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Figure 3: Labor augmenting productivity growth rate projection. Source: European Comission

final value amounts to 0.53, which seems reasonable: average hours worked in Polish economy amount
to app. 205014, i.e. 51.5% of the total workable time.

Impatience (discount factor, δ). All consumers discount future at a rate of δ whose value was chosen
to match the actual investment rate with the interest rate of 7.5%, as described above. Depreciation
rate is subsequently calibrated to match the investment rate in the economy. However, in the scenarios
with time inconsistency, there is an additional discounting parameter β, whose values are set in line
with the literature. Namely, we simulate the model for three values of β = {1, 0.9, 0.8}, where β = 1
implies no time inconsistency.

Age specific productivity (ωj). There is a considerable body of literature analyzing the changes in
productivity across the life cycle. The major difficulty from an empirical perspective consists typically
of separating the cohort effects (consistent with downward sloping pattern) from the actual changes
in individual productivity. Majority of the microeconometric analyses confirm an inverted U-shaped
pattern15. On the other hand, some analyses show that, when adequately controlling for cohort effects
and self-selection, in fact age-productivity relation is fairly flat and - if anything - slightly increasing
until the age of 65, Boersch-Supan and Weiss (2011). For the purpose of this analysis we decomposed
the differences in individual productivities into age effects, cohort effects and time effects, using Deaton
(1997) decomposition. We used 16 years of consecutive quarterly Labour Force Survey datasets. While
the computation does not account for the Heckman type selection effects, we did include education,
occupation and industry in the decomposition to account for the significant structural changes underwent
by the economy due to the transition from a centrally planned to a market economy. The age effects
estimates obtained from the Deaton (1997) decomposition were subsequently standardized to average 1
in a life cycle, Figure 4 (left panel). This set of parameters is stable throughout time. As a robustness
check, we also run the model with flat age-productivity pattern.

Retirement age (J̄). De iure retirement age is 60 for women and 65 for men. However, the age when
exiting labour market to receive some form of retirement benefit is effectively much lower due to a number
of exempts from general retirement age across occupations and age cohorts. These exceptions were partly
removed as of 2009, while the de iure retirement age is supposed to reach 67 for men in 2018 and for
women in 2040. In addition, there seem to be important cohort effects with the generations working
mostly pre-transition having preference for relatively early exit and better skilled cohorts working mostly
post-transition staying longer in the labour market. These legislative and cohort effects are reflected in
a path of retirement age in our model, Figure 4 (right panel). Past values for the effective average age
of retirement come from SIF annual reports.

Replacement rate (ρ). The de iure replacement rate is defined by legislation. In fact pension is only
granted if cumulative 25 years of work is documented by the future retiree (20 for women). Individual
reported earnings are benchmarked against the average earned income the country in each year, yielding
an average multiplier. The actual multiplier is not based on all reported periods bt an average of the best

14Conference Board, averaged for 1999-2012 (ahwpol from The Conference Board Total Economy Database).
15Skirbekk (2004) as well as a forthcoming special issue of Labor Economics (volume 22, 2013).
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Figure 4: Age specific productivity multiplier (left) and actual retirement age in economy, past values
and forecasts. Source: ω computed according to Deaton (1997) decomposition using 16 years of LFS
data for Poland. Effective retirement age based on SIF annual reports, own projection

10 out of the last 20 working years. This multiplier combined with the base rate announced annually
by the government yields the reference pension. The actual pension consists of a minimum pension and
reference pension multiplied by the share of time worked in total period over which the contributions
were made. On the other hand, in 1999 there was a large number of exceptions concerning not only
the retirement age, but also the number of working years to be documented as well as the actual basis
for computing the reference pension. Consequently, it is impossible to calibrate this parameter based
on the legislation. On the other hand, SIF publishes annually the average pension to the new retirees,
whereas Central Statistical Office reports both the participation rates for the working population and
the national economy compensation. Using these sources we set ρ = bDB,t/wtlt = 0.51 ∗ 56.8% = 29%.
However, this calibration yielded a pension to GDP ratio that was too low. We thus raised ρ to match
the 5% pensions to GDP ratio in 1999. Depending on the selected ω scenario, the actual value for the
replacement rate differs.

Taxes on labor income (τ, τl). Due to the incomplete coverage for the labor taxes and social security
contributions, we set these rates in order to match the macroeconomic aggregates. The incomplete
coverage results from the fact that various forms of labor contracts are characterized by different effective
taxation rates. In addition, tax system comprises a large number of exceptions, redemptions and caps,
which result in lowering the actual share of taxes in incomes. Thus, labor income tax, which de iure
amounts to 18% and 32% was set at effective 11%, which matches the rate of labor income tax revenues
in the aggregate employment fund. For the social security contributions it is much harder to find a
matching relationship. Thus, the effective rate of contribution was set such that the pension system
deficit in % of GDP in the original DB steady state matches the one observed in the data, i.e. 0.8%.
While de iure contribution rate amounts to 19.52% of payroll, the actual effective contribution rate
consistent with our model amounts to app. 6.5% (depending on the ω scenario).

Other taxes (τk, τc). Consumption tax τc was set at 11%, which matches the rate of revenues from
this tax in aggregate consumption in 1999. There are no tax redemptions on capital income tax, so
τk = 19%. Obligatory savings in the fully funded pillar are exempt from capital income tax to follow
the actual legal design.

5.2 Savings and wealth

Wealth data is not available in any micro-level dataset that could be used to calibrate the distribution
across generations. We are also unable to match private savings to age cohorts, as sources such as
Household Budget Survey only provide data on savings made at the moment of survey, i.e. flows
instead of stocks. Nonetheless, the pension reform implied that the SIF needs to compute for all
cohorts participating in DC system the so-called initial capital. Intuitively, initial capital reflects the
counterfactual scenario on what would be the value of the records in the NDC individual account had
the NDC system been instated already in the past.

SIF gave access to 1% of all contributors, including the data on initial capital. Based on the SIF
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Table 1: Calibrated parameters

β = 1 β = 0.9 β = 0.8
ω = 1 ω - D97 ω = 1 ω - D97 ω = 1 ω - D97

α capital share 0.31 0.31 0.31 0.31 0.31 0.31
τl labor tax 0.11 0.11 0.11 0.11 0.11 0.11
φ preference for leisure 0.538 0.576 0.535 0.577 0.537 0.579
δ discounting rate 0.981 0.998 0.988 1.003 0.994 1.009
d depreciation rate 0.042 0.055 0.053 0.055 0.055 0.06
τ total soc. security contr. 0.063 0.060 0.061 0.061 0.061 0.061
ρ replacement rate 0.270 0.150 0.253 0.153 0.255 0.155

resulting
∆kt/yt investment rate 21 20.7 21.2 20.7 21.3 21
r interest rate 7.6 7.5 7.2 7.5 7.2 7.5

Note: D97 denotes calibration according to Deaton (1997) decomposition.

Figure 5: Initial capital. Source: own computation based on individual savings data from SIF.

reported initial capital across cohorts means and quartiles were computed. It should be noted, though,
that this data should be treated with caution. Namely, all contributors are allowed to request read-
justment of the initial capital until retirement, based on any premises they find suitable. This concerns
particularly those, who worked discontinuously during that period and never reported to the SIF that
some of their contributions are missing. In fact, for younger cohorts as much as 90% of the population
reports 0 initial capital, which does not seem likely.

Since income distributions are highly skewed, medians are preferable to means. On the other hand,
younger generation suffer from potentially underreported initial income. To address this problem we
have used the medians across all the cohorts, but in the case of younger cohorts imposed the age-specific
structure as observed on the means, Figure 5. To assure comparability with the model, initial capital is
expressed in terms of average wage (w).

The introduction of the pension system reform in Poland involved certain transition periods. The
two pillar reform became effective as of January 1st 1999 and was obligatory for all cohorts born on
January 1st 1969 and younger. For the cohorts born between 1949 and 1969 the change from pay-as-
you-go to NDC was mandatory, but there was no obligation to participate in the II pillar. In other
words, the way the benefit was to be calculated changed for these generations, but they could decide
that the entire contribution is directed to the NDC pay-as-you-go I pillar in SIF. Finally, generations
born prior to 1949 (thus at the age of 50 or older at the moment of pension system reform) stayed in
DB pay-as-you-go I pillar in SIF. Using data on actual participation in the II pillar we proportionally
split contributions for the 1949-1969 generations between pillar I and pillar II.
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5.3 Fiscal closure scenarios

The benchmark scenario - no policy change - involves staying with the notional DB pay-as-you-go pension
system, subjected to demographic change and exogenous productivity growth slowdown. This simulation
yields reference paths for capital, income, labor supply and consumption, but more importantly, it
produces also the path of utilities across cohorts. In order to assure comparability, lifetime utility of
each cohort is discounted to the age of 20.

We consider five scenarios. In the first case, all deficit generated by the reform is contemporaneously
financed by with labor taxes. We call it the labor tax closure. Naturally, since all generations pay
labor income tax in our model (and in reality), reform is financed in fact by all generations (not just
the working ones). However, since the tax is a rate on income, higher income cohorts end up paying
higher proportion of the outstanding debt. When running the labort tax closure scenario we assume that
government expenditure and government debt as a share of GDP as well as all other tax and contribution
rates are the same as in the initial steady state. The labor tax rate is determined endogenously so that
the government budget constraint is satisfied.

In the second scenario, financing the gap is postponed to the future generation, i.e. deficit is financed
with the government debt. We allow the debt to grow for the first 80 years after the reform or until
an upper bound is hit (whichever happens sooner) after 80 years the debt is gradually repaid to bring
the debt share in GDP to the value from the first steady state (i.e. 45%). We keep the debt at the
threshhold and repay it using labor tax, tl. Hence, this closure is called debt closure with labor tax. The
duration of 80 years was chosen because this is as much the youngest transition cohort will live. The
second condition for setting the bound on debt growth is dictated by the fact that even if economically
stable over the long run, some levels of reform induced debt may be politically infeasible, Andolfatto
and Gervais (2008). Given the growth and stability pact of the European Monetary Union as well as
Polish constitutional fiscal rule, maximum debt-to-GDP threshold was set at 70%16.

The third and the fourth scenario are a mirror image of the first and the second scenario with the
main exception, that debt is financed by a consumption tax tc. The difference between the labor and the
consumption tax in our model is not that much of who pays it, but rather how much of it is paid by each
cohorts. Namely, as in Polish legislation, retirees pay the labor income tax too. However, while labor
income is highly variable during the working life (due to age-productivity patterns and due to changes
in labor supply), consumption is smoothened by the consumers. Thus, at middle age each cohort will
end up paying a higher proportion of debt if the debt is repaid by the labor tax (although the same
share of income), whereas this portion is constant in the case of debt repaid by the consumption tax.

Finally, we analyze as well fifth scenario in which the debt is instantaneously financed by the lump
sum tax Υ which is equal across all cohorts. This scenario is considered for the means of comparison
between earlier studies, e.g. Nishiyama and Smetters (2007), Okamoto (2005b). In addition, when
drafting the reform, the government expressed intent to finance the gap due to the partially funded
pillar with the proceeds from privatization, which is equivalent to a lump sum case scenario.

Naturally, demography and productivity changes display themselves also in the baseline scenario.
Since this is the reference for comparison to the policy scenarios, we allow parallel changes in the baseline.
For example, in the scenario with the labor tax closure, labor tax grows to satisfy the budget constraint
in both baseline of staying with the DB PAYG system and in the transition to the new, partially funded
DC system. In fact, this is important for our findings. If taxes are not changed in the DB baseline
scenario, the accumulated debt in the pension system grows substantially due to longevity and lowering
overall labor supply, Figure 6.

The non-monotonous behavior of benefits in Figure 6 (i.e. wiggles) follows from the adjustments
in retirement age, as envisaged by Figure 3. Since age is discrete, if the retirement age increases in
a particular year then there are no cohorts retiring, and two cohorts will retire in a subsequent year.
The opposite effect works if retirement age is reduced. This non-monotonicity is translated to nearly all
simulations in our model.

6 Results

Together we analyzed five closures for each calibration of age-productivity patterns. However, since
potential time inconsistency has been emphasized by the literature to affect the results, we repeated these
ten simulations both without time inconsistency (i.e. β = 1) with relatively small time inconsistency (i.e.
β = 0.9) and with what the literature recognizes to be considerable time inconsitency (i.e. β = 0.8).

16We experimented with a number of higher and lower values and the results were qualitatively unaffected by the choice
of this parameter.
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Figure 6: Cumulated changes in SIF balance and pension share in GDP in the baseline scenario of no
policy change (no time inconsistency, Deaton (1997) productivity.

We thus run 30 scenarios. In each scenario we first produce the baseline results for the status quo,
which consists of a PAYG DB system. We then run the same scenario with the system reform, which
is a transition to a DC system with partially funded capital pillar. Finally, LSRA comes to play,
compensating the generations who loose as a result of the reform.

The proposed reform is efficient, irrespectively of the fiscal closure, i.e. after compensating all the
generations that loose out as a result of the reform, LSRA has still net positive wealth to redistribute.
Table 2 displays the utility of the initial cohorts (all those born at the time of the reform or before). For
comparison purpose this value has been discounted for each cohort to its age of 20 and stationarized
(to adjust for the economic growth). It is expressed as utility net of transfers by the LSRA. The
general efficiency of the reform is custom in the literature, while indeed gains increase with the extent
of time inconsistency, as suggested by Imrohoroglu et al. (2003). The welfare gain comes from collecting
gains (measured by consumption equivalence) from all the cohorts that benefit from the reform after
compensating those cohorts that loose welfare as a result of the reform.

The contribution of this paper is the comparison across various fiscal closure scenarios. The gap
implied by at least partial privatization of the social security system may be financed by taxing the
currently working generations and or taxing future generations via raising public debt. While taxation
is distortionary, it may indeed be the case that relatively small distortion across all possible cohorts are
superior in terms of welfare to a larger distortion condensed across a smaller fraction of cohorts. Thus,
comparing the welfare effects of various fiscal closures is an empirical question. Our analysis shows
that there are considerable differences across the three analyzed closures. In fact, taxing labor in the
transition phase is superior to taxing consumption or a lump sum tax. This result is robust to both
time inconsistency and alternative variants of age-productivity pattern.

Table 2: LSRA net wealth after redistribution

Fiscal closure β = 1 β = 0.9 β = 0.8
ω = 1 ω - D97 ω = 1 ω - D97 ω = 1 ω - D97

Labor in units of consumption 0.019 0.008 0.010 0.006 0.005 0.003
tax % change in consumption 0.039 0.029 0.024 0.021 0.013 0.010
Debt with in units of consumption 0.019 0.008 0.010 0.006 0.005 0.003
labor tax % change in consumption 0.039 0.029 0.023 0.021 0.012 0.010
Consumption in units of consumption 0.019 0.009 0.010 0.006 0.005 0.004
tax % change in consumption 0.038 0.029 0.024 0.021 0.013 0.010
Debt with in units of consumption 0.019 0.009 0.010 0.006 0.005 0.003
consumption % change in consumption 0.038 0.029 0.023 0.020 0.012 0.010
Lump sum in units of consumption 0.018 0.009 0.010 0.006 0.005 0.003
tax % change in consumption 0.039 0.031 0.028 0.022 0.019 0.012

Note: When redistributing, LSRA weights by the size of the generation, but otherwise assigns equal
importance to each. The bigger the value, the higher the efficiency gain. D97 denotes calibration
according to Deaton (1997) decomposition.
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Whether the gap should be financed instantenously or postponed to future generations in terms
of debt is another question answered by our study. While important differences exist between labor
taxation and other taxes, for both proportional taxations there are not that big differences between the
closure with the debt and the closure with instantenous taxation. Namely, welfare is slighly lower in
the case of debt, but the difference is below 0.1pp of lifetime consumption. We move further to discuss
the scale of fiscal adjustment, but intuitively, only slighly lower welfare gain in the case of debt closures
is coupled with greater political feasiblity, as opposed to instantenous (and large, as is discussed later)
increase in taxation.

Lower efficiency gain in the case of debt closure stems from two features of this model/economy.
First, debt share in GDP starts at a relatively high level and accumulates relatively fast, which implies
that the upper bound threshold is reached only 15 periods after the change of the pension system. In
the baseline scenario of no policy change the threshold debt value is also reached, about 15 years later.
Since our horizon encompasses over 250 periods, in fact over majority of time the extent of the fiscal
adjustment in reform and in the baseline case are quite similar. Consequently, in both scenarios majority
of the fiscal adjustment happens actually via consumption taxation leaving relatively less room for the
efficiency gain.

Higher efficiency gain the case of labor tax closure is a consequence of the fact that at the moment
when the reform is introduced in our economy, the population is still relatively young and the old age
dependency rate is relatively low. Thus, although labor tax rate needs to grow, in per capita terms this
increase is less than the future increase in the scenario of no policy change.

The extent of fiscal adjustment in each of the closures is in fact considerable and justifies relatively
large welfare effects, Figure 7. Consumption, labor and lump sum tax grow in the initial phase of the
pension system change by roughly 30%, although it should be noted that in the scenario of no policy
change these rates would have to increase as well. The increase due to the reform is larger than the
contemporaneous increase in the baseline scenario. However, about 30 years since the reform the actual
differences resulting from its implementation become visible. The baseline scenario tax rates start to
increase sharply, whereas in the reform scenarios majority of adjustment has already taken place. With
the reduced deficit in the SIF, tax rates are actually reduced in our framework.

The amount of excessive taxation reaches 6 pp. in the case of labor tax closure, i.e. as much as 50%
of the tax rate. It is 3 in the case of a lump sum tax. The overall fiscal adjustment, relative to baseline
would be of effectively 2pp in the labor income tax or approximately 1pp in the case of the lump sum
tax. Such tax increase would not be feasible in practice. Once the reform is implemented, in the DC
steady state, actual tax rates are considerably lower than in the original DB equilibrium, which follows
form the fact that SIF deficit does not need to be financed with general taxes. This is consistent with
the situation in which lowered replacement rates are off set by higher private savings. This is in line
with faster capital accumulation, as will be discussed later on.

We discuss in detail the properties of the baseline specification, which involves no time inconsistency
and employs age-productivity pattern according to Deaton (1997). In the subsequent subsections we
show the welfare effects as well as sensitivity analysis with respect to the time inconsistency.
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Figure 7: The extent of fiscal adjustments in baseline and policy change scenarios.

(a) labor tax (left) and consumption tax (right)

(b) debt closure with labor tax (left) and consumption tax (right)

(c) lump sum tax
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6.1 Changes in the economy - baseline specification

Table 3 and discuss the key macroeconomic indicators in the baseline specification for Deaton (1997)
age-productivity pattern and for a flat pattern, respectively. Results do not include redistribution by
LSRA17. The gain in GDP over the baseline scenario amounts to app. 0.5% in a decade and as much
as nearly 3% over 50 years. This output gain follows almost entirely from faster capital accumulation,
as changes in labor supply are minuscule. In fact, capital grows by app 8.5% to 9% more under the
any of the reform scenarios than under status quo of no policy change, depending on age-productivity
patterns. As has been visible in our calibrations, the initial replacement rate may indeed be lower in
those simulations where productivity grows in age. This implies considerable adjustment in income at
the moment of retirement, thus forcing savings to grow. This explains why flat age profiles yield lower
capital accumulation and thus lower output, ceteris paribus.

The effects are modest when compared to the literature. For example Nishiyama and Smetters (2007)
find as much as 10% differential in output. However, it is important to recognize that we analyze a
reform that involves no change of the contribution rate and only a third of the contributions is directed to
the funded pillar with initially only partial participation. If more change was to be expected, it would
have to originate from either private, voluntary savings or from the labor market. Savings increase
by as much as 6% in one generation, which is considerable by all standards. On the other hand, labor
market in our model is frictionless and perfectly elastic, which implies one should observe little aggregate
changes. Naturally, there are also some incentive effects for the labor supply, but as long as households
cannot adapt the retirement age, nor the educational/productivity choices, the effects of system change
are bound to be relatively small.

Table 3: Baseline results - no time inconsistency (β = 1)

Closure GDP Labor supply Capital
Period D97 ω flat ω D97 ω flat ω D97 ω flat ω

10 1.005 1.007 1.000 1.000 1.016 1.023
Labor tax 30 1.016 1.020 0.998 1.003 1.053 1.062

50 1.025 1.029 1.002 1.012 1.083 1.092
∞ 1.026 1.031 1.000 1.005 1.088 1.096
10 1.000 1.002 1.004 1.007 1.000 1.006

Debt with 30 1.012 1.018 0.995 0.996 1.041 1.054
labor tax 50 1.023 1.028 1.003 1.014 1.076 1.088

∞ 1.026 1.031 1.000 1.004 1.088 1.096
10 1.008 1.010 1.000 1.004 1.025 1.030

Consumption tax 30 1.023 1.029 1.002 1.008 1.076 1.092
50 1.034 1.039 1.005 1.013 1.113 1.124
∞ 1.026 1.030 1.001 1.005 1.085 1.093
10 0.999 1.001 1.003 1.005 0.998 1.004

Debt with 30 1.012 1.021 0.999 1.005 1.040 1.064
consumption tax 50 1.034 1.040 1.005 1.013 1.114 1.127

∞ 1.026 1.030 1.001 1.005 1.085 1.093
10 1.006 1.007 1.005 1.009 1.018 1.023

Lump sum 30 1.016 1.021 1.001 1.002 1.052 1.065
tax 50 1.024 1.029 0.994 0.995 1.080 1.092

∞ 1.026 1.029 0.991 0.995 1.086 1.090

Note: Numbers signify ratio to baseline scenario of no policy change. Long run denotes the new
steady state after 250 periods. D97 denotes calibration according to Deaton (1997) decomposition.

The age-productivity pattern is not neutral to the change in the pension system. Under the DB
system it is the replacement rate computed on the last ten years of activity that affects the benefit. On
the other hand, with DC system it is the entire lifetime earned income that translates to amount of
benefit received. With flat age pattern it is only the labor supply that affects life cycle income profile
and thus the pension. However, if the productivity is increasing in age, labor supply is likely to reflect
closely this pattern, because the incentives to work change together with productivity. These effects,

17Results with redistribution show neutrality for labor supply and slightly lower pace of capital accumulation, but
differences are visible at third decimal place.

17



however, are minor quantitatively and matter more for the timing of the increase/decrease in the rate
of capital accumulation than for its actual level.

Figure 8: Changes to capital and savings structure

(a) Capital (after LSRA) in reference to no-policy-change scenario, Deaton (1997) productivity (left) and flat
age productivity profile (right).

(b) Share of investment assets in savings portfolio in reference to no-policy-change scenario, debt with consump-
tion tax (left) and debt with labor tax (right), Deaton (1997) productivity.

(c) Share of investment assets in savings portfolio in reference to no-policy-change scenario, depending on a
closure (left) and relative to status quo of no system change (right), Deaton (1997) productivity .

The contention, that all changes to the baseline are driven by the emergence of the funded pillar is
further corroborated by an analysis of time patterns, Figure 8a. In the initial phase of the reform the
financing of the reform via debt crowds out the private savings, thus hampering the speed of capital
accumulation relative to tax scenarios. In fact, the share of investment in the portfolio is lower in the
debt scenarios untill the debt is actually repaid, Figure 8b. The size of crowding out amounts to 4% (or
app 3.5 pp.). However, once the debt stops crowding private savings out the rate of capital accumulation
speeds up in the reform scenarios, relative to the status quo of no policy change. Since the final steady
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state is associated with the same level of debt, regardless of the pension system - shares of investment
assets eventually converge to the same level, while capital is about 9% higher in the reform scenario
than if the economy kept the PAYG DB system.

6.2 Welfare effects of the reform

In terms of welfare, the reform is generally harmful for older generations and generally beneficial for
younger generations. Regardless of the fiscal closure scenario, the reform itself introduces great changes
into the utility (with reference to the baseline of no policy change) for almost all generations, Figure 9
and 10. These changes are harmful for the living cohorts and beneficial for the cohorts to be born after
the reform. This outcome is a composition of two counterveining effects: on the one hand the reform
lowers substantially the replacement rates, but on the other, since pension system has no deficit under
the reform scenario, taxes are lower.

Figure 9: Consumption equivalent depending on the closure. Cohort denotes age j = 1 in 1999

However, these welfare changes are a composition of two effects. First, is the change from a DB to
a DC system with pension calculated at an actuarially fair basis. Second, part of the contribution is
diverted from the SIF to the capital market. Clearly, lowering of the pensions due to moving away from
DB towards a DC system is harmful for all those who cannot fully accommodate the decrease in the
effective replacement rates and beneficial to all future generations who avoid the tax burden associated
with DB unattainability. On the other hand, reducing the burden of adjustment on these generations
via public debt puts extra burden on future generations who will be forced to repay this debt with
interests.

To analyze, which of the two effects dominates we additionally run a set of simulations, where the
reform of DB to DC is introduced but no capital pillar is established. Welfare levels of respective cohorts
are then compared to the reform with the capital pillar in order to demonstrate, which of the components
of the pension system is harmful/beneficial for which cohorts. These results are presented in Figure
11a-11c. The gray bars show the contribution from the introduction of the capital pillar, whereas the
line shows the total effect (by induction, the distance between them is the contribution of moving away
from a defined benefit to a defined contribution scheme). The negative contribution from the DB-to-DC
part implies that the new pension scheme is actually more generous at some periods, imposing extra
debt or extra taxation.

Clearly, majority of the welfare effect comes from the DB-to-DC transition. In general, lowering of
the replacement rates for the living generations - even if gradual - cannot be accomodated for without
reduction in utility. With the exception of few oldest working cohorts, the costs of the reform are
considerable, up to 7% of permanent consumption. This suggests that the designed transition into the
new system (the mechanism for computing the initial capital) has not been sufficient to compensate
older cohorts for the change in the mechanism of computing the pensions. However, the decomposition
demonstrates much more than that. Namely, it illustrates the burden of each fiscal closure on respective
cohorts coming from both components of the reform.
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Figure 10: Fiscal side of the pension system reform

Analyzing the welfare effects of introducing the capital pillar, one needs to acknowledge that the
utility is typically lower (although, as dicussed earlier, the reform has still enhanced the economic
growth). Comparing the taxation mechanisms, labor tax imposes less wealth loss than consumption tax.
This stems from the nature of these two taxes, as discussed earlier in the paper. More importantly, when
combined with public debt, both types of taxes allow so-to-say equal spread of the costs of establishing
the capital pillar among all generations. Beyond hundred years of the reform, welfare effects of having a
capital pillar are positive, regardless of the closure, which explains also why the overall effect of having
a capital pilar is positive.

These results are likely to be susceptible to time inconsistency. The rationale is the following. Having
a capital pillar on a pension system is generally welfare deteriorating for the living cohorts, due to higher
taxation (in our specifications, as in reality, the debt cannot grow beyond some reasonable levels). In
fact, it pushes consumers to reduce current consumption and raise savings, at least when compared to
a scenario where only DB-to-DC change is introduced. With time inconsistency, the departure from
a preferred savings path may be stronger, which could likely influence further the welfare gains from
having a capital pillar.
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Figure 11: Welfare decomposition, no time inconsistency

(a) labor tax (left) and debt with labor tax (right)

(b) consumption tax (left) and debt with consumption tax (right)

(c) lump sum tax

Note: cohort denotes age j = 1 in 1999

6.3 Sensitivity check - time inconsistency

Higher extent of myopia implies in general lower private savings. This expectation is corroborated by
our simulations, Table 4. In such case, compulsory yet private savings in the pension system with a
capital pillar help raising capital accumulation, relative to the scenario of no policy change, especially
with productivity growing over the life cycle. Indeed, higher extent of time inconsistency leads to slightly
faster capital accumulation, relative to the scenario of no policy change. The differencesa are minuscule
on the other hand - very high time inconsistency (β = 0.8) translate to a difference app. 0.003 bigger
under the reform than under baseline.

While the link between time inconsistency and the speed of capital accumulation under various
scenarios of fiscal closures is relatively clear, our paper offers an interesting insight concerning the welfare
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effects. Intuitively, the greater time inconsistency - since it generates suboptimal savings - the greater
should be welfare gain from the privatization of social security. This is also the feature of our model.
But once lower beta is supplemented with higher delta (to match the initial interest rate) an increase
in time inconsistency lowers welfare gain from the reform. Actually, it seems that agents burdened
with time inconsistency actually end up in an equilibrium with higher capital, output and labor supply
relative to baseline, but the benefits of the reform are higher, recall Table 2. This is because the welfare
of all the future generations is lower under time inconsistency than without it, Figures 12a-12c.

Table 4: Capital relative to benchmark - depending on time inconsistency

Closure β = 0.8 β = 0.9 β = 1
Period ω = 1 ω - D97 ω = 1 ω - D97 ω = 1 ω - D97

10 1.026 1.017 1.026 1.017 1.023 1.016
Labor tax 30 1.069 1.058 1.071 1.055 1.062 1.053

50 1.101 1.091 1.103 1.086 1.092 1.083
∞ 1.098 1.094 1.101 1.092 1.096 1.088
10 1.009 1.000 1.010 1.000 1.006 1.000

Debt with 30 1.061 1.046 1.065 1.043 1.054 1.041
labor tax 50 1.097 1.086 1.099 1.081 1.088 1.076

∞ 1.098 1.094 1.101 1.092 1.096 1.088
10 1.033 1.026 1.034 1.025 1.030 1.025

Consumption tax 30 1.099 1.082 1.102 1.079 1.092 1.076
50 1.133 1.121 1.136 1.117 1.124 1.113
∞ 1.097 1.092 1.099 1.089 1.093 1.085
10 1.007 0.999 1.008 0.998 1.004 0.998

Debt with 30 1.073 1.048 1.077 1.043 1.064 1.040
consumption tax 50 1.133 1.126 1.136 1.119 1.127 1.114

∞ 1.097 1.092 1.099 1.089 1.093 1.085
10 1.027 1.020 1.027 1.019 1.023 1.018

Lump sum 30 1.071 1.057 1.073 1.054 1.065 1.052
tax 50 1.099 1.087 1.101 1.084 1.092 1.080

∞ 1.093 1.094 1.096 1.091 1.090 1.086

Note: Numbers signify ratio to baseline scenario of no policy change. Long run denotes the new
steady state after 250 periods. D97 denotes calibration according to Deaton (1997) decomposition.

This result implies that a disciplining device in the form of forced pension savings with a (partially
funded) DC scheme are in fact welfare deteriorating for the generations living during the reform. While
the living generations benefit from the debt closure, future generations will experience welfare gain from
lower implied taxation but agents with time inconsistent preferences would rather keep private savings
at a lower level than resulting from the obligatory contributions to the funded pillar of the social security
system.

Similar observation may be made with reference to the role of setting up the capital pillar across
various analyzed fiscal closures. The more myopic the agents are, the higher the welfare loss from the
pre-funded pillar, Figures 13a-13e. On the other hand, gains from lower future taxation outweight. In
fact, it seems that the forced pension savings exceed the preferred savings rate of the agents, despite
substantially lower replacement rates in the PAYG pillar of the pension system.

Interpreting these results plainly one obtains that with (large degree of) time inconsistency, although
agents should expect longevity and decrease in the speed of productivity growth, the current contribution
rates to the capital pillar are binding. Higher speed of capital accumulation lowers the relative price of
capital, forcing households to work more or save more to assure the same levels of future consumption.
Note that the interest rate earned on private savings is subject to capital taxation whereas compulsory
savings in the funded pillar are not, thus offering a relatively higher rate of return. Hence, it is not the
choice of how to save but rather if to save at all that is binding for the myopic agents. This finding is
consistent with Blake (2000) and others, who emphasize the sustainability of the funded schemes rather
than higher rates of return. The capital pillar cannot deliver welfare improvement if households would
otherwise save less.
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Figure 12: Welfare effects depending on time inconsistency

(a) labor tax (left) and debt with labor tax (right)

(b) consumption tax (left) and debt with consumption tax (right)

(c) lump sum tax
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Figure 13: Welfare decomposition depending on the extent of time inconsistency: β = 0.9 (left) and
β = 0.8 (right). Deaton (1997) productivity profile.

(a) closure with debt and labor tax

(b) closure with labor tax

(c) Closure with debt and consumption tax

(d) closure with consumption tax

(e) closure with lump sum tax
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7 Conclusions

This paper addressed the welfare effects of various fiscal closures when switching from a defined benefit
pay-as-you-go system to a (partially) funded defined contribution system. While the efficiency of such
types of reform has been already addressed in the literature, there is considerable differentiation con-
cerning the forms of the fiscal closures adopted in various studies. In addition, the literature typically
combines toghether the change from a defined benefit to a defined contribution scheme with establishing
a capital pillar.

This paper aimed at comparing the welfare effects of the reform depending on the fiscal closure. In
addition, we provide a decomposition of the welfare changes due to changing the scheme (DB to DC)
and changes due to changing the financing mechanism (PAYG to pre-funding). While the reform itself
has welfare effects, so have the fiscal adjustment necessary to implement the reform. We demonstrate
that financing the reform with debt yields inferior welfare gains when compared to taxation of the
generations living at the moment of the reform. However, this superiority of taxation is not large in
aggregate terms, while financing the reform with debt allows to spread the costs of establishing the
pre-funded pillar fairly across all generations. This result is robust to time inconsistency as well as
assumptions concerning life cycle productivity patterns.

There are at least three weaknesses that need to be addressed for such models to produce compre-
hensive recommendations for policy. First, retirement age is exogenous in our framework. While it
has been marked to data it is likely that endogenous retirement age may change the optimization by
the households, hence altering the equilibrium. Moreover, the model assumes perfectly elastic labor
supply, which is not supported by the data. Finally, note that the modeling of time inconsistency is
relatively simple in our paper. Agents are time inconsistent and - so to say - do not make provisions
for that. Sophisticated version of time inconsistency proposes that rational agents should be aware of
their time inconsistency and thus make necessary provisions. This approach would potentially decrease
the quantitatively already small effects of time inconsistency, but would also be closer to a rational
agent assumption. Incorporating sophisticated time inconsistency offers a potentially promising avenue
for extending the framework offered in this paper. Another potentially promissing direction is better
modelling of the labor supply. A number of papers addressses both work incentives and sophisticated
modelling of the labor market itself, cfr. Vogel et al. (2012), Keuschnigg et al. (2012). While they al-
ready allow for endogenizing the retirement age, little is known about the role of the assumption about
perfectly elastic labor supply.
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