Mortality forecasting for the Algerian population
with considering cohort effect

Farid FLICI?

1Division of Human Developement and Social Economics
Centre of Research in Applied Economics for Developement,CREAD, Algiers - Algeria :
farid.flici@cread.edu.dz

Collogium of the International Association of Actuaries CIAA,
Oslo,June 2015

Farid FLICI IAAC2015



QOutline

Motivation

Methodology

Data

Best model selection : Age-period vs Age-Period-Cohort
Mortality forecasting

Simulation with Temporary life annuities

®© 6 6 6 6 o o

Main funding

@ Some references

Farid FLICI IAAC2015



Motivation

Mortality forecasting: Looking for more accuracy.

Mortality forecasting in the Algerian contexte: Some notes

@ During the past half-century, the Algerian population has earned about 30 years in life
expectancy at birth and more than 6 years in life expectancy at 60 (ONS, 2012).

@ Life-insurance calculations in Algerian are still based on static life table constructed on
old mortality data (CNA, 2004).

@ In a previous works (Flici, 2013. Flici, 2014-a), we have tried to construct prospective
life-tables for the Algerian population applying Lee carter (1992) and variants.

@ The objective of the present paper is to propose a dynamic life table trying to consider
more element which can affect or explain the future evolution of the mortality pattern.

@ The effect of the year of birth in the mortality profile should be considered. the mortality
profile is greatly affected by the infant life conditions (Elo and Preston, 1992; Bengtsson
and Brostrém, 2009).
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Motivation

Mortality forecasting: Looking for more accuracy.

Mortality forecasting in the Algerian contexte: Some notes

@ Data: global population mortality data published by the Algerian Office of National
Statistics (ONS: 1977- 2013).

@ Incomplete mortality surface: the missing data was estimated in (Flici, 2014-b).

@ To estimate the parameters of the Age-Period-Cohort model we use the process
proposed by Renshaw and Haberman (2006) and Haberman and Renshaw (2009) which
represents an extension of Lee-Carter model (Lee and Carter, 1992).

@ We use XL-Solver for parameters estimation.

@ The mortality trend in Algeria has marked a bump during the 90 because of the
terrorism events (Flici and Hammouda, 2014). this bump should be corrected.

@ Bell (1997) showed the necessity to correct such a bump observed erstwhile in USA in
1918.

@ In final, the obtained result are used to resume the future evolution of life expectancy at
60 and also on the life annuities pricing.
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Methodology

Backgroung in mortality forecasting models.

Lee Carter (1992) : Main Idea

@ Almost of the models that have been proposed for mortality forecasting during the recent
years are based on the decomposition principal proposed in (Lee and Carter, 1992).

In(txe) = O + By * Kt + Exe (1)
@ For each age x€[Xy,..., Xy]:
Tn 1
ax = In( H (kxt)) (Tn=T1)
=T

@ Thereafter, the residual matrix is decomposed into two vectors representing the time
mortality index (k;) and the sensitivity of the different ages to the time mortality
variation (By):

In(fye) — ocxmﬁx * Kt
x=Xq

with Y7 Bo=1and X7, K =0
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Methodology

Backgroung in mortality forecasting models.

Lee Carter (1992) : Two stage decompozition process

@ in (Lee and Carter, 1992), a two stages decomposition process was proposed. In the first
stage we decompose the residual matrix by SVD minimising:

n,p

minS = [In(pse) — (xX—BX * &2
x=0.t=1

@ in the second estimation stage, ﬁxand Krare adjusted to fit the observed number of
deaths at every year (t).

p n-1 n
minS =Y Y [exp(t + B % Re) L — D]

t=1x=0

D,;: observed number of deaths at age x and time t,
L.: the exposure to the death risque at age x and time t (population at risk).
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Methodology

Backgroung in mortality forecasting models.

Wilmoth (1993) : One stage decompozition process - Weighted SVD

@ Wilmoth (1993) proposed a one stage decomposition process based on the Weighed
Least Squared Errors.

n.p .
minS = Wie [In(txe ) — OB % K22
x=0,t=1

@ The weight W, can be the observed number of deaths at each point x and t Dj;.

@ The same author proposed also to re-estimate a,by the same estimation process as

Brand & and to use the original values obtained by mean over time of the In(ii) as a
starting value.
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Methodology

Backgroung in mortality forecasting models.

Renshaw and Haberman (2006) - Currie (2006) : Considering cohort effect

@ Renshaw and Haberman (2006) extended the LC model by adding a cohort Component:

In(tte) = o+ B x ke + B sy + e (2)

with p, BM =y, BP =n

@ Currie (2006) simplified the formula (2) by imposing : ﬁél) :ﬁl(l) =.. :ﬁ>(<t,)71 =74 and
B =P == ﬁ)(:)ﬂ =1 That leads to the formula:
1 1
In(pxt) =0y + ;K':-i- ;Yzfx+§x: (3)

@ the transition from the model (2) to model (3) was by introducing ﬁx(l) :Bx(z) =2 which

implies :):i(ixl (1) — Zi(ixl ﬁx(2) 1
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Mortality data in Algeria

Algerian life tables : presentation

@ The first Algerian life-table based on the civil registration data has been constructed in
1977 by The Algerian office for National Statistics (ONS).

@ there are some calendar years missing life-tables for the period 1977 - 1997. The missing
years were: 1979, 1984, 1986, 1988, 1990, 1992 and 1997.

@ Some life tables were closed-out before the open age group [80 and +[. For the period
1983-1987, the closing age was [70 and +[. for the period 1993-1996, the published
life-tables were closed-out at the age group [75 and +[. For the rest, it was [80 and +[
or higher.

@ In a previous work (Flici, 2014-b), we proposed to complete the missing data using a
modified Lee Carter model with age-time segmentation.
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Mortality data in Algeria

Algerian life tables : Complete mortality surface (1977 - 2013)

Figure: Algerian Mortality Surface (In(nqx)) for Males and Females : 1977-2013
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@ To consider the cohort effect in mortality forecasting, the age and time description of
the mortality rates must be compatible. So, the five years mortality rates denoted (sqx)
must be broken out to single-age mortality rate (qgx).

@ in some works, the data was arranged by 5-years range for age and time (Richards and
al., 2006).
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Mortality data in Algeria

Algerian life tables : Single ages mortality surface

@ Several methods were proposed to interpolate single-age values (Exposure, Observed
deaths, Deaths rates) from five-age description. (king, 1908; Sprague, 1880; Beers, 1944
and 1945).

@ Some complications can be found because of the structure of the abridged life-table: 0,
1, 5, 10 ...etc.

@ Some interpolation methods were proposed to deal with unequal age-intervals principally
based on the Karup-King and Lagrange interpolation methods (Crofts, 1998; Srivastava
and Srivastava, 2012).

@ For the present work, we preferred to use both Lagrangian and Karup-King methods
(Shrock and al., 1993). The connection point is defined in the way to minimize the gap
between the two curves around this points.
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Mortality data in Algeria

Algerian life tables : Single ages mortality surface

Figure: Single age mortality rates interpolated by junction of Lagrange and Karup-King
formulas

Data: Algerian Males life table - 1977

if giis the mortality rate at age (x) obtained with the Karup-king Method and qis the rate
obtained with Lagrange for the same age (x). The connection point (k) is defined in the order
to minimize the Mean Absolute Errors (MAE) between the two curves around this point :
k+2
MinA=3 Y [ ]
x=k-2

k =20,21,22,....50

yeeeen
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Mortality data in Algeria

Algerian life tables : Single ages mortality surface

Figure: Single ages mortality surface for males and females gxt (x=0-80, t=1977-2013)
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Best model selection : Age-period VS Age-Period-Cohort

Best model selection : period 1977-2010

Some methodological notes

@ Best model selection : data of the period 1977 - 2010 for males and females.
@ Comparaison : 2011 - 2012 - 2013 observed VS projected life tables.

In the way to improve the fitting quality for all the models, we propose some modifications
related to the estimation process:

@ In Lee Carter(1992) , the alpha parameter ayis defined to be the mean over time of the
In of the central death rate. Some authors accepted that this relation can be partially
respected. In the way to improve the quality of the model,

@ Renshaw and Haberman (2006) used the original values of ayas a starting values which
was re-estimated by the same optimization process with all the parameters in RH model.
To insure the same fitting quality for all models, we will use the same process by using
XL-Solver.
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Best model selection : Age-period VS Age-Period-Cohort

Models implementation

Lee-Carter Model : Recall

1
In first, we estimate the parameters by the classical way. o, = /n(HtT:"T1 (lxe)) (Tn=Ta)
and then we decompose the residual matrix by Weighed Least Squared Errors Method. :

MinA =Y Du[In(gx) — ot — Bx ]2

. . T,
with as a constraints: L3, B =1, L.P; k=0 and f > 1.
To improve the fitting quality, we re-estimate o, by including it solving the optimization
problem.
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Best model selection : Age-period VS Age-Period-Cohort

Models implementation

Lee-Carter Model : Results

Figure: LC model - Parameters estimation (1977-2010)

a, -Males

Ke-Males

: P s oy

o RN

610 2 0 % 50 60 W

Jooe rFema\es/
o

e

By~ Females
-

_

K- Females

the bump around 20th years for males and a small bump between [28 - 45] for females
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@ Starting from the age of 45, the two curves follow a linear trend.

@ mortality trend indexes: the two populations marks a high mortality level by the
beginning of the black decade (1990th).

"]

Age sensitivity of mortality reduction index: some differences are observed by sex in the

age range [10 - 35]. At that age, females are more sensitive to the mortality reduction
compared with males: reduction in maternal mortality.
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Best model selection : Age-period VS Age-Period-Cohort

Models implementation

Lee-Carter Model : errors distribution

@ Relative difference between the expected and the observed number of deaths at every

Lyg B -+ B #Ky )— D,
square x and t : eq(%) = %‘W-
x

Figure: Relative Errors distribution (ﬁxt—Dxt)/Dxt
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@ The main absolute relative errors is 14% for males and 12% for females. This errors is
greatest at the lower ages than at higher ones especially for females. for males, we
observe a reduction starting from the age of 55. for females, it's starting from 45 years
that errors are relatively reduced.

@ in terms of time, errors are stables and we observe some bumps around 1980 and 1990

for the two sexes. by cohort, the errors are biggest for the cohorts born between 1950
and 1970.
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Best model selection : Age-period VS Age-Period-Cohort

Models implementation

Renshaw and Haberman (RH model) : Recall

@ We use the parameters estimated in LC model as a starting values to estimate the APC
model. The model to estimate is:

In(qyx) = 0 +B)51) * Kt +ﬂ§2) *Yex + Ext

-
with the constraints: ):X X1 BX X”Xl =1, ):: e T1 _x, Yt-x =0 and ):thl K =0.

@ The optimization problem aims to minimize the weighted least squared errors:

MinA =Y Dyelin(qxe) — 06 — B & — B 7]

Farid FLICI IAAC2015



Best model selection : Age-period VS Age-Period-Cohort

Models implementation

Renshaw and Haberman (RH model) : Statistical effect

Figure: Observation period compared to the years of birth
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the years of birth go from 1898 to 2010. According to the year of birth and the
observation period, we can distinguish three groups of large generations (G1, G2, G3).
The medium group G2 has the maximum number of observation (34) corresponding to
the age range [46-80] for the 1932’s cohort and to the age range [0-34] for the 1977’s
cohort.

The first group G1, has a croissant number of observation going from 1 for the cohort
1898 to 33 for the cohort 1931. The adverse is observed for the group G3 which has
decreasing weight of the deaths observed at lower ages (0 and 1).
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Best model selection : Age-period VS Age-Period-Cohort

Models implementation

Renshaw Haberman model(RH model) : Results

@ The parameters ﬁxmmarked some apparent change at the lower ages compared with LC
model. This modification is related to the introducing of the cohort effect.

This parameters has a negative sign at the age 1 for the two sexes.

The change in the mortality trend index is fewer.

The cohort effect marks a stable trend between 1920 to 1975 followed by an increase
until 1977. After, it decreases until 2010. This bump can be related to the events of the
black decade during the 1990th. The born whose were born between 1968 and 1977
have had 18 and 25 years in 1995. This age category was the most concerned by deaths
during the black decade.
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Best model selection : Age-period VS Age-Period-Cohort

Models implementation

Renshaw and Haberman (RH model) : Errors distribution

Figure: Relative errors distribution (RH - 1977-2010)
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The Average relative error in g,is 10,7% for males varying between 0,01% to 139 %. For
females, the average is 10,7% with 0,01% and 103 % as minimum and maximum. According
to the age distribution of errors, it's only beyond the age of 55 that errors start decreasing .
The time distribution of errors shows that starting from 1998, errors become relatively stable.
The same is observed for the cohort distribution errors starting from 1988.

Farid FLICI IAAC2015



Best model selection : Age-period VS Age-Period-Cohort

Models implementation
Currie Model (APC* model) : Recall

@ Currie (2006) is a special case of the initial version of APC model, where the parameters
B®and B(@are supposed to be constant over age and equal to %

@ Reducing the number of parameters to estimate. Compared to the APC model where
the total number to estimate is equal to n+p+(p+n-1)+2n=2p+4n-1, the simpler APC
model allows to reduce this number by 2n. in our case, we pass from 487 to 327
parameters to estimate.

@ We use the results obtained with APC model as a starting values but with imposing
Bil) = ﬁizj = % we re-estimate all the other parameters by the same solving process
including a,. The function to estimate is:

In( )7a+1*f<+1>w
Qxt) = O o ¥Rt Yt-x
The quantity to minimize is: MinA =Y Dy[In(qx) — 0 — 2 & — 2 7, ]?

- . Tp—X T,
with the constraints: ¥ P “7 % x=0and L.P; x =0.
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Best model selection : Age-period VS Age-Period-Cohort

Models implementation
Currie Model (APC* model) : Results

Figure: Simpler APC model - Parameters estimation results (1977 - 2010)

.

@ Supposing the constancy of the age sensitivity to the time and cohort effect has to
decrease the quality of fitting. But the re-estimation of the obtained parameters was
done in order to recover a part of the information lack.
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Best model selection : Age-period VS Age-Period-Cohort

Models implementation
Currie Model (APC* model): Errors distribution

Figure: Relative Errors distribution - Simpler APC model (1977-2010)
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@ The Average relative error in gyis 17% for males varying between 0% to 130 %. For
females, the average is 20% with 0 and 120 % as min and max.

@ According to the age distribution of errors, it's only beyond the age of 55 that errors
start decreasing . The time distribution of errors shows that starting from 1998, errors
have almost positive sign. that implies that the estimated mortality trend index has
trend to upper estimate the real trend of mortality decreasing. The same is observed for
the cohort distribution, where the errors become positive starting from 1980.
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Best model selection : Age-period VS Age-Period-Cohort

Mortality time index forecasting

Comparaison between some time series models

In the literature of the mortality forecasting, many techniques have been used and specified to
project the mortality time index in the future.

@ In the original Lee-Carter application, a random walk with drift model was used (ARIMA
(0,1,0)): k¢ — ke—q = dy + 6 . the drift dy represents the mean annual change in k;, and
S:represents the errors term. This model was also used in several works (Dowd et al.,
2011; Zhou et al., 2013; Cairns et al., 2011).

@ In other works , an first order auto-regressive model ARIMA (1, 0, 0) model was be used:

ke = dy + da ki1 + O;
the coefficient darepresents the slope of decreasing of k;.

@ The use of such a models is based on the stationnarity over time of the series k;. If this
series is not stationary itself, it can be it by differentiation. The first difference (or more)
can be foretasted using ARIMA (1,1, 0) model. ki — ki1 = dy + da(ke—1 — ke—2) + 0

Yang and Wang (2013) used an ARIMA(2,1,0): k; — k-1 = d1 +dake—1 + d3(ke—1 — ke—2) + 8¢

@ When a change in mortality trend index is observed, Structural change model can also
be used (Nunes and Coehlo, 2009).

@ In case of irregularity of the mortality trend, we use only the recent trend.

@ Also, some projections take in account the projected life expectancy, so the k;is adjusted
to fit the projected life expectancy (Li and Gerland, 2011).

For our application we compare between three models: ARIMA(0,1,0), ARIMA(1,0,0) and
ARIMA (2,0,0).

Farid FLICI IAAC2015



Best model selection : Age-period VS Age-Period-Cohort

Mortality time index forecasting

results : LC model

Table: kMortality trend index forecasting
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@ AR(2) for Males / AR (1) for females. (AR(2)) is used for both : coherent forecasting

@ All the time series forecasting models lead to an increasing gap between males and
females, (more important for long term forecasting).

@ The two series of khave in summary marked identical structural change points: 1992 -
beginning of the terrorism events, and 1998 -the end of the black decade and also which
the change in the methodology of constructing life tables (Flici et Hammouda, 2014) .

@ Considering the recent break point in mortality reduction trend, The use of the time
range (1998 - 2010) may lead to more consistent results.
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Best model selection : Age-period VS Age-Period-Cohort

Mortality time index forecasting

results : LC model with structural changes

Table: Mortality trend index forecasting (1998 - 2010)

[ |

@ The gap between the results obtained with model (1) and the models (2-3) is important.
@ Model (2) and (3) lead to closer forecasted series with a very slow divergence at the long
term.

@ For all the forecasting Period, model (3) leads to k[*™'s < k["2les. For some years, model
(2) leads to the adverse. That allows to confirm that AR(2) has a better forecasting
quality compared with the two other models. this model respects some constraints in
long term mortality evolution between males and females.
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Best model selection : Age-period VS Age-Period-Cohort

Mortality time index forecasting

results : RH model

Figure: k.forecasting in RH model (data: 1998 - 2010)
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@ We observe some divergence over time of the two forecasted series of k.between males
and females and may lead to an important difference in life expectancy in long term
forecast.

@ If we observe the historical reduction of the mortality trend index for males and females,
a crossover point can be detected during the mid 90th. The mortality reduction slope is
more important for the females population.
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Best model selection : Age-period VS Age-Period-Cohort

Mortality time index forecasting

results : APC* model

Figure: k.forecasting in simpler APC model (data:1998-2010)
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Compared with the forecast in the previous case, here the divergence is relatively less
importante, but the two forecasted series follow globally the same evolution trend.
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Best model selection : Age-period VS Age-Period-Cohort

Cohort effect forecasting

Some notes

@ The cohort effect, as the mortality index, must be forecasted using the time series
forecasting techniques with respecting some specifities.

@ Statistical effect: The observations corresponding to the beginning and the end of the
series are neglected (5 last years). The cohort to include in the forecasting process are
1930 - 2005.

@ To forecast the cohort effect, Chan et al.(2014) used a first order Auto-regressive model
ARIMA(1,0,0). If we make s =t —x as a cohort index. The cohort effect corresponding
to the st"cohort can be forecasted by: . = co + c1%_1 + .

@ Dowd et al. (2011) used a ARIMA (1,1,0) : % —¥s-1 = co+ c1(¥s—1 — Ys—2) + 0s. This
leads to: % =co+¥s-1 +C1(¥s-1 —%s-2) + 6.

@ Cairns et al. (2011) used a second order auto-regressive model AR(2) which is same as
ARIMA(2,0,0): s =co+C1¥%-1+ %2+ 6.

@ Here, we compare these three model on the series of y;,_, obtained with RH model and
the simpler APC model.
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Best model selection : Age-period VS Age-Period-Cohort

Cohort effect forecasting
Results for RH and APC* models

Figure: Cohort effect forecasting in RH and Simpler APC model

Cohorteffectforecasting - RH males asting -RH females.

The best model to forecast the bcohort effect in our application is the model ARIMA (1, 1, 0).
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Best model selection : Age-period VS Age-Period-Cohort

Comparaison of the predective capacities of the 3 models
LC model

The forecasting capacity of a model is not necessary related to its fitting quality. a good fitting
quality doesn’t garantee a good forecasting capacity. for this, we use some recent data to
verify in which estimation condition, each model give a better result.

Figure: Comparison between the observed and the
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For males, errors are important at the lower ages because of the bump due to the motor
deaths at younger ages, and starting from the age of 32, the expected and observed In(qy) are
well fitted. The errors in females life tables are more regular.
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Best model selection : Age-period VS Age-Period-Cohort

Comparaison of the predective capacities of the 3 models
RH model

Figure: comparison of the observed and expected In qxt RH model (2011 - 2013)
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Best model selection : Age-period VS Age-Period-Cohort

Comparaison of the predective capacities of the 3 models
APC model

Figure: Comparison of the observed and the expected mortality rates (Simpler APC model :
2010-2013)
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Best model selection : Age-period VS Age-Period-Cohort

Comparaison of the predective capacities of the 3 models

Comments

@ Both in RH and APC*, we observe that the curves of Ing,; are less well fitted before the
age of 45 compared with LC model. That can be due to the bump observed for cohorts
that were born between 1966 and 1977. These cohorts were aged 18 - 30 during the
black decade. this age category is supposed to be the most exposed ages to the
terrorism events during the black decade.

@ as in LC model were the bump related to the terrorism events was excluded in the
forecasting process. Also, since the observed cohort effect during the observed period
will be reported in the future life for each cohort, the effect cohort must be smoothed to
get more regular trend.

@ Our idea is to smoth the y;_series starting from 1966 by using 5th order Moving
Average to reduce the observed irregularities for the period principally du to the
statistical effect by the end of the series.
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Best model selection : Age-period VS Age-Period-Cohort

Comparaison of the predective capacities of the 3 models

Smoothed cohort effect

Figure: Smoothing, correcting and forecasting the cohort effect (1903 - 2005)
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Best model selection : Age-period VS Age-Period-Cohort

Comparaison of the predective capacities of the 3 models

Smoothed age parameters

@ To reduce the information lack due to the correcting process, we readjust the age
parameters for the two considered models (Qiu and al., 2010).

@ Here, we use 6th order polynome. The polynome parameters is directly estimated in the
estimation process

Figure: Smoothing of B and B®
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Best model selection : Age-period VS Age-Period-Cohort

Comparaison of the predective capacities of the 3 models

RH model - Smoothed parameters

Figure: Comparison of RH model after correcting cohort effect trend
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@ more regular mortality curves expected with the RH model. For The two sexes, RH
forecasting leads to a slight upper estimation of the death probabilities for the age range
[18 - 30]. It can be related to the age parameters estimation.

@ Errors are less than the original RH model with uncorrected cohort effect and less than
in LC model.
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Best model selection : Age-period VS Age-Period-Cohort

Comparaison of the predective capacities of the 3 models

APC* model - Smoothed parameters

Figure: Comparison APC* model with corrected cohort effect trend
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@ |It’s starting from the age of 45 for males and 55 for females that the expected and the
observed mortality curves become well juxtaposed. for the two populations (males and
females), the death probability for ages between 0 and 40 is under-estimated by the
model. It can be explained by an imperfection in cohort effect trend correcting, since the
age parameter was re-adjusted.
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Best model selection : Age-period VS Age-Period-Cohort

Comparaison of the predective capacities of the 3 models

Comparaison / Age

@ To better show the difference between the results of forecasting with the different
models compared to the observed life tables for the years 2011, 2012 and to 2013, and
to show the contribution of the correctiong of the cohort effect trend in the quality of
the obtained result, we summarise in the following table some indicators. For this we use
as a comparison indicator the Mean Percentage Absolute Deviation (MPAD) between
the observed and the expected In(qgy:).

Figure: Comparaison of the predictive capacity of the three models

Lc RH RH corrected APC* APC* Corrected
Males Females Males Females Males Females Males Females Males Females

Global | 162%  1,28%  165%  1094%  100% 121% 244% 260% 233%  2,00%
0-14 313%  189%  138% 262% 119% 080% 349% 3.83% 599%  337%
1539 | 195% 059% 152% 208% 143% 174% 383% 471% 227% 272%
4079 | o85% 168% 1.83%  160% 085%  1.14%  119%  1,00% 009%  1.04%

@ All the models give their best fitting quality at the age range (40 - 80).

@ the corrected RH model and the LC model have better predictive capacity compared
with the APC* (corrected or not).

@ APC* model can be more adapted to the old population mortality forecasting compared
with the global population forcasting.
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Best model selection : Age-period VS Age-Period-Cohort

Comparaison of the predective capacities of the 3 models

Comparaison / Time

@ The predective quality of the forecasting : a comparaison for just three years is certainly
not sufficient for such a evaluation but allows to detect some differences between the
different used models for the short term. Here we compare the Mean Annual errors
obtained with the different model for the years 2011, 2012 and 2013:

Figure: Comparaison of the predictive capacity of the three models - time error evolution

Lc RH RH corrected APC* APC* Corrected

Males Females Males Females Males Females Males Females Males Females

2011 T68%  167%  122% 153% 1,12% 082% 234% 270% 233%  2,15%
2012 148%  1,04%  1.89% 179%  1,10% 145% 272% 267% 245% 207%
2013 170%  143%  184%  251%  1,57%  101%  227%  269%  220%  1.79%

@ In term of the time evolution of the errors, we can observe that APC* model provides a
relative stability of errors with time compared with the RH model however if the cohort
trend was corrected or not. LC model provides too a similar quality. The errors for males
are around 1, 68% in 2011 and 1,70% in 2013. for females, we passed from 1,67% to
1,43 in 2013.
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Mortality Forecasting

Mortality forecasting based on (1977-201

Some notes

@ We use the results obtained on the period (1977-2010) and those expected for the years
from 2011 to 2013 as a starting values.

@ we use the same methodology used before. In addition, we will not extend mortality to
the old age, we will use simply the temporary life expectancy (Arriaga, 1984) to compare
results.

@ In final, we would like to compare the two forecasting with and without cohort effect in
terms of life expectancy evolution, before we will try to compare the impact in some life
insurance reserving cases.

@ The mortality time index is forecasting with AR(2) for the three model. The cohort
effect is forecasted by using an ARIMA (1, 1, 0) for the RH and APC models. This
cohort effect is smoothed by 5th odrer Moving average.

@ The age parameters in RH models are smoothed using a 6th order polynomial function,
while keeping the nitial hypothesis. The results are presented bellow for each model.
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Mortality Forecasting

Mortality forecasting based on (1977-2013) data

Age-Period approach (Lee-Carter)

Figure: Parameters estimation LC model (data: 1977-2013)
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Mortality Forecasting

Mortality forecasting based on (1977-2013) data

Age-Period-Cohort approach (Renshaw-Haberman)

Figure: estimated and smoothed age related parameters (RH : 1977-2013)
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Mortality Forecasting

Mortality forecasting based on (1977-2013) data

Age-Period-Cohort approach (Currie)

Figure: mortality time index forecast (APC * - 1977 - 2013)
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Mortality Forecasting

Comparaison

Residual life expectancy

@ To compare between the results obtained with the three models, we use the temporary
life expectancy (see. Arriaga, 1984) until age of 80.

@ we compare the temporary life expectancy at different age (0, 20, 40, and 60) obtained
with the three models.

Figure: Projected temporary life expectancy at different ages (LC, RH and APC* models)
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@ Globally, the three model lead to the very near values over time.In 2050, we expecte that
Temporary life expectancy ggeg is equal 75,2 for males and 76,8 for males. LC model
gave the lowest value, RH the Medium and the APC*model gave the higher values.

@ The life expectancy at 60 will be about 17,8 years for males and 18,5 for females.

@ Since Life expectancy is an average value for the age at death of a set of individuals, a
comparison based on such a parameters doesn’t lead to better distinguish the differences
in the specific age mortality schemes especially between models giving an approximative
life expectancies.
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Mortality Forecasting

Comparaison

Mortality age schemes

@ The following figure compare the mortality curves obtained on the three model by 2050:

Figure: projected specific age mortality petterns at different horizons
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@ The specificity of the Age-period-Cohort models (RH or APC* or others) is that capture
the particularity of the mortality surface according to the year of birth, and it (APC
model) allows to reproduce this effect in the future not according to time but also to
year of birth. we observe some difference at the lower ages more apparent for females
than for males.
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Simulation with life-annuities pricing

Temporary life annuities
Pricing

@ To show the impact of considering cohort effects in mortality projections, we use an
example of temporary life- annuity of (1 usd) payable from January 1st, 2015 until death
or reashing the age of 80 year. We compare the annuity price at different ages, 55, 60,
65 and 70 years, for males and females. The interest rate is supposed to be constant all
over the covered period.

Table: Annuity pricing at different ages (50, 55, 60, ... 75)

Males Females

L RH Apc* L RH APC*
so| 184 18,43 18,46 18,47 18,49 18,51
55| 1665 16,65 16,68 16,69 16,71 16,72
60| 1419 14,18 14,22 14,23 14,25 14,25
65| 1142 11,42 11,44 11,46 11,48 11,48
70 s: 832 833 834 8,36 8,37
75 a8 4,85 4,85 4,86 4,87 4,88

@ The prices of the temporary life annuity calculated with LC and RH and APC* models
are approximatively same, with changing difference between males and females from a
model to another. The females annuities at 50 year are 0,05 in average expensive than
the males annuities and however the males model is.
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Main funding

Main funding

@ The objective of the present paper was to show and to estimate the impact of
considering of cohort effect in mortality forecasting for the algerian population.

@ we have tried to compare between the Age-Period and the Age-Period-Cohort
approaches.

@ The LC model is very easy to implement and leads to regular results.

@ The RH model leads , in first, to reduce the error terms, and by the same to improve the
quality of the fitting. a high fitting quality doesn’t garantee a high forecasting capacity.
The complixity of the forecasting process of the cohort effect reduce the quality of the
forecasting.

@ The first estimated cohort parameters should be smoothed to ensure the regularity of
the final obtained series. Also, the estimation process doesn’t garantee to better
separate time and cohort effects.

@ if we start for exemple from the results obtained with LC model to estimate the Cohort
effect in RH model, in such a case, the cohort effect vector that we will try to estimate
is more related to the LC initial distribution. the best way is to estimate the time and
the cohort parameters by the same process.
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Main funding

Main funding

@ For our case, The three models lead approximatively to the same results with some
differences in the age specific mortality schemes. The bump observed for the cohorts
borns between 1965 - 1975, which represents princippally the important deaths number
occured during the black decade among the age range (20-30) years. This effect is
reproduced for the futurs years. This leads to a difference in mortality schemes that we
signaled above.

@ For mortality time index forecasting, the bump of the black decade was corrected, This
bump corresponds to the bump of 1970’th.This bump should not be corrected in cohort
effect but just smoothed.

@ The complexity of the cohort effect estimation and forecasting is almost relation to the
weight of the observations corresponding to each generation. we should define an
estimation criterion which take in account the observation distribution according to the
year of birth, and to consider statistical effect.

@ APC model estimated on the age range 0-80 allows to observe the bump which marked
the cohort of 1966-1975 during the black decade along the forecasting horizon.

@ This effect can not be captured with LC model or APC model estimated only on the
data of the retired population (50 and +).
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