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Abstract

The system of pension funds with the goverrtaiesupport exists in the Czech Republic
since 1994 and nowadays it has nearly 4.5 mioiggzahts. The funds can face a serious
problem of underestimation of the reserves sineecticulations based on the Life Tables
(LT) published for the Czech republic do not copesd to the actual development in the
portfolios of participants. Namely, the LT do nakeé into account (1) the substantial
improvement of mortality anticipated for the Czddbpublic in comparison with its previous
level and (2) the selection effect consisting ia thcreased interest of “healthy” persons in
this voluntary insurance. The paper takes the g¢oerLT, which have been constructed for
the Czech Pension Funds (see Cipra (1998)) acepidirnthe approach used in Germany
respecting these facts. One shows some consequiamcasnuity prices and compares the

results if either the generation LT or the (curyerit are applied.

1. Introduction

The system of pension funds with the goverrtaleaupport in the Czech Republic
presents supplementary voluntary (contribution raef) pension scheme supported by the
state. The governmental support consists in thee stantributions added quarterly to the

participant contributions and in a tax relief foarficipants and contributing employers.



Nowadays, the Czech pension funds are successiteg shey offer very advantageous and
profitable form of individual savings just due tetgovernmental support and tax relief.

One of the potential problems of the Czechsm funds consists in demography, and
this paper concentrates explicitly on it. The pendunds must create technical reserves for
futurepayments&nd they can underestimate these reserves sub#i{emgicauséhe considered
time horizons are long and the calculations basethe current LT do not correspond to the
actual development in the portfolios of particigante. to (1) the improvement of mortality in
time and to (2) the selection effect:

(1) The well-known fact in developed countrissthat the male and female mortality
improves in time (usually in the whole age rande}he symbola(t) (gy(t), respectively)
denotes the probability of male death in agend timet (the probability of female death in
agey and timet, respectively) then one can see that these changi® Czech Republic

(especially after 1990) are very radical, e.g.

male so(2008) = 0.006 122= 6.1 9 female gs(2008) = 0.002 916 = 2.9%
050(1990) = 10.3 % 050(1990) = 3.7 %
050(1930) = 12.9 % 050(1930) = 9.1 %
176(2008) = 33.8 % 176(2008) = 15.9 %
176(1990) = 58.8 % 176(1990) = 34.6 %
476(1930) = 59.5 % I70(1930) = 52.1 %

Therefore the corresponding risk of underestimadomortality for insurers is substantial.
(2) Another factor is the selection effect portfolios of participants. The voluntary
pension system is attractive for persons withobjesttive health problems so that the average

length of life in such portfolios is higher tharetbne in the global population.

In order to reduce such problems the pensiodd can modify their LT using

(1) projections either in the classical LTigthpproach is simple but inaccurate) or in the
generation LT (in the generation LT the probalastof death depend not only on age but also
on time, see the symbaig(t) andgy(t));

(2) selection coefficients for pension poiitisl (these coefficients describe the ratio of the

mortality in pension portfolios to the mortality ghobal population).



Moreover, two different conceptions are pdssib

(a) the pension funds construct their LT using data;

(b) or they modify the global LT (i.e. the Kdr global population) respecting (1) and (2).
In this paper the generation LT for Czech pensiomd$ constructed using the conception (b)
by means of suitable modifications of the global lyfthe Czech Statistical Office (CZSO)
are presented (see also Cipra (1998)).. The appiisaimilar to the one used in the German
life tables DAV-Sterbetafel 1994 R suggested just the pension insurance (see e.g.
Luhr (1986) and Schmithals and Schitz (1995)). Sooresequences for annuity prices are
shown, e.g. one compares the results if eithergdreeration LT or the (current) LT 2008
(CZSO) are applied. The fact that the generatiorhaife been constructed so early as in 1996
enables to compare their projections with the tegather works can be mentioned in this
context (e.g. Khalaf-Allah, Haberman and Verraf46), Koissi (2006)).

2. Projection and selection effect in generation LT

The construction of the generation LT perfadnmethe year 1996 is based on the classical
LT for the Czech region for periods 1899/1902, 19092, 1920/1922, 1929/1932,
1949/1951, 1960/1961, 1971, 1981, 1990, 1991, 19923, 1994, 1995, 1996 with the age
range 0, 1, ..., 103 (the data for the highest ajdhis range have been achieved in some

cases by means of extrapolations).

2.1. Regression lines for logarithmic probabilities of death. In time graphs of lmy(t) and
In qy(t) for particular ages one can use linear regressioce the logarithmic transformation
discovers decreasing linear trends (see Fig. lalanir ages 30, 40, 50, 60, 70, 80). The

corresponding regression lines can be written fioreal male agex as
Ing, (t) ~ B(x) - F(x)d, t=1900...,1996 (2.1)

(similarly for a fixed female ag® and can be estimated using the data. E.g. fomthle

age 60 (the female age 60, respectively) one abtain

IN Qg (1) ~ 4.13107 - 0.00398t ( In ggo(t) ~ 20.19385-0.01249t, resp), t =1900....,1996



If we confine ourselves only to seven year80191991, ..., 1996 then the estimates are

different, e.g. again for the male age 60 (the terage 60, respectively)

IN Qg (1) ~ 7298994 - 0.03853t (In gy () ~ 36.87209— 0.02085t, resp), t =1990,...,1996

The estimated coefficientgx) obtained for the long period 1900-96 and for shert
period 1990-96 are shown graphically in Fig. 2a{sirly in Fig. 2b for females). The short
estimates show high volatility but on the other dhdimey have higher impact in comparison
with the ones based on older data before 1990.€fdrer we have used the regression
coefficientsF(x) estimated for the long period 1900-96 and mu#gbby suitable coefficients
r« so that the values,F(x) lie approximately between the long and shortnestiesF(X)

(similarly for females). The coefficientg have been chosen for males as

11 , 0<x< 30,
11+01(x-30) ,31l<x< 59,

r= (2.2)
4 ,60< x< 95

rF(x)=ryF©5 ,96<x<103

and for females as

11 , 0<y< 50,
11+ 005(y—-50 ,51<y< 60,
ry=416+01(y-60) ,6l<y< 84 (2.3)
4 ,85<y< 90,
ryF(y)=rF(x) ,91<y<103

The final modification ofyF(x) andryF(y) to the final formG(x) andG(y) respects the
following objectives:
— the sequence$(x) and G(y) should be non-increasing for increasing age sa the
probabilities of death corresponding to the mog@el) do not decrease for increasing age;
— the sequenceG&(x) andG(y) should satisfyG(x) < G(y) so that the female mortality stays
lower than the male mortality.

The values, F(x) andG(x) are shown graphically in Fig. 2a (similarly irgFRb for females).



2.2. Choice of basic LT and modification due to selection effect. The basic LT with
probabilities of deatty,’ and qu will be the basis for construction of projecticimat are
necessary in the framework of the final generatidn For this purpose, the classical LT for
the period 1996 in the Czech Republic with probtaed of deathgy(1996) andy(1996) have
been used.

As the selection effect is concerned the spwading reduction coefficients and f,
respecting this effect should be estimated usirtg dhparticular pension funds by means of

the formula

;Tx (t)
RRSTROTROY @9
whereT(t) is the observed number of male deaths inxagad calendar yedr Ly(t) is the
observed number of male lives in agend calendar yeamandag(t) is the probability of death
in agex and calendar yedrfrom the official LT (similarly for the female ctieients fy). In
the formulas of the type of (2.4) we obviously foratios of the observed mortality in the
given pension fund and the mortality for the glopapulation.

Due to lack of data we have used for our psepihie reduction coefficients estimated by
means of the data from the reinsurance company dfiuile (on the whole 367 000
“male-years” and 442 000 “female-years” in the perl967-1992):

09 , 0<x< 20
09-001(x-20) ,21<x< 29
038 , 30<x< 50,
f.=f, =108-002(x-50) , 51<x<59 (2.5)
06 ,60< X< 65,
06+0.015(x-65) , 66<x< 74,
075 , 75<x<103

The reduced probabilities of deaffyg(1996) which are auxiliary values for the constiact
of the basic LT are shown graphically in Fig. 3an{(lrly in Fig. 3b for females).

2.3. Safety charge. The last step in the construction of the basici&Ta safety charge

respecting the risk of statistical estimation. @hgossible approaches is the one suggested



by Canadian actuaries (see Canadian Institute dbahies (1990)). According to this
approach the basic LT should be

c

B=fq, (199 -———,
d. = f,a,(1999 (1999

(2.6)
whereg(1996) is the average length of life in agand calendar year 1996 ands a suitable
constant (one recommends the value 0.015 for a skgt safety charge while the most
benevolent value in practice can be 0.003 75). 3&fety charge (2.6) has several useful
properties, e.g. it increases absolutely but deeseaelatively with respect fpg«(1996) for
increasing age.

We have used another approach: the safetgelgdrin the relation

ay = f,0,(1996 -7 2.7)

is constructed in such a way that the model wiploréfolio of a medium size fulfils
TzZ(fqu(lgga—s;’)ij=1—a. (2.8)

The value I a is the prescribed confidence level for the safdtgrge,L is the observed

number of male lives in age Ty is the observed number of male deaths inxeayed

T=>T, (2.9)

is the total number of deaths in the model (if oses such a safety charge with confidence
level 1- a then the number of deaths in the model present®tier bound for the observed
number of deaths).

The safety chargg” with the property (2.8) can be derived in thedaling way: T, are

random variables with binomial distribution
T, ~ Bi (Ly,0y)-

Therefore the probability distribution of the randwariableT in (2.9) can be approximated

by the normal one



T =T, ~N (E(),varT)),
where
E(T)=> L,0a,, varT)=> L., @1-q,).

Therefore it holds

T_—E(T)>—u =1-qa
vart) =~ ¢

where u;-, is the corresponding normal quantile. After s@mangements one obtains

_ \/V&’(T) \/qx @- qx) —1_
P{T > % LX[ f.0,(1996 —u,_, Z\/WTX) L =1l-a.

Hence the safety charge can be taken as

a _ \/V&’(T) \/qx (1_ qx)
Sy = U, 5 \/WTX) L : (2.10)

In our case we have used the value0.01 (i.e. the safety charge is constructed wWith
confidence level 99 per cent so that one usggy = 2.326) and the model with the same age
structure as in the classical LT for the period 1896he Czech Republic. Moreover the
model size has been chosen so that e.g. the nwhbsles in age above 59 is approximately
11 000 and the number of females in age above &3psoximately 16 000).

The resulting basic probabilities of deatfi are given in the Tab. 1a and Fig. 3a (for
females in the Tab. 1b and Fig. 3b).

2.4. Construction of generation LT. Now the construction of the generation LT is obsgiou

the probabilities of deatiy(t) in agex and calendar yearcan be calculated as

Oy (t) = @ CN11999 g2 (2.11)



since (2.11) is equivalent to the relationgitt) = In g — G(X)(t —1996) with the basic
probabilities of deatly,® corresponding to calendar year 1996 (one hasitbastly the time
origin and to use the coefficien®Xx) instead ofF(x) in the model (2.1)). The probabilities of
deathqy(t) in agey and calendar yearfor females are calculated similarly.

It is more comfortable to rewrite the formulaisthe type (2.11) to the explicit generation

form
q; — e—G(x)(x+r—1996 q)I? 12)

whereqy’ is the probability of death of a male from genieratr in agex. The valuess(x) and
o<, which are necessary for application of this folamwre given in Tab. 1a (similarly in

Tab. 1b for females).

2.5. An exampe. The application of the generation LT can be dematesdirby means of the
example with a male from generation 1936 and Fesdnnuity starting in age 60 (i.e. in year
1996).

In this case we use the formula (2.12) for 1936 and for particular aggs= 60, 61, ...,

i.e.

q;L(936 — @ G(0(x+1936-1999 qf - e—G(x)(x—ao)qE . X=60,61,....

We'll obtain

Qid36 = @ C 0060 4B — B — 0011316,
qi%0 = g COYETO0 B — o CEY B — 70015231 012 278= 0012092,
etc.

Fig. 4a and Tab. 1la present male probabilfedeath for generations 1935, 1955 and
1975 (similarly Fig.4b and Tab. 1b for females) @tber examples of the described
methodology.

Tab. 3 compares the life expectaagyfor males and females in age 60 for various sigrti
years (1996, 2000, 2005, 2010, ..., 2030). E.gheistarting year 2005 (i.e. for the generation
1945) the male values aegy>*> = 22.98. Using the classical LT for the period 1996he
Czech Republic (see the last row of Tab. 3) thiseréd substantially loweso = 16.25.



3. Approximation of generation LT by means of age shifts

The practical application of the formulas of tigpe (2.12) can be cumbersome. Therefore
one can accept an approximate approach where fiXeare shifted depending on the given
generation.

We’'ll choose the LT for generation 1955 asdhes to be shifted (this generation lies in
the centre of the most interesting generationsther Czech pension funds nowadays). The

probabilitiesa,'*>° 1955

andgy, > (see Tab. 1a for males and Tab. 1b for femalesadjtested to
form increasing sequences (with exception of tlveeki and highest ages) and are given in
Tab. 2a ¢« for males andj, for females).

One wants to shift the probabilities of degtlusing age shifth(7,x) so that the following

approximation foi,” from the generation LT is achieved
qx+h(r,x) = q; . (31)
Moreover one can use the following linear interpotafor the shiftdh(z,x)

q; - qx+ho(1',x)

h(7,x) = hy(7,x) + (3.2

qx+rb(r,x)+l - qx+|”b(r,x)

wherehy(7,X) is an integer chosen unambiguously (due to isongaform ofgy) in such a way
that

qx+ho(r,x) < q; < qx+h0(r,x)+1 .

In order to exclude the dependence of the shiftx) on agex and to obtain the shifty(7)

depending only on generatigrone can use an approximation by means of suitaldeages

1 k
2 h(7,%) (3.3)

h(r) =
=12
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(in our case we have used the lower boymrdmax(60, 1997 7) and the upper bound
k = 85).

The corresponding age shifi&) calculated according to (3.3) for generatiars 1917,
1918, ... , 1990 and rounded to integers are gimemab. 2b. Since e.g. for males it is
h(1975) = -4, one shiftsgy from Tab. 2a so that these LT become by 4 yeaosiriger*.
Especially one has e.ges® > =004 = Gs6 = 0.006 498 which can be compared with the

“exact value“gss™" "> = 0.006 079 from Tab. 1a.

4. Consequencesfor pensions

The generation LT described in this contribntpresent a useful instrument to solve some
problems in the context of pension insurance. Huet that the differences due to application
of the generation LT are substantial can be dematest by means of Tab. 4, where monthly
life annuities starting at the age 65 in the ye@0& and corresponding to the capital
1 mio. CZK are given. One presents two alternativesresponding to the formulas
1 000 000 / 1850, 1 000 000 / 120(2.5%). E.g. the second alternative (the techrit@irest
rate 2.5 per cent) gives for a male in age 65 witirting year 2008 the monthly annuity
5,307 CZK. This can be compared with the classie#dulation (i.e. the classical LT for the
year 2008 in the Czech Republic) providing oveneated result 6,620 CZK.

Supported by research project MSM0021620839 (CReglublic).
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Tablela. Generation LT and application for some generations (Czech Republic: male)

X G(X) qB CI><1935 q)(1955 q)(1975

0 0.051872| 0.004844 0.114614  0.0406(15 0.014B92
1 0.051872| 0.000274 0.006181 0.002190  0.000|76
2 0.049725( 0.00021( 0.003948 0.001460  0.000p40
3 0.045547( 0.000154 0.002176  0.000875  0.000B852
4 0.042553| 0.000124 0.001414  0.000604  0.000P58
5 0.039540( 0.000104 0.000913 0.000414  0.000[88
6 0.037734| 0.000084 0.000685 0.0003p2  0.00051
7 0.035557| 0.000081 0.000551 0.000270  0.000[33
8 0.032560( 0.000079 0.000412  0.000215  0.00012
9 0.032560( 0.000064 0.000377  0.000197  0.000[03
10 0.031125| 0.000064 0.000333  0.000179  0.080P9
11 0.030047| 0.000071 0.000318  0.000174  0.080P9
12 0.029285| 0.000084 0.000333  0.000196  0.080[LO
13 0.029285| 0.000116 0.000441  0.000262  0.090[L4
14 0.029285| 0.000164 0.0006645  0.000370  0.0®0RO
15 0.029285| 0.00023f 0.000918 0.000911  0.0DOR8
16 0.029285| 0.000321 0.001201  0.000869  0.0BOB7
17 0.029285| 0.000402 0.001438 0.000811  0.0DOK5
18 0.029285| 0.000467 0.001638 0.000912  0.080p0
19 0.029285| 0.00051( 0.001743  0.000971  0.0D0p4
20 0.029285| 0.000531 0.001741  0.000986  0.0D0p4
21 0.029285| 0.000541 0.001747  0.000973  0.0DOp4
22 0.029285| 0.000541 0.0017Q7  0.000950  0.080p2
23 0.029285| 0.000553 0.001683  0.000937  0.0BOp2
24 0.029285| 0.000561 0.001664 0.000926  0.080p1
25 0.029285| 0.00057§ 0.001639 0.000924  0.000p1
26 0.029285| 0.000591 0.001639 0.000923  0.000p1
27 0.029285| 0.000611 0.001637  0.000923  0.000p1
28 0.029285| 0.000624 0.001634 0.000921  0.080p1
29 0.029285| 0.000652 0.001665 0.000927 0.080p1
30 0.029285| 0.000681 0.001689 0.000940  0.080p2
31 0.029285| 0.00072( 0.001733  0.000965  0.0D0p3
32 0.029285| 0.000771 0.001802  0.001003  0.080p5
33 0.029285| 0.00083f¢ 0.001898  0.001057  0.080p8
34 0.029285| 0.00091¢4 0.002026  0.001128  0.080p62
35 0.029285| 0.001023 0.002190 0.001219  0.080p7
36 0.029285| 0.00114¢ 0.002390 0.001331  0.0DOy4
37 0.029285| 0.001292 0.0026Q9  0.001453  0.080BO
38 0.029285| 0.001444 0.002840  0.001581  0.0WOB8
39 0.029285| 0.00161] 0.003080 0.001715  0.0®OP5
40 0.029285| 0.00180 0.003333 0.001855  0.081P3
41 0.029285| 0.00200¢ 0.0036Q9 0.002009 0.0®1fL1
42 0.028824| 0.00225] 0.003903  0.002193  0.0D1p3
43 0.027982| 0.002541 0.004212  0.002407  0.001B7
44 0.027073| 0.002871 0.004536  0.002651 0.081p4
45 0.026021| 0.00324¢ 0.004926  0.002927  0.001)/4
46 0.025058| 0.00366¢ 0.005339 0.003235  0.0D1P6
47 0.024321| 0.00412¢ 0.005799  0.003366  0.0D2[19
48 0.023661| 0.00463 0.006300 0.003925 0.(w244
49 0.023068| 0.005171 0.006841  0.004300 0.0D2)1
50 0.022495| 0.00572¢ 0.007333  0.004676  0.0p2P8
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B

1935

1955

1975

X G(x) G Ox Ox Ox

51 0.021824| 0.006267 0.007796  0.005039  0.083p5
52 0.021087| 0.00677% 0.008187 0.005370  0.0D3p2
53 0.020384| 0.007224 0.008503  0.005656  0.0D3|76
54 0.019579| 0.00765¢4 0.008781  0.005936  0.0®4Pp1
55 0.018838| 0.008084 0.009032  0.006210  0.0D4p6
56 0.018254| 0.008544 0.009361  0.006498  0.004p1
57 0.017819| 0.00908% 0.009733  0.006829  0.0D4|78
58 0.017143| 0.009724 0.010243  0.007270  0.0®505
59 0.016883| 0.010464 0.010822 0.007721  0.0®5p0
60 0.015932| 0.011314 0.011498 0.008361  0.0®6P7
61 0.015231| 0.012274 0.012278  0.009054 0.0B6K7
62 0.014763| 0.01334( 0.013144  0.009784  0.0®7p8
63 0.014294| 0.014534 0.014124 0.010612 0.0®7P7
64 0.013896| 0.015914 0.015268 0.011563  0.0D8|75
65 0.013896| 0.01752% 0.016575 0.012553  0.0D9H0
66 0.013896| 0.01942¢ 0.018122 0.013725 0.30B9
67 0.013896| 0.021664 0.019931  0.015095 0.2143
68 0.013896| 0.024244 0.0220Q0 0.016662 0.2261
69 0.013896| 0.02714( 0.024284  0.018392  0.023P2
70 0.013896| 0.030364 0.026796  0.020294  0.0a5B7
71 0.013896| 0.03388( 0.029484  0.022330 0.A6P1
72 0.013896| 0.037624 0.032292  0.024456  0.0A8p2
73 0.013896| 0.041564 0.035179 0.026643  0.c20p7
74 0.013896| 0.04573( 0.038172 0.028910 0.02189
75 0.013896| 0.050011 0.041149 0.031180 0.02361
76 0.013896| 0.054464 0.044217 0.033488  0.025B6
77 0.013896| 0.05918] 0.047388  0.035890 0.0R718
78 0.013798| 0.06425% 0.050817 0.038562  0.029p6
79 0.013794| 0.069693 0.054370 0.041262  0.081B1
80 0.013648| 0.075614 0.058343  0.044406  0.083|79
81 0.013236| 0.08193] 0.0628716  0.048253  0.037P3
82 0.012929| 0.088604 0.067537  0.052148  0.0810p6
83 0.012668| 0.09559] 0.072345  0.056153  0.(@3p8
84 0.012586| 0.102883 0.077023  0.059882  0.086p5
85 0.012401| 0.110454% 0.082023 0.064006  0.0A9p4
86 0.011876| 0.118401 0.087986  0.069385 0.054|71
87 0.011223| 0.126739 0.094660 0.075629  0.06042
88 0.010512| 0.13543¢ 0.101969 0.082635 0.066P6
89 0.009669| 0.144464 0.110290  0.090823  0.07485
90 0.008801| 0.153734 0.119195 0.099882  0.083|76
91 0.007887| 0.163083 0.128722  0.109939  0.09389
92 0.006937| 0.172309 0.138964  0.120963  0.105p9
93 0.005958| 0.18111( 0.149674  0.132861 0.147P3
94 0.004958| 0.189093 0.160533  0.145396  0.1B167
95 0.003943| 0.195644 0.171096  0.158120  0.191602
96 0.003943| 0.199864 0.1741092 0.160898  0.181869
97 0.003943| 0.20041¢ 0.173891 0.160703  0.181851
98 0.003943| 0.20041¢ 0.173297 0.160071  0.147P3
99 0.003943| 0.20041¢ 0.172525  0.159441  0.1917B4
100 0.003943| 0.20041 0.171846  0.158813 0496/

101 0.003943| 0.20041 0.171170 0.158188 09261

102 0.003943| 0.20041 0.1704%96  0.157966  01@56

103 0.003943| 0.20041 0.169825 0.156946 043150
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Tablelb. Generation LT and application for somegener ations(Czech Republic: female)

y G(y) qB qy1935 qy1955 qy1975

0 0.053841| 0.004444 0.1187G4  0.040440  0.013|77
1 0.053841| 0.000224 0.005645 0.001923  0.000p55
2 0.049493( 0.00015( 0.002781 0.001084  0.000B384
3 0.049493( 0.00010( 0.001765 0.000656  0.000R44
4 0.046795( 0.000074 0.001080 0.00044  0.000[66
5 0.044985( 0.00006( 0.000745 0.000303  0.00023
6 0.042730( 0.000054 0.000577 0.000245  0.000104
7 0.040752| 0.000059 0.000479  0.000212  0.000p94
8 0.039464| 0.000054 0.000421 0.000101  0.000p87
9 0.038841| 0.000051 0.00038§4 0.000177  0.000p81
10 0.038557| 0.00005( 0.000337  0.000165  0.0®0P7
11 0.038557| 0.000051 0.000331  0.000162  0.0OP7
12 0.038557| 0.000052 0.000344  0.000159  0.000p7
13 0.038557| 0.000051 0.000337  0.000156  0.GBOP7
14 0.038557| 0.000051 0.000337  0.000156  0.GBOP7
15 0.038557| 0.00005% 0.000342  0.000158  0.0®OP7
16 0.038557| 0.000061 0.000346  0.000160  0.000p7
17 0.038557| 0.000067 0.000334 0.000164  0.0®0P7
18 0.038557| 0.00008( 0.000421  0.000195  0.0DOP9
19 0.038557| 0.000094 0.000444 0.000219  0.0DO[LO
20 0.038557| 0.0001071 0.000511  0.000237  0.080[LO
21 0.038557| 0.000114 0.000532 0.000246  0.000[L1
22 0.038557| 0.000114 0.000530 0.000245  0.080[L1
23 0.038557| 0.000114 0.0005Q09 0.000235  0.080[LO
24 0.038557| 0.000111 0.000447 0.000221  0.0BO[LO
25 0.038557| 0.000104 0.000435 0.000201  0.0®0P9
26 0.038557| 0.000101 0.000395 0.0001)83  0.0®OP8
27 0.038557| 0.00010( 0.000342  0.000172  0.0DOP8
28 0.038495| 0.0001071 0.000343  0.000173  0.0DOP8
29 0.038043| 0.00011¢ 0.000391  0.0001)83  0.0®OP8
30 0.036553| 0.00013f% 0.000418 0.000201  0.0D0OP9
31 0.035404| 0.00015% 0.000437  0.000225  0.0DO[L1
32 0.034172| 0.000187 0.000499 0.000252  0.0D0O[L2
33 0.033406| 0.000211 0.000549 0.000281  0.000[4
34 0.032591| 0.000251 0.000606  0.000316  0.0RO[LE6
35 0.031802| 0.000291 0.000644  0.000357  0.080[L8
36 0.030570| 0.000344 0.000748  0.000406  0.0DOR2
37 0.029290| 0.000411 0.000830  0.000462  0.0D0R5
38 0.028661| 0.00048( 0.000927 0.000523  0.0®OR9
39 0.028661| 0.000552 0.001037 0.000385  0.0DOB3
40 0.028661| 0.00062] 0.001144  0.000845  0.000B6
41 0.028661| 0.00070¢ 0.001243 0.000706  0.080B9
42 0.028661| 0.000791 0.001311  0.0007173  0.0H043
43 0.028661| 0.00090( 0.0015Q7  0.000850  0.0®047
44 0.028661| 0.001021 0.001661  0.000936  0.080p2
45 0.028661| 0.00116( 0.001835 0.001035  0.0B0p8
46 0.028661| 0.00131¢ 0.002023 0.001140 0.080p4
47 0.028661| 0.001483 0.002216  0.001249  0.000[70
48 0.028661| 0.00165] 0.002405 0.001356  0.000|76
49 0.028661| 0.00183f¢ 0.002589  0.001459  0.080B2
50 0.028661| 0.002014 0.002760  0.001556  0.000B7
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B

1935

1955

1975

y G(y) q Oy Oy Qy

51 0.028661 0.00218] 0.002913 0.001642 0.090P2
52 0.028661 0.002357 0.003080 0.001720 0.0®0P6
53 0.028661 0.002524 0.0031714 0.001789 0.0®1P0
54 0.028661 0.002697 0.003290 0.001855 0.0®1p4
55 0.028661 0.00286¢ 0.003403 0.001918 0.0D1pP8
56 0.028661 0.003054 0.003525 0.001987 0.00112
57 0.028661 0.00328( 0.0036718 0.002073 0.0D1[16
58 0.028661 0.00355] 0.0038710 0.002182 0.001p3
59 0.028661 0.00388] 0.004110 0.002317 0.091B0
60 0.028661 0.004287 0.00440Q7 0.002484 0.0m140
61 0.028661 0.004764 0.004768 0.002688 0.0®1p1
62 0.028661 0.00533( 0.0051719 0.002920 0.001p4
63 0.028661 0.005997 0.005658 0.003190 0.0®1[79
64 0.028661 0.006764 0.006208 0.003499 0.0®1P7
65 0.028661 0.00767¢ 0.006845 0.003858 0.0®2[17
66 0.028661 0.00875( 0.007582 0.004274 0.0®2¢40
67 0.028661 0.010037 0.008451 0.004764 0.002p8
68 0.028661 0.011577 0.0094469 0.005338 0.0®3P0
69 0.028661 0.01340( 0.010654 0.006006 0.0®338
70 0.028661 0.015594 0.012049 0.006792 0.0®3B2
71 0.028661 0.018173 0.013644 0.007691 0.09433
72 0.028661 0.021101 0.015397 0.008679 0.08489
73 0.028661 0.024361 0.017212 0.009736 0.085¢48
74 0.028661 0.02791] 0.019229 0.010840 0.006[1L1
75 0.028625 0.031663 0.021208 0.011964 0.0D6[/4
76 0.028367 0.03567¢ 0.023312 0.013219 0.0®7¢49
77 0.028172 0.040027 0.0255Q00 0.014516 0.0®8p6
78 0.027575 0.044763 0.028011 0.016137 0.089p9
79 0.026792 0.050014 0.030880 0.018070 0.040b7
80 0.025879 0.05588( 0.0341715 0.020367 0.08.213
81 0.024991 0.062364 0.037836 0.022953 0.043P2
82 0.024052 0.069574 0.041987 0.025953 0.03.6P4
83 0.022999 0.07759] 0.046781 0.029532 0.03.8p4
84 0.021678 0.086454 0.052510 0.034037 0.022D6
85 0.019626 0.096254 0.060097 0.040587 0.0r7¢41
86 0.017509 0.107044§ 0.0691Q00 0.048685 0.0B430
87 0.015384 0.118833 0.0796837 0.058560 0.02:3P5
88 0.013239 0.131624 0.092064 0.070647 0.054p1
89 0.011088 0.145411 0.106606 0.085404 0.0%8¢1
90 0.008941 0.16016] 0.123581 0.103347 0.086¢@2
91 0.007887 0.175783 0.138746 0.118500 0.1®1p0
92 0.006937 0.192124 0.154930 0.134878 0.18.740
93 0.005958 0.20887¢ 0.172620 0.153229 0.186D1
94 0.004958 0.225524 0.191489 0.173412 0.167P4
95 0.003943 0.24123] 0.210947 0.194968 0.180[1L8
96 0.003943 0.25459¢ 0.221713 0.204954 0.1B9¢%1
97 0.003943 0.263224 0.228391 0.211070 0.1®5P6
98 0.003943 0.263224 0.227492 0.210239 0.194p9
99 0.003943 0.263224 0.226597 0.209412 0.1®3pb3
100 0.003943 0.26322 0.225705 0.208588 08927

101 0.003943 0.26322 0.224817 0.2077167 01®20

102 0.003943 0.26322 0.223932 0.206949 0834901

103 0.003943 0.26322 0.223051 0.206135 0a®0b6
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Table2a. Generation LT by means of shifts

X,y & Q X,y G
0 0.000174| 0.000009 52 0.005370
1 0.000174| 0.000009 53 0.005636
2 0.000174| 0.000009 54 0.005936
3 0.000174| 0.000009 55 0.006210
4 0.000174| 0.000009 56 0.006498
5 0.000174| 0.000009 57 0.006829
6 0.000174| 0.000009 58 0.0072740
7 0.000174| 0.000009 59 0.007721
8 0.000174| 0.000009 60 0.008361
9 0.000174| 0.000009 61 0.009034
10 0.000174| 0.000003 62 0.009748
11 0.000174| 0.000001 63 0.010612
12 0.000196| 0.000014 64 0.011563
13 0.000262| 0.000037 65 0.0125%3
14 0.000370| 0.000064 66 0.013725
15 0.000511| 0.000091 67 0.015095
16 0.000669| 0.000124 68 0.016662
17 0.000811| 0.000164 69 0.018392
18 0.000912| 0.000191 70 0.0202%94
19 0.000971| 0.000214 71 0.022330
20 0.000986| 0.000231 72 0.0244%6
21 0.000987| 0.000244 73 0.026643
22 0.000989| 0.000244 74 0.028910
23 0.000990| 0.000241 75 0.031180
24 0.000992| 0.000241 76 0.033448
25 0.000993| 0.000244 77 0.035890
26 0.000995| 0.000244 78 0.038562
27 0.000996| 0.00024¢4 79 0.041262
28 0.000998| 0.00024¢4 80 0.044406
29 0.000999| 0.00025( 81 0.0482%3
30 0.001001| 0.00025( 82 0.052148
31 0.001002| 0.00025] 83 0.0561%3
32 0.001003| 0.000253 84 0.059882
33 0.001057| 0.000281 85 0.064006
34 0.001128| 0.000314 86 0.069385
35 0.001219| 0.000357 87 0.075629
36 0.001331| 0.00040¢4 88 0.082635
37 0.001453| 0.000461 89 0.090823
38 0.001581| 0.000523 90 0.099882
39 0.001715| 0.000584 91 0.109939
40 0.001855| 0.000641 92 0.120963
41 0.002009| 0.00070¢4 93 0.132861
42 0.002193| 0.000773 94 0.145396
43 0.002407| 0.00085( 95 0.158120
44 0.002651| 0.00093¢4 96 0.160898
45 0.002927| 0.00103f 97 0.160898
46 0.003235| 0.00114( 98 0.160898
47 0.003566| 0.00124¢4 99 0.160898
48 0.003925| 0.00135¢ 100 0.160898
49 0.004300| 0.00145¢ 101 0.160898
50 0.004676| 0.001554 102 0.160898
51 0.005039| 0.001643 103 0.160898
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Table2b. Generation LT by means of shifts

Age shifts Age shifts
Year Male Female Year Male Fema
1917 6 6 1954 0 0
1918 6 6 1955 0 0
1919 6 6 1956 0 0
1920 6 6 1957 0 -1
1921 6 6 1958 -1 -1
1922 6 6 1959 -1 -1
1923 6 6 1960 -1 -1
1924 6 6 1961 -1 -2
1925 5 6 1962 -1 -2
1926 5 6 1963 -1 -2
1927 5 6 1964 -2 -2
1928 5 6 1965 -2 -3
1929 5 6 1966 -2 -3
1930 4 5 1967 -2 -3
1931 4 5 1968 -2 -4
1932 4 5 1969 -2 -4
1933 4 5 1970 -3 -4
1934 4 5 1971 -3 -5
1935 3 5 1972 -3 -5
1936 3 4 1973 -3 -5
1937 3 4 1974 -3 -5
1938 3 4 1975 -4 -5
1939 3 4 1976 -4 -5
1940 3 4 1977 -4 -5
1941 2 3 1978 -4 -5
1942 2 3 1979 -4 -5
1943 2 3 1980 -4 -5
1944 2 3 1981 -4 -6
1945 2 2 1982 -5 -6
1946 2 2 1983 -5 -6
1947 1 2 1984 -5 -6
1948 1 2 1985 -5 -6
1949 1 1 1986 -6 -6
1950 1 1 1987 -6 -6
1951 1 1 1988 -6 -6
1952 0 1 1989 -6 -6
1953 0 0 1990 -6 -6

e
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Table 3. Lifeexpectancy

Start of | Males in age Females in
pension of 60 age of 60
650 650

1996 21.87 26.43
2000 22.36 27.09
2005 22.98 27.87
2010 23.58 28.61
2015 24.18 29.30
2020 24.77 29.95
2025 25.35 30.55
2030 25.92 31.11

LT 1996 16.25 20.39

Table4. Monthly lifeannuity (in CZK) based on the capital of 1 mio. CZK
(the starting age 65 in the year 2008)

Starting year 2008 Males in age of §F-emales in age of 65
- calculation using:| - calculation using:
€50 d60(2.5% €50 360(2.5%)

Classical LT 2008 5,331 6,620 4,413 5,626
Generation LT 4011 5,307 3,307 4 500




