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Motivation

Think, for instance, of an insurer with just 2 policyholders for a product 

whose pay-out depends on death/survival: 

• First person has a benefit of  €1 000 euro

• Second person has a benefit of €1 000 000 euro

Should mortality assumptions be estimated giving these two individuals 

the same level of importance, or should models account for the difference 

in benefits when setting assumptions? 
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Motivation

✓ Some practitioners think that mortality assumptions should try to 

predict as well as possible the survival of the second individual even if 

this means increasing the chances of getting wrong the survival of the 

first one. 

✓ They  advocate for the use of insured amount-weighted mortality 

models

✓ It is usually said that these models will result in lower mortality- see, for 

example, Richards (2008). 

✓ Practitioners expect sum insured to be an indicator of affluence 

(Haberman et al., 2014).
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Maximum likelihood estimation refresher



Maximum likelihood estimation

Under maximum likelihood estimation:

• We are interested in estimating the unknown parameters P of a function g. We do this in a 

way that the parameters can be considered the “most likely to be true” given data observed.

• Consider a random variable T, and a subscript i denoting an individual, out of a group of N 

members.

• Assume the existence of a related probability (density) function that can be written as g(t;P) 

MLE will find the value of P that maximizes the probability of observing the data collected, 

which can be written as
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Maximum likelihood estimation

Note how we have assumed that the experience of every observation is equally important. This 

is what some insurers/practitioners do not like. Because of this, they resort to a methodology 

where they weight the observations by the sum insured/benefit. Consider for this a variation of 

the previous model, where wi refers to a weight associated to each individual. In this particular 

case, wi is a function of the size of the sum insured. 
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Maximum likelihood estimation

Consider a data set on survival of N individuals, where individual i is observed for ti units of 

time. Moreover, assume that individual survival for individual i is weighted by wi, which is some 

function of the sum insured.  Then the likelihood equation can be written as 

Where Txi is the future lifetime of individual i, Fxi (t)=Pr(Txi ≤ t) is the probability of the individual 

surviving at most t years, Sxi (t)= Pr(Txi > t) is the probability of surviving at least t years, and δi

is an indicator of whether the individual survived (δi =0) or died (δi =1) during the period of 

observation. We have assumed that individuals aged x are subject to a force of mortality μx and 

a cumulative hazard function Hx(t).
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Maximum likelihood estimation

We will be assuming classical mortality laws from literature as shown in the table below.
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Generalized Additive Models



Generalized additive models (GAM)

The objective of making use of a GAM is to study a model of the form

Where Di is the number of deaths, C1,i, …, Cn,i are variables, and Cn+1,…, 

Cm,i are continuous variables for the i-th person. In addition, g(x)=log(x) is 

a link function and sn+j(x) is a smooth, non-parametric function associated 

to the j-th continuous covariate.
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Implementation of experiments



Implementation of experiments

In our experiments, we will…

• estimate mortality rates using both a classical and a weighted 

approach in maximum likelihood estimation.        

• We estimate mortality rates using pension information as a covariate 

instead of a weight. 
• We begin with models omitting socio-economic information as it is typically done in practice. 

We finish by incorporating models with socioeconomic information on participants. 

• Since weighting by sum-insured is used claiming that rates are more 

liability tuned, we compute the liabilities associated to an annuity 

portfolio. 

• We will analyze the fit of estimates from a financial perspective.
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Data



Data

For our purposes, we will use a dataset provided by one of the largest insurance 

companies in the Netherlands.   This data set offers valuable information on the 

survival of individuals buying annuity products from the company.

• Survival information given in the form of yearly snapshots. 

• The time period covers from 2015 to 2022

• Estimations consider information on 630 112 individuals (428 563 men and 201 

549 women).

• Total exposure used amounts to 4 454 820 years lived. 

• Ages go from 30 to 100 

The data includes policyholder characteristics:

• Age    

• Gender

• Estimated salary

• Sum insured

• Postcode based characteristics
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Data
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• The variables related to postcode correspond to the dominant category in

the zipcode of the person. For instance, if most houses were built before

1945 in the postcode of a policyholder, the policyholder counts in the

category "Before 1945" for variable BY.



Computation of liabilities



Computation of liabilities

Based on mortality estimations, we compute the value of a portfolio:

The benefit of the product is an annuity payable yearly from age 65 until death

Characteristics of the portfolio

• 63 012 policyholders    

• From all ages

We compute the liability associated to person i under a deterministic approach as

Pi*AFxi

Where AFxi is defined as an annuity factor per unit of sum insured and Pi the 

corresponding benefit amount. Taking di=max(0,65-xi) as the deferred period, we 

get
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Weight determination

• Weights can take multiple forms

• Hu (1997) stresses on the importance of weights used to construct estimators. 

For their theorical work, they define their weights as positive and estimated so 

that they add up to 1. 

• Harrel (2015) mentions that weighted maximum likelihood estimators can be 

obtained using weights that do not necessarily have to be a frequency or an 

integer and give the example of weights in the case of sample surveys.    

• The industry tends to use directly the sum insured of the individual. This is to try 

to model mortality in amounts. 

• As suggested by Richards (2008), however, it makes sense to use weights that 

add up to the total number of individuals. We adopt this. 
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Weight determination –Weight 1

• For individual i, we define the weight

This is equivalent to the weights typically used by the industry in the sense that 

weights are entirely dependent on sum insured only. 
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Weight determination –Weight 2

• For individual i, we define a weight that considers age and gender structure as

where the superscripts g and x are used to differentiate benefits associated to a 

particular gender g and age x.  
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Financial Test of Fit

• For people active in the population at the beginning of 2022 (AP2022), we compute the 

difference between the expected and actual liability at the end of 2022 as

Where δi
2022 denotes the survival indicator to year 2022, pxi,2022

M denotes the probability of 

surviving year 2022 for the individual under mortality model M. In addition, the average annuity 

factor considers all the annuity estimations for person i associated to model M (average of all 4 

weighted, unweighted versions). 

We therefore adopt the indicator of overall difference relative to the total value of liabilities as
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Results



Estimated liabilities with models considering 

only age, gender and pension amount
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Estimated liabilities with models considering 

socioeconomic information
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Weighting with W1 results in lower liabilities: 

why?
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• Let’s take a look at some basic descriptive statistics to understand what

W1 is doing.

This suggests that the model is paying disproportionate attention to the survival experience of a (relatively) small

group of males, which is resulting in higher mortality under a more granular model. Using directly sum insured as

weights yields the same result.



Key take aways



Key takeaways
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• Weighting has a clear impact on the value of liabilities, and the choice of

weights used will affect financial results. Model choices will also make a

difference.

• Let’s talk about the fundamental difference between using pension

information as a covariate and as a weight.



Key takeaways
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• Weights that only depend on sum-insured may introduce bias in

representation when estimating parameters.



Key takeaways
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• Pension amount by itself is not the best token of liability value in annuity

business: size of payment vs. Number of remaining payments left?

• Multiplying by sum-insured does not necessarily transform mortality from

a person basis to sum-insured basis: sum insured is only used as an

indicator of relevance when estimating parameters, but focus continues

to be human survival.

• Weights do not address the value of insight and information.



Sources



Sources
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Sources
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Thank you! Obrigado!

Questions?

Andrey Ugarte Montero

a.d.ugartemontero@uva.nl
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