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Preamble 
 
 
Reacfin SA is a spinoff of the Institute of Actuarial Science of the University of Louvain 
(UCL, Louvain-la-Neuve). It is constituted as a Société Anonyme under the Belgian law. 
 
Reacfin offers actuarial solutions to its clients. It specializes in solving technical problems, 
with the most appropriate and up-to-date scientific methods. 
 
Besides its consulting activities, Reacfin also organizes training sessions for practicing 
actuaries, and develops actuarial softwares. 
 
The present document explains how to run the Actutool FVLI (Version 1.1) to compute fair 
values in life insurance, with emphasis on annuities. The Actutools (Actutilitaires in French) 
are a suite of Excel functions implementing modern actuarial tools in risk management.  
 
The capabilities of these functions are demonstrated in Delwarde, Denuit, Devolder & 
Maréchal (2005), where practical illustrations can be found. 
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1. Installation 
 
 
The Actutool consists of two files, named  FVLI.xla, and FVLI.dll. These are Excel functions 
coded in VBA. To run them efficiently, Excel 2002 or a more recent version is recommended 
but it is also possible to run them with Excel 97. 
 
The installation process is fairly simple and can be decomposed in the following steps: 
 

1. Copy these two files in the same folder on your PC 
2. Open Excel and install the add in via Tools>AddIns>Browse 

 

 
 
and locate the folder containing the two files. Then, select the file FVLI.xla 
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and press OK. The Actutool is now available under the heading “FVLI” : 
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3. The functions are now directly available in Excel, as any other Excel function, and are 
included in the category “Reacfin-FVLI” . 
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2. Demographic functions 

2.1. One-year death probabilities from Belgian official life tables 
 
The following functions return death probabilities according to the set of Belgian official life 
tables: MR, FR, MK and FK, as well as the FK’, MR-5 and FR-5 variant. The corresponding 
functions are called QMR, QFR, QMK, QFK, QFKp, QLCPMales, QLCPFemales, 
respectively. 
 
These functions possess a single argument: the age attained by the individual, x say. It returns 
the probability that an x-year-old individual dies within the year, that is, before reaching age 
x+1. For instance, the syntax for getting the death probability at the age of 45 from the MR 
life table is as follows:  
 

 
 
The probability that this individual does not reach age 46 is 0.002608 according to the MR 
life table. The argument x can take values from 0 to 130 for tables MR, FR, MK, FK and FK’, 
and from 5 to 130 for the MR-5 and FR-5 variants.  
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2.2. One-year death probabilities from Belgian periodic life tables 
 
The following functions return death probabilities according to the periodic life tables built by 
the Belgian National Institute of Statistics (from the oldest one related to the period 1880-
1890 to the most recent one related to 2001-2003) separately for males and females, general 
population: QNISMales_1880_1890, QNISFemales_1880_1890,… QNISMales_2001_2003, 
QNISFemales_2001_2003. 
 
These functions have a single argument, the attained age. The syntax is as above. The age can 
take values from 0 to  
  
  99  for life tables 1880-1890, 1928-1932, 1959-1963, 1968-1972 
  105 for life tables 1988-1990, 1994-1996 
  104 for life tables 1997-1999, 2000-2002, 2001-2003 
 
If the chosen argument is greater than these values, the result of the function is 1. 
    

2.3. One-year death probabilities from experience life tables based 
on market data 
 
A peculiarity of the life tables for the insurance industry, which is crucial for actuaries, is the 
adverse selection characterizing life insurance markets. The life tables built on the basis of 
either market statistics, or data from some insurance portfolio, reveal that the longevity of the 
policyholders is often higher than the longevity of the general population. These differences 
result from the underwriting selection made by the insurer, or can be explained by the 
particular socio-professional status of the policyholders. The extent to which the insured 
population differs from the general population depends on the type of product. 
 
The following functions return death probabilities according to the experience life tables built 
from market data gathered by the Belgian regulatory authorities (available from the website 
www.cbfa.be). There are eight life tables, fitted separately for males and females, individual 
and group insurance, death or life products. The techniques used to build these life tables are 
those described in Delwarde & Denuit (2005b).  
 
The functions are called 
 
QCBFAIndLifeMales:  for male policyholders, life benefits, individual insurance 
QCBFAIndLifeFemales:  for female policyholders, life benefits, individual insurance 
QCBFAGrpLifeMales:  for male policyholders, life benefits, group insurance 
QCBFAGrpLifeFemales:  for female policyholders, life benefits, group insurance 
QCBFAIndDeathMales:  for male policyholders, death benefits, individual insurance 
QCBFAIndDeathFemales:  for female policyholders, death benefits, individual insurance 



 

 

9 

QCBFAGrpDeathMales:  for male policyholders, death benefits, group insurance 
QCBFAGrpDeathFemales: for female policyholders, death benefits, group insurance 
 
These functions have a single argument, the attained age. The syntax is as above.  
 
The age can take values from 20 to 80 for functions QCBFAIndDeathMales, 
QCBFAIndDeathFemales, QCBFAGrpDeathMales and QCBFAGrpDeathFemales. If the 
chosen argument is smaller than 20 or greater than 80, the result of the function is an error. 
 
The age can take values from 20 to 130 for functions QCBFAIndLifeMales, 
QCBFAIndLifeFemales, QCBFAGrpLifeMales and QCBFAGrpLifeFemales. If the chosen 
argument is smaller than 20, the result of the function is an error. If it is greater than 130, the 
result of the function is 1. 
 
 

2.4. One-year death probabilities from projected life tables 
 
 
The death probabilities obtained from the functions listed above relate to periodic life tables. 
Such tables are built on the basis of observations from a given population during a fixed 
period of time. There is thus no attempt to model future trends in mortality. 
 
In addition to periodic life tables, projected life tables are also available. Contrarily to the 
periodic ones, the tables include a forecast of future mortality. For long term actuarial 
computations, projected life tables are appropriate since it is now well documented that the 
human mortality globally declined during the 20th century: in most industrialized countries, 
mortality at adult and old ages reveals decreasing annual death probabilities. 
 
The projected life tables included in the functions have been obtained from the model 
proposed by Lee & Carter (1992). These authors analyzed the change in mortality as a 
function of both age x and year t. In the Lee-Carter model, the force of mortality at age x in 
year t, denoted as )(tmx  is written as 
 

( )txxx tm kba += exp)( . 
 
The method is in essence a relational model. Interpretation of the parameters is quite simple:  

)exp( xa  is the general shape of the mortality schedule and the actual forces of mortality 

change according to an overall mortality index tk  modulated by an age response xb  (the 

shape of the xb  profile tells which rates decline rapidly and which slowly over time in 

response of change in tk ). 
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An important aspect of Lee-Carter methodology is that the time factor tk   is intrinsically 
viewed as a stochastic process. Box-Jenkins techniques are then used to estimate and forecast 

tk   within an ARIMA time series model. From this forecast of the general level of mortality, 
the actual age-specific rates are derived using the estimated age effects. This in turn yields 
projected life expectancies, premiums and reserves. Note that the Lee-Carter methodology is a 
mere extrapolation of past trends. All purely extrapolative forecasts assume that the future 
will be in some sense like the past. Some authors severely criticized this approach because it 
seems to ignore underlying mechanisms. However, such a critique is valid only insofar as 
such mechanisms are understood with sufficient precision to offer a legitimate alternative 
method of prediction. The understanding of the complex interactions of social and biological 
factors that determine mortality levels being still imprecise, the extrapolative approach to 
prediction is particularly compelling in the case of human mortality. 
 
For a review of recent applications of the Lee-Carter methodology, we refer the interested 
readers to Lee (2000).  It is worth to mention that the Lee-Carter model is used by the US 
Census Bureau as a benchmark for their population forecasts, and its use has been 
recommended by the US Social Security Technical Advisory Panels. It appears to be the 
determinant method in the literature. In the EU, Italy has adopted the Lee-Carter model for 
demographic projections. For a thorough description of these techniques, see Delwarde & 
Denuit (2005a). 
 
The Lee-Carter model has been fitted to Belgian death probabilities (obtained from the 
Bureau Fédéral du Plan and the National Institute of Statistics). The functions 
QProspBelgiumMales and QProspBelgiumFemales return the projected death probabilities for 
males and females, respectively. These functions have two arguments: the attained age and 
the calendar year during which this age is reached. For instance, the death probability for a 
Belgian male aged 65 in year 2030 is obtained as follows: 
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The functions QProspBelgiumMales and QProspBelgiumFemales can take arguments from 0 
to 130 for the age, and from 1950 to 2150 for the calendar year. 
 

2.5. The ‘Quotient’ function 
 
In order to let more parameters vary in the computation of the one-year death probabilities, 
the function QUOTIENT can be used. This function computes the one-year death probability 
at age x and year t with a specified life table for an individual of a given sex. 
 
The arguments of this function are as follows:  

 Age: the age x attained by the individual 
 Table: the life table that must be used for the computation. The following life tables 

are valid as argument: 
o MR, FR, MK, FK, FKp, LCP (Belgian officials life tables) 
o NIS_1880_1890, NIS_1928_1932, NIS_1959_1963, NIS_1968_1972, 

NIS_1988_1990, NIS_1994_1996, NIS_1997_1999, NIS_2000_2002 and 
NIS_2001_2003 (Belgian periodic life tables) 
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o CBFAIndDeath, CBFAIndLife, CBFAGrpDeath, CBFAGrpLife (experience 
life tables based on market data) 

o ProjBelgium (projected life tables) 
 Sex: Female (F) or Male (M) 
 Year: the calendar year at which the one-year death probability is needed  

For periodic life tables, the one-year death probability does not depend on calendar time. The 
user is thus free to put any value for the argument “year”  (use the present year, for instance). 

In the case of projected life tables, the one-year death probability is a function of the year 
during which this age is attained and the argument “year”  must then be filled. 

For instance, the one-year death probability according to the NIS_2001_2003 life table for a 
male aged 65 in year 1950 is obtained as follows: 
 
 

 
 
The limitations for the “age”  and “year”  arguments are the same as previously mentioned for 
the different life tables. 
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2.6. Survival probabilities 
 
In addition to one-year death probabilities from periodic or projected life tables, survival 
probabilities are available from the function Survival. This function gives the probability to 
stay alive within a time interval according to a chosen (periodic or projected) life table. The 
arguments are as follows:  

 YYYYbirth: year of birth (in 4 digits) 
 MMbirth: month of birth (1: January, 2: February, ... 12:December)  
 table: any life table available in the package (MR, LCPMales, 

NISFemales_2001_2003, ... note that this argument has a text format, so that quotes 
may be needed); the gender of the individual is taken into account via the life table 
selected by the user (for instance, if the life table is the FR one then the individual is 
meant to be a female) 

 YYYYstart: year of the beginning of the time interval  (in 4 digits) 
 MMstart: month of the beginning of the time interval (1: January, 2: February, ... 

12:December) 
 YYYYend: year of the end of the time interval  (in 4 digits) 
 MMend: month of the end of the time interval (1: January, 2: February, ... 

12:December) 

Considering an individual born in month MMbirth of year YYYYbirth, still alive in month 
MMstart of year YYYYstart, the Survival function computes according to the life table 
selected by the user the probability that this individual will still be alive in month MMend of 
year YYYYend. 
 
For instance, the survival probability that an individual born in February 1950, alive in March 
2006, will still be alive in January 2015 according to the MR life table is obtained as follows: 
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The same probability computed from the projected life table for Belgian males, general 
population, is obtained from 
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2.7. Life expectations 
 
The life expectancy at age x is the expected remaining lifetime of an individual alive at age x. 
Life expectancies are available from the function LifeExpectancy. The computation can be 
made according to any periodic or projected life table included in the package.  

The arguments are as follows:  

 table: life table  
 age: the age at which the expectancy is needed  
 year: the calendar year at which the expectancy is needed  

For periodic life tables, the expected remaining lifetime only depends on the attained age, and 
not on calendar time. The user is thus free to put any value for the argument “year”  (use the 
present year, for instance). 

In the case of projected life tables, life expectancies are functions of the attained age (as in the 
periodic case) and of the year during which this age is attained. For a given age, life 
expectancies computed from projected life tables generally increase in time. 
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For instance, the expected remaining life time for an individual aged 65 in year 2005 
according to the projected life table for Belgian males, general population, is obtained as 
follows: 

 

The function LifeExpectancy uses death probabilities up to age 130. Thus, in case a projected 
life table is chosen (ProspBelgiumMales or QProspBelgiumFemales), the arguments must 
fulfill the following constraint: 

Year – Age �  2020 

because projected life tables are build up to year 2150. 

Note that the computation time of an expected remaining lifetime can take up to several 
seconds depending on how fast is the processor of the computer. 
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3. Financial discounting 

3.1. Spot rates 

The SpotRate function gives a specific spot rate for a given duration.  

The spot rates are computed from actuarial rates that can easily be found in the economic 
daily journals. The method used here is the one described in the Belgian royal decree for life 
insurance (“Arrêté Royal vie”  - appendix 4: spot rate). We briefly describe this method next. 
 
Let  niiii ,....,, 321   be the actuarial rates of the bonds respectively for maturities one year, two 

years,…n years. Let nssss ,....,, 321  be the corresponding spot rates. The n unknown spot rates 
are then obtained as the solution of the following system of n equations in the unknowns 

nssss ,....,, 321  : 
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This system does not possess explicit solutions, but must be solved numerically. A convenient 
algorithm consists in computing the spot rates recursively as follows: 
 
a)  Initialization (one-year rate): 
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The arguments of the function SpotRate are as follows:  

 duration: duration for which the spot rate is needed  
 rates: either a single real number if "ratekind" is "constant" or an array of spot rates / 

actual rates. In case of spot rates / actual rates, the first column of the array contains 
durations and the second one contains the corresponding rates.  

 ratekind:  

o "constant" if "rates" is a flat rate  
o "spot" if "rates" is an array of spot rates  
o "actu" if "rates" is an array of actuarial rates  

As an illustration, let us compute the spot rates from the actuarial rates published in the 
Belgian daily financial literature on October 28, 2005. Specifically, the returns of obligations 
are displayed in the next table: 
 

Maturity (years) Actuarial rates 
1 2,42% 
2 2,59% 
3 2,74% 
4 2,88% 
5 3,00% 
6 3,09% 
7 3,18% 
8 3,27% 
9 3,37% 

10 3,43% 
11 3,47% 
12 3,49% 
13 3,50% 
14 3,52% 
15 3,55% 
16 3,57% 
17 3,59% 
18 3,62% 
19 3,64% 
20 3,67% 

 
 
The spot rates are then obtained as follows: 
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3.2. Discount functions 
 

The Actual function gives a specific discount factor for a given duration. The arguments of 
this function are as follows:  

 duration: duration of discounting  
 rates: either a single real number if "ratekind" is "constant" or an array of spot rates / 

actual rates. In case of spot rates / actual rates, the first column of the array contains 
durations and the second one contains the corresponding rates.  

 ratekind:  

o "constant" if "rates" is a flat rate  
o "spot" if "rates" is an array of spot rates  
o "actu" if "rates" is an array of actuarial rates  

For instance, the discount factors associated with the actuarial rates used above are obtained 
as follows: 
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4. Actuarial functions 
 
It is well-known that the prediction of the Yaari©s model is that full annuitization is optimal in 
the absence of a bequest motive. Empirical studies seem however to contradict the prediction 
that consumers should annuitize all their wealth: annuity markets, especially voluntary ones, 
appear to be very small in most countries. Several arguments can be raised to explain this 
distortion, namely bequest motives, underestimation of the average remaining life expectancy 
at age 65 by individuals, adverse selection and actuarially unfair premiums.  
 
In light of baby boom cohort near retirement, of possible reforms of public pension regimes 
and the shift from defined benefit to defined contribution private pension plans, an increased 
interest in individual annuity products can be expected in the future.  
 

4.1. Pure endowments 

 
The DeferredCapital function gives the net single premium of a pure endowment. The 
arguments are as follows: 

 YYYYbirth: year of birth (in 4 digits) 
 MMbirth: month of birth (1: January, 2: February, ..., 12: December)  
 table: life table  
 YYYYstart: year of issuance (in 4 digits) 
 MMstart: month of issuance (1: january, 2: february, ...)  
 duration: length of the deferred period (in years) 
 rate: either a single real number if "ratekind" is "constant" or an array of spot rates / 

actual rates. In case of spot rates / actual rates, the first column of the array contains 
durations and the second one contains the corresponding rates.  

 ratekind:  
o "constant" if "rates" is a flat rate  
o "spot" if "rates" is an array of spot rates  
o "actu" if "rates" is an array of actuarial rates  

For instance, considering a Belgian male born in February 1950, the expected discounted 
value in March 2005 of a unit capital paid 20 years later provided the individual is still alive 
at that time, is obtained as follows with the MR life table and the spot rates: 
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4.2. Life annuity premiums 

The LifeAnnuity1 function gives the net single premium of a standard life annuity.  

Arguments:  

 YYYYbirth: year of birth (in 4 digits) 
 MMbirth: month of birth (1: January, 2: February, ..., 12:December)  
 table: life table  
 YYYYstart: year of issuance (in 4 digits) 
 MMstart: month of issuance (1: January, 2: February, ..., 12:December) 
 Deferred: length of the deferred period (in years), equal to 0 if the annuity is 

immediate 
 n: maximal duration (in years, multiple of 1/12) for the payments in case of a 

temporary annuity. If "Inf" no maximal duration is taken into account. For instance, 
“5+7/12”  means 5 years and 7 months. 

 rate: either a single real number if "ratekind" is "constant" or an array of spot rates / 
actual rates. In case of spot rates / actual rates, the first column of the array contains 
durations and the second one contains the corresponding rates.  

 ratekind:  
o "constant" if "rates" is a flat rate  
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o "spot" if "rates" is an array of spot rates  
o "actu" if "rates" is an array of actuarial rates  

 index: annual indexation rate for annuities  
 frac: annual number of payments (1, 2, 3, 4, 6, 12), the total amount paid by year 

being 1 monetary unit whatever the periodicity.  
 term:  

o 1: at the end of the period  
o 2: anticipatory  

For instance, considering a Belgian male born in February 1950, the net single premium (with 
the MR life table, general population together with the spot rates) of an immediate life annuity 
starting in November 2005, without indexation, monthly payments, is obtained as follows: 
 

 

The same value computed with projected life table gives 
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The LifeAnnuity2 function gives the net single premium of a life annuity involving two 
insured lives. It can be a last survivor annuity, a joint life annuity or a reversionary annuity. 
The future lifetimes of the two individuals are assumed to be mutually independent.  

Arguments:  

 YYYYbirth1: year of birth for the first insured life (in 4 digits) 
 MMbirth1: month of birth for the first insured life (1: January, 2: February, ..., 

12:December) 
 table1: life table for the first head  
 YYYYbirth2: year of birth for the second insured life (in 4 digits) 
 MMbirth2: month of birth for the second insured life  (1: January, 2: February, ..., 

12:December) 
 table2: life table for the second head  
 YYYYstart: year of issuance (in 4 digits) 
 MMstart: month of issuance (1: January, 2: February, ..., 12:December) 
 Deferred: length of the deferred period (in years), equal to 0 if the annuity is 

immediate 
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 n: maximal duration (in years, multiple of 1/12) for the payments in case of a 
temporary annuity. If "Inf" no maximal duration is taken into account. For instance, 
“3+8/12”  means 3 years and 8 months. 

 rate: either a single real number if "ratekind" is "constant" or an array of spot rates / 
actual rates. In case of spot rates / actual rates, the first column of the array contains 
durations and the second one contains the corresponding rates.  

 ratekind:  
o "constant" if "rates" is a flat rate  
o "spot" if "rates" is an array of spot rates  
o "actu" if "rates" is an array of actuarial rates  

 index: annual indexation rate for annuities  
 frac: annual number of payments (1, 2, 3, 4, 6, 12)  
 term:  

o 1: at the end of the period  
o 2: anticipatory  

 annuitykind:  
o "joint": payments stop at first death (joint life annuity)  
o "widow": payments start when the first insured dies and stop when the second 

one dies (widow/widower©s pension)  
o "last": payments last until the two insured individuals are deceased  

 reversion: proportion of reversion for last-survivor annuities (0.8 means 80% 
reversion). 

 
For instance, the net present value in November 2005 of a stream of monthly payments 
starting at the death of a man born in February 1950 and lasting until the death of his wife 
born in May 1955 is obtained as follows: 
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A last survivor annuity sold to these individuals, with payments divided by two when the 
husband dies, is obtained as follows: 
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Note that functions LifeAnnuity1 and LifeAnnuity2 are quite computer intensive. 
Computations can take up to several seconds. 
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5. Customization 
 
The standard package of Excel functions described above can be adapted to the specific needs 
of the users. In that respect, additional life tables can be added 
 

- relating to other countries 
- relating to come sub-population, like the members of a given pension fund. 

 
For more information, feel free to contact us at info@reacfin.com 
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