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Current situation

• Workplace pension contribution 

rate now 8% p.a.

• ~20 million workers saving into 

work-place pension.

• £100bn saved by them to 

December 2019, since 2012.
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Decumulation options
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UK mortality table S1PMA
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Additional expected return due to 

longevity risk-sharing
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What is a pooled annuity fund?
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• Structure to pool longevity risk.

• Everyone becomes the beneficiary of each other.

• Why?

– To get a higher and life-long income, compared to income 

drawdown.

– To get a higher expected income, compared to a life 

annuity.



Pooled annuity fund implementation

• Collective Defined Contribution (CDC) plan,

– Under Pension Schemes Act 2021.

– Post-retirement option.

• Retail fund offered by e.g. insurance company, with suitable 

regulatory oversight.
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Research questions

• Does an open fund improve the pooling of longevity 

risk?

• Does the distribution of income vary across cohorts in 

a pooled annuity fund?

• By how much can the income fall?

• How many people are needed to join each year?
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Account structure
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+ Longevity credits

Total 

account 

value
+ Participant’s 

initial account value

+ Investment returns

- Withdrawals



Longevity credit (Qiao and Sherris 2013)

• Longevity credit formula used:

• 𝑝𝑛−1
(𝑖)

= Probability of surviving one year from time 𝑛-1, for 
member of Cohort 𝑖.

• 𝐹 𝑛− = Total fund value, across all cohorts in the fund,

• 𝐹(𝑖) 𝑛− = Fund value of member of cohort 𝑖,

• 𝐿(𝑖) 𝑛 = Number alive in cohort 𝑖, 

at time 𝑛.



Longevity credit decision
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Income withdrawn

• Member has fund value 𝐹 𝑛 at time 𝑛.

• Income withdrawn, if age 𝑥 at time 𝑛, is

𝐹(𝑛)

ሷ𝑎𝑥(𝑛)

• Annuity value projects mortality from time 𝑛.
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Membership and investment

• Everyone joins with £100.

• New members join every year, age 65 when join.

• Constant 2% p.a. investment return…

• Plus longevity credit.

• Income paid out annually, calculated using updated annuity 

values.

• Use Cairns-Blake-Dowd mortality model – include systematic 

longevity risk but no longevity improvements.
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Income sample paths
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100 people join every year



Research questions

• Does an open fund improve the pooling of 

longevity risk?

• Does the distribution of income vary across cohorts in 

a pooled annuity fund?

• By how much can the income fall?

• How many people are needed to join each year?

22 June 2022



Research questions

• Does an open fund improve the pooling of 

longevity risk? YES

• Does the distribution of income vary across cohorts in 

a pooled annuity fund?

• By how much can the income fall?

• How many people are needed to join each year?
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Single cohort – closed fund
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Single cohort – closed fund
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1 person alone
10,000 people alone



Cohort joins every year – open fund

22 June 2022

0 Time1 2

Cohort 1



Cohort joins every year – open fund

22 June 2022

0 Time1 2

Cohort 1



Cohort joins every year – open fund
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Cohort joins every year – open fund
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Open fund for 30 years

First cohort’s income distribution
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10,000 people, single cohort 10 people join every year



Open fund for 30 years

First cohort’s income distribution
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10,000 people, single cohort 100 people join every year



Open fund for 30 years

First cohort’s income distribution
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10,000 people, single cohort 1,000 people join every year



Research questions

• Does an open fund improve the pooling of longevity 

risk? YES

• Does the distribution of income vary across 

cohorts in a pooled annuity fund?

• By how much can the income fall?

• How many people are needed to join each year?
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Research questions

• Does an open fund improve the pooling of longevity 

risk? YES

• Does the distribution of income vary across 

cohorts in a pooled annuity fund? YES

• By how much can the income fall?

• How many people are needed to join each year?
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100 people join every year
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Research questions

• Does an open fund improve the pooling of longevity 

risk? YES

• Does the distribution of income vary across cohorts in 

a pooled annuity fund? YES

• By how much can the income fall?

• How many people are needed to join each year?
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By how much can the income fall?
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By how much can the income fall?
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By how much can the income fall?
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Research questions

• Does an open fund improve the pooling of longevity 

risk? YES

• Does the distribution of income vary across cohorts in 

a pooled annuity fund? YES

• By how much can the income fall?

• How many people are needed to join each year?
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Summary of pooled annuity fund research to 

date

• Open funds significantly improve the pooling of 

longevity risk [Qiao & Sherris 2013].

• When a fund closes, the survivors have more volatile 

income.

• For an open fund, highly unlikely for income to fall by 

more than 20%, unlikely to fall by more than 10% (but 

different mortality model will give a different answer).

• Need about 100 people per year to join.
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Turn to the second strand of research

• Now change direction

• What about Collective Defined Contribution (CDC) 

schemes which include investment risk-sharing?

• Overall question: Is investment risk-sharing 

beneficial?

• Here: How do scheme design choices contribute to 

investment risk-sharing?

22 June 2022



Collective defined contribution (CDC) plans
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CDC plan model

• Modelled a CDC plan with only investment risk-

sharing.

• Everyone contributes annually a constant amount for 

30 years, …

• …Gets a pension for 20 years,

• …Then leaves the plan.
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CDC plan benefit increase

• Investment risk-sharing occurs through a collective 

benefit increase calculation.

• Benefit increase at time 𝑘

=
Total plan asset value at time 𝑘

Total discounted value at time 𝑘
of benefits accrued up to time 𝑘 − 1

• Note: It is a one-off increase, not an annual       

pension increase
22 June 2022



Contribution calculation

• Determine CDC plan benefits, e.g. would like 

members to have annual pension of £100 p.a. when 

they retire

• Calculate contributions paid by each member…
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Contribution calculation

• Discounted lifetime contributions = Discounted lifetime benefits

• Need an interest rate to discount…

– …which will reflect future investment returns …

– ..at the time the calculation is done.

• Same contribution paid by all members…

– …so all future members are locked into the `Time 0’ predictions of 

investment returns.
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How much benefit should be accrued by 
each contribution?

• Constant benefit accrual means:

– Younger members get less 
benefit for same contribution.

– First contribution made by 
each generation is too high for 
the benefit accrued…

– …Leads to a large, positive 
benefit increase for the first 
generations in the scheme.

– Inconsistency of “lifetime” 
basis of constant benefit 
accrual vs “accrued” basis of 
benefit increase calcs. 

22 June 2022



How much benefit should be accrued by 
each contribution?

• Age-related/compound benefit 
accrual 

– Younger members accrue 
more benefit, as further 
from retirement.

– Reflects time period for 
investment returns.

– Remains an inconsistency: 
benefits accrued are 
calculated using returns 
predictions made at time 0 
vs current return predictions 
used in benefit increase
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CDC plan models

Plan Accrual method Discount rate based on future 

investment returns…

Unfair CDC 

scheme

Constant (1/30) …Predicted at time 0

Partially-fair 

CDC scheme

Age-related/

Decreasing compound

…Predicted at time 0

Fair CDC 

scheme

Age−related/

Decreasing compound

…Predicted at time of contribution
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`Partially-fair’ means financially fair on an accruals basis: 

Contribution amount = PV of benefit accrued by that contribution. 

`Fair’ means `Partially-fair’ + using up-to-date predictions of future returns to discount.



CDC scheme to analyse

• Target benefit of £100 p.a.

• Constant accrual of annual benefit, i.e. 

– 1/30 x £100 annual benefit accrued per contribution paid

• Regular contribution paid for 30 years until retirement.

• Benefit paid out every year for 20 years in retirement

• Financial market model is the Wilkie model, parameterised 

using 1923 – 2009 data (Wilkie et al 2010), with inflation 

stripped out of stochastic asset returns.

• Discount rate = LT bond yield + 3% p.a. ERP – inflation 
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Benefit attribution

• Analysed the Unfair CDC plan.

• Assume one person joins each year, no existing membership 

before time 0.

• Of the benefit paid at retirement to the Unfair CDC scheme 

members, calculated:

– How much would have got from investing the same contributions in an 

individual DC scheme, with same investment strategy;

– How much additionally would have got if had been in the Fair CDC 

scheme instead; and

– How much additionally would have got if had been in the Partially-Fair 

CDC scheme instead.
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Benefit attribution key

• Blue line: “Unfair benefits” = Unfair benefit – Partially-fair 

benefit

• Red line: “Unfair predictions” = Partially-fair benefit – Fair 

benefit.

• Green line: “Investment risk-sharing” = Fair benefit – Individual 

DC (IDC) benefit

• Yellow line: IDC benefit

• Black line: Unfair CDC plan benefit = Yellow + Green + Red + 

Blue lines
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Sample paths – difficult to interpret without 

seeing underlying return sample path
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Median of benefit attribution for first year’s 

benefit payment

Contribution £17 p.a. Contribution £31 p.a.
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Benefit payouts are sensitive to the 

contribution amounts

• If returns are better than implied by contribution calculation, 

then…

– First generations are better off in the unfair CDC or partially-fair CDC plan;

– Last generations are better off in the fair CDC or Individual DC plan.

• Reverse is true.

• Changing numbers of members in each generation can amplify 

gains/losses. 
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Median of benefit attribution for first year’s 

benefit payment

Contribution £17 p.a. Contribution £9 p.a.
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Summary of CDC plan results

• Constant benefit accrual:

– We know it disadvantages younger members who leave the scheme 

early (not considered here).

– Gives too high a benefit increase for the first generations, which is paid 

for by later generations.

• “Gains/Losses” due to poor predictions of returns are borne by 

later generations, 

– The later the generation, the bigger the impact borne.

– Membership numbers also have an impact.

– Can reviewing contributions regularly help?

22 June 2022



Future research

• Continuing the study of pooled annuity funds and CDC plans.

• Aim is to understand them better, e.g. where do the risks lie 

and (Then) how could they be mitigated?
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