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In general: Insurance, risk sharing

▶ Insurance works by pooling risks, diversification (law of large numbers).

▶ Some risks cannot be pooled (example: longevity risk).

▶ There may (or may not) be a third party that covers such risk for a cost (pension

fund, insurance company).
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Pensions

The extremes:

(Collective) defined contribution

A pool shares risks.

No third party (insurer).

No solvency capital.

Policyholder takes all risks.
pooled annuity, group annuitization,
tontine, “Zielrente”. . .

Defined benefit

Fixed retirement pension.

Third party covers all risks.

Solvency capital needed.

Third party takes all risks.
standard (deferred) annuity,. . .
Many first pillar pensions,. . .

This talk: Left hand side (+ combinations).
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Collective defined contribution schemes

The idea:

▶ Each year, we compare funds (assets) and promises (rents).

▶ We compute reserves of rents (assumption on discount factor and mortality!).

▶ This gives a funding rate (assets / reserves).

▶ If far different from 100%, we take action. . .

(Similar names in the literature: Pooled annuities, survivor funds, tontines).
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Trends 1: Life exepctancy rises!

(OECD Data Explorer, https://www.oecd.org/en/data/)
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Trends 2: State pensions decline! (net pension replacement ratio, Belgium)

(OECD Data Explorer, https://www.oecd.org/en/data/)
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Trends 3: Long-term care expenses rise!

▶ Belgium: LTC spending (in terms of GDP)
increased from 1.7% in 2000 to 2.3% in 2018
(source: Eurostat).

▶ United Nations projections: The number of
elderly people, i.e. older than 65, is projected to
triple from 2020 to 2080 to reach 2.2 billion. The
global share of the elderly population is
expected to rise from 9.4% in 2020 to 20.6%
in 2080.

(NYT 2018)
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History: The old tontines. . .

▶ Mutual insurance = Risks are shared within a pool.

Tontines, pooled annuities, survivor funds,
group self annuitization (used as synonyms).

▶ Dominant insurance several hundred years ago.

▶ Li, Y., & Rothschild, C. (2020). Selection and redistribution in the Irish tontines of
1773, 1775, and 1777. Journal of Risk and Insurance, 87(3), 719-750.

▶ Milevsky, M. A. (2015). King William’s tontine: Why the retirement annuity of the
future should resemble its past. Cambridge University Press.
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. . . start a revival today as modern tontines
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Mutual insurance, pooled annuities, tontines, . . .

▶ Pension payments are shared within an (anonymous) pool of policyholders.

▶ Pensions are reduced (increased) if life expectancy increases (decreases).

▶ Germany: Target pension (“Zielrente”). Payments are adapted annually according to
the funding ratio of the portfolio.

▶ No traditional insurance guarantee. Thus: less administration and
risk management charges, transparent, cost-efficient.
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Private insurance: Example “Le conservateur”, France

▶ Similar to a fund investment, 20 year product.

▶ But: Upon death, money is distributed among survivors (“mortality credits”).

▶ Survivors get fund return + mortality credit.

▶ http://www.conservateur.fr
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Private insurance: Example Xianghubao

▶ Disability insurance in China, based on an app, founded 2018.

▶ Payments are shared in a pool, no traditional insurer.

▶ After 1 year, 100 million users. Closed 2022 after regulatory concerns.

See also:

▶ Abdikerimova, S., & Feng, R. (2022). Peer-to-Peer multi-risk insurance and
mutual aid. European Journal of Operational Research, 299(2), 735-749.
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Illustrative: Premium payments
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Illustrative: Disability benefit
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Illustrative: Pension payments
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Illustrative: Modern Life-Care tontine
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Qsuper in Australia: Marketing prospectus
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Qsuper in Australia: Tax benefits + financial investment
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Qsuper in Australia: Premium refund

Joint work with Sascha Günther (ETH Zürich).
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Qsuper in Australia: Spouse protection

PhD project of Marie-Fleur Borac (University of Lausanne).
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Qsuper in Australia: Mortality credits
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Similar elements in many products. . .

▶ Superannuation fund: Australian retirement trust (QSuper).

▶ Variable payment life annuities (VPLAs) in Canada.

▶ State pension fund in Iceland.

▶ Tontine Trust in US.

▶ . . .

Obligatory insurance: Idea of “(collective) defined contribution” is part of many pension /
retirement reforms (second/third pillar).
Private insurance: (Still) small market, regulatory concerns, scepticism.
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Literature
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Very active area of research. . . research directions:

▶ Risk sharing for heterogeneous pools: Denuit, Robert (2019-25), Jiao, et al. (2022),

▶ Actuarial fairness of heterogeneous pools: Milevsky, Salisbury (2016),
Dhaene, Milevsky (2024), Dhaene, Milevsky (2024), Bernard et al. (2024).

▶ Long-term care + pensions: Hieber, Lucas (2022), Chen et al. (2022),
Kabuche et al. (2024), Zhou, Dhaene (2024).

▶ Mixed products: Chen, Rach (2019), Chen et al. (2020),
Weinert, Gründl (2021), Chen, Hanbali, Hieber (2025).

▶ Towards the design of products: Weinert, Gründl (2021), Winter, Planchet (2022).

Fullmer, R. K. Tontines: A practitioner’s guide to mortality-pooled investments.
CFA Institute Research Foundation, 2019.
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Recent literature overview:
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Designing mutual insurance schemes

We want to:

▶ Design single-premium mutual insurance schemes that pay 1 for life.

▶ Pool members are heterogeneous (by age, health).

▶ This is a multi-period scheme.

▶ (For now), we ignore financial risk.

▶ Work in progress: Add a premium refund guarantee
(joint with Sascha Günther (ETH Zürich)).
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Designing mutual insurance schemes

There are three (similar but different) approaches:

(a) Share common cash-flow in a survivor pool

special case: “natural tontine” (Milevsky, Salisbury [2015])

(b) Combine actuarially fair individual tontine accounts (see, e.g.,
Sabin, Fullmer [2010, 2018], Donnelly, Guillén, Nielsen [2013, 2014], Denuit [2019],
Hieber, Lucas [2022], Denuit, Hieber, Robert [2022] and many more).

(c) Adjust realized vs. projected mortality
(see, e.g. Piggott, Valdez, Detzel [2005], Qiao, Sherris [2013]).
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(a) Share common cash-flow
Introduce “natural tontine: homogeneous pool of n receives (n = 1 000, x = 65)

d(t) = n · tpx . (pool payoff)

pool individual
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(b) “Pooled” modern pensions

Individual account cj(t) (“at risk”)

▶ Lost upon death.

▶ Entitled to mortality credits.
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(b) “Pooled” modern pensions

▶ The financial market is deterministic at an annual return δt .

▶ Each year t = 1,2, . . ., individual withdraws sj(t) from its individual account cj(t):

cj(t) = e
∫ t

t−1 δsdscj(t − 1)− sj(t) .

▶ We sum over the accounts of deceased in (t − 1, t ] (mortality credits):

X (t) =
∑

j died in (t−1,t]

e
∫ t

t−1 δsdscj(t − 1) .

▶ We find a distribution rule βj
(
X (t)

)
that assigns mortality credits to j .
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(b) Combine actuarially fair individual accounts

We sum over the accounts of deceased in (t − 1, t ] (mortality credits):

X (t) =
∑
j∈Dt

e
∫ t

t−1 δsdscj(t − 1) .

A survivor j ∈ Lt receives in t : Wj(t) = sj(t) + βj
(
X (t)

)
, where:

– sj(t): individual, fixed withdrawal amount,

– βj
(
X (t)

)
: collective part of the benefits, i.e. the mortality credits.



Page 37 Peter Hieber | “Pooled” modern pension products |

Numerical example, two groups/cohorts
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“Pooled” pensions: Fairness

▶ Self-sufficiency property:
∑

j alive βj
(
X (t)

)
= X (t) .

▶ Actuarial fairness property:

Et−1
[
βj
(
X (t)

) ]
= qxj+t−1︸ ︷︷ ︸

probability to die in (t − 1, t]

·e
∫ t

t−1 δsdscj(t − 1)︸ ︷︷ ︸
amount at risk at time t

. (1)

Denuit, M. (2020). Investing in your own and peers’ risks: The simple analytics of P2P
insurance. European Actuarial Journal, 10(2), 335-359.

Hieber, P., & Lucas, N. (2022). Modern life-care tontines. ASTIN Bulletin, 52(2), 563.
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Actuarial fairness: Insurer’s view

For each t = 0,1, . . ., the premium equivalence holds: (pool view)

n∑
j=1

cj(t)︸ ︷︷ ︸
total account values

=
n∑

j=1

ω−xj∑
s=t+1

e−
∫ s

t δuduWj(s)︸ ︷︷ ︸
discounted future benefits individual j

. (2)

▶ Right hand side: random (big letter!)

▶ Left hand side: deterministic. (this determines mutual insurance!)
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“Pooled” pensions: Fairness

▶ The pension fund is always fully funded.

▶ It is also fair for everyone and any t = 0,1,2, . . .:

cj(t)︸︷︷︸
retrospective reserve

= Et

[ ω−xj∑
s=t+1

e−
∫ s

t δuduWj(s)

]
︸ ︷︷ ︸

prospective reserve

. (3)

▶ Longevity risk is shared within the pool (no insurer).

▶ Premium refund guarantee can be included. Aim: reduce reservation.
(important element of QSuper Australian pension fund)
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Combining collective pools and guarantees

If one is not willing to fully share longevity risks, combinations are possible. Possibilities:

1. Splitting wealth in collective defined contribution and defined benefit.

2. Tontine-annuity: Share longevity risk in early ages of retirement (tontine) but receive

a fixed payment at old ages (annuity).

Chen, A., Hieber, P., and Klein, J. K. (2019). Tonuity: A novel individual-oriented
retirement plan. ASTIN Bulletin, 49(1), 5-30.



Page 42 Peter Hieber | Long-term care rider |

Agenda

Motivation: (Collective) defined contribution pensions

“Pooled” modern pension products

Long-term care rider

Discussion and extensions



Page 43 Peter Hieber | Long-term care rider |

Illustrative: Modern Life-Care tontine
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Discussion and extensions

▶ Include long-term care benefits.

▶ Add mutual joint-life insurance (see Donnelly, Zhang [2023]).

▶ “Pooled” pensions may supplement obligatory retirement benefits in many countries
(= 2nd, 3rd pillar, e.g. PEPP in Europe).

▶ Advantage: More transparent, cheaper (less regulation, administration).

▶ Challenge: Reservation by regulators and traditional insurers.
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Modern Life-Care tontine

▶ An ageing population faces longevity risk, demographic risk but also
morbidity risks (long-term care).

▶ Idea: Offer a combined product with higher payments in dependency.

▶ Why?: · Mortality and morbidity risks are negatively correlated.
· Cost reduction due to reduced adverse selection!

▶ How?: Mortality rates account for dependency
=⇒ Higher mortality credits for dependent people.

Hieber, P., & Lucas, N. (2022). Modern life-care tontines. ASTIN Bulletin, 52(2), 563.
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Life-Care Tontine: semi-Markov model

active (a) dependent (i,z)

dead (d)

1paa
xj

1pai
xj

1pid
xj ;z = q(i)

xj ;z
1pad

xj
= q(a)

xj

z: time spent in dependency.
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Modern Life-Care Tontine

Using real mortality/disability (France), we compute the quotient

α(T (a)) =
äactive

x

ädisabled
x

,

as a function of the time until disability T (a):
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Some comments:

▶ There is need to extend this also to financial risk (random return δt ).
(see Donnelly, Guillén, Nielsen [2014]).

▶ Actuarial fairness at all times allows people to join later.

▶ Mortality tables are used to fairly assign mortality credits. If there is agreement,
the tables can be updated over time.

▶ It is possible to design a tontine with premium refund option. This simply reduces
risk sharing. (important element of QSuper Australian pension fund)
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Thank you! (b) individual accounts, (a) shared cash-flow

(b) Hieber, P., Lucas, N. (2022). Modern life-care tontines. ASTIN Bulletin, 52(2), 563.

(b) Denuit, M., Hieber, P., and Robert, C. Y. (2022). Mortality credits within large survivor funds.
ASTIN Bulletin, 52(3), 813-834.

(b) Denuit, M. (2019). Size-biased transform and conditional mean risk sharing, with application to
P2P insurance and tontines. ASTIN Bulletin, 49(3), 591-617.

(b) Donnelly, C., Guillén, M., and Nielsen, J. P. (2014). Bringing cost transparency to the life annuity
market. Insurance: Mathematics and Economics, 56, 14-27.

(a) Milevsky, M. A., and Salisbury, T. S. (2016). Equitable retirement income tontines: Mixing cohorts
without discriminating. ASTIN Bulletin, 46(3), 571-604.

(a) Chen, A., Hieber, P., and Klein, J. K. (2019). Tonuity: A novel individual-oriented retirement plan.
ASTIN Bulletin, 49(1), 5-30.

(a) Chen, A., Hieber, P., & Rach, M. (2021). Optimal retirement products under subjective mortality
beliefs. Insurance: Mathematics and Economics, 101.
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Questions? Comments?


	Motivation: (Collective) defined contribution pensions
	``Pooled'' modern pension products
	Long-term care rider
	Discussion and extensions

