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ABSTRACT 

The Swiss consumer’s price index is described by stochastic models from 
the class of ARIMA processes. These models enable us to discuss the adjust- 
ments of individual pensions to inflation. Furthermore, the cost of the adjust- 
ment to inflation of pensions of a personnel welfare institution is calculated for 
the sharing of capital value of new pension method. 

RESWE 

Modhles alCatoires de l’indice suisse des prix & la consommation et coQt de 
l’adaptation B l’infla.tion des rentes d’une caisse de pension. 

L’indice suisse des prix 8. la consommation est dCcrit par des modhles 
alCatoires de la classe des processus ARIMA. Ces moditles nous permettent de 
discuter les ajustments A l’inflation des rentes d’une institution de pkvoyance 
est calcul6 selon le systikme de la rhpartition des capitaux de couverture. 

1. INTRODUCTION 

The view of actuaries is usually a long term one, they are not too 
much concerned about short term fluctuations of variables like interest 
and inflation. Therefore, if actuaries want to take into consideration 
the fluctuations of the variables at all, they are searching for a stocha- 
stic model that represents the past history well and at the same time 
permits a realistic long term future behaviour of the variables to be 
simulated. ARIMA processes lend themselves for this purpose and it is 
these processes we have investigated in order to find stochastic models 
that permit the financial risks of a life insurance business or a pension 
fund to be comprehensible and measurable. 
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In section 2 we build stochastic models for the Swiss consumer’s 
price index by using the Box-Jenkins approach to time series analysis 
and choosing an appropriate ARIMA process to represent the data. The 
consumer’s price index of Switzerland is well described by the model 
ARIMA (1, l,O). Nevertheless we have used the models ARIMA (2,1,0) 
and ARIMA (1, 1,1) for some of our calculations. For each of these 
three models we simulate in section 3 one thousand inflation paths for 
a time span of sixty years. 

These simulations serve in section 4 to calculate the present value 
of inflation-adjusted old age pensions. There are different possibilities 
of adjusting a pension to inflation. We have chosen the pension types 
used by Wilkie (1984) to calculate the present value of old age pensions 
with and without expected survivor’s pension. 

In section 5 we discuss the adjustment of old age and survivor’s 
pensions to inflation with the sharing of the capital value of the new 
pension method and investigate the cost and contribution relation for 
the mandatory occupational welfare system in Switzerland. 

2. A STOCHASTIC MODEL FOR THE CONSUMER’S PRICE INDEX OF SWIT- 

ZERLAND 

We use the theory of time series analysis developed by Box and 
Jenkins in order to find a model that efficiently represents the consumer’s 
price index of Switzerland. Such a model should permit us to make 
assumptions about the future behaviour of the price index. 

The consumer’s price index of Switzerland is taken from the Statisti- 
cal Year-book published by the Federal Office of Statistics, Prices and 
Consumption (see Appendix 1). 

We choose the time span between 1925 and 1990. It is a time of many 
ups and downs, of depression, war, recession and prosperity. Between 
1930 and 1934 the index fell over a period of five years and from 1971 
to 1974 the inflation rate was quite high, with its highest rate at 11.3% 
in 1974. Besides the above mentioned period we also look at the time 
series from 1940 to 1990 to see whether the more recent time span will 
give us other information to guide us to the future. We will see that 
both observed periods may be represented by the same model with not 
significantly different parameters. 

In finding a model with the help of the time series analysis we need 
at least 50 observed values in order for the applied statistical tests to 
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have some meaning. Both time series fulfil this requirement. 

We use the following notations: Q(t) is the index (value of the month 
of September) with base September 1925, divided by 100. Rather than 
taking the time series Q(t) we look at the time series ln[Q(t)] and 
ln[Q(t)/Q(t - l)] respectively. There are different reasons why one inve- 
stigates the logarithm of the inflation rate as a time series rather than 
the index itself: 
- The starting point is chosen arbitrarily and it is only the proportioned 

changes of the index that have significance. 
- The index is positive and can grow very quickly very high. 
- If we observe the logarithm of the index ln[Q(t)] we cannot expect the 

series to be stationary, i.e. the values will most likely not fluctuate 
about any fixed mean. By taking the logarithm of the inflation rate - 
ln[Q(t)lQ(t - 111 - we can expect the series to ahnost be stationary. 
An important class of models for time series are the autoregressive 

integrated moving average processes, the so-called ARIMA processes of 
order (p, d, q). They are defined as follows: 

z; = 
i=l j=l 

with z; = Zt - ,u and zt = Vdxt 

where the variable xt is observed at successive times t = O,l, . . . n; p 
is the mean value of zt, V is the backwards difference operator defined 
by Vxt = xt - xt-i and VOxt = xt, and d is the number of times 
differences of the underlying time series xt have been built, so that the 
resulting time series is stationary and is represented by an autoregressive 
moving average process, called ARMA process. at are assumed to be 
independent, identically distributed random variables with zero mean 
and variance a2. In time series analysis we further assume the random 
variable at to be distributed normally. at are commonly called shocks 
of the system generated by a white noise process. 

Finding a suitable model among the ARIMA processes for our time 
series xt = ln[Q(t)] means knowing how many differences have to be 
built in order for the differenced time series to be stationary, evaluating 
the underlying stationary ARMA process by determing p and q, and 
then finding efficient parameters 4, 6, 0, so that the model with these 
parameters fits the observed time series as well as possible. 

As a first step we build the first and second differences of our original 
time series ln[Q(t)] and calculate the arithmetical mean as an estimator 
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for the mean of the series examined: 

mean of ln[Q(t)/Q(t - l)] mean of Vln[Q(t)/Q(t - l)] 

1925 to 1990 0.0237 0.00092 
1940 to 1990 0.0345 -0.00088 

The mean of ln[Q(t)/Q(t - l)] for both time periods is significantly 
different from zero, but not significantly different from each other. We 
therefore have to take this mean into consideration when building a 
model for the observed time series. By differencing the time series 
ln[Q(t)] twice we find the mean for both periods not to be significantly 
different from zero. 

To identify the possible process that represents the time series built 
by differencing d times the observed time series, we employ the aid of the 
observed autocorrelation function and the observed partial autocorrela- 
tion function. These functions show typical behaviour for autoregressive, 
moving average, or mixed processes. A plot of these functions gives us 
some idea of the underlying process. 

The observed autocorrelation function of lag I; is defined as follows: 

p is the arithmetical mean of the d-th difference of the observed values 
q. In our notation we make no distinction between the theoretical and 
observed values of the time series. 

In order to get some reliable information from the observed auto 
correlation (acf) and partial autocorrelation (pacf) function one has to 
calculate at least the first twenty values of the acf and pacf and the o1F 
served time series should be at least of length 50, as already mentioned. 

From the behaviour of the acf and pacf of the once and twice dif- 
ferenced time series hi[Q(t)] ( see appendix 2) we draw the conclusion 
that the time series might well be represented by the ARIMA models 
(1, 1, Oh c&1,0), ml, 2) and (0,2,0). We draw the same conclusion for 
both observed periods. (The possible (0,2,0) model tells us that the 
once differenced time series might well be stationary). 

Besides giving some information on the possible ARMA model for 
the d times differenced series, the autocorrelation function gives us first 
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estimates for the parameter of the ARMA model, namely 4 and 8. Since 
the parameters have to fulfil conditions - lie in the admissible region 
for the autoregressive process or the invertible region of the moving 
average process in order for the time series to be represented by one 
of these processes - we find for the first estimates of the parameters 
that ARIMA (1, 1, l), (1,2,0), (2,2,0), (0,2,1) and (0,2,2) processes 
are possible as models as well. 

As we go through the stages of identification, estimation and verifi- 
cation of the model we see that differencing twice leads to parameters 
not significantly different from zero and doesn’t provide us with more 
information. We therefore will consider from now on only the time series 
built by differencing once, namely the series ln[Q(t)/Q(t - l)], called the 
force of inflation in year (t - 1,t). 

We have estimated the parameters efficiently by using the least square 
method, i.e. choosing the parameters &, 0, so that the variance of the 
shocks at is minimal. With the estimated parameters of the possible 
ARMA models we try to decide which of the chosen model represents 
the observed time series adequately. To do this we examine the beha- 
viour of the shocks at. If the model is correct, the shocks should be 
independently, identically distributed about zero with common stan- 
dard deviation. There are various tests that give us indications on this 
subject. We have examined the autocorrelation function of the observed 
shocks at and its behaviour, and we have applied the x” test to the 
acf. In the table below the efficiently estimated parameters, their stan- 
dard deviations, the standard deviation of the shocks and the chisquare 
test of different ARMA processes, that might, fit the observed data, are 
listed. 

Process 
(1925 to 1990 
/I = 0.0237) 

Estimated 
Parameters 

60 

Std. deviation 
of estimated 
parameters 

Std. deviation X2 
of shocks of acf 

u of shocks 

ARIMA (1, 1,0) 0.6760 

ARIMA (2,1,0) 0.7968 
-0.1970 

ARIMA (1, 1,1) 0.5562 
0.2400 

ARIMA (0, 1,l) 0.6000 

ARIMA (0, 1,2) 0.9700 
0.5000 

0.09070 0.0281562 14.217 

0.12066 0.0268812 17.180 
0.12066 
0.14562 0.0283900 12.597 
0.17011 

0.09847 0.0298300 21.017 
O.lOFGO 0.0271200 14.257 
O.lOGGO 

When looking at the admissible regions of ARMA processes we note 
that the estimated parameters all lie in the admissible region of the 
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processes considered. When comparing the ARIMA (2,1,0), ARIMA 
(Ll, 11, ARIMA (f&l, 11, and ARIMA (0, 1,2) with the ARIMA (1, 1,O) 
process by transformation and using the invertibility condition we see 
that the autoregressive process of order one is sufficient. The size of 
the standard error of the estimated parameters confirms this too. Using 
higher order processes as a model does not reduce the common variance 
of the shocks. In addition, the autoregressive process may well be the 
process of choice when looking at the autocorrelation function of the 
shocks and the x2 test of all processes examined. 

As a comparison we list the typical values of the autoregressive pro 
cess of order one and two for the period 1940 to 1990. Naturally, the 
estimated parameters and the means are not identical to those found 
for the time span 1925 to 1990, but they don’t differ significantly from 
each other when considering the standard error of the estimation. 

Process 
(1940 to 1990 
p = 0.034509) 

ARIMA (l,l,O) 

ARIMA (2,1,0) 

Estimated Std. deviation 
Parameters of estimated 

41742 parameters 

0.6035 0.11166 

0.5849 0.13862 
-0.1410 0.13862 

Std. deviation 
of shocks 

u 

0.023764 

0.020694 

x2 
of acf 

of shocks 

10.376 

10.173 

From our analysis of the time series we conclude that the consumer’s 
price index may be described by the following processes: 

ARIMA (1, 1,O) : In (($yl)) =P++l- 

ARIMA (2,1,0) : In (($yl)) =P++l. 

-{ln(~[f~~~) -~}+42~{ln($f$)-~}+4C 

ARIMA (1, 1,l) : In ($yl)) =p+h. 
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3. SIMULATION OF FUTURE INFLATION EXPERIENCES 

Using the different stochastic models for the observed time series we 
have for each model simulated one thousand future inflation paths for 
the next sixty years. The polar method by Marsaglia has been used to 
generate the unit normal random variables, i.e. the shocks of the time 
series, needed to realize the models. For the ARIMA (1, 1,0) model we 
use as starting values Q(0) = 1, Q(1) = 1.024 for the years 1925 to 1990 
and Q(1) = 1.035 for the years 1940 to 1990. When using the model 
ARIMA (2,1,0) we set the third starting value Q(2) to 1.0485. For the 
model ARIMA (1, 1,1) we choose in addition a(0) = a(l) = 0. 

4. PRESENT VALUE OF OLD AGE PENSIONS ADJUSTED TO INFLATION 

There are different possibilities of adjusting a pension to inflation. We 
have chosen the ones used by Wilkie (1984) and calculated the present 
values. 

Let RO be the pension at time of retirement to be adjusted to infla- 
tion. With Ri(t) the following pension types are defined for t > 0: 

Rl(t) := RO . Q(t)/Q(O) , 

R2(t) := max(R0, Rl(t)) , 

R3(t) := max(R3(t - l), Rl(t)) , 

R4(t) := R4(t - 1). max(L Q(t)lQ(t - 1)) . 

The present value of the indexed pensions with expected survivor’s be- 
nefits for males at age s is given by 

V(R() = w-&i++,“’ . { Ri(t) + p. qm(s + t) . hm(s + t). 
t=o 

wf-y(s+t) 

c Ri(t+b). lf(y(s+t)) 
If(ds + t, + Ic . ?lk 

. 
k=O 

We use the well-known definitions of actuarial sciences and use m for 
male and f for female persons: 

qm(t), qf(t): probability of dying at age t (m = male, f = female), 
4th LfW: expected number of survivors at age t, 
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hm(t), hf(t): probability of being married at time of death at age t, 
da 4th age of spouse, 
2,: discounting factor, 
s: retirement age, 
P: factor by which the survivor’s pension is reduced. 

B(Ri) is given as well for females when changing the values lm, y(t) 
etc. to If, x(t) etc. 

The present value of the indexed pensions is calculated by using 
the bases of the Federal Insurance Fund (EVK 90). The interest rate 
used for the yearly discounting factor 21 = l/(1 + i) is 0.043 and 0.0428 
respectively, the average interest rate for federal bond issues, bank-issued 
medium-term bonds and mortgages for the years 1925 to 1990 and 1940 
to 1990 respectively. 

In order to find a frequency table for the present value of the in- 
dexed pensions R,i(t) defined above, we have repeated the simulations 
one thousand times, using the same set of pseudo-random numbers to 
generate the inflation paths. The present value has been calculated for 
a male at age s = 65 without future survivor’s pension (/3 = 0) and for 
RO = 1. The cost for the old age pension RO of a male at age s = 65 
without survivor’s benefits is 11.711 with discounting factor l/1.043 and 
no adjustment to inflation. 

Depending on the model chosen for a possible future inflation path 
and significant level of 5% and l%, the significant present values are 
listed below with the meaning that 50 (or 10) out of the thousand 
calculated values lie above the significant value: 

ARIMA (1, 1,O) with parameters belonging to the time series 1925 to 
1990: 

Rl R2 R3 R4 

5% 18.809 18.809 18.812 18.881 
1% 20.863 20.863 20.890 20.962 

ARIMA (1, 1,O) with parameters belonging to the time series 1940 to 
1990: 

Rl R2 R3 R4 

5% 19.349 19.349 19.349 19.349 
1% 20.846 20.846 20.846 20.846 
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ARIMA (2,1,0) with parameters belonging to the time series 1925 to 
1990: 

Rl R2 R3 R4 

5% 18.020 18.020 18.048 18.149 
1% 19.704 19.704 19.710 19.765 

ARIMA (1, 1,1) with parameters belonging to the time series 1925 to 
1990: 

Rl R2 R3 R4 

5% 18.545 18.545 18.5i9 18.640 
1% 20.468 20.468 20.516 20.558 

From this simulation study we conclude that the significant present 
values for the pension types Rl to R4 do not differ much. This is not 
surprising when looking at the definition of the four pension types (they 
are equal when the index is monotonously increasing) and knowing that 
the occurrence of a negative inflation rate is quite unlikely in Switzerland 
due to the size of the parameters of the chosen models. This is especially 
true for the time span 1940 to 1990. 

Using a deterministic approach by assuming the annual force /L of 
inflation to be 0.0237 resp. 0.0345, the present value of the same old 
age pension as mentioned above has a value of 14.315 resp. 15.856 
when using a discount factor of l/1.043 resp. l/1.0428. The difference 
between these values to the ones simulated and listed above is the price 
one pays for the assurance that, with 95% or 99% probability, the costs 
for the indexed old age pensions lie below the listed significant present 
values. 

J?rom now on we will only use the ARIMA (1, 1,0) model with the 
parameter efficiently estimated from the time series spanning the years 
1925 to 1990. We list as a comparison the present value of the corre- 
sponding, not adjusted pension RO. 

The significant present values of an indexed old age pension for fe- 
males age 62 without future survivor’s pension and significance level 1% 
and 5% are: 

Rl R2 R3 R4 RO 

5% 26.423 26.423 26.560 26.754 14.777 
1% 29.791 29.799 29.812 29.929 
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The significant present value of an indexed old age pension for females 
age 62 with future survivor’s pension (/3 = 0.6) and significance level 1% 
and 5% are: 

Rl R2 R3 R4 RO 

5% 26.662 26.662 26.800 27.002 14.892 
1% 30.104 30.112 30.124 30.226 

The significant present values of an indexed old age pension for males 
age 65 with future survivor’s pension (/3 = 0.6) and significance level 1% 
and 5% are: 

Rl R2 R3 R4 RO 

5% 24.423 24.423 24.501 24.705 14.074 
1% 27.341 27.341 27.346 27.590 

Looking at the figures, we see that the inclusion of future benefits for the 
surviving spouse doesn’t increase costs significantly for females because 
the probability for males to survive the spouse is quite small, whereas 
for males the cost is considerable. 

With the above-calculated present values of old age pensions we have 
some information on how to value indexed pensions, if the adjustment 
of pensions to the inflation has to be financed ahead. 

The above-mentioned method of financing old age indexed pensions, 
by calculating the present value of the indexed pensions individually, is 
not the only method used when discussing m&ters of pension funding. 
The sharing of capital value of new pension method (by this we mean 
the financing of the present value of the additional pension amount by 
the active members of the personnel welfare institution or existing funds 
etc.) is examined as well and it is this method which will be discussed 
further. 

5. ADJUSTMENTS ~F~LDAGEANDSURVIVOR'SPENSI~NSTOINFLATION 
WITH THE SHARING OF CAPITALVALUE OF NEW PENSION METHOD 

5.1. DEDUCTION OF FORMULA 

The sharing of capital value of the new pension method is defined 
as follows: Each year the existing reserve k(t) is increased by Ak(t) 
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with k(t) = R(t - 1) . B(t). R(t - 1) is the pension at time t - 1, B(t) 
is the present value of a pension of the amount 1 at time t time t and 
Ak(t) = (R(t) - R(t - 1)) .B(t). A/C(~) is financed at time t, for example 
by the active members of the personnel welfare institution. 

Our aim is to calculate the annual costs of the adjustment of pen- 
sions in course of payment to inflation for a personnel welfare institution. 
These costs will be given as a percentage of the total amount of insured 
salaries of the active members, i.e. we determine the contribution rate 
d(t) over a period of sixty years, needed to finance the adjustments of 
pensions. 

In a first step we look at the average costsfor each active member. 
We assume that the beginning of the adjustment of old age pensions to 
inflation is at time t = 0 and the indexed pension is 

R(t) = Iqt - 1) max[l, Q(t)/Q(t - l)] with R(0) = 1 . 

We use the notation AR(t) = R(t) - R(t - 1) for t > 0 and set R(t) = 
R(0) = 1 for t < 0. 

We define B(s, Ic, t) as present value of a pension, in the amount 1, 
retirement age s, at time t and t - /z years into retirement, and taking 
into account the surviving pensioners from k to t. 

For the cost per active member we get the following formula: 

t-1 

A(t) = AR(t) . c TP(lc) . B(s, I;, t)/[R(k) . na(k)]-t 
k=O 

+ c z-P(h) . B(s, h, t)/na(h) 
h<O 

with the following definitions: 
TP(lc): total new retirement pensions at time Ic, 
na(L): total active members at time k, 
rip(k): total new pensioners at time k, 
W(k): average salary of an active member at time I;, 

r(k): average pension rate at time of retirement, i.e. 
TP(lc)/(np(k) . W(k)) and 

a(k): the proportion between new pensioners and active members, 
i.e np(/~)/na(k). 
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Using the definitions we get the following equation for A(t): 

i-l 

A(t) = AR(t) . c r(k) . a(k) IV(k) . B(s, I;, t)/l?(,k) . 
k-(turn-s) 

For male members the present value B(s, k,t) has the following repre- 
sentation: 

qs, I; t) .= ws + t - k) , . lin( s) 
. {bm(s, k, t) + p . m(s, k, t)} . Ilb”;~& 

+p .e hm(s + 1) . l,p(T)l’ . qm(s + 1) + bf(y(s + 1) + t - k - 1). 
l=O 

lf(Y(S + 0 + t - k - 1) . $y(s+l)-1) 

lf(Y(S + 0) 
[O,wf-(t-k-l)] 

11 1 be the indicator function, 

T := min[t - k - 1, wm - s] and 

wm-s-(t-k) 
bm.(s, r;,t) := c d . lm(s + t - k + l)/lm(s + t - I;) , 

l=O 

w/-t 
bf(t) := c d . lf(t + l)/lf(t) ) l=O 

wm--s(t--k) 
am(s,k, t) := c 1 hl(s+t-k+l) 21 . hn(s+t-k) qm(s + t - k + 1). 

l=O 

. hm(s + t - I; + 1) . bf(y(s + t - I; + 1)) 

/3: reduction factor for pensions of surviving spouse. 

By chancing from lm, qm, y(t) to If, qf, x(t) we get the present 
value for female members. 
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In a second step we make a cost and contribution comparison. 
On one side we have the average cost per active member, A(t), that 
fluctuates over the years due to inflation, and the contributions C(t) = 
d(t). N’(t) with W(t) the average salary and d(t) the contribution rate. 

With the yearly difference between costs and contributions, a posi- 
tive or negative reserve V(t) is built for t > 0: 

V(t) = C(t) - A(t) + V(t - 1) . (1 + i) and V(0) = 0 . 

Dividing by the average salary w(t) we get: 

V(t)/W(t) = d(t) - A(t)/W(t) + V(t - l)/&‘(t). (1 + i) . 

V(t)/W(t) can be calculated, if the following is known: 

Q(t)/Q(O): future inflation rate for t > 0, 
t = 0: beginning of adjustment to inflation, 
r(t): average pension rate at time of retirement, 
a(t): number of new pensioners per active member, 
W(t)/W(O): future salary rate, 
d(t): contribution rate, 

the actuarial bases, the discounting factor w used for present value cal- 
culations, and the interest rate i used in the recursion formula of the 
reserve V(t). 

5.2. EXAMPLE 

We carry out calculations for a particular personnel welfare insu- 
rance in Switzerland, set by the BVG (Federal Law on the Occupational 
Old Age, Survivors’ and Disability Benefit Plan), introduced in 1985 as 
a supplement to the social security insurance (AHV/IV Old Age Sur- 
vivor’s Insurance/Disability Insurance). The BVG is financed by the 
capital value assessment system. As of now, old age pensions are not 
adjusted, but it is discussed, and the sharing of capital value of new 
pension method, mentioned above, is considered. 

The average cost A(t) for each active member for the adjustment 
of the old age and survivor’s pensions to inflation, as derived in section 
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5.1., is a stochastic variable depending on the future behaviour of the 
inflation. By using the ARIMA (1, 1,0) model with parameters estima- 
ted from the time series 1925 to 1990 and realizing this model with one 
thousand simulations we get one thousand possible cost developments 
A(t) for t = 1,. . . 60. Although A(t) depends on other stochastic varia- 
bles besides inflation, we make deterministic assumptions about the rate 
u(t) (to determine u(t), d emographic development and statistics of the 
social security insurance are used) and the average pension rate r(t) (the 
BVG, a defined contribution plan, started in 1985 leads to an increasing 
r(t)), see table below. We further assumed W(t) = W(0) . exp(0.05t) 
(for the deduction of this formula the BIGA (Federal Institute for Indu- 
stry and Trade) statistics were used). Actuarial bases EVK 90 and the 
discounting factor l/1.043 are the same as in the previous calculations 
in section 4, the interest rate to calculate the recursion of the reserve 
V(t) is 4.3% and inflation adjustment starts in 1995 (t = 0). (In 1995 
the BVG will be revised). 

With the one thousand realizations of the expense rate A(t)/W(t), 
the contribution rate d(t) is determined in such a way that it is mono 
tonously increasing and the behaviour of the reserve V(t) is not erratic. 
Furthermore we claim that the probability P(V(t) < 0) for at the most 
10 t-values) is less than 10%. 

The functions u(t) and r(t) have the following percentage value: 

t -5 0 5 10 15 20 25 30 35 40 50 60 

a(t) 1.64 1.73 1.83 1.93 2.03 2.13 2.23 2.33 2.43 2.53 2.61 2.61 
r(t) 7.03 13.2 18.0 22.8 25.8 28.7 30.7 32.6 32.6 32.6 32.6 32.6 

With this we get the required contribution rate as a percentage of the 
total sum of salaries: 

t 1 2 5 8 10 15 20 25 30 35 40 50 60 

d(t) 0.7 1.0 1.9 2.6 2.8 3.3 3.8 4.3 4.8 5.2 5.4 5.7 5.9 

Since at the present time it is difficult to evaluate u(t) for females 
(missing information of the female work force due to part-time jobs), the 
function d(t) is only deduced for male active members and pensioners. 
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6. CONCLUSION 

Wilkie’s approach to gain insight into the behaviour of future long- 
term developments of inflation and interest rates is approved widely in 
actuarial science. Taking the same approach in finding a model for the 
inflation rate in Switzerland, we have used this knowledge to calculate 
the costs of the adjustments of old age and survivor’s pensions to in- 
flation for the mandatory occupational welfare system. We have used a 
stochastic model for the inflation and deterministic assumptions on the 
behaviour of future salaries and interests. 

In a further step one has to find a combined model for future salary 
and interest development to have a complete picture of the costs to cover 
inflation adjustments. Furthermore, to determine for Switzerland the 
Wilkie investment model, as described in Wilkie 1986, the time series of 
the dividends of shares, their yield and the yield of bonds have to be 
analyzed and a model found. 
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APPENDIX I 

Consumer’s Price Index of Switzerland (Month of September) with 
base June 1014, taken from the Statistical Yearbook published by the 
Federal Office of Statistics, Prices and Consumption. 

1925 168 1.000 1.000 0.000000 
161 0.958 0.958 -0.042908 
161 0.958 1.000 0.000000 
161 0.958 1.000 0.000000 
163 0.970 1.013 0.012448 

1930 159 0.946 0.975 -0.025054 
149 0.887 0.938 -0.064398 
136 0.810 0.913 -0.090811 
131 0.780 0.963 -0.037740 
129 0.768 0.985 -0.015504 
129 0.768 1.000 0.000000 
130 0.774 1.008 0.007783 
137 0.815 1.053 0.051616 
137 0.815 1.000 0.000000 
138 0.821 1.007 0.007335 

1940 153 0.911 1.110 0.104020 
178 1.060 1.164 0.151481 
195 1.161 1.095 0.091013 
204 1.214 1.046 0.044639 
208 1.238 1.020 0.019576 
210 1.250 1.010 0.009646 
207 1.232 0.986 -0.014505 
218 1.298 1.054 0.052186 
223 1.327 1.022 0.022096 
222 1.321 0.995 -0.004532 

1950 219.3 1.305 0.988 -0.012186 
231.3 1.377 1.055 0.053704 
235.2 1.400 1.017 0.016565 
233.2 1.388 0.991 -0.008608 
235.7 1.403 1.011 O.OlOi49 
237.2 1.412 1.006 0.006394 
241.9 1.440 1.020 0.019636 
246.5 1.467 1.019 0.018576 
250.6 1.492 1.017 0.016898 
248.2 1.477 0.990 -0.010104 
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segue tabella 

1960 253.0 1.506 1.020 
257.1 1.530 1.016 
269.1 1.602 1.047 
277.9 1.654 1.032 
28G.0 1.702 1.029 
297.4 1.770 1.040 
309.6 1.843 1.041 
322.9 1.922 1.043 
328.5 1.955 1.017 
336.8 2.005 1.026 

1970 352.0 2.095 1.045 
375.5 2.235 1.067 
400.9 2.386 1.068 
434.0 2.583 1.083 
483.2 2.876 1.113 
509.2 3.031 1.054 
513.9 3.059 1.009 
521.9 3.107 l.OlF 
527.6 3.141 1.011 
546.4 3.252 1.035 

1980 568.6 3.384 1.041 
605.5 3.604 1.065 
639.6 3.807 I .056 
658.4 3.919 1.029 
677.7 4.034 1.029 
701.0 4.173 1.034 
706.1 4.203 1.007 
716.4 4.264 1.015 
730.6 4.349 1.020 
755.2 4.495 1.034 

1990 801.8 4.772 1.062 

0.019444 
0.015811 
0.045985 
0.031944 
0.028607 
0.039176 
0.040415 
0.041972 
0.017024 
0.025254 
0.043909 
0.064688 
0.065377 
0.079333 
0.107449 
0.052492 
0.009195 
0.015570 
0.010884 
0.034729 
0.039788 
0.06298F 
0.054797 
0.028995 
0.028922 
0.033877 
0.007163 
0.014409 
0.019738 
0.033020 
0.059800 
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APPENDIX 2 

Autocorrelation and Partial Autocorrelation Function: 

k 

1940 to 1990 1925 to 1990 

acf (k) pacf (k) acf (k) pxf (4 

1 0.596 0.596 0.667 0.667 
2 0.209 -0.226 0.334 -0.199 
3 0.025 0.011 0.190 0.105 
4 -0.041 -0.028 0.163 0.062 
5 -0.114 -0.110 0.084 -0.111 
6 -0.014 0.189 0.113 0.203 
7 0.073 -0.012 0.081 -0.150 
8 0.016 -0.113 -0.088 -0.223 
9 0.044 0.170 -0.202 0.022 

10 0.068 -0.059 -0.139 0.048 
11 -0.010 -0.082 -0.109 -0.091 
12 -0.234 -0.257 -0.149 -0.049 
13 -0.254 0.039 -0.130 0.031 
14 -0.230 -0.092 -0.111 0.058 
15 -0.156 0.029 -0.134 0.013 
16 -0.133 -0.142 -0.086 0.070 
17 -0.161 -0.191 -0.029 -0.104 
18 -0.175 0.039 0.010 0.104 
19 -0.131 0.002 0.013 0.008 
20 -0.113 -0.159 0.036 -0.045 
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