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EXECUTIVE SUMMARY 

Adverse Selection should always be taken into account in order to avoid negative 
effects in terms of estimating the risk or providing an appropriate valuation price. 
Consequently, employing a duly adapted portfolio life table is of the outmost 
importance in the insurance industry. In order to respond to such needs, Reacfin’s 
team developed an Adverse Selection tool aiming to calibrate a specific portfolio 
life table on a general population life table (e.g. inhabitants of a country).  

In order to perform the calibration, two distinct methods can be separately 
selected in the tool, one based on the Generalized Linear Model and the second 
based on Local Fitting. The calibrations of the tables will trade-off between 
appropriateness (specific features of the policyholders adequately captured) and 
accuracy (sufficient volume of data to obtain reliable parameters).  

The tool design aims to strike a balance between the user friendliness, by 
automating most of the processes and facilitating the user interaction, and the 
underlying algorithm complexity based on sound actuarial techniques.  
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1 INTRODUCTION  

This user guide accompanies the Adverse Selection release version 1.1. It provides 
a description of the tool interface and a walk-through the predefined available 
demo version.  

We assume that the user is familiar with the actuarial methods employed in the 
context of life insurance and mortality forecasting techniques. Consequently, this 
document focuses on the tool utilization in terms of features and functionality. 
However, the interested reader should refer to [1] for a more elaborate 
description of relational models applied in mortality forecasting.  

There is a plethora of applications in which an insurance company employs life 
tables to model the probability of death or survival. Some of the most common 
examples include Solvency Capital Requirement, Best Estimate of Liabilities 
computation, Economic Balance Sheet statement, insurance products pricing, 
profit analysis.  

In practice it was noticed that the specific portfolio population usually differs 
(sometimes by a great margin) from the general population (e.g country 
population). More precisely, depending on the features of the insurance products 
underwritten, policyholders could present different behavioural or health 
characteristics (i.e Adverse Selection). Consequently, the life tables for certain 
segments of insurance policyholders will be different from the general 
population’s. Not accounting for this might lead to inaccurate prediction or pricing 
for Risk Management or Valuation purposes.   

Employing adapted portfolio population life tables will allow to account for this 
Adverse Selection. The tables’ calibration 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). The tool will 
facilitate the calibration of such client portfolio life tables based on a general 
population life table. The user can choose among two distinct calibration methods 
based on Generalized Linear Model (GLM) [2] and Local Fitting [3] , respectively.  

As input for the tool, it is necessary to provide both the general population life 
table and portfolio specific mortality data. Contrary to the specific data, that 
should be readily available, the general table might not be. In order to overcome 
such shortcomings, Reacfins’ team has already put forward a Prospective 
Mortality Tool [4] that will facilitate the calculation of the general population 
prospective mortality tables.  

2 TOOL PROCESS SYNOPSIS  

Figure 1 depicts the overall process synopsis. It is noticeable that the application 
process is divided into three main phases (i.e. Data, GLM and Local Fitting). For 
each phase a corresponding interface is provided in order to allow for user 
interaction.  

The analysis performed by the tool starts with the Data phase that allows the user 
to import and visualize the raw data files that are employed in the subsequent 
analysis. It continues with two independent types of calibration methods: 
Generalized Linear Model (GLM) [2] and Local Fitting [3]. The results of the 
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calibration and the corresponding report can be downloaded for further analysis. 
Moreover, back testing is available to check the predictive power of the model. 

It is noticeable that the user may choose to perform only one of the two available 
types of calibration.  

 

 

Figure 1. Process synopsis.  

For each phase within the tool, this document shall present the inputs, the 
parameters and the outputs, where relevant.  

3 IMPORT DATA PHASE 

Figure 2 depicts the first interface of the tool (i.e. Data) that is available to the 
user by default at start up. As the name suggests, its main purpose is to allow the 
user to import the two data files that serves as basis for the subsequent 
calculation: 

- the General Population Mortality features  
- the Specific Mortality features  

These two data files are loaded by clicking on the corresponding “Browse” 
buttons (see Import Data area of the interface). This will enable the user to 
interactively select the files. It is noticeable that the tool is flexible enough 
allowing for the selection as well as the configuration of the input file in terms of 
data separator and decimal separator (see Figure 3).  

After the data files are loaded the selection of the data type available is required. 
The input data is restricted to the following types:  

- Qx: the annual mortality rates 

- Mux: the instantaneous forces of mortality 

- Dx/Ex: the number of deaths and the exposure to risk (only available for 

the specific population database). 
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It is noticeable that for the online demo version of the tool there is no possibility 
to select an input file since a demo data set is already loaded. Consequently, for 
the demo version the user is not able to upload his/her own data.  

 

Figure 2. Import interface – data selection and loading 

 

Figure 3. Import interface – data separator and decimal separator 

 

Figure 4. Import interface – descriptive analysis 

We have to underline that, in addition to loading the underlying data, the 
interface allows the user to perform a descriptive analysis. For distinct population 
segments (as selected by the user), a comparative analysis of the mortality rates 
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between the population and the portfolio can be displayed. Additionally, the total 
risk exposure histogram is available in case the input contains the number of 
deaths and the exposure to risk for the segment considered. By “segment” we 
denote a population subset from the initial data set that corresponds to a defined 
choice of values for the explanatory variables. 

4 GLM PHASE 

The second phase called GLM is divided into three successive subsections, namely 
“Calibration”, “Download results and report” and “Back Testing” (see Figure 5). 
Each of the subsections can be selected via the corresponding dropdown menu.  

 

Figure 5. GLM Phase subsections 

4.1 Calibration 

The aim of this subsection is to perform a prediction of the number of deaths for 
each segment defined by employing the GLM method. In theory, the number of 
deaths at age 𝑥 and at year 𝑡 for each defined segment follows a Poisson 
distribution. The distribution is a function of the exposure to risk (𝐸𝑅𝑥,𝑡), the 

general population mortality (ln 𝜇𝑥,𝑡
𝑟𝑒𝑓

) and the population segments considered 

(𝐼𝑖). This can be expressed analytically as follows: 

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

+ ∑ 𝛾𝑖𝐼𝑖)) 

It is noticeable that the number of deaths 𝐷𝑥,𝑡   is a function of the parameters 𝛼, 

𝛽 and 𝛾𝑖. By employing the GLM algorithms we aim to calibrate those parameters 
(i.e 𝛼, 𝛽 and 𝛾𝑖). For this purpose, all the segments are grouped together.   

The following parameters are available to the user via the interface (see Figure 6):  

- GLM threshold 
- Age Frame 
- Low/High Ages Projection 

The GLM threshold parameter will define the threshold, expressed as a 

percentage, that is used to calculate if a variable is significant or not via the GLM 

algorithm. This is done via a statistical test. 

By tuning the Age Frame parameter, the user selects the age window for which a 

GLM calibration is performed. The minimum possible age is the maximum 

between the minimum ages of the general population data and the specific 
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population data. The maximum possible age is the minimum between the 

maximum age of the general population data and the specific population data. 

 

Figure 6. GLM Phase – calibration parameters 

The Low/High Ages Projection enables the user to choose between three 

different options in order to calculate the mortality rates that are not employed in 

the calibration process (i.e. outside the interval defined by the Age Frame): 

- No model applied 

- Model projections 

- Frozen rates 

We underline that the low and high ages are calculated based on the general 

population database. For instance, let us assume that the maximum age for the 

general population data and specific population is 130 years and 99 years, 

respectively. Consequently, the calibration will be bounded by the 99 years value. 

However, the extrapolation at high ages will be bounded by the 130 years value. 

 

Figure 7. GLM Phase - results 
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In case No model applied is selected, the general population rates are used, 

meaning that no adaptation is performed. 

In case Model projection is selected, the parameters 𝛼, 𝛽 and 𝛾𝑖  are jointly used 

with the general population rates ln 𝜇𝑥,𝑡
𝑟𝑒𝑓

 in order to calculate the rates for the 

low/high ages. 

In case Frozen rates is selected, then the ratio of the mortality rates 𝑞𝑥,𝑡 is 

calculated for the first/last age of the Age Frame. The same ratio is applied for the 

low/high ages, respectively. 

After employing the GLM algorithm (by clicking on the “Calculate” button), the 
following results are presented to the user: 

- Factors table  
- Considered variables in GLM table 
- Rejected variables in GLM table 
- Mortality Adjustment graph 

The Factors table contains the names of the variables selected in the algorithm, 

the values of the corresponding coefficients 𝛼 (intercept), 𝛽 (logmuref) and 𝛾𝑖  (for 

the different segments), as well as the results of several statistical tests.  

The table Considered variables in GLM provides a list of the significant variables 

with respect to the GLM threshold. In other words, the null hypothesis stating 

that the coefficient equal to 0 is rejected, thus implying that the variable is 

significant. 

The table Rejected variables in GLM provides a list of the non-significant variables 

with respect to the GLM threshold. In other words, the null hypothesis stating 

that the coefficient is equal to 0 is not rejected and the corresponding variable is 

thus not accounted for in the calibration. 

The Mortality Adjustment graph presents the adjustments performed on the 

selected segments. Basically the following population mortality rates are 

presented: general population, specific population and the adapted life table.  

4.2 Download results and report 

The results of the GLM analysis can be downloaded for further use. This can be 
done via the corresponding interface named “Download results and report”. As 
depicted in Figure 7, four types of files can be downloaded via the interface, 
including: 

- The Factors table file 
- The Adjusted life table file 
- The report file 
- The user choices 
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The Factors table is a csv file that is obtained via the GLM Calibration step. It 

contains the names of the variables considered, the values of the corresponding 

calibrated coefficients (i.e. 𝛼, 𝛽 and 𝛾𝑖) and, in addition, some statistical tests 

results. 

 

Figure 8. GLM Phase – download results 

The Adjusted life table is a csv file and it is the life table obtained by applying the 

GLM coefficients for each segment as provided in the original life table. 

The Report is a pdf file and it contains a summary of the adverse selection 

analysis. The user can add his/her own comments to the file via the corresponding 

box.  

The User Choices is a table containing the complete list of modelling parameters 

and selections performed by the user.  

4.3 Back Testing 

The goal of this phase, as its name suggests, is to assess the quality of the 

projection via a back test procedure. When the GLM calibration is performed on a 

restricted time frame (i.e. with a last calibration year preceding the last year of 

the data), a comparison between the observed number of deaths and the 

predicted ones will be carried out for the years after the last calibration year. This 

will assess the predictive power of the model. Figure 9 depicts the comparison 

between the observed versus the predicted number of deaths for the selected 

segment. The results can be downloaded in csv format as shown in Figure 10. 
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Figure 9. Back testing - observed vs. predicted number of deaths 

 

Figure 10. Back testing - download results 

5 LOCAL FITTING PHASE 

The third phase is called Local Fitting and it follows the same structure as the GLM 
phase being subdivided in three successive subsections, namely “Calibration”, 
“Download results and report” and “Back Testing” (see Figure 11). Each of the 
subsections can be selected via the corresponding drop down menu.  

 

Figure 11. Local Fitting phase  

5.1 Calibration 

The calibration method employing the Local Fitting method is straight forward. 
Basically, for each segment and for each age, the ratios between the specific and 
general population mortality rates are computed. In order to smooth the resulting 
ratios, local linear regressions are performed. The resulting smoothed ratios will 
be employed in the calculation of the adjusted life table.  
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Figure 12. Local Fitting phase - calibration parameters 

The following parameters are available to the user via the interface (see Figure 
12):  

- Model Segment  
- Age Frame  
- Low/High Ages Projection 

The Model Segment allows the user to select the population segment that will be 
employed in the Local Fitting. This is different from the GLM algorithm (see 
Section 4.1) where all the segments are included. The main reason is that, in 
general, different “Low/High Ages Projections” parameters can be selected 
depending on the segment.  

 

Figure 13. Local Fitting phase - results 

The parameters Age Frame and Low/High Ages Projection have the same 

functionality as the one described in the GLM Calibration subsection. For a 

detailed description of the parameters and the impact thereof, please refer to 

Section 4.1. We underline that in case Model projection is selected (as part of 

Low/High Ages Projection parameter) the local linear regressions are 

extrapolated for low/high ages. 

After employing the Local Fitting algorithm (by clicking on the “Calculate” button), 
the following results are presented to the user: 

- Factors table  
- Mortality Adjustment graph 
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The Factors table contains, for each age, the smoothed and extrapolated ratios at 

low and high ages.  

As for the GLM calibration, the Adjustment graph presents the corrections 

performed on the selected segment. Basically, the following population mortality 

rates are presented: general population, specific population and the adapted life 

table.  

5.2 Download results and report 

The results of the Local Fitting analysis can be downloaded for further use if 
necessary. This can be done via the corresponding interface named Download 
results (see Figure 14) that allows the following files to be exported:   

- The Factors table file 
- The Adjusted life table file 
- The report file 
- The user choices 

 

Figure 14. Local Fitting Phase – download results 

The Factors table is a csv file that is obtained via the Local Fitting Calibration step. 

It contains the ratios after the smoothing procedure is applied.  

The Adjusted life table is a csv file that contains the adapted life table obtained by 

applying the smoothed ratios on the general population mortality rates. 

The Report is a pdf file and it contains a summary of the adverse selection 

analysis. The user can add his/her own comments to the file via the corresponding 

box. 

The User Choices is a table containing the complete list of modelling parameters 

and selections performed by the user.  
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5.3 Back Testing 

As for the GLM calibration, back testing is also available for the Local Fitting 

model. As the procedure is very similar, the reader can refer to 4.3 for more 

details. 

6 DATA FILE FORMAT  

In this section we shall describe in detail the input data files format. It is 
imperative that the files used as a basis for the analysis observe the template 
described below in order to ensure the proper functioning of the tool.  

Two distinct files must be provided, namely: 
- the General Population Mortality features  
- the Specific Mortality features  

The General Population Mortality features is a csv file. The file format is provided 
in Table 1, which indicates the requirements for column number, column names 
and data description. If a number of 𝑁 years is included in the file, then the total 
number of columns is 𝑁 + 1. An example of the input file data is provided in 
Figure 15.  

 

# Column Column Name Data Description  

1 Qxt(Age,Year) or 
Muxt(Age,Year) 

Ages for which the mortality data is given. 

2 to N+1 Year as a number 
(e.g. 2012) 

The user can choose between the mortality 
rate (𝑞𝑥,𝑡) or the instantaneous forces of 

mortality (𝜇𝑥,𝑡). The values are a function of 

age and year.  

Table 1. Data file structure of the General Population Mortality features. 

 

Figure 15. General Population Mortality features data example. 

It should be underlined that the output of the Prospective Mortality tool [4] can 
be used as input for the Adverse Selection tool as such. This will ensure the 
coherence between the tools.  
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The Specific Mortality feature is a csv file. The file format is provided in Table 2, 
which indicates the requirements for column number, column names and data 
description. If a number of 𝑀 segments are included in the file, then the total 
number of columns is 𝑀 + 4. An example of the input file data is provided in 
Figure 16. 

 

# Column Column Name Data Description  

1 Age Ages for which the mortality data is given. 

2 Year Years for which the mortality data is given. 

3 Dx or Qx or Mux The user can choose between the number of 
deaths (𝐷𝑥,𝑡), the mortality rate (𝑞𝑥,𝑡) or the 

instantaneous forces of mortality (𝜇𝑥,𝑡). 

4 Ex The exposure to risk. Even if exposure is only 
accounted for if the previous column contains 
the number of deaths, this column has to be 
filled in all cases (e.g. with 0). 

5 to M+4 Segment name For each segment, the value of the 
considered observation is given. 

 Table 2. Data file structure of the Specific Population Mortality features. 

 

Figure 16. Specific Population Mortality features data example. 

During the loading phase, a number of data integrity checks are performed by the 
tool. A corresponding warning message is provided if the integrity check fails. The 
following checks are performed: 

- Year check 
- Age check 
- Age range check 
- Year overlap check 
- Data check 

The year check will verify if the years provided in the input file are incremental, 
meaning that successive numbers must be provided as years. No missing year is 
allowed.  
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The age check will verify if, for each year, the ages are incremental, meaning that 

successive numbers must be provided as age. No missing age is allowed.  

The age range check will verify if the age ranges for each year are the same. For 

instance, if for year 2015 the ages range from 0 to 100, then for year 2016 the 

ages will have the same range.  

The year overlap check will verify if the years considered in the general 

population file overlap the years provided in the portfolio file.  

The mortality data check will verify if, for each combination of segments and 

years available in the data file, corresponding mortality data exists.  
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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!

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 specialities

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

Risk & Portfolio Management
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