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1 Introduction

Several countries have implemented, and others consider implementing, a reform of their pension

system that involves a partial or complete replacement of the pay-as-you-go system with a fully

funded system. The long-run benefits of a fully funded system are well known:1 while in the

PAYGO system the contributions bear an implicit return equal to the rate of growth of the

payroll tax base (the sum of the rates of growth of the working population and real wages), in

the fully funded scheme they bear an explicit return equal to the after-tax return on capital.

In a dynamically efficient economy, the rate of return on capital exceeds the rate of growth of

the payroll tax base, and therefore a much lower level of contributions is needed to provide the

same retirement income.

However, the fully funded system has costs as well. These include the administrative cost2

and the cost of financing the transition during which the younger cohorts would pay taxes to

finance the benefits for the older cohorts as well as pay contributions to their private retirement

accounts.3 Last, the fully funded system exposes future retirees to investment risk. Since stock

market returns are uncertain, workers face the risk that the realized returns on accumulated

contributions will not provide sufficient income during retirement. The magnitude of the in-

vestment risk has been assessed by, for example, Feldstein and Ranguelova (2001) who generate

a distribution of possible histories of stock and bond market returns in the United States and

the corresponding real values of an annuity that an individual would receive during retirement.

If the market returns were constant all the time and equal to the average return in all years

during which an individual saves for retirement, only a 3.5 percent contribution rate would be

needed to sustain the current real value of pensions, as opposed to the 18 percent payroll tax

rate that is needed to sustain the current real value of pensions according to the the U.S. Social

Security Administration projections. However, under the 3.5 percent contribution rate there is

a substantial risk that the annuity will be much below the benchmark benefits provided by the

PAYGO system. Specifically, there is a 10 percent chance that the benefits will be 50% of the

benchmark or lower. The contribution rates would have to be more than doubled in order to

virtually eliminate the risk of an unacceptably low annuity. They also carry out expected utility

comparisons and find that the individual’s coefficient of relative risk aversion would have to be

1See Feldstein and Liebman (2002) for a basic exposition.
2Diamond (2000) estimates that the administrative costs of Social Security in the United States are $14.50

per worker per year, while a system of private retirement accounts would cost $40-50, and possibly even twice as
much, depending on the particular design and the range of investment options available to workers.

3A voluminous literature is devoted to designing alternative transition mechanisms from PAYGO to fully
funded schemes and evaluating their welfare effects. See for example Feldstein (2005), Joines (2005) or Conesa
and Garriga (2005).
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rather high (around 4) in order to make the less risky PAYGO system preferable to the fully

funded system. In a follow-up paper, Feldstein, Ranguelova and Samwick (2001) use the same

methodology to simulate how the risk would vary across cohorts during a phased-in transition

from the PAYGO system to a fully funded system. Poterba et al (2005) carry out a similar

analysis for IRA accounts.

The choice between the PAYGO and fully funded system is sometimes phrased as a trade-

off between a low-return, risk-free system and a high-return (on average), high-risk system.

However, the PAYGO system is not risk-free. It exposes the workers to so-called political risk,

i.e., the risk that the benefits actually received will be lower than the benefits they were originally

promised. The political risk has several sources. First, negative demographic or economic shocks

can make the originally promised benefits infeasible at the original tax rates. Second, since the

benefits are determined by the political process and there are no constraints on the government’s

discretion to adjust the benefits at any time, the level of benefits that a cohort was originally

promised may not constitute the political equilibrium by the time the cohort retires. This may

occur, for example, if the cohort loses its political power relative to other cohorts.4 Third, the

PAYGO system redistributes income within a cohort, so even when a cohort receives, on average,

the same benefits that it was promised, a change in the benefit formula can make the system

more or less redistributive and hence cut the benefits for the relatively richer or poorer members

of the cohort. Last, since the benefit formula is typically a very complex function of individual’s

earnings history, an adjustment in the formula may differentially affect individuals with the

same total lifetime earnings but different histories of annual earnings, labor force participation,

family status and other factors.

The literature on the political risk of Social Security is small but emerging. Diamond (1997)

discusses the main sources of political risk and the extent to which different social security

systems are insulated from such risk. McHale (2001) is the first attempt to quantify the political

risk. He computes the change in social security wealth (SSW)5 induced by pension reforms that

were implemented in the G7 countries during the 1990’s for workers with average earnings at

age forty-five and at the standard retirement age. He finds that some of the reforms reduced

social security wealth by as much as 29% (the Italian 1992 reform) or 26% (the German 1992

reform). He also finds that those at the retirement age experienced only minor, and in most

cases no, cuts in benefits. McHale’s contribution was valuable as it demonstrated that cuts in

social security benefits do happen and they can be substantial. Shoven and Slavov (2006) take

4Mulligan and Sala-i-Martin (1999).
5Social security wealth is defined as the expected present value of social security benefits minus the expected

present value of social security taxes.
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a more systematic look at the political risk of social security in the United States from 1939

to 2006. They compute the internal rates of return (IRR) for various age groups under the

existing legislation in each year, and find "a considerable variation in the internal rates of return

through time for a given birth cohort". The earlier cohorts experienced substantial increases in

the IRR in the 1960’s and early 1970’s due to a series of tax and benefit increases and a shift to

an explicit indexation of benefits. All cohorts experienced a reduction in the IRR in the 1980’s

and the 1990’s due to subjecting benefits to taxation and other measures adopted in order to

reestablish actuarial balance of the system. Blake (2004) does a similar account of reductions

in IRRs for different income groups induced by a series of changes in the social security system

in the United Kingdom

In this paper, we take a detailed look at a particular type of political risk faced by retirees

in the Czech Republic, namely the risk due to ad-hoc indexations of benefits and changes in

indexation rules. While cuts in nominal benefits for those who already collect pensions are

unheard of in developed democratic countries, real benefits can be cut during periods of positive

inflation by indexing benefits at a rate lower than the rate of inflation. Also, the expected

present value of benefits can be cut by changing the indexation rule, for example by shifting

from indexing benefits by the growth of wages to indexing benefits by the growth of prices. The

Czech pension legislation only prescribes that the benefits should be adjusted annually and sets

a minimum average increase that is not smaller than the inflation rate. The actual increase

is at the discretion of the government and the generosity of the increase varies from year to

year due to short-term considerations such as the budget deficit or the election cycle. The

pension has a flat and a variable component that are increased separately. As a consequence

the percentage increase in benefits differs across retiree. For example, if the variable component

is increased while the fixed component remains fixed, retirees with a low pension experience

a smaller percentage increase in total pension than retirees with a high pension, and may in

fact experience a reduction in the real pension. Part of the risk is also cohort-specific: the

distribution of pensions varies across cohorts, hence any non-uniform increase in the fixed and

variable components affects different cohorts differently. Moreover, in some years the increase

in benefits was explicitly different for different cohorts. Hence there is an additional dimension

of risk that one’s cohort will be relatively disfavored.

We use data on the distribution of new old-age pensions that were granted in the years 1988-

1995. For each level of a newly granted pension and each cohort of retirees, we compute how

the pension was indexed every year until 2006. After correcting for inflation, we obtain the real
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percentage change in pensions.6 We then employ the analysis-of-variance method to decompose

the variance in individual-level percentage changes in benefits over the 1992-2006 period. We find

that the variance is fairly substantial; the average change was 1.3 log points but with a standard

deviation of 4.3. About 83% of the variation in percentage changes comes from year-specific

shocks common to all retirees; i.e., the average generosity of real indexation varies substantially

from year to year. There is very little variation due to differential treatments of different cohorts,

but there is still noticable variation in the treatment of different individuals within a cohort.

We also estimate the variance components due to year, cohort-year, and individual effects.

We use our estimates of the mean and standard deviation of changes in real benefits to simulate a

full distribution of possible histories of PAYGO benefits. Then we compare it to the distribution

of benefits that would be provided by an idealized PAYGO system where benefits would grow

by a constant percentage. We also make similar comparisons with simulated histories of the

evolution of benefits paid out as a variable annuity in a hypothetical fully-funded system. The

major finding is that exposing retirees to the volatility in the indexation of benefits is equivalent,

in the expected utility sense, to reducing benefits by 0.8 to 1.3 percent, depending on the assumed

coefficient of risk aversion.

The paper is organized as follows. Section 2 provides the institutional background on the index-

ation of benefits within the Czech pension system and the several changes it went through since

the early 1990’s. Section 3 describes the data and methodology. Section 4 presents the results

of the analysis of variance in the changes in benefits, and section 5 compares the distribution of

benefits end expected utility under risky indexations with alternative benefit schemes. Section

6 concludes.

2 Institutional background

The Czech pension system is a very traditional pay-as-you-go system, with participation manda-

tory for all employees and the self-employed. Its design was inherited from the communist

regime.7 Although the 1996 reform adjusted most of its parameters, the basic structure re-

mained intact.8 For the cohorts covered by our data (i.e., cohorts retiring in 1988-1995) benefits

6The percentage increase in benefits has the interpretation of a percentage increase in the social security wealth
under the assumption that the retiree expected to receive the previous level of real benefit for the rest of his life
before the change and expects to receive the new level of real benefit for the rest of his life after the change. It
can be shown that this interpretation does not depend on discounting or survival probabilities. One can therefore
think of a real indexation of benefits as providing a "return" on one’s SSW.

7Law No. 121/1975 and 100/1988.
8The Law No. 155/1995 introduced a phased-in increase in retirement age for both men and women; it adjusted

the benefit formula such that the earnings earned during all 30 years prior to retirement count; it introduced an
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were set under the "old" (pre-1996) legislation, the relevant elements of which we describe below.

The benefits were an increasing function of one’s average gross monthly earnings from the 5 years

with the highest earnings during the 10 years prior to retirement. The function was regressive

such that additional earnings translated into a smaller increase in benefits, up to a maximum

possible benefit. The benefit was increased by 1% with each additional year of work, and there

was an extra 4% bonus for each year of work beyond the standard retirement age. The standard

retirement age was 60 for men and for women it depended on the number of children such that

it was 57 for women without children and each child reduced the eligibility age by one year.

Importantly for future indexations, the benefit had only a variable component, increasing in the

average monthly earnings; there was no fixed component such as a minimum pension that would

be equal for all retirees. In 1988, the newly granted pension was CZK 1,735 per month, or 54%

of the gross average wage.9

Once granted, the benefits were fixed and the pension legislation did not provide any explicit

rule for their indexation. Likewise, the past wages that entered into the computation of the

income base were not indexed. Since inflation was virtually non-existent in the centrally planned

Czechoslovak economy in the 1980’s, this was not too much of a concern. Once in a while the

benefits granted in the past were increased in an ad-hoc manner.10 Soon after the 1989 revolution

the country went through a few years of rapid inflation: the consumer price index increased by 10

percent in 1990, 52 percent in 1991, 13 percent in 1992 and 19 percent in 1993.11 The government

compensated retirees for increases in the cost of living by passing ad-hoc increases in benefits.

First, it introduced a so-called "compensation benefit"12 in July 1990 — a flat monthly benefit of

CZK 140 provided to every retiree. Formally, the compensation benefit was introduced outside

of the pension system as a separate welfare payment, although for all practical purposes it was

a new flat component of the pension. As inflation continued, the government kept increasing

benefits at least once, and in 1991 even three times, a year. In total, there were 11 ad-hoc

indexations between 1990 and 1995. The form of indexations varied widely. Some of them

increased the benefits by the same amount to all retirees while some of them increased benefits

by a percentage. In some instances, the indexation was not uniform across cohorts; for example,

the indexation of March 1991 increased benefits by 11 percent for those who retired during or

before 1978, but only by 8 percent for those who retired between 1986 and 1990. In December

explicit indexation of past wages that enter the benefit formula; it allowed early retirement; and it explicitly
defined the rules for indexing benefits.

9The Statistical Yearbook of the Czech Social Security Administration, 1988, and the Czech Statistical Office.
10The Czechoslovak parliament passed such increases in 1979, 1982, 1984 (only for very low pensions) and 1988.
11The numbers reported here refer to the price index based on the consumption basket of the households of

retirees.
12 "Státní vyrovnávací příspĕvek" in Czech.
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1994, the compensation benefit was formally abolished, but all pensions were increased by a

lump sum that exceeded the previous value of the benefit. Since then the pension has been

officially divided into a flat component, common to all retirees and independent of earnings

history, and a variable component which is a function of the individual’s earnings history.

The 1996 pension reform laid out stable indexation rules. The new law required the government

to increase the benefits each time the increase in the consumer price index accumulated since the

last indexation exceeded 5%; the increase in benefits had to equal at least 70% of the increase

in the consumer price index, and at least once every two years the increase in benefits also had

to include at least 33% of the growth in real wages.

The 2002 amendment of the pension law,13 still in force today, made the indexation rules simpler

and more generous. The benefits are increased in January each year. The increase has to be such

that the average pension increases by at least 100% of the change in the consumer price index

and at least 33% of the increase in the average real wage. The law contains special provisions

for years with exceptionally low and high inflation. As was the case since the early 1990’s, the

annual decision about indexation is made by the government.

The indexation rules expose retirees to uncertainty about the future real value of their pensions,

even though their wording may leave the impression that the real benefits cannot decrease.

First, the rule itself has a built-in political risk, as the realization of the real wage growth

is uncertain, although one might argue the real wage growth represents only the upside of

the risk. Second, there is uncertainty about the overall generosity of the increase in benefits

each year. The government can, at its will, increase the benefits by more than the minimum

prescribed by the law. Third, the minimum required increase in benefits is based on the increase

in the price index for an average household. However, the households of retirees have different

consumption patterns, and during the 1991-2005 period, the increase in the price index based on

the consumption basket of the households of retirees exceeded the increase in the average price

index in all years but one.14 On average, the change in the price index for retirees exceeded the

change in the price index for the average household by 0.9 percentage points, and therefore the

real benefit may still decrease. Fourth, in some years the indexation was cohort-specific, i.e.,

different cohorts explicitly received a different increase in their pension. This creates uncertainty

for the retiree as to whether she belongs to a cohort that will receive relatively worse treatment.

Last, the indexation rule allows substantial heterogeneity in the actual percentage increase in

benefits within each cohort. The rule does not prescribe that the fixed and variable components

13Law No. 264/2002.
14The Czech Statistical Office publishes different price indices for different types of households.
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of the pension must increase by an equal percentage. When the fixed component rises relative

to the variable component, the indexation is relatively more generous to the poorer retirees, and

when the variable component rises relative to the fixed component, the indexation is relatively

more generous to the richer retirees. The government can thus use the indexation to alter the

distribution of income among retirees, and in fact it does — on every single indexation decision

the percentage increase in the fixed component differed from the percentage increase in the

variable component.15 For an individual retiree, this creates additional uncertainty about how

a given indexation decision will treat her relative to the average retiree. Also, as the indexation

rule prescribes that the average pension must increase by 100% of the growth in prices and 33%

of the growth in wages, retirees with a low pension might anyway experience a decline in real

pension if benefits are indexed mainly by raising the variable component, whereas retirees with

high pensions might still experience a decline in their real pension if benefits are indexed mainly

by raising the fixed component.

Between 1990 and 2006 benefits were increased 22 times, of which the fixed component was

increased on 13 occasions and the variable component was increased on 16 occasions.16 Adjust-

ments to the fixed component are thus less frequent but when they occur they are larger, at least

in percentage terms. When positive, the average nominal increase in the variable component

was 6.7 percent, while the average increase in the fixed component was 45 percent, or CZK 155

in nominal terms.17

3 Data

In order to assess the risk involved in the indexation of benefits, we first need to know how the

actual changes in benefits were distributed in the population of retirees. We use the information

on the distribution of newly granted pensions reported in the Annual Yearbook of the Czech

Social Security Administration.18 The yearbook reports the number of new retirees that became

eligible for an old age pension within each 100CZK interval, broken down by gender. Hence the

unit of observation in our data is a type of retiree characterized by gender, year of retirement (co-

hort), and newly granted pension. We use data for the cohorts that retired in 1988-1995. These

cohorts were subject to the same pension legislation when they retired. With the 1996 pension

15For example, in 2003 the fixed component was not increased and the variable component was increased by
3.8 percent. In 2006, the fixed and variable components were increased by 5 and 4 percent, respectively.
16We count the introduction and subsequent increases in the compensation benefit as increases in the fixed

component of the pension.
17This does not imply that the fixed component was growing by 49 percent annualy on average, since the fixed

component was not adjusted every year.
18 "Statistická ročenka ČSSZ" in Czech.
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reform, the Social Security Administration changed its statistical and reporting methodology

and the data on the distribution of new pensions are not available for 1996 and 1997. This is

unfortunate, since many indexation decisions after 1996 provided different increases in benefits

to cohorts that retired before and after the reform.

We take all government decisions on the indexation of benefits passed between 1990 and 2006,

and for each type of retiree we compute his nominal pension in each month since retirement

till the end of 2006.19 From this we compute his average monthly pension during a year. We

convert the nominal pension into real 2005 CZK by the price index for the households of retirees,

as this index more appropriately reflects the real value of pensions.

We also need to use the appropriate weights for each cohort-pension cell. We know the number

of men and women in each cell in the year of retirement, and we apply the survival probabilities

to obtain the number of men and women who are expected to survive to the subsequent years.20

The Social Security Administration Yearbook does not cross-tabulate the distribution of new

pensions by pension and age; it only providesb the distribution of the ages of new retirees. We

make the assumption that the age of retirees in each cell in the year of retirement is the average

age of retirement in that year.21 In all cohorts, the average age of retirement is either 60 or 59

for men and 55 or 54 for women.

Overall, our dataset represents 718,991 people who were granted an old-age pension between

1988 and 1995, of whom 522,158 were expected to be alive in 2006.

Figure 1 shows the evolution of the average real (in 2005 CZK) benefit for each cohort. For the

cohorts that retired before 1991, we can see a sharp reduction in the real benefit due to very

high inflation in 1991, and a somewhat smaller reduction in 1992 and 1993. The subsequent

growth in real pensions was not sufficient, at least according to the official price index, to bring

the real value of pensions back to the 1989 level. However, there are strong arguments as well

as supporting empirical evidence (Hanousek and Filer 2004) that the official price index grossly

overestimates the true change in the cost of living in the early 1990’s. The beginning of transition
19The data reports the number of new retirees during a calendar year. Since indexations came into force in

different months of the year, the month in which a retiree starts drawing a pension matters for the future increases
of his pension. We make the assumption that the timing of newly claimed pensions is distributed symmetrically
throughout a year, hence the average retiree starts drawing pension in a July. In the year of retirement, only
indexations that come into force in July or later increase the pension in the corresponding cohort.
20We are indebted to Boris Burcin from the Charles University Demography Department for providing us with

the survival probability data.. The life tables provided to us contained age-specific survival probabilities until
2004. For 2005 and 2006, we used the same values as for 2004.
21This assumption is not entirely innocuous. The benefit formula rewards the postponement of retirement by a

higher pension, generating a positive correlation between pension and the age of retirement. For this reason, the
number of high-pension retirees should decline faster than average because they are older. On the other hand, the
reason why they retired later may be that they are healthier, which would imply a positive relationship between
pension and survival probability and thus the number of high-pension retirees would decline at a rate slower than
the average.
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brought a large improvement in the availability, variety, and quality of all consumer goods. The

composition of the consumption basket changed rapidly. The price indices for the pre-transition

years do not capture various shadow costs of purchasing consumer goods in a centrally planned

economy, such as queuing or bribes. For these reasons, the magnitude of the decline in the real

value of pensions in 1990 and 1991 is likely to be smaller than what Figure 1 suggests. Also,

the 1991 decline can hardly be attributed to the political risk originating from the government’s

discretion in indexing benefits. Rather, it was associated with the sharp decline in GDP that

appeared to be an inevitable consequence of transition in all transition countries, and a similar

reduction in the real value of pensions would likely occur in any pension system. Our analysis

of the variation in changes in real benefits focuses only on the years since 1992. For these years,

the measurement error in the price index is going to be much less severe.

Since indexation can be used to change the relative distribution of income among retirees, we ask

whether the actual indexations tended to increase or decrease income inequality. Figure 2 plots

the ratio of the 90th, 50th, and 10th percentile of the distribution of pensions in each cohort over

time. It shows that the distribution was compressing rapidly during the first half of the 1990’s.

Since then the gap between the 10th percentile and the median remained constant while the

gap between the 90th percentile and the median was increasing slightly since 2000. Somewhat

ironically, the reduction in inequality occurred under the allegedly right-wing government, while

inequality at the top end of the distribution increased under the social democratic government.

4 Results

How much variance do changes in real benefits exhibit? We computed the percentage real change

in annual benefit for each retirement cohort and each level of new benefit. Figure 3 plots the

real percentage change for each cohort in 1992-2006 averaged across all retirees within a cohort.

The average change fluctuates between −10 and +10 percent, although most of the time when

it is negative it is only slightly below zero. The volatile pattern of changes suggests that the

PAYGO system hardly provided a stable and predictable source of income.

Table 1 provides summary statistics for the changes in benefits. Over the whole sample, the

mean change was 1.5 percent. From the risk point of view, the more relevant parameter is the

standard deviation, which is 4.3 percent, almost 3 times larger than the mean. At the extremes,

there were some retirees who in some year experienced an 11 percent decline and a 25 percent

increase. The middle part of the table provides information about how the distribution of returns

varies across cohorts. The lowest average return for a cohort is 0.8 percent (the 1991 cohort)

10



while the highest is 2.4 percent (the 1994 cohort). The last part of the table shows how the

distribution of returns varied across years. The variation in the within-year standard deviation

is worth noting. In 2004-2006, the standard deviation is 0.001, which implies that all retirees

receive a very similar percentage change. At the other extreme, the standard deviation was

0.026 in 1994, and the changes in benefits were spread from −5.6 percent to +25.5 percent.

Where does the variation in indexations come from? We use analysis of variance (anova) to

decompose the variation due to year effects, cohort effects, cohort-year interaction effects, and

the residual, that is, a random shock at each cohort-year-new pension level. In our specification

the changes in benefits are generated by a process

log(
Bict

Bict−1
) = µ+ ut + uc + uct + εict , (1)

where Bict is a real pension of retiree i in cohort c in year t, µ is the mean real log change, ut, uc,

and uct are shocks specific to a particular year, cohort, and year-cohort interaction, respectively,

and εict is the white noise. If the u’s are treated as fixed effects, the model can be estimated

by a linear regression with dummy variables representing each year, cohort, and year-cohort

interaction. The anova table from the regression is presented in Table 2. The model "explains"

over 95% of the variation in log changes in benefits. By far most of the variation (over 83%) is

accounted for by the year effects. The volatility in the average generosity of indexations over

time is the most important component of risk. The risk that an indexation formula in a given

year would change benefits differently for different cohorts and different individuals in a cohort

are not negligible but they are much smaller in magnitude: a little over 4 percent of the overall

variation is due to cohort-year interactions and almost 5 percent is due to the residual factor. The

cohort effects are also jointly significant statistically, but they are not economically important

since they account for one third of one percent of the variation in changes in benefits.22 This

result indicates that the indexations do not appear to systematically discriminate against some

cohorts of retirees.

The fixed effects specification provides good descriptive information but does not estimate the

parameters of the data generating process. Since those parameters are needed for simulations of

the possible histories of indexations, we also estimate the random effects specification of equation

1. The random effects specification does not treat the values of ut and uct as parameters of

interest that should be estimated because they are given characteristics of particular years and

cohorts. Rather, it treats them as draws from a distribution of possible year effects and cohort-

22For this reason, we drop the direct cohort effects when we estimate the variance components.
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year effects. The effects are drawn from normal distributions with mean zero and variances σ2t

and σ2ct.

The maximum likelihood estimates of the random effects model are presented in Table 3. In the

specification in column (1) all observations received equal weight; in column (2), the observations

were weighted by the number of retirees behind each year-cohort-new pension observation.23 The

unweighted estimate of the mean change in benefits is 0.0128, and the estimate of the standard

deviation of the year effect is 0.0436. The fact that the standard deviation is more than three

times larger than the mean effect implies that there is about a 38 percent chance that real benefits

will decline on average. As expected, the cohort and and residual effects have smaller standard

deviations (0.0104 and 0.0186, respectively). The weighted estimates of the mean change and

the standard deviation of the year effect are very similar but the standard deviations of the

cohort-year and individual effects are much smaller. The weighted estimates of the variance

components are used in the simulations described below.

5 Comparisons

To what extent the estimated variation in changes in benefits is large or small depends on the

comparison with the appropriate benchmark. First, we compare a simulated distribution of

benefits in the risky PAYGO system of the Czech Republic with an idealized PAYGO system in

which the real benefits are increased by the same percentage every year. Second, we compare

the real-world risky PAYGO benefits with benefits paid out as a variable annuity in a hypothet-

ical fully funded system. The value of the variable annuity is adjusted annually to reflect the

appreciation or depreciation of the value of the portfolio from which the annuity is drawn. The

variation in the level of the variable annuity hence provides the closest parallel to the variation

in PAYGO benefits induced by indexations.

We normalize the value of the PAYGO benefit received in the first year of retirement to one. We

generate 10,000 possible histories of the evolution of the benefit at the individual level over 46

years after retirement,24 assuming that the indexations are generated by equation 1 and using

the estimates of the parameters (µ, σt, σct, σict) that are reported in Table 3, column (2).

As one benchmark, we generate the evolution of benefits under an idealized, risk-free PAYGO

23The unweighted estimator was implemented by the xtmixed command in Stata; the weighted estimator, which
is computationally more demanding, by the gllamm command.
24According to the 1995 survival probability tables that we used in the computations of expected utilities, the

likelihood of surviving beyond age 101 is zero. Since the standard retirement age of women was 55, 46 years is
the longest possible length of the collection of benefits.
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system in which the benefit in the first year of retirement is the same and its real value grows by

µ log points every year. Therefore, the mean benefit increases in the risky and the hypothetical

risk-free PAYGO systems are the same.

The second benchmark is the variable annuity. Consider an individual in a fully funded scheme

who accumulated assets AR in her retirement account as of the year of retirement R and starts

drawing the annuity in year R + 1. The assets from which the annuity is drawn accumulate a

real level return mt which may vary from year to year. Let the expected mean return be m.

The actuarially fair annuity (one for which the expected present value of annuity payments is

equal to the value of assets at retirement) is then

a =
AR

APV
= AR/

Ã
101X

t=R+1

S (t|R)
(1 +m)t−R

!
, (2)

where S (t|R) is the conditional probability of surviving until year t and the term in the denom-

inator, APV , is the actuarial present value of paying out $1 in annuity with a discount rate

m.

If the return m was actually realized every year, the individual would receive the same annuity

every year. As the returns vary, the value of the annuity is adjusted every year to reflect the

increase or decrease in the value of assets. The annuity in the first year after retirement is based

on the expected mean return, hence aR+1 = a. If return mR+1 was realized in year R + 1, the

annuity for the next year is adjusted according to

aR+2 = aR+1
1 +mR+1

1 +m
.

Thus the annuity is increased or decreased if the realized return exceeds or falls short of the

mean return. The same adjustment is done in subsequent years, therefore the variable annuity

in year R+ t is25

aR+t = a
t−1Y
i=1

µ
1 +mR+i

1 +m

¶
. (3)

Expression 3 also shows that if the return was indeed m every period, the annuity would be

constant.

In the same vein as for the PAYGO benefits, we simulated 10,000 possible histories of the

evolution of the variable annuity. We need to know the mean and the standard deviation of

25See Feldstein, Ranguelova, and Samwick (2001) for a derivation.
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the returns on the portfolio to set the inital value of the annuity appropriately. We consider

a portfolio invested into stocks and bonds in the Czech capital market, which is a natural

benchmark to use for comparison with the Czech PAYGO system. The portfolio is rebalanced

each year to maintain a constant share k of bonds. Following Feldstein, Ranguelova and Samwick

(2001) we assume that the log returns on stocks and bonds are normally distributed with means

µs, µb, variances σ
2
s, σ

2
b and covariance σsb. Then the return on the portfolio is also lognormally

distributed with a mean µ and variance σ2 given by

µ = k(µb + 0.5σ
2
b) + (1− k)

¡
µs + 0.5σ

2
s

¢
− 0.5σ2 (4)

σ2 = k2σ2b + (1− k)2 σ2s + k (1− k)σsb . (5)

We use the PX-50, the major stock index on the Prague Stock Exchange, the PBICS-100, a

performance index of government and corporate bonds,26 and the consumer price index for

households of retirees to estimate the mean and variance of the log returns of stock and bonds,

respectively, during the 1995-2006 period. We find that the real log return on bonds has a mean

0.024 and a standard deviation 0.061, while the real log return on stocks has a mean 0.061 and a

standard deviation 0.241. The covariance between the stock and bond real log returns is -.0003.

We simulate the evolution of the variable annuity for two alternative portfolios. The first port-

folio is invested only into bonds while the second portfolio is composed of 70% bonds and 30%

stocks. Note that neither of the portfolios is very conservative, since even the 100% bond port-

folio contains a substantial fraction of corporate bonds, hence retirees who wish to be exposed

to smaller risk may do so by choosing a pension fund that invests the accumulated assets only

in government bonds. However, we are not aware of a performance index for Czech government

bonds that would allow us to estimate the volatility of this less risky portfolio.

Applying the formulas in 4 and 5, the real log returns of the portfolio with a 70% share of bonds

have a mean 0.042 and a standard deviation 0.083.

The initial value of the annuity needs to be set such that it provides an appropriate comparison

with the PAYGO benefits. We would argue that the appropriate comparison comes from the

following thought experiment: Imagine an alternative revenue-neutral pension system in which

the government, instead of paying the PAYGO benefits directly, deposits the present value of

the benefits into a pension fund from which the annuity is drawn. The initial value of the

annuity is then set according to equation 2, where the accumulated assets AR are equal to

26The index measures the yield on investment in a portfolio of bonds coming both from the accumulation of
interest on the bonds and the change in the price of bonds.
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the present value of benefits. In our calculation we take the present value of benefits from the

idealized risk-free PAYGO where the benefits grow at constant rate of 1.37 percent every year.27

Note that the initial value of the annuity is then somewhat higher than the initial PAYGO

benefit: specifically, it is 13.8 percent higher for the portfolio with a 100% share of bonds and

12.4% higher for the portfolio with a 70% share of bonds. This is possible precisely because the

initial value of the annuity already reflects the expected future returns on the portfolio from

which the annuity is drawn, and those returns are, on average, greater than the rate of growth

of the PAYGO benefits. The inherent advantage of the funded system over PAYGO, i.e., the

accumulation of interest on savings which exceeds the growth of the tax base from which the

PAYGO benefits are set, applies not only to the accumulation of savings before retirement but

also to the withdrawal of savings after retirement.

For the purpose of sensitivity analysis we also report more conservative results for an annuity

the initial value of which is equal to the initial value of the benefit. By construction the expected

present value of this annuity is however lower than the present value of the PAYGO benefits.

We provide two comparisons of risk between the real-world PAYGO system and alternative

systems. The first comparison looks at the probability that the PAYGO benefits would fall to

a level that is deemed too low compared to the benchmark at some point during retirement.

Specifically, we compute the ratio of the PAYGO benefit to the benchmark benefit 10 years

after retirement for each of the 10,000 simulated histories. Table 4 shows the percentiles of

the distribution of the PAYGO benefits relative to different benchmarks. Column (1) reports

the distribution of PAYGO benefits relative to an idealized, risk-free PAYGO in which the real

benefits are increased by the same percentage every year. Since the average increase in benefits

under the risky PAYGO is the same, the two systems differ only in the variance, and there is an

equal chance that the benefits under the risky PAYGO will be higher as well as lower than under

the risk-free PAYGO. There is a 25% probability that 10 years after retirement the benefits will

be 92 percent or less than the risk-free benefits, and a 5% chance that the benefits will be only

81% or less than the risk free benefits.

Since the stock and bond market returns have larger variance than the PAYGO benefit returns,

the comparisons with the variable annuity (columns (2) through (5)) exhibit larger probabilities

of both very favorable and very unfavorable outcomes. If one considers a variable annuity

drawn from a portfolio which has a 70% share of bonds as an alternative source of pension,

with a 25% probability the PAYGO benefits would be 89% of the variable annuity or less,

27The benefits are discounted by the survival probabilities and the discount rate equal to the mean return of
the portfolio m.
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and with a 5% probability they would be as low as 68% of the variable annuity or less. The

percentiles are somewhat closer to 1 if the comparison is made with a variable annuity drawn

from a portfolio invested entirely in bonds (column (3)); since the bonds are less risky, there is

a smaller likelihood of realizing a sequence of very high returns which would allow the payments

of an annuity much higher than the PAYGO benefits. Note that there is also a non-negligible

likelihood that the PAYGO benefits would substantially exceed the variable annuity. Specifically,

with a 5% probability the PAYGO benefit could exceed the variable annuity by 70% or 48%,

depending on the assumed share of bonds in the portfolio.

Finally, columns (4) and (5) provide a more conservative comparison with a variable annuity

whose initial value is reduced to equal the PAYGO benefit. By construction the distribution

of relative outcomes is more favorable for the PAYGO. There is only a 25% chance that the

PAYGO benefit would be below the variable annuity benefit, and a 5% chance that the benefit

would be below 77% of the variable annuity (if the latter is based on a 70% bond portfolio).

While comparing the level of benefits 10 years after retirement provides a simple and illustrative

description of the riskiness of PAYGO relative to other schemes, it does not capture the evolution

of benefits during the full length of retirement and does not provide any measure of how much

worse off the retirees are because of the uncertainty in the level of benefits. We therefore provide

expected utility comparisons between the risky PAYGO and the benchmark. The comparisons

are based on the constant-relative-risk-aversion utility function

Uht =
B1−σht

1− σ

EU =
X
h

ph

Ã
100X

t=R+1

Uht
S (t|R)
(1 + δ)t−R

!
,

where σ is the coefficient of relative risk aversion, δ is the discount rate, and the first summation

is over all possible realizations of histories of retirement benefits Bht, with ph denoting the

probability of history h being realized.28 The constant relative risk aversion utility function has

the advantage that the equivalent consumption comparisons between streams of benefits can be

expressed in terms of percentages of consumption that are invariant to the scaling of benefits.

For example, the expected utility under risky PAYGO can be compared with the expected utility

under an idealized risk-free PAYGO by asking by what percentage the benefits under the risk-

free PAYGO would have to be cut in every period so that both systems would provide the same

28The drawback of our computation is that the retirees are implicitly assumed to simply consume the benefits
every period. Modeling the adjustments of savings and consumption to shocks in the benefit level is beyond the
scope of this paper and would potentially require very ad-hoc assumptions about the ability of retirees to insure
against volatility in PAYGO benefits.
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expected utility.29

We computed the expected utilities from our simulations of 10,000 histories of stock market

returns and indexations of social security benefits, and from these we computed the percentage

change in consumption under the benchmark systems that would equalize the expected utilities

with the risky PAYGO. The assumed discount rate was 0.04. The survival probabilities were

those for men who retired at age 60 in 1995, the last cohort in our sample. The equivalent

consumption is sensitive to the choice of the coefficient of relative risk aversion; in Table 5, the

results are reported for the values of σ = 2 and σ = 3.30

The entries in columns (1) and (2) report the crucial result. Compared to the risk-free PAYGO,

exposing the retirees uncertain volatility of the indexation of benefits is equivalent to cutting

benefits by 0.8 percent (if σ = 2) or 1.3 percent (if σ = 3). In other words, the retirees are

equally well off under the current risky PAYGO as they would be under the PAYGO in which the

benefits would grow at a constant rate, but the initial level of the benefit and consequently its

levels after all future indexations would be reduced by 0.8 or 1.3 percent. Seen from a different

angle, the government could save this amount every year on social security benefits without

making the retirees worse off if it were able to guarantee a constant growth of real benefits.

The remaining entries in Table 5 show the comparison between the risky and risk-free PAYGO

and the variable annuities. Even though the initial value of the annuity is greater, the variable

annuity turns out to provide lower expected utility at our assumed values of σ. For example,

even in the scenario most favorable for the variable annuity (the portfolio invested only in bonds

and σ = 2, reported in (5)), the expected utility from the risky PAYGO is 1.9% higher than the

expected utility from a variable annuity in terms of equivalent consumption.

However, the gap between the equivalent consumption comparisons of the variable annuity with

the risk-free and risky PAYGO is more relevant than the equivalent consumption levels them-

selves. Most comparisons between the PAYGO and the fully funded schemes assume that the

level of PAYGO benefits is certain. The gap shows how large an error one makes by failing

to account for the political risk of the PAYGO. For example, column (6) shows that, for an

individual with σ = 3, the expected utility from the risk-free PAYGO is 3.7% higher (in terms

29That is, if Brht denotes the benefits from risky PAYGO under a particular realization of history h and Biht

benefits under risk-free PAYGO, then increasing Biht by α percent would equalize the expected utilities from the
two systems:

X
h

ph

Ã
100X

t=R+1

B1−σ
rht

1− σ

S (t|R)
(1 + δ)t−R

!
=
X
h

ph

Ã
100X

t=R+1

(1 + α)B1−σ
iht

1− σ

S (t|R)
(1 + δ)t−R

!
.

The sign of α determines which scheme provides a higher expected utility.
30Values in this range are also used in Poterba et al. (2003).
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of equivalent consumption) than the expected utility from the variable annuity drawn from a

portfolio invested entirely in bonds. However, that difference is reduced to 2.4% of equivalent

consumption if one makes the appropriate comparison with the risky PAYGO. The difference

between these too equivalent variation comparisons is virtually identical to the direct equiva-

lent variation comparison of 1.3% between the risk-free and the risky PAYGO. For the same

value of σ, the same difference in equivalent variation comparisons is found for the alternative

composition of the portfolio and the initial value of the variable annuity.

6 Conclusions

It has been well recognized that changes in the indexation of benefits expose retirees to political

risk, and several papers (McHale 2001 and Shoven and Slavov 2006, for example) have docu-

mented by how much specific legislative changes, such as a switch from wage indexation to price

indexation, have affected the social security wealth or the internal rates of return from social

security contributions for selected types of workers in several countries. In fact, the indexation

of benefits is the only aspect of the pension system that affects the future incomes of people

who have already retired. Since retirees are numerous (19% of Czech citizens were collecting

an old-age pension in 2005), the generosity and volatility of future indexations are important

determinants of the living standards for a large fraction of the population.

In this paper we analyzed the risk involved in the indexation of benefits as actually implemented

in the Czech Republic since the early 1990’s. The Czech case is particularly interesting since the

pension legislation does not prescribe a formula for indexation but rather leaves some discretion

to the government. We used the data on the distribution of new old-age pensions in the cohorts

retiring between 1988-1995 and the legislative ruling governing the annual indexations of benefits

to compute the entire distribution of annual changes in real benefits. We showed that the changes

are fairly volatile and that much of the variation in the changes at the individual level can be

attributed to the variation in the average generosity of indexation over time.

We used our estimates to simulate 10,000 possible histories of the evolution of PAYGO benefits in

order to compare the political risk of PAYGO benefits with the investment risk of the benefits

provided through a variable annuity. We also assessed the magnitude of the political risk in

comparison with an idealized PAYGO system in which the benefits grow at a constant rate. We

found that the political risk effectively reduces the expected utility of retirees by approximately

one percent of equivalent consumption. While it is not a dramatic number, we would argue

it is large enough to be taken into account when quantifying the relative benefits and costs of

18



the pay-as-you-go pension system and various reform options. Moreover, the risk involved in

the indexation of benefits is arguably a smaller component of the overall political risk of social

security. The methodology laid out in this paper can be extended to assess the political risk

that affects the future level of benefits or taxes of the workers who have not yet retired, which

opens an important agenda for future research.
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Table 1
Changes in real benefits from indexations, summary statistics 1992-2006

observations mean st.dev. min max
All cohorts and years 8,553,162 0.015 0.043 -0.114 0.255

By cohort
1988 827,658 0.015 0.041 -0.077 0.152
1989 1,382,831 0.012 0.044 -0.082 0.165
1990 1,154,735 0.011 0.045 -0.085 0.168
1991 1,496,849 0.008 0.053 -0.114 0.240
1992 1,220,989 0.017 0.043 -0.087 0.255
1993 952,400 0.021 0.034 -0.056 0.145
1994 747,880 0.024 0.033 -0.033 0.175
1995 769,820 0.018 0.026 -0.035 0.133

By year
1992 377,867 -0.070 0.031 -0.114 0.092
1993 468,768 -0.074 0.009 -0.087 -0.015
1994 541,332 0.003 0.026 -0.056 0.255
1995 599,749 0.057 0.024 -0.016 0.246
1996 664,242 0.078 0.023 0.012 0.204
1997 652,046 0.036 0.008 0.020 0.118
1998 639,242 -0.031 0.001 -0.034 -0.017
1999 626,405 0.037 0.003 0.009 0.043
2000 613,156 -0.009 0.002 -0.033 -0.004
2001 599,306 0.008 0.004 -0.035 0.017
2002 585,125 0.053 0.005 0.004 0.063
2003 570,345 0.028 0.002 0.008 0.031
2004 554,595 -0.012 0.001 -0.024 -0.010
2005 538,826 0.033 0.001 0.032 0.040
2006 522,158 0.029 0.000 0.024 0.030
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Analysis of variance in changes in real benefits, 1992-2006

Specification: year, cohort, and interaction effects

Observations 8,553,162 R^2 0.9528
Root MSE 0.00930 Adj. R^2 0.9528

Partial SS df MS F Prob>F Fraction of total SS

model 14,937 109 137.04 1,600,000 0.000

year 13,027 14 930.50 11,000,000 0.000 0.831
cohort 55 7 7.81 90,337 0.000 0.003
cohort*year interaction 674 88 7.66 88,592 0.000 0.043

residual 739 0.00009 0.047

total 15,677 0.00183

Observations 8,553,162 R^2 0.9528
Root MSE 0.00930 Adj. R^2 0.9528

Partial SS df MS F Prob>F Fraction of total SS

model 14,937 109 137.04 1,600,000 0.000

year 13,182 14 941.58 11,000,000 0.000 0.841
cohort*year interaction 750 95 7.89 91,258 0.000 0.048

residual 739 0.00009 0.047

total 15,677 0.00183

Table 2

Specification: year and interaction effects
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Table 3
Variance components of changes in real benefits, 1992-2006

(1) (2)
unweighted weighted

constant (µ) 0.0128 0.0137
(0.0113) (0.0105)

year effect (σt) 0.0436 0.0428
(0.0083) (0.0006)

cohort-year effect (σct) 0.0104 4.802E-07
(0.0008) (2.018E-13)

residual (σict) 0.0186 9.053E-07
(0.0002) (7.172E-13)

Notes: Standard errors in parantheses. The dependent variable is the 
log change in real benefit. The unit of observation is year-cohort-new 
pension.

27



Table 4
Distribution of benefits under the risky PAYGO system 10 years after retirement
as a fraction of benefits under a benchmark system

(1) (2) (3) (4) (5)

Benchmark: Risk-free
PAYGO

share of bonds 
in the portfolio: N/A 70% 100% 70% 100%

percentile
1% 0.74 0.57 0.62 0.64 0.70
5% 0.81 0.68 0.71 0.77 0.81

10% 0.85 0.75 0.77 0.85 0.88
25% 0.92 0.89 0.88 1.00 1.00
50% 1.00 1.07 1.03 1.20 1.17
75% 1.09 1.28 1.19 1.44 1.35
90% 1.18 1.53 1.36 1.72 1.55
95% 1.23 1.70 1.48 1.91 1.68
99% 1.35 2.09 1.71 2.34 1.95

mean 1.01 1.11 1.05 1.25 1.20
std. dev. 0.13 0.32 0.24 0.36 0.27

Variable annuity with
the same expected

PV of benefits

Variable annuity with
the same initial

benefit

28



Table 5
Equivalent variation comparisons between alternative systems

(1) (2) (3) (4) (5) (6)

coefficient of relative risk aversion 2 3 2 3 2 3
share of bonds in the portfolio N/A N/A 70% 70% 100% 100%

Risky PAYGO compared with risk-free PAYGO -0.8% -1.3%

Risk-free PAYGO compared with variable annuity 
that provides the same expected PV of benefits 8.4% 11.5% 2.7% 3.7%

Risky PAYGO compared with variable annuity that 
provides the same expected PV of benefits 7.7% 10.1% 1.9% 2.4%

Risk-free PAYGO compared with variable annuity 
that provides the same initial benefit 21.8% 25.3% 16.9% 18.1%

Risky PAYGO compared with variable annuity that 
provides the same initial benefit 21.0% 23.7% 16.0% 16.5%

Notes: The entries in the table are percentage increases in benefits in the latter system required to provide 
the same expected utility as the former system.
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