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INTRODUCTION 

In many different applications (Solvency Capital Requirement, Best Estimate of 
Liabilities computation, Economic Balance Sheet statement, insurance products 
pricing, profit analysis…), insurance companies use lifetables to model the 
probability of death or survival. 

Adverse selection is the fact that, depending on the features of the insurance 
products underwritten, policyholders could present different behavioral or 
health characteristics. This could lead to observe different death probabilities 
between policyholders of the same age among the different products. For 
Valuation and Risk Management purposes, as this difference could be large, it 
should therefore be accounted for. 

The lifetables will thus be different for some segments of insurance 
policyholders and will be different from the general population mortality (of a 
country for example). By using adapted life tables, the insurance company can 
take into account the adverse selection. 

Calibration of such tables will be based on a trade-off between appropriateness 
(specific features of the policyholders adequately captured) and accuracy 
(sufficient volume of data to obtain reliable parameters).    
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KEY TAKE-AWAYS OF THIS WHITE PAPER 

This white paper aims to present some models often used by 
the insurance market for adverse selection and a tool delivering 
reliable and understandable results. 

 
For the purpose of assessing, implementing or validating such 
models, we suggest the following key points of attention: 

 The number of segments for the calibration must not 
be too large in order to avoid lack of data by group and 
not too small in order to account for different mortality 
features by segment (appropriateness) 

 The quality and volume of the insurance mortality data 
must be sufficient to obtain reliable and stable results 
(accuracy) 

 Backtesting the results is an important step to assess 
the quality of the adverse selection model 

 Comparing the results by modifying time windows or 
ages windows must be performed in order to assess the 
stability of the model 
 

 
  

 
 
 
 
 
 
 
 
 
 
 

 
 

IMPORTANT NOTE: 
 
This White Paper is not intended to be a detailed scientific review of 
mortality modelling approaches. It must only be considered for its 
intended purpose: an overview of some adverse selection models and 
an example of implementation in a user-friendly web-based solution.   
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1. MOTIVATION FOR USING AN ADVERSE SELECTION MODEL 

The mortality behaviour of an insured 
population usually differs from that of the 
general population.   
 
However, most of the time, period and 
prospective lifetables are calibrated directly 
on general population data (i.e. for instance 
the data of a whole country). This solution is 
favoured because the calibration requires a 
large volume of data with a limited volatility 
and the insurance companies often only have 
few observations related to the insured 
population which are not enough to fit a 
reliable and stable lifetable directly on them. 
Estimating the coefficients of a period or 
prospective lifetable directly on the mortality 
data of an insurance portfolio could lead to 
results that are not reliable or significantly 
more volatile, since the number of records is 
often limited.  
 
But using the general population lifetable for 
Pricing, Valuation or Risk Management (e.g. 
Solvency Capital Requirement, Best 
Estimate…) could lead to results which would 
not be compliant with the true underlying risk. 
As a simple example, imagine an insurance 
company has to compute the tariff for a pure 
endowment product.  

Let’s assume that the historical data show 
that, on average, the population underwriting 
such a product has a greater life expectancy 
than the general population. If the insurance 
company uses general population lifetables 
for pricing purposes, the premium will be 
underestimated and this could have harmful 
consequences on the profitability of the 
company. 
 
Therefore, a common practice is to obtain 
insured tables as a transformation of general 
population tables calibrated on the mortality 
data of a given country or region for example 
and then adjusted with company or insurance 
market-specific data. The transformation 
should be performed in order to reflect the 
specific profile of the different segments 
defined (insurance company as whole, 
insurance products, segments of 
policyholders…).  
 
To summarize, the need for appropriateness, 
accuracy and consistency is a rationale for the 
use of adapted lifetables. The lack of 
insurance specific mortality data acts as an 
incentive to transform general population 
lifetables into segments lifetables and thus to 
use adverse selection models. 

 

 
 

Figure 1 - The portfolio mortality is different from the general population mortality 
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2. ADVERSE SELECTION METHODS 

As already mentioned, a common practice is to fit a prospective life table based on general 
population and then to adapt it in order to fit in a reliable way the mortality of the insurance 
portfolio from which different segments can be extracted (e.g. depending on the product type). 
 
For more information about the construction of a general population life table, please feel free 
to read the White Paper “Prospective Life Tables: An introduction to time-dependent mortality 
models” by Julien Antunes Mendes and Christophe Pochet.  
 
Many techniques to take adverse selection into account have been developed in the literature, as for 
example relational models or adaptation models based on the life expectancies. The specific 

population mortality rates at age x and year t (𝑞𝑥,𝑡
𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐

) are thus assumed to be obtained by an 

adaptation thanks to a function 𝑓 of the general/reference mortality rates at age x and year t (𝑞𝑥,𝑡
𝑟𝑒𝑓

). 

 

𝑞𝑥,𝑡
𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐

= 𝑓(𝑞𝑥,𝑡
𝑟𝑒𝑓

) 

 
These models must be considered with care as they are based on strong assumptions. Due to paucity 
of specific data the relational function is usually assumed independent of time. The mortality 
improvements for the specific population are consequently expressed as a static function of the 
mortality improvements of the general population, assuming a similar evolution of the mortality 
improvements between both populations. Some limitations can also be pointed out as the fact that, 
depending on the quality of the specific data, the model could better fit on some ages and/or 
historical years rather than others, meaning that some deviations could still be observed. 
 

 
Figure 2 - The general population lifetable is adapted to represent the portfolio mortality 

 
In the next sections, some models will be presented. The list is not exhaustive as many models exist. 
In the description, we make a distinction between models where the exposure to risk and number of 
deaths are available or not.  
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Note that time dependency can be taken into account in three different ways: 

 Adverse selection is performed on a single year (no time dependency) 

 Adverse selection is performed on an average over several years (smoothed time 
dependency) 

 Adverse selection is performed with specific time-dependency 
 
An example of calibration on an average of 
several years is given in the following figure. If, 
in order to have a large volume of data, an 
insurance company wants to use its own data 
from 2006 to 2012 for adverse selection 
purposes, the average of the relevant 
mortality indicators (death probabilities, 

number of deaths…) will be taken and will be 
considered as data of 2009, which is the 
central year of the historical data. The model 
will thus adapt the general population 
mortality indicator of 2009 (or an average of 
years around 2009) in order to fit the average 
specific data mortality indicator. 

 

 
Figure 3 - Taking an average of several years data to increase the data volume 

Once the adverse selection parameters are calibrated, these are used to adapt the future general 
population rates into future portfolio rates. 
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a. Model on the (instantaneous) mortality rates 

When the exposure to risk is not available (or is not used), some often used models are the 
exponential model, the multiplicative model and the Cox, Brass, Hannerz models. Regarding 
exponential and multiplicative models, time dependency is accounted for either on a single year or 
on an average of several years (specific time-dependency is not considered in these models), that is 
why there is no parameter t.   

 Exponential model: the portfolio mortality rate is expressed as a function of the general 
population survival probability to the power k, where k is a parameter. 

𝑞𝑥
𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐

= 1 − (1 − 𝑞
𝑥
𝑟𝑒𝑓)

𝑘
 

 Multiplicative model: the portfolio mortality rate is expressed as K times the general population 
survival probability, where K is a parameter. 

𝑞𝑥
𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐

= 1 − 𝐾(1 − 𝑞
𝑥
𝑟𝑒𝑓) 

 

 Cox, Brass, Hannerz relational models (literature references) of type 

ln 𝜇𝑥,𝑡
𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐

= 𝑓1(𝑥, 𝑡) + 𝑓2(ln 𝜇𝑥,𝑡
𝑟𝑒𝑓

) 

 

b. When risk exposure and number of deaths are available 

As the true likelihood is proportional to Poisson likelihood, one can use a model of the following 

type. The number of deaths at age x and year t (𝐷𝑥,𝑡  ) follows a Poisson distribution with a mean 
equal to the exposure to risk at age x and year t (𝐸𝑅𝑥,𝑡) times the exponential of the sum of two 

terms, one being a function of the age and the year (𝑓1(𝑥, 𝑡)), and one being a function of the 

logarithms of the general population instantaneous mortality rates (𝑓2(𝑙𝑛 𝜇𝑥,𝑡
𝑟𝑒𝑓

)). 

 

𝐷𝑥,𝑡 ~ 𝑃𝑜𝑖 (𝐸𝑅𝑥,𝑡𝑒𝑥𝑝 (𝑓1(𝑥, 𝑡) + 𝑓2(𝑙𝑛 𝜇𝑥,𝑡
𝑟𝑒𝑓

))) 

 
With a linear Poisson approach, it becomes, with 𝛼 and 𝛽 being two coefficients to be calibrated 

𝐷𝑥,𝑡  ~ 𝑃𝑜𝑖 (𝐸𝑅𝑥,𝑡exp(𝛼 + 𝛽 ln 𝜇𝑥,𝑡
𝑟𝑒𝑓

)) 

 
With segmentation factors (e.g. the product type, smoker/non-smoker, geographical location…) it 
becomes, where 𝐼𝑖 represents the value of the segmentation factor i (e.g. 1 if the insured person is 
smoker and 0 otherwise) and 𝛾𝑖  being the coefficient corresponding to the segmentation factor i: 
 

𝐷𝑥,𝑡 ~ 𝑃𝑜𝑖 (𝐸𝑅𝑥,𝑡exp (𝛼 + 𝛽 ln 𝜇𝑥,𝑡
𝑟𝑒𝑓

+ ∑ 𝛾𝑖𝐼𝑖)) 

 
The Poisson model can be calibrated (i.e. determination of the different coefficients 𝛼, 𝛽 and 𝛾𝑖) with 
GLM (Generalized Linear Models) which ease the statistical justifications and management 
interpretations. Note that ages classes could be potential segmentation factors in order to allow 
different life tables shifts depending on the age (as the 𝛽 parameter is applied on all ages). 
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3. CHOICE AND ASSESSMENT OF A MODEL 

The choice of an adverse selection model can depend on many elements, as the complexity of the 
model, the mortality data, the volume of the data, the number of segments considered…  
 
One has to note that a model could give more reliable results than another model on some data, 
while this could be the contrary with another mortality database. Depending on the selection 
criterion used (fitting capacity, predictive power, complexity…), not always the same model will be 
adopted. So, the model choice is a complex process that has to take into account many features.  
 

a. Attention points 

The quality and volume of the specific 
mortality data must be sufficient to obtain 
reliable and stable results (accuracy). This 
means that the volume of data must be large 
enough in order to avoid volatility and such 
that a calibration model applied on them will 
give reliable results. Moreover, the quality of 
the data must be assessed.  

The segments choice is a crucial point when 
dealing with adverse selection. Regarding the 
particular features of the mortality 
observations, it is obvious that considering a 
large number of segments will give specific 
results for each segment depending on its 
own features. However, as far as reliability is 
concerned, considering too many segments 
will lead to perform calibration on very small 
groups with few data and much volatility, 
which is not appropriate. So, a trade-off has to 
be found between the number of segments 
and the volume of data by segment.   

b. Testing/Assessment 

An important step consists in testing/assessing 
the quality of the model practically. Many 
techniques exist, we will present here after 
two of them: 

- Backtesting the results is an important step 
to assess the quality of the adverse selection 
model. This is a test that consists in comparing 
the predictions of the model with the real 
observations. Practically, the user can 
calibrate his model on past data (e.g. before 
2010) and adapt the mortality elements for 
the years after 2010 consequently. Then, he 
will compare the predictions of the model for 
years after 2010 with the observations in 
practice. If the results are similar, this means 
that the predictive power of the model is 
good. Backtesting is a powerful criterion to 
compare different models.   

- Comparing the results by modifying time 
windows or age windows must be performed 
in order to assess the stability of the model. 
Indeed, one expects calibration not to be 
sensitive to such changes. If the calibrated 
mortality feature for a certain age and a 
certain year is computed, it should remain 
very similar if the chosen calibration years 
and/or ages are modified.   
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4. MARKET PRACTICE 

In 2015, Reacfin launched a survey “Lifetables Market Practices” in order to collect information about the 
mortality models used in the insurance sector. This allowed gathering information from 32 departments 
over 26 insurance companies in Belgium, Luxemburg and the Netherlands. 
 
Regarding adverse selection, it was noted that 60% of the departments adjust their mortality table in order 
to account for adverse selection. When analyzing the results in more details, it was noted that around 40% 
of the departments using period lifetables take adverse selection into account against around 80% for the 
departments using prospective life tables. 
 
The number of segmentation classes was also analyzed and the conclusion was that most of the 
departments use two to four classes.  
 

 
Figure 4 - Market's number of segmentation classes 

 
The four main used segmentation criteria are the age, the gender, the type of the product (individual or 
group) and the feature of the product (life or death). 
 
Regarding time-dependency modelling, most of the departments consider an average of several years for 
calibrating the adverse selection model. 
 
 As far as models are concerned, most of the companies use GLM transformation or a linear model on the 
mortality rates.  
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5. APPLICATION 

Reacfin has developed an automated adverse selection tool with a dynamic and easy-to-use interface.  
 
Two different types of adverse selection models 
are considered in this tool 

 The extended (with multiple years and 
multiple segments) Poisson model as 
described supra 

 A simplified model consisting in smoothing 
the ratios of the mortality rates between the 
portfolio population and the general 
population and to apply the obtained 
smoothed coefficients to adapt the general 
population life table. 

Depending on the database, the tool will 
automatically determine the number of segments 
and their names. It will produce some graphs 
depending on the parameters the user chooses, 
will perform the different computations 
(including some statistical tests as variables 
rejection based on their p-values for GLM 
purposes) and will return the results on csv files 
with a pdf report.  This is illustrated in the 
following paragraphs regarding the GLM 
calibration on a simple example. 

Data import 

In the following example, the general population database contains mortality rates for the year 2014. The 
specific population database contains mortality rates for the year 2014 and for two segments: 

 Segment “Seg1” which takes values “A” or “B” 

 Segment “Seg2” which takes values “1” or “2” 

As the tool will automatically determine the number 
of segments, their names and their possible values, 
the user will be able to choose one combination of 
segments in order to display the corresponding 
mortality rates and the risk exposure. 

Figure 5 - Determination of the combination of segments by the user

The first graph below depicts:  

 The logarithms of the instantaneous mortality rates of the general population (red line : reference) 

 The logarithms of the instantaneous mortality rates for the combination of segments “Seg1=A” and 
“Seg2=1” chosen by the user (blue line: portfolio) 

Moreover, for the considered combination of segments “Seg1=A” and “Seg2=1”, the total exposure to risk 
is also illustrated (second chart). 

 
Figure 6 - General population vs. specific rate 

 

 
Figure 7 - Exposure to risk for the considered segment 
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GLM fit and results 

A Poisson model is then fitted on the available data: 

𝐷𝑥,𝑡 ~ 𝑃𝑜𝑖 (𝐸𝑅𝑥,𝑡exp(𝛼 + 𝛽 ln 𝜇𝑥,𝑡
𝑟𝑒𝑓

+ 𝛾1𝑋1 + 𝛾2𝑋2)) 

With  

𝑋1 = {
0 𝑖𝑓 𝑆𝑒𝑔1 = 𝐴
1 𝑖𝑓 𝑆𝑒𝑔1 = 𝐵

                             𝑋2 = {
0 𝑖𝑓 𝑆𝑒𝑔2 = 1
1 𝑖𝑓  𝑆𝑒𝑔2 = 2

 

Once the GLM calibration performed, the tool determines which segments are significant or not, calculates 

the values of the coefficients as well as some statistical values, as depicted hereunder for coefficients 𝛼, 𝛽 , 
𝛾1 and 𝛾2. 

 
Figure 8 - GLM factors 

On the graph below are depicted: 

 the mortality rates of the general population (red line: reference) 

 the mortality rates of the combination of segments “Seg1=B” and “Seg2=2” (not necessarily the same 
combination as the one chosen for the data analysis) chosen by the user (blue line: portfolio) 

 the adapted rates thanks to the adverse selection method (green line: prediction)  

 
Figure 9 - GLM adjustment 

  

10 | Page 



 

Adverse selection in lifetables models  
Methods and applications 

Exports of the results 

 Once the GLM calibration is performed, the user can easily download different outputs: 

 The values of the coefficients together with some statistical values 

 The adjusted life table containing the mortality rates (or the instantaneous mortality rates to be in line 
with the input database) 

 A PDF report summarizing the analysis 

 The user choices in order to have a view on the different choices made 

 
Figure 10 - GLM exports 
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6. HOW REACFIN CAN HELP 

Reacfin has already developed many adverse selection models for most of its clients and 
several of its consultants have gained substantial experience for this topic.  
 

As described in the previous section, Reacfin has recently spent substantial efforts in developing a tool 
aimed at supporting our clients taking adverse selection into account in an easy and understandable way.   
 
A few examples of practical interventions include: 

 Deployment of the tool and possible tailoring 

 Construction of an adverse selection model using state-of-the-art methods 

 Supporting our clients in the development of such models 

 Validation of an adverse selection model, including benchmarking with other possible methods and 

backtesting 

 Development of a model to build prospective life tables based on the general population features 

 

 

We are convinced that this tool perfectly matches the insurance companies’ needs and this could be a 
powerful, easy and quick way to tackle the issue of adverse selection.  

 

In this demo version, the two input databases (general population data and specific population data) are 
fixed. A more complete version including backtesting is available on demand. 

Note that the general population database needed as input of this tool can be obtained with the “Lee-
Carter tool” developed by Reacfin to build prospective life tables. For more information about this tool, 
please feel free to read the White Paper “Prospective Life Tables: An introduction to time-dependent 
mortality models” by Julien Antunes Mendes and Christophe Pochet.  

If you have questions about this tool or if you are interested by the full version, please feel free to contact 
us: OnlineApp@reacfin.com. 

 

 

  

If you want to investigate this topic further, please visit our website (www.reacfin.com), tab 
OnlineApp. On the page dedicated to Mortality Adverse Selection Tool, you will find a light demo 
version of the tool. 
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Reacfin s.a. is a Belgian-based actuary, risk & portfolio 
management consulting firm.  

We develop innovative solutions and robust tools for 
Risk and Portfolio management. 

The company started its activities in 2004 as a spin-off of the 
University of Louvain, focused on actuarial consultancy to Belgian 
insurers, pension funds and mutual organizations. Rapidly, Reacfin 
expanded its business internationally and broadened its scope to 
various aspects of quantitative & qualitative risk management, 
financial modeling and strategic advice to financial institutions.  

Spread over its 3 offices in Louvain-La-Neuve, Antwerp and 
Luxembourg, Reacfin employs a team of high-end consultants 
most of which hold PhD’s or highly specialized university degrees. 

What we do 

• Modelling 
• Risk implementation advisory 
• Validation & model reviews 
• Specialized strategic risk 

consulting 

Excellence: our outstanding feature 

To deliver more than is expected from us, we attract the best people and develop their skills to the most 
cutting-hedging techniques supported by a robust and rigorous knowledge management framework. 

Innovation: our founding ambition 

Leveraging on our profound academic roots, we are dedicated on creating inventive solutions by 
combining our extensive professional experience with the latest scientific research.  

Integrity: our commitment 

We put work ethics, client's best interest and confidentiality as the foundation of our work. We are fully 
independent and dedicated at telling the truth. 

Solution-driven: our focus 

We produce for our clients tangible long-term sustainable value. We help our clients not only to reach 
the top, we help them reaching the stable top. 

Reliability: our characteristic 

We never compromise on the quality of our work, the respect of deadlines & budgets and our other 
commitments. We don’t produce reports, we deliver results! 

We put great emphasis at strictly articulating our work around 5 fundamental driving values: 
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Reacfin’s 4 core fields of expertise: 

ALM, Portfolio Management & 
Quantitative Finance 

 Implementation and calibration of 
stochastic models for valuation, 
trading and risk Management 
purposes 

 Times series analysis & modelling 
 Pricing of financial instruments  & 

development of ALM models 
 Design/review/implementation of 

systematic trading  & hedging 
strategies 

 Business intelligence in ALM or 
Portfolio Management  

 Tools development (Valuation, 
Pricing, hedging, portfolio replication, 
etc.)  

 Design of Capital Management 
solutions  

Insurance specialties 

Life, Health and Pension 

 DFA* Models 
 Capital Requirement assessment 
 Business valuation support 
 Product development (pricing, 

profitability, ... ) & Reserving 
 Model validation 

Non-Life 

 Reserving: triangle methods, 
individual claims modelling 

 Pricing: frequency and severity 
modelling, large claims analysis, 
credibility methods, commercial 
constraints 

 DFA models: cash-flows projection, 
calibration of models 

 Reinsurance: modelling covers, 
optimal reinsurance programs 

Qualitative Risk Management, 
Restructuring & Operations 

 Organization & Governance 
 Businesses restructuring & change 

management 
 Implementation and industrialization 

of processes 
 Internal &  regulatory reporting (KRI’s 

& KPI’s dashboards) 
 Model Review frameworks 
 Model Documentation 

(*) DFA = Dynamic Financial Analysis 

Risk & Portfolio Management 
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What we deliver 

Balanced 
and 

pragmatic 
approach 

No black 
box 

Solutions 

Document-
ation, 

coaching & 
training 

 Client-centric solutions focussed on deliverables 
 Respecting the principle of proportionality 
 Cost efficient within tight pre-agreed budgets 

 We deliver results, not reports! 
 Open source solutions 
 Close cooperation with our clients 

 Clear &  comprehensive documentation compliant existing or upcoming 
regulation 

 Adapted trainings at all levels of the organisation 
 Coaching support for implementation and operationnalisation of 

processes 

Clearly 
structured 
processes 

 Lean & efficient tailored project management 
 Regular progress reviews 
 Close cooperation with our clients  

State of the 
art technical 

skills 

 Expertise in most advanced quantitative modelling & academic excellence 
of a spin-off 

 All our consultants hold multiple masters or Phd. 
 Best-in-class qualitative risk management leveraging on highly 

experienced senior consultants 
 Hands-on implementation solutions, tested for real-world conditions 
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Reacfin s.a./n.v. 
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Reacfin s.a. is a consulting firm, 
spin-off of the University of 
Louvain. 
 
We develop innovative solutions 
and robust and practical tools to 
manage our customers’ risks, 
products, capital & portfolios. 
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