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Motivation
Data-driven calibration

Stochastic mortality models (like the Lee-Carter (LC) or Cairns-Blake-Dowd (CBD) model)

Essential tools for modeling, measurement, and management of longevity risk

Model parameters are typically calibrated to historical mortality data

past mortality patterns and dynamics are captured as closely as possible

and then stochastically projected into the future

Suitable approach whenever there is no indication that the structure of future mortality fluctuations 
might be different than a structure observed in the past

Stochastic mortality models are generally calibrated by looking in the “data rearview 
mirror”  “data-driven” calibration.
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Source: Cairns et al. (2011)



Motivation
Driver-driven calibration

Knowledge about potential scenarios that might impact the future development of mortality

exists in many different disciplines (like ageing research)

along with the potential for subject specialists to provide educated estimates for the potential 
impact, the timing, and the probability of occurrence.

However, this knowledge is typically not considered in longevity risk management.

A well-founded calibration should consider all available information.

For illustration: Imagine the year is 1929 and Flemming discovered penicillin.

Contemporary expert judgement has anticipated that this will have an impact on life expectancy. 

Of course, nobody could have precisely predicted the impact, the timing, and the probability.

But any “educated guess” by experts would have provided a better understanding of the 
uncertainty of (then) future human life expectancy than a purely data-driven approach.

Following an interdisciplinary approach, we develop a methodology how expert 
knowledge on the future of human life expectancy can be integrated into the 
calibration of stochastic mortality models  “driver-driven” calibration.
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Why consider the field of “anti-ageing medicine”?

Ageing does not work like this,… but like this:
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Source: Faragher (2023)

“Mechanisms that cause ageing are known…and druggable” (Faragher, 2023) 



Why consider the field of “anti-ageing medicine”?

Eight promising drug classes, most of which have the potential to modulate hallmark 
mechanisms, are currently in clinical human trials. 
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“Mechanisms that cause ageing are known…and druggable” (Faragher, 2023) 

Source: Guarente et al. (2024)



Two expert scenarios for the future of human life expectancy
Some cautious but very important notes

Our focus: longevity risk management 

Only consider scenarios in the direction of an increase in life expectancy

Most relevant: “low probability / high impact” events

Focus on the model’s “volatility” rather than on the “best estimate”

At this stage, nobody can know which interventions will prove most effective, at what point in time 
they will come to the market, and what the effect on human life expectancy will be. 

In particular, determining a reasonable probability of occurrence is extraordinary tricky.

Any expert opinion will naturally be far from a perfect prediction!

We are not claiming that our considered expert scenarios are the right ones.

Rather, we

argue that we are currently at a point in time where uncertainties regarding the future 
development of life expectancy might be larger than a purely data-driven approach suggests,

propose a methodology on how to integrate expert knowledge into the model calibration, and

illustrate this using exemplary expert scenarios. 
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Two expert scenarios for the future of human life expectancy

Two expert scenarios:

One scenario that is later used for the driver-driven calibration

A second scenario for validating the long-term uncertainty of the resulting model

An expert scenario consists of three components:

What might happen? 
What is the impact on a given reference figure? 
For example, we consider the impact on the remaining cohort life expectancy (LE) at age 65.

When could it happen?
Over which time horizon does the scenario unfold?

How likely is it to occur? 
What is the probability that this scenario (or something else with an impact that is at least as 
high as in the specified scenario) will occur?
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Two expert scenarios for the future of human life expectancy
The scenario: Senolytics

Senescent cells are cells that do not divide any more, but do not die.

Anti-cancer mechanism

Accumulate in the body over time and contribute to chronic inflammation, tissue dysfunction, 
and the progression of age-related diseases.

Hence, their elimination clearly has the potential to slow down or even reverse ageing.

Senolytics are drugs that selectively eliminate senescent cells.

More than 60 human trials in progress, some already in Phase II.
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Two expert scenarios for the future of human life expectancy
The scenario: Senolytics

Potential impact on human life expectancy 

Point of reference: up to 37% increase in remaining life expectancy for mice 
(cf. Baker et al., 2016; Yousefzadeh et al., 2018)

largely attributed to the suppression of cancer

However, cancer-related deaths are about a third lower in humans than in rodents 
 37% upper estimate, (1/3)*37% ≈ 12% lower estimate

Various other arguments why the impact on humans might actually be higher than 12%
in particular effects resulting from potential “stacking” of interventions

 our estimate: 25% (approximately midway between the upper and lower estimate)

Estimated timing

Rule of thump: 16 years from phase 0 to licensing.

Our estimate: 10 years (2 more years for phase II + another 2 years for phase III + 1 year for 
licensing + 5 years to reach large parts of the population). 

Our exemplary expert scenario used for calibration: 
An increase in remaining LE at age 65 of 25% over a time horizon of 10
years with a probability of occurrence of 1%

10 © September 2024 Scanning the horizon: integrating expert knowledge into the calibration of mortality models



Two expert scenarios for the future of human life expectancy
“Out-of-the-box”: the killifish scenario 

Mankind has undergone an extended evolutionary bottleneck (cf. Hu et al., 2023)

essentially everyone alive on earth today descends from a 
population of less than 1000 individuals about 900,000 years ago 

Another genetically bottlenecked species is the African turquoise killifish 

exhibits many typical signs of aging at the molecular, cellular, organ, and behavioral levels, 
similar to those seen in mammals

remarkable increase in life expectancy of 60% in response to resveratrol

We consider the possibility that a similarly high increase in life expectancy could occur in humans 
through a simple, but as yet undiscovered, intervention.

Of course, an increase of 60% in LE at birth would lead to an even higher increase at age 65.
 we exemplary assume an increase in remaining LE at age 65 of 100%.

Such an intervention, if it exists at all, has yet to be found.
 assume rather long time horizon of 30 years

Our „out-of-the-box“ expert scenario used for model validation:
An increase in remaining LE at age 65 100% over a time horizon of 30 years 
is highly unlikely, but within the realm of possibility.
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A driver-driven calibration procedure
Considered stochastic mortality models

CBD model structure of Cairns et al. (2006)

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑞𝑞𝑥𝑥,𝑡𝑡 = 𝑙𝑙𝑙𝑙𝑙𝑙
𝑞𝑞𝑥𝑥,𝑡𝑡

1 − 𝑞𝑞𝑥𝑥,𝑡𝑡
= 𝜅𝜅𝑡𝑡

(1) + 𝜅𝜅𝑡𝑡
2 𝑥𝑥 − 𝑥̅𝑥

Trend change model of Börger & Schupp (2018) for the period effects 𝜅𝜅𝑡𝑡
(1) and 𝜅𝜅𝑡𝑡

(2):
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Trend change model



A driver-driven calibration procedure
Step 1: Data-driven calibration as starting point

Trend change model

The model provides a reasonable form of uncertainty that matches the 
assessment of long-term uncertainty in our expert scenarios.
Nevertheless, the quantile for the senolytics scenario remains well below the 
specified value of 1%.  model appears to underestimate uncertainty.
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𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌 Senolytics ℙ(%) Killifish ℙ(%)
Trend (data-driven) 0.31% 0.20%



A driver-driven calibration procedure
Step 2: Identification of a suitable volatility parameter for scaling

The trend change model has several „volatility parameters“:

Most promising variant: 

Calibrating the trend change intensity parameter 𝜇𝜇𝑀𝑀 for the first period effect 𝜅𝜅𝑡𝑡
(1) for 

trend changes that point in the direction of an increase in LE.
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𝜅𝜅𝑡𝑡

Time 𝑡𝑡

𝜆𝜆𝑡𝑡𝜖𝜖𝑡𝑡

𝜅̂𝜅𝑡𝑡 𝑑𝑑𝑡𝑡

Extrapolation of the current mortality trend: 
𝜅̂𝜅𝑡𝑡 = 𝜅̂𝜅𝑡𝑡−1 + 𝑑𝑑𝑡𝑡

The trend can experience a change in any year in any 
direction with a trend change probability of 𝑝𝑝𝑡𝑡: 

𝑑𝑑𝑡𝑡 = �𝑑𝑑𝑡𝑡−1 𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 1 − 𝑝𝑝𝑡𝑡
𝑑𝑑𝑡𝑡−1 + 𝜆𝜆𝑡𝑡 𝑚𝑚𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑡𝑡

The trend change has an intensity of 𝜆𝜆𝑡𝑡 = 𝑀𝑀𝑡𝑡 ⋅ 𝑆𝑆𝑡𝑡

with sign 𝑆𝑆𝑡𝑡
(𝑖𝑖) ∈ {−1,1} and 

magnitude 𝑀𝑀𝑡𝑡 ∼ 𝐿𝐿𝐿𝐿(𝜇𝜇𝑀𝑀 ,𝜎𝜎𝑀𝑀2 )

Finally, we add annual fluctuations 𝜖𝜖𝑡𝑡 ∼ 𝑁𝑁(0,Σ) around 
the trend: 𝜅𝜅𝑡𝑡 = 𝜅̂𝜅𝑡𝑡 + 𝜖𝜖𝑡𝑡



A driver-driven calibration procedure
Step 3: Resulting model calibration and validation

Data-driven Driver-driven

Regime switch: driver-calibrated 𝜇𝜇𝑀𝑀 for 10 years, data-calibrated afterwards
Driver-driven leads to wider confidence intervals reflecting higher uncertainty 
Validation of long-term uncertainty with regard to the killifish scenario 
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𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌 Senolytics ℙ(%) Killifish ℙ(%)
Trend (data-driven) 0.31% 0.20%
Trend (driver-driven) 1% 0.43%



Risk analysis
A simplified case study

Simplified closed portfolio of life annuities 

Built up in the past by selling the exactly 
same type of contract to the same number 
of costumers at the beginning of each year.

Retirement age of 65, interest rate of 2%

We analyze the distribution of the centered 
random present value of future liabilities 
(cf. Cairns et al., 2014; Börger et al., 2021)

𝐿𝐿 − 𝔼𝔼(𝐿𝐿)

in terms of the 90%- and 99.5%

Value-at-Risk and

Tail-Value-at-Risk

The driver-calibrated model leads to a significantly higher assessment of 
longevity risk than the data-driven approach, particularly with regard to tail risks. 
Hence, our proposed driver-driven calibration procedure offers a valuable 
complement to established data-driven approaches.
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Conclusion
Summary and Outlook

Currently, the uncertainty about the future development of human life expectancy is rather high.

Expert knowledge from other disciplines is typically not considered in longevity risk management.

We therefore propose a “driver-driven” approach for the calibration of mortality models. 

Idea: model should match the prediction of an expert scenario

Particularly relevant when there are “low probability / high impact” scenarios on the horizon

We motivate and propose two exemplary scenarios for the future development of life expectancy.

Interdisciplinary approach with an expert from the field of anti-ageing research

Main finding: The “driver-driven” calibration can lead to a structurally different assessment of 
longevity risk than the traditional “data-driven” approach, especially with regard to tail risks.

Several potential extension

joint consideration of multiple expert scenarios

different model structures (e.g. models with jump processes)

…
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Appendix
Trend change model vs. random walk with drift

CBD model structure of Cairns et al. (2006)

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑞𝑞𝑥𝑥,𝑡𝑡 = 𝑙𝑙𝑙𝑙𝑙𝑙
𝑞𝑞𝑥𝑥,𝑡𝑡

1 − 𝑞𝑞𝑥𝑥,𝑡𝑡
= 𝜅𝜅𝑡𝑡

(1) + 𝜅𝜅𝑡𝑡
2 𝑥𝑥 − 𝑥̅𝑥

Two different models for projecting the period effects 𝜅𝜅𝑡𝑡
(1) and 𝜅𝜅𝑡𝑡

(2):
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Random walk with constant drift

Standard approach, cf. Cairns et al. (2006)

Trend change model

cf. Börger & Schupp (2018)



Appendix
Trend change model vs. random walk with drift

Random walk with constant drift Trend change model
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𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌 Senolytics ℙ(%) Killifish ℙ(%)
RWD (data-driven) 0.25% 0.07%
Trend (data-driven) 0.31% 0.20%
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Disclaimer

Please consider the following reliances and limitations:

This document must be considered in its entirety as individual sections, if considered in isolation, may be misleading. No reliance 
should be placed on any advice not given in writing. Draft versions of this document must not be relied upon by any person for any 
purpose. All decisions taking into account this document must consider the agreed basis and the specific purposes of this document. 
If reliance is placed contrary to the guidelines set out above, we disclaim any and all liability which may arise.

This document is based on our market analyses and views as well as on information which we received from you. We have checked
this information for consistency against our market knowledge and experience. But we have not undertaken any independent 
verification regarding completeness or correctness of this information. Statistical market data as well as information where the
source of the information is indicated are in general not checked by us. Please also note that this document was based on data 
available to us at, or prior to the date it was prepared. It takes no account of developments after that date and we are under no 
obligation to update or correct inaccuracies which may become apparent in the document. In particular, this holds for possible 
implications arising from the introduction of new regulatory requirements.

This document is based on our experience as actuarial advisers. Where, in the course of providing our services, we need to interpret 
a document, deed, accounts or relevant taxation provision or medical issues in order to advise you, we will do so with the 
reasonable skill and care to be expected of us in our professional capacity. Should you want definitive advice, for example as to the 
proper interpretation of a document, deed, accounts, relevant taxation provision or medical issues, you should consult your lawyers, 
accountants, tax advisers or medical experts for that advice.

As agreed, this document was made available for internal use only. Except with our written consent, this document must not be
reproduced, distributed or communicated in whole or in part to any third party. We disclaim all liability for consequences arising 
from any third party relying on our reports, advice, opinions, documents or other information.

Any reference to ifa in context with this document in any report, accounts, other published documents, or oral form is not authorised
without our prior written consent. This holds similarly for any oral information or advice provided by us in the context of 
presenting/discussing this document.
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