Age 60-69 -0.308∗∗∗ -0.609∗∗∗ -0.456∗∗∗ -0.259∗∗∗ -0.0701∗∗∗
(-16.81) (-7.82) (-3.83) (-4.84) (-10.58)

Age 70-100 -0.387∗∗∗ 0 0 0 -0.0949∗∗∗
(-5.58) (.) (.) (.) (-5.10)

Economics degree 0.00964∗ -0.0140 0.00233 0.0399∗∗∗ 0.00503
(2.19) (-1.41) (0.16) (4.65) (1.30)

Copenhagen 0.0332∗∗∗ 0.0735∗∗∗ 0.0519∗∗∗ 0.0129 0.00282
(8.05) (7.86) (3.74) (1.60) (0.85)

Pension wealth medium 0.0349∗∗∗ 0.0172 0.0259 0.0628∗∗∗ 0.000225
(5.68) (0.64) (1.83) (6.62) (0.03)

Pension wealth high -0.00140 -0.0724 -0.0552 0.0225 -0.00745
(-0.15) (-0.52) (-0.68) (1.74) (-1.38)

Number of observations 31,497 10,044 3,730 8,129 9,594
R2 14.78% 3.44% 2.75% 4.07% 11.19%

t statistics in parentheses.
∗ (p < 0.05), ∗∗ (p < 0.01), ∗∗∗ (p < 0.001).
holders in Copenhagen are more likely to abolish their guarantees. 
We find strong significant effects that the higher the level of guar-
antee, the less likely individuals are to abandon it. Compared to a 
2% level of guarantee an individual with a 4.25% level of guarantee 
is 18.7% less likely to relinquish it. Finally, medium levels of pen-
sion wealth increase the probability of giving up one’s guarantee 
by 3.5%. All in all, this case study shows that demographic char-
acteristics influence the decision to switch from a guaranteed to 
a market-sensitive product. In particular, male residents of Copen-
hagen with an economics degree who have low guarantees and 
moderate pension wealth were more likely to give up their guar-
antees.

We find it particularly interesting that individuals with a high 
guarantee are more likely to keep their guarantee, i.e. they do not 
switch to the market-sensitive product. There are two effects at 
play. On the one hand, the higher the guarantee, the lower the 
fraction of pension wealth that can be invested freely, and thus 
that can earn the expected risk premium, i.e. the higher the guar-
antee, the lower the expected pension payments, ceteris paribus. 
On the other hand, about a third (see Table 4) of the guaran-
tees were close to the prevailing risk-free rate at the time the 
pension holders were offered the choice to switch product. If the 
pension holders anticipated further declines in the interest rate 
level, this could persuade some of them to stick to their rela-
tively high guarantee. Moreover, the implicit longevity hedge built 
into the guaranteed product was potentially very valuable, more so 
than the economic compensation offered to switch. The one-time 
choice between longevity protection with less financial risk versus 
no longevity risk with more financial risk implies that we cannot 
identify the pattern that people who buy longevity risk protection 
invest riskier as found by Milevsky and Kyrychenko (2008).

There is a high correlation between age and the level of the 
guarantee as people who joined the fund earlier are typically older 
and have been granted higher guarantees. Consequently we run 
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a regression that allows us to investigate whether older pension 
holders are more or less inclined to give up the guarantee for a 
fixed level of guarantee. We find that on top of the level effect, also 
older pension holders are more inclined to stick to the guarantee. 
This indicates that people closer to retirement are more risk averse 
and thus less likely to make life-changing decisions.

Since females have higher life expectancies (Zarulli et al., 2018; 
Hu and Goldman, 1990; Murphy et al., 2007; Johnson et al., 2000), 
they would benefit more from a macro longevity hedge.10 This hy-
pothesis is confirmed for females as they have a preference for 
sticking to the guaranteed product.

4. Conclusion

This paper examines the choice of pension product. We fo-
cus on a unique setting where pension holders were given the 
opportunity to switch from a guaranteed product that included 
longevity protection and little financial risk/low expected returns 
to a market-sensitive product with higher financial risk/higher ex-
pected return but also higher longevity risk.

We illustrate the expected pensions in the two products. All 
else equal, expected pension payments are lower in the guaran-
teed pension product. This is because a larger fraction has to be 
invested in the safe asset to secure the guarantee. However, as 
there is no hedge against unforeseen increases in longevity in the 
market-sensitive pension product, expected pension payments will 

10 The longer people live, the more likely they are to be exposed to periodic macro 
longevity updates. Note, there is a difference between micro and macro longevity 
risk here. For micro longevity risks, it is the variance of longevity risk that matters 
(the second moment), i.e. the risk that the individual lives longer than the average 
of the cohort (Milevsky, 2020), whereas for macro longevity risk, the first moment 
matters, i.e. the risk that the average longevity of the cohort will increase after an 
update of survival rates. Our pension holders are exposed to macro longevity risk.
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be negatively affected by macro longevity improvements. Expected 
pensions might even end up being lower in market-sensitive prod-
ucts when there are frequent and large improvements in longevity. 
In our data, we find that young men living in Copenhagen and with 
moderate levels of pension wealth are more likely to switch from 
the guaranteed to the market-sensitive product. Also, the higher 
the guaranteed return, the lower the probability of switching.

The risk transfer of both financial risk and longevity risk sig-
nificantly adds to the complexity of the pension products. This 
raises the question of how to correctly inform pension holders 
about the multiple risk factors. The market-sensitive product of-
fered higher expected return, but with multiple risk factors adding 
significantly to the uncertainty. The information material pension 
holders received about potential future outcomes with the market-
sensitive product was not particularly detailed on the mechanisms, 
i.e. vague, nor were they offered information about the uncertainty 
of their future expected pensions. This increased the required de-
gree of financial literacy of the individual to optimally plan and 
prepare for retirement. Moreover, understanding the mechanisms 
behind these products also adds insights into the funds them-
selves, not to mention the supervisory authorities. All these fac-
tors serve as motivation for properly modelling the differences 
between guaranteed and market-sensitive pension products when 
accounting for both financial risk and longevity risk. Finally, as the 
longevity risk is transferred to the pension holder in the market-
sensitive product, a natural demand for hedging this risk arises. 
This calls for the creation of a liquid and transparent market for 
individualistic longevity products (Blake et al., 2013, 2019).

Declaration of competing interest

There is no competing interest.

References

Balter, A.G., Werker, B.J., 2020. The effect of the assumed interest rate and smooth-
ing on variable annuities. ASTIN Bulletin: The Journal of the IAA 50 (1), 
131–154.

Beshears, J., Choi, J.J., Laibson, D., Madrian, B.C., Zeldes, S.P., 2014. What makes an-
nuitization more appealing? Journal of Public Economics 116, 2–16.

Blake, D., Cairns, A., Coughlan, G., Dowd, K., MacMinn, R., 2013. The new life market. 
The Journal of Risk and Insurance 80 (3), 501–558.

Blake, D., Cairns, A.J., Dowd, K., Kessler, A.R., 2019. Still living with mortality: the 
longevity risk transfer market after one decade. British Actuarial Journal 24.

Blake, D., Morales, M., 2017. Longevity risk and capital markets: the 2014–15 up-
date. The Journal of Risk and Insurance 84 (S1), 279–297.

Broeders, D., Mehlkopf, R., van Ool, A., 2019. The economics of sharing macro-
longevity risk. De Nederlandsche Bank Working Paper No. 618.

Brown, J.R., 2001. Private pensions, mortality risk, and the decision to annuitize. 
Journal of Public Economics 82 (1), 29–62.

Bütler, M., Teppa, F., 2007. The choice between an annuity and a lump sum: results 
from Swiss pension funds. Journal of Public Economics 91 (10), 1944–1966.

Charupat, N., Milevsky, M.A., 2002. Optimal asset allocation in life annuities: a note. 
Insurance. Mathematics & Economics 30 (2), 199–209.

Chen, A., Hentschel, F., Klein, J.K., 2015. A utility- and CPT-based comparison of life 
insurance contracts with guarantees. Journal of Banking & Finance 61, 327–339.

De Kort, J., Vellekoop, M., 2017. Existence of optimal consumption strategies in mar-
kets with longevity risk. Insurance. Mathematics & Economics 72, 107–121.

De Waegenaere, A., Joseph, A., Janssen, P., Vellekoop, M., 2018. Het delen van lan-
glevenrisico. In: Netspar Industry Paper.

De Waegenaere, A., Melenberg, B., Markwat, T., 2017. Risk sharing rules for longevity 
risk: impact and wealth transfers. In: Netspar Industry Paper.

Dimson, E., Marsh, P., Staunton, M., 2008. The worldwide equity premium: a smaller 
puzzle. In: Handbook of the Equity Risk Premium. Elsevier, pp. 467–514.

Donnelly, C., Guillén, M., Nielsen, J.P., 2013. Exchanging uncertain mortality for a 
cost. Insurance. Mathematics & Economics 52 (1), 65–76.

FSA, 2017. Pension når garantierne forsvinder. Discussion Paper Danish FSA.
Fund, I.M., 2012. The financial impact of longevity risk. Global Financial Stability 

Report.
Hanewald, K., Piggott, J., Sherris, M., 2013. Individual post-retirement longevity risk 

management under systematic mortality risk. Insurance. Mathematics & Eco-
nomics 52 (1), 87–97.

Horneff, W.J., Maurer, R.H., Mitchell, O.S., Stamos, M.Z., 2010. Variable payout annu-
ities and dynamic portfolio choice in retirement. Journal of Pension Economics 
& Finance 9 (2), 163–183.

Hu, Y., Goldman, N., 1990. Mortality differentials by marital status: an international 
comparison. Demography 27 (2), 233–250.

Johnson, N.J., Backlund, E., Sorlie, P.D., Loveless, C.A., 2000. Marital status and mor-
tality: the national longitudinal mortality study. Annals of Epidemiology 10 (4), 
224–238.

Lee, R.D., Carter, L.R., 1992. Modeling and forecasting US mortality. Journal of the 
American Statistical Association 87 (419), 659–671.

Maurer, R., Mitchell, O.S., Rogalla, R., Kartashov, V., 2013. Lifecycle portfolio choice 
with systematic longevity risk and variable investment-linked deferred annu-
ities. The Journal of Risk and Insurance 80 (3), 649–676.

McFadden, D.L., 1976. Quantal choice analysis: a survey. Annals of Economic and 
Social Measurement 5 (4), 363–390.

Mehra, R., Prescott, E.C., 1985. The equity premium: a puzzle. Journal of Monetary 
Economics 15 (2), 145–161.

Milevsky, M.A., 2020. Swimming with wealthy sharks: longevity, volatility and the 
value of risk pooling. Journal of Pension Economics & Finance 19 (2), 217–246.

Milevsky, M.A., Kyrychenko, V., 2008. Portfolio choice with puts: evidence from vari-
able annuities. Financial Analysts Journal 64 (3), 80–95.

Mitchell, O.S., 1988. Worker knowledge of pension provisions. Journal of Labor Eco-
nomics 6 (1), 21–39.

Murphy, K.M., Topel, R.H., 2006. The value of health and longevity. Journal of Politi-
cal Economy 114 (5), 871–904.

Murphy, M., Grundy, E., Kalogirou, S., 2007. The increase in marital status differ-
ences in mortality up to the oldest age in seven European countries, 1990–99. 
Population Studies 61 (3), 287–298.

Oeppen, J., Vaupel, J.W., 2002. Broken limits to life expectancy. Science 296 (5570), 
1029–1031.

Pascariu, M.D., Canudas-Romo, V., Vaupel, J.W., 2018. The double-gap life expectancy 
forecasting model. Insurance. Mathematics & Economics 78, 339–350.

Piggott, J., Valdez, E.A., Detzel, B., 2005. The simple analytics of a pooled annuity 
fund. The Journal of Risk and Insurance 72 (3), 497–520.

Qiao, C., Sherris, M., 2013. Managing systematic mortality risk with group self-
pooling and annuitization schemes. The Journal of Risk and Insurance 80 (4), 
949–974.

Steinorth, P., Mitchell, O.S., 2015. Valuing variable annuities with guaranteed min-
imum lifetime withdrawal benefits. Insurance. Mathematics & Economics 64, 
246–258.

Van Rooij, M., Lusardi, A., Alessie, R., 2011. Financial literacy and stock market par-
ticipation. Journal of Financial Economics 101 (2), 449–472.

Zarulli, V., Jones, J.A.B., Oksuzyan, A., Lindahl-Jacobsen, R., Christensen, K., Vaupel, 
J.W., 2018. Women live longer than men even during severe famines and epi-
demics. Proceedings of the National Academy of Sciences 115 (4), 832–840.
362

http://refhub.elsevier.com/S0167-6687(21)00080-9/bib5A103E7102F808FD1A18837CAC1D0EDAs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib5A103E7102F808FD1A18837CAC1D0EDAs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib5A103E7102F808FD1A18837CAC1D0EDAs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib11F799B4E890C0F903ACBD7B87DFA177s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib11F799B4E890C0F903ACBD7B87DFA177s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibE2AFE7406DC4CD2A43427890870F997Es1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibE2AFE7406DC4CD2A43427890870F997Es1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibD89C34D02CC931E5C670FE50E728AC3As1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibD89C34D02CC931E5C670FE50E728AC3As1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib6E279618142D27152CCF4A9156DD161Cs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib6E279618142D27152CCF4A9156DD161Cs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibB9AE25F12E1C8638F06B429CB754D9AAs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibB9AE25F12E1C8638F06B429CB754D9AAs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibD960E5E58A7985D7FC108AA0512D4077s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibD960E5E58A7985D7FC108AA0512D4077s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibB1CDA018390AC372FDA7A9C69ADA217Fs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibB1CDA018390AC372FDA7A9C69ADA217Fs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib6F4DD370E160FB0DC2537926216A3AC5s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib6F4DD370E160FB0DC2537926216A3AC5s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib52470FB9F598450A476B86964D5EF8BDs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib52470FB9F598450A476B86964D5EF8BDs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib61912F64843F086B46B9712D8E07D52Bs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib61912F64843F086B46B9712D8E07D52Bs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibC618A35B5875D8CB0EDEC2D32175FA7Ds1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibC618A35B5875D8CB0EDEC2D32175FA7Ds1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib124E39004FEEDB63AE300B6A65769369s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib124E39004FEEDB63AE300B6A65769369s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib1DFB0C53D7C2A5B1F49C6DEBAEE55A7Cs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib1DFB0C53D7C2A5B1F49C6DEBAEE55A7Cs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibD7AD2A3F80FC3455B9721E2D9A4908A3s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibD7AD2A3F80FC3455B9721E2D9A4908A3s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibE2A6CB7CA5620AEA8BDAA300F255B573s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib6CD8AAEDB32C99022EA04F7915AE7ABEs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib6CD8AAEDB32C99022EA04F7915AE7ABEs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib7506AF841F7FA44B02ACFB5F1BE939FFs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib7506AF841F7FA44B02ACFB5F1BE939FFs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib7506AF841F7FA44B02ACFB5F1BE939FFs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibF0450F93711C81EA9D47644C4056DB73s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibF0450F93711C81EA9D47644C4056DB73s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibF0450F93711C81EA9D47644C4056DB73s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib7853F38D2EB2F39F5028AFDC1C6504EDs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib7853F38D2EB2F39F5028AFDC1C6504EDs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibCD243EB9780172E9BFF7F50311F67568s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibCD243EB9780172E9BFF7F50311F67568s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibCD243EB9780172E9BFF7F50311F67568s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibBB6F1743B4CFDF0155A198C13DB4C01As1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibBB6F1743B4CFDF0155A198C13DB4C01As1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib66D97B8919FFC3F37D38C1F3CE965AC0s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib66D97B8919FFC3F37D38C1F3CE965AC0s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib66D97B8919FFC3F37D38C1F3CE965AC0s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib104E06C6DBA59FE580D72DE533A35CCDs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib104E06C6DBA59FE580D72DE533A35CCDs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibCB9E58DA4588FD928803C8E4855A5363s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibCB9E58DA4588FD928803C8E4855A5363s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibDC35982CECA611C68ED4F5CFBD309631s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibDC35982CECA611C68ED4F5CFBD309631s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib9499144FE56D0E0DFE584131797D24FFs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib9499144FE56D0E0DFE584131797D24FFs1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib3317BB5010CFB882B8456FF6174FE460s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib3317BB5010CFB882B8456FF6174FE460s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib3E87CC70EE07BF127FA03E01F2B30760s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib3E87CC70EE07BF127FA03E01F2B30760s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib9659B14D0CD1E72617B44243FE23D6F7s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib9659B14D0CD1E72617B44243FE23D6F7s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib9659B14D0CD1E72617B44243FE23D6F7s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib2AFBA82BF4C5F3915F2E33595C97F505s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib2AFBA82BF4C5F3915F2E33595C97F505s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib02CA8AEF2BAB0807F75591D496DB37B8s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib02CA8AEF2BAB0807F75591D496DB37B8s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibD058968ED8A8BBFBF7B9849E5F072004s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibD058968ED8A8BBFBF7B9849E5F072004s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib7CD9633E7129BECA635FDEA5473A768As1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib7CD9633E7129BECA635FDEA5473A768As1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib7CD9633E7129BECA635FDEA5473A768As1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib3F7BF67078F8E47E059E90AE352A75A3s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib3F7BF67078F8E47E059E90AE352A75A3s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bib3F7BF67078F8E47E059E90AE352A75A3s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibBFAA5DC5198FBEAFBFB9BF95BA248C95s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibBFAA5DC5198FBEAFBFB9BF95BA248C95s1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibA6B6EE8639784AE61B540575C00DF17Ds1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibA6B6EE8639784AE61B540575C00DF17Ds1
http://refhub.elsevier.com/S0167-6687(21)00080-9/bibA6B6EE8639784AE61B540575C00DF17Ds1

	Macro longevity risk and the choice between annuity products: Evidence from Denmark
	1 Introduction
	2 Pension products
	2.1 The guaranteed pension product
	2.2 The market-sensitive pension product
	2.3 Expected pension payments by product type

	3 Empirical study
	3.1 Data
	3.2 Probit model

	4 Conclusion
	Declaration of competing interest
	References


