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Abstract in English

The expected increase in the ratio of retireesdtkers that is due to population ageing is sure
to increase pressure on public finances and thelDaettonomy in the coming decades.
However, because of the uncertainty regarding éutlemographic developments, the exact
extent of the problem is unknown. This paper presstochastic simulationse. simulations

that combine the CGE model of the Dutch economy GAMwith stochastic population
projections.

Key words: Demographic Uncertainty, Public Finan8&ychastic Simulations

JEL codes: C68, H68, J11

Abstract in Dutch

Doordat de verhouding gepensioneerden/werkerseaslg van de vergrijzing toeneemt, is er
een groeiende druk van de overheidsfinancién dgetierlandse economie. De demografische
ontwikkelingen zijn onzeker waardoor de exacte omgvean deze groeiende druk onbekend is.
Dit Discussion Paper doet verslag van stochastisthelaties met een algemeen-
evenwichtsmodel van de Nederlandse economie (GAMM#grmee stochastische
bevolkingsprojecties worden doorgerekend.

Steekwoorden: Demografische onzekerheid, Overlimggasién, Stochastische simulaties.
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Summary

The expected increase in the ratio of retireesdtkers that is due to population ageing is sure
to increase pressure on public finances and thelDaettonomy in the coming decades.
However, because of the uncertainty regarding &utl@mographic developments, the exact
extent of the problem is unknown. This paper presstochastic simulationse. simulations

that combine the CGE model of the Dutch economy GAMwith stochastic population
projections. Stochastic simulation analysis produoeguency distributions rather than point
estimates. This allows a specification of confideirtervals for vital statistics, like the elderly
dependency ratio, public expenditures on health aad pensions, public revenues and finally,
the sustainability gap, a measure for the indelgssliof the government. Moreover, the paper
presents frequency distributions for three diffénaolicies that restore fiscal sustainability,
namely a reduction of public expenditure, an insecaf the rate of consumption taxation and
an increase of the rate of labour income taxa#anthe three policies differ in the degree to

which they distort the labour market, their freqagudistributions have different shapes.






Introduction

As with other European countries, the effects qfydation ageing on the sustainability of
public finances in the Netherlands are well docuieenTwo recent studies, Van Ewik al
(2006) and European Commission (2006), concludectimaent fiscal arrangements are
inadequate to cope with the pressures that witldhesed by the expected increase in the
proportion of retirees to working-aged individuaghe coming decades. While there is little
doubt that reforms must be implemented, the exdeng of the required policy adjustments is
subject to uncertainty.

Uncertainties that are relevant for making fisaaljgctions may be broadly classified into
two categories: economic uncertainties (regardiroglpctivity growth, interest rates, labour
participation etc.) and demographic uncertaintiegdrding rates of fertility, mortality and net
immigration). While economic uncertainties are rhogtven ample attention, demographic
uncertainties are often neglected. In a long-temadyssis, demographic uncertainties may be
equally relevant however. An analysis that deatdustvely with demographic uncertainties
may contribute to correcting this imbalance.

Traditionally, projections that deal with (demogh&g) uncertainty distinguish between
different scenarios: for example, high, medium bvd variants. This approach suffers from a
number of shortcomings (Lee and Tuljapurkar (200D)jferent scenarios assume perfect
correlation of shocks over time and perfect (pusitir negative) correlation between different
variables. In addition, since they do not refethte distribution of variables, it is difficult to
select scenarios that have a similar likelihoodafurrence. Actually, the likelihood of any
scenario is almost zero in a statistical senselenréng the whole exercise difficult to give a
proper interpretation.

In recent years, the field of statistical demogsaphs developed an alternative to scenario
analysis in the form of stochastic population fagting (Alho (1990), Lee (1992)). This
technigue can be used to solve the shortcomingsedfaditional approach. On top of that, the
technique of stochastic simulations can say somgthbout the expected value of a variable
that is nonlinearly linked to demographic variablésformation that cannot be obtained from a
scenario approach. It is true that stochastic stiart analysis is more demanding, as it requires
researchers to make explicit their assumptions atheljoint frequency distribution of
exogenous variables. This should be consideredizamnéage, though, as it renders the
projection exercises more transparent.

This paper combines the computable general equitibmodel of the Dutch economy
GAMMA with stochastic population projections. Thisables us to produce predictive
distributions not only for demographic variabldelithe size and the age structure of the
population, but also for economic variables like B8 fiscal variables like expenditure on
health care or pensions. These predictive disinhgtcan be given a probabilistic interpretation
(Lee and Anderson (2005), Weale (2007)). If applieawe will plot these distributions as a

9



function of time, producing a number of illustragitfan charts’ (Lee and Tuljapurkar (2001),
Celasuret al. (2007)).

The GAMMA model is a behavioural model that incaigtes the consumption-saving and
labour-leisure decisions of households. This digtishes the GAMMA model from standard
generational accounting (GA) models, which are nudten used to assess the implications of
ageing populations. The relevance of this is tlsagistochastic forecasts in GAMMA may
produce more realistic outcomes than they would @A framework. This is true in particular
when policy changes are investigated that impachtiuseholds’ saving or labour supply
decisions. (See Drapet al.(2006) for a more detailed discussion of CGE motlets
GAMMA and GA models.) This paper will illustrateishfor the case of predictive distributions
for tax rate changes.

In using GAMMA to conduct this analysis, a balamaes struck between realism and
tractability. We wanted to concentrate on the éffed demographic uncertainty and so, in
choosing a model that is otherwise deterministie,qimulation outcomes are to some extent
stylized. Nonetheless, we consider this approadieta reasonable first-order representation of
the issues involved and a vast improvement ovetr#ititional method of conducting scenario
analyses with non-behavioural accounting models.

The structure of this paper is as follows. Secflayutlines the relevant details of the
GAMMA model and explains how it is integrated witte stochastic forecasting program PEP.
Sections 3 and 4 present our predictive distrim#idgsection 3 focuses on demography and
section 4 discusses the development of public ieanSection 5 presents results that relate to
the sustainability gap - a statistic that measthrepolicy adjustment required to sustain public
finances indefinitely. Section 6 concludes the payith a brief discussion. A supplementary

collection of tables of summary statistics is giwethe appendix.
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2.1

PEP and the GAMMA model

We derive demographic data from two distinct sosiréeertility, mortality and net immigration
rates in the baseline projection are taken fronisies Netherlands (CBS). The deviations of
these variables in typical stochastic demographicistions from their counterparts in baseline
simulation are taken from the PEP program (Prodi@mkrror Propagation), developed by

Juho Alho and Bruce Spencer.

PEP

The PEP program applies random shock processes tates of change of fertility, mortality
and net immigratiod.The values of parameters are chosen such thatddel mimics
historical forecast errors made in population prédns.

Fertility, mortality and net immigration are mod®ll as independent from one another.
Furthermore, demographic developments are assuorigel independent of economic variables.
The stochastic population model can be describédllasvs? Let R(j ,t) denote the value of a

vital demographic process (such as the fertility, mortalityed immigration rate) for aggin

the forecast year> 0. Then:

R(j,t) = explf(j,t)+ X(j.t))

where f(j ,t) represents a given point forecast aXl(ij,t) represents the error process. The
error process takes the for(j,t) = £(j 1) +...+ £(j,t) with error increments:

£(j.t)=s(j.t)lp; +a(j.1))

S(j ,t) >0 are scaling weights that replicate the incréaske variance of the error increments
through time. The terny; represents the error in the forecasted trendd?(rjd) represents
random fluctuations around the trend which are mgsbindependent over time for egcfihe
variabless; and 5(j,t) are assumed to be independent of each other and:

nj ~N(o.x; ) o(j.t)~ N(o1-)
with 0<k;j <1. In the version of PEP used in this study the éwors terms take a constant

correlation structure:

 The PEP program does not model immigration and emigration separately; instead, it models net immigration..
2 This description draws on Alho and Spencer (1997).
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2.2

Corrbi,nj):p,l,Corr(é,,ch):p(;
with |pk|s], k=n,0.

So to run PEP, the user must specify, for eacl ndte, a point forecaé(j ,t), the values of the
scaling factorSS(j ,t) and the values of the parameters, p, and p, . As stated above, the

point forecasts are taken from the CBS. The modrdmpeters that determine the stochastic
processes are taken from the UPE (Uncertain Pdapalaf Europe) projeétand apply
specifically to the Netherlands. While the scal¢haf assumed errors in forecasting are based
on the expert judgement of the model builders, #reynot the result of a statistical estimation
procedure.

The output of the stochastic processes are copedHic estimates of fertility rates (for
females aged 15 to 49), mortality rates (for maled females aged 0 to 99) and net
immigration rates (for males and females aged ¥jcextending 50 years into the future. The
structure of the model is such that the logaritlofiiertility rates, the logarithms of mortality
rates and the rates of net immigration are norndiiyributed. This procedure is considered to
be a conservative characterization of the uncestaarrounding future demographic
developments, in that catastrophic events suclaadgmics or a third world war are not
considered. On that account, demographic unceytaialy be underestimated.

While PEP produces population forecasts that ex&ngears into the future, our economic
model, GAMMA, requires demographic input coverir@P2/ears. To bridge this difference we
extrapolate the stochastic processes of PEP forafixing all fertility rates, mortality rates
and net immigration rates in the period 2057-2208heir 2056 values. This ensures that in
each projection, the population growth rate congsrig a constant and the elderly dependency
ratio stabilizes in the long run. This assumptiatis§ies a technical requirement of the

simulation procedure; that a steady state is rehhthe final years of the projection period.

GAMMA

GAMMA is an applied general equilibrium (AGE) moa#lthe Netherlands that features
overlapping generations of households and a thdrelaporation of the interaction between
the private and public sector based on generatmr@iunting (GA) principle$Like other
AGE models in the Auerbach-Kotlikoff tradition (188 GAMMA accounts for feedback
mechanisms caused by household behavioural resptmgpelicy reforms. Using a GA

framework enables far-sighted assessments to be ofdtle effects of demographic changes

® See http://www.stat.fi/tup/euupe/del12. pdf.
* For a detailed technical description of GAMMA, see Draper and Armstrong (2007).
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on the sustainability of public finances and thegien system. In this way, GAMMA combines
the best aspects of AGE and GA models.

Each household in GAMMA is represented by a figiiéled adult whose economic behaviour
is guided according to life-cycle theory. Houselsaldaximize their expected lifetime utility
subject to a budget constraint by choosing a tiath pf total consumption. Lifetime
expenditure is constrained by total wealth, whigbads the sum of financial wealth and the
discounted value of potential future labour andsi@mincome. Total consumption consists of
both commodity and leisure consumption, so thedakapply decision results from the
household utility maximization problem as well. Tashift parameters that determine the
leisure and goods consumption preferences for agetcohort are calibrated with estimated
lifetime consumption and labour profiles of the Nextands. Agents have perfect foresight; that
is, their expectations coincide with realisatidn$etime uncertainty is recognised, but perfect
capital markets enable households to insure agdiisstype of risi

GAMMA considers the Dutch economy to be small re&ato the outside world. In
particular, goods produced at home are perfecthgtutable with those produced abroad, so
commaodity prices are determined by the global maifRemestic policies do not affect the
interest rate, which is determined on world capitarkets. Production takes place with labour
and capital according to a CES production technoldgge model assumes a perfect labour
market: wage accommodation takes place withoutdatgy. The productivity of labour is
assumed to depend on age. Otherwise labour sugplieduseholds of different ages is
homogeneous. Capital also adjusts without any delay

The modelling of the public sector is differentrfrahe other actors in the model
(households, firms, pension funds) in that its vehaal relations are more or less automatic
rather than derived from some optimization probl&ims approach is quite obvious when the
analysis aims at assessing the sustainability méntfiscal policies or when it aims at
exploring the effects of certain changes in pupbticies. Alternative approaches exist
however. See for example, Celasiral. (2007) for an analysis that explicitly accounts fo
fiscal reaction functions.

Revenues for the public sector consist of contrdng to the public pension scheme and
receipts from profit, income and indirect taxati@xpenditures on age-sensitive items such as
health care, education and public pensions hawvediv age profiles so aggregate
expenditures on these items develop from year &0 gecordingly along with demographic
changes. In addition they grow over time in projoorto the wage rate. In contrast, all
individuals are assumed to receive the same bdmafit spending on non-age-sensitive items
like defence and public administration. On the aggte level, these expenditures rise with
GDP.

® Potential labour income is defined as income with labour time equal to the total available time.
® Longevity risk is assumed to be diversified; each household receives an annuity from a life insurance company in return for

bequeathing it its remaining assets upon death (Yaari (1965).

13



2.3

GAMMA distinguishes also supplementary (secondapilpension schemes. This is important
for fiscal reasons: pension premiums can be deddnten income before taxes are determined,
while pension benefits are taxed. Furthermorep#irgsion scheme may (positively or
negatively) affect labour supply decisions. Indegbld,pension scheme is a defined benefit
scheme that makes transfers between generatiasil?ns and benefits from private pensions
are income-dependent.

Demographic developments in GAMMA are modelled aditg to an overlapping
generational structure. Households begin their egoo lives at age twenty and can potentially
live to be 99 years old. Cohort sizes from yeaydar are determined by the jump-off
population in the base year and the age-specifis 1af fertility, mortality and net immigration
in the years from the base year onwards. We ha&enttne jump-off population from the CBS.
The rest of the data are obtained from the CBStlamdPEP files, as described above.

PEP and GAMMA

A final remark on the connection between the demplgic and economic parts of the model
concerns the perfect foresight of economic agé&ntthin each simulation, agent have perfect
information about future events. For example, hbokis are fully aware of future fiscal
policies. The same holds true for firms and thespemsector which are also perfectly forward-
looking. In each of the stochastic paths, the sgqulfar pension contribution rate adjusts to
reflect demographic developments in future yeacssdme extent, this will affect household
decisions years before the developments materiahdehus there may be some bias in
savings/consumption behaviour in the simulations.

The incorporation of fully-rational behaviour inatkof perfect foresight would probably
have seemed somewhat less ad hoc, but would hquieed a complete reconstructing of the
model and this is clearly beyond the scope offthjser. Moreover, it is an open question
whether this would change the spread of the priediclistributions to an important degree.
Alho and Maatanen (2007) find, for instance, thatwelfare consequences to households of
ignoring aggregate mortality risk are fairly smaitich suggests that behavioural economic

reactions in response to aggregate demographictaidy may not matter that much.
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Size and age structure of the population

It is well-known that the Netherlands, in additionrmany other countries, faces an ageing
population. The situation has been brought abow bymbination of factors. Notably, the baby
boom which accompanied the rapid expansion of te@@my following the Second World

War was itself followed by a “baby bust” that stihntinues today. Fertility rates remain
persistently low, although not as low as in marheoEuropean countries. Compounding this
effect was the steady decrease in mortality ratebatable to advances in life-extending
technologies and improvements in overall environt@eiactors including diet and hygiene. It
is significant that the scales of both developménfsrtility and mortality were quite
unexpected. Indeed the ex-post assessment of dapidgiprojections made over the last
century has exposed that systematic errors hadreade by forecasters (see Keilman, Cruijsen
and Alho (2007)).

It is not unreasonable to suppose that we are lgggabrant about the demographic
evolution of the Netherlands in the coming yea@hl& 3.1 quantifies this ignorance by
presenting the means and standard deviations afiskrébutions of the vital demographic rates
and resulting life expectancies at birth for malad females taken from 359 PEP simulation
runs. 359 simulations is considered a sufficiemhber to produce well-behaved distributions.
Previous studies that coupled GAMMA and PEP ratiedetween 200 and 250 simulations.
We have found that increasing the number of siranatabove 250 does not have a significant
effect on the distributional outcomes. The 359 $atons where taken from an initial run of
501 simulations, of which 37 did not solve.

The other 105 simulations were omitted due to ex#lg high population results. In these
projections, the exponential effect of high fetyiliates in the steady state resulted in total
populations for the Netherlands of more than 10lianiby 2205, a figure that confronts
common sense notions about the physical capacttyedietherlands. Furthermore, a strong
majority of these projections featured steady-gatevth rates that exceeded the marginal
product of capital, indicating that the economgath of these cases was dynamically
inefficient. While dynamic inefficiency is a thedigal possibility, empirical evidence has
shown that it has not occurred historically, ewecauntries with very high savings rates (see
Abel et al(1989)).

In the real world, we would expect that as popalatevels become so high that there would
be a behavioural feedback effect from this congastn population growth. If the growth was
localized to the Netherlands, either fertility wdulecrease or emigration would increase.
the growth was a more global phenomenon, expentatiba rise in the rate of change of future
demand for output would increase desired capitastment and put upward pressure on
interest rates, thereby buffering against a moweatds dynamic inefficiency. Unfortunately,

” For example, a survey by Lee (1987) finds that estimated elasticities of fertility with respect to population densities are
overwhelmingly negative.
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these sorts of endogeneity are beyond the curtate sf the model and we chose to settle for
simply omitting these 105 simulations from our séam@n alternative solution to the problem
would have been to endogenize the net migratieinad mechanical way within the
demographic model in order to achieve lower netuteiipn growth rates. However this would
have required assumptions that are as equally a@g$eliminating the extreme projections.
According to the mean estimates, by 2050 the aeedagth rate will exceed the average
birth rate, implying that the natural rate of irese will be negativeHowever, this will be
compensated for, to some degree, by an expectethrike average net immigration rate. Note
that the mean estimates of life expectancies dte giable in contrast to the upward trend
predicted by many demographers (see Lee and G&@a6p)). This is due to the more
conservative projections produced by the CBS thetiaed for the point forecasts here. The
main message of the table, though, is that thigption is subject to considerable uncertainty
according to the standard deviations of the rag&itlutions. Taking into account the forecast
errors that the PEP program mimics, some douldss @n whether the population of the

Netherlands will increase or decrease in the cordemndes as we show below.

Table 3.1 Summary statistics - demographic rates® and life expectancies

2010 2020 2030 2040 2050
Birth rate
- average 10.85 10.61 10.71 10.07 10.06
- standard deviation 0.65 1.44 2.23 2.49 2.89
Net immigration rate
- average 0.41 0.73 1.20 1.62 1.96
- standard deviation 1.35 1.88 1.83 1.84 1.93
Death rate
- average 8.76 9.99 11.63 13.19 13.68
- standard deviation 0.46 1.00 1.56 1.78 1.84
Life expectancy - males
- average 78.25 78.93 79.34 79.57 79.76
- standard deviation 0.59 1.32 2.09 2.70 3.38
Life expectancy - females
- average 82.05 82.53 82.76 82.72 82.58
- standard deviation 0.58 1.29 2.04 2.67 3.27

a Lo
Per thousand individuals.

8 In fact, all the demographic rates are cohort-specific. Here we report them averaged over the entire population. As
explained in section 2, PEP applies stochastic shocks to rates of mortality and net immigration for all cohorts and rates of
fertility for female cohorts aged 15 to 49. Instead of the average fertility rate, here we report the birth rate (total births/total
population) in order to make a transparent comparison with the other two rates.
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Viewed in isolation, it is difficult to say how thgredictive distributions of each of these
demographic rates will influence the make-up ofgbpulation in the years ahead. For
example, we may want to know whether a misestimagidfuture fertility rates would be more
consequential to the forecast than a misestimationortality rates. However, the relative
importance of variations in fertility, mortality dimmigration rates on the demographic
structure are difficult to disentangle. In the caéhe present situation, it is tempting to
characterize the ageing of the population as aetprence mainly of past changes in fertility:
either the baby boom or the subsequent bust. Hawtheslongevity of the baby-boomers is an
essential ingredient in the approaching demograipfti@lance. The interdependence of fertility
rates and mortality rates on the demographic straapplies equally to projections into the
future. Any attempt to commit ourselves to a thdugfperiment that aims at isolating the
effects of one of the rates is flawed since it wastill require some ad hoc assumption to be
made about the other two.

We leave this matter aside to concentrate on tedighive distribution of demographic
structures generated by these rates. Figure 8stréites by showing our ‘fan chart’ of the
population size: a time series of population distions of the Netherlands for the years 2008
to 2058. The line labelled ‘base scenario’ denttegoint estimate (shock-free) forecast. The
lines labelled 90%, 80%, 50%, 20% and 10% are tli@ed indicating the ninetieth, eightieth,
fiftieth, twentieth and tenth percentiles of theeftasts. They do not correspond to single paths
of the PEP simulations; rather the range betweetinls 90% and 10% may be interpreted as
an 80% confidence region for the population foref@sany given year. Likewise, the region
between the lines 80% and 20% corresponds to ad®#dence region. The 50% line
corresponds to the median forecast.

As one can see, the median and baseline foreoagtse only little and the predictive
distribution is quite symmetritHowever, even this slight difference illustratee way in
which stochastic simulations enhance the analysis.interpretation of the deterministic (point
forecast) projection is that, over the next fiftyays, the population will increase slightly.
Conversely, the interpretation of the stochastajqmtions is that it is actually just about an
even bet whether the total population will increaselecrease over that time.

For our purposes, a more informative demograplaitistic than the total population is the
elderly dependency ratio, the ratio of the numbeetrees to the number of potential workers.
In the Netherlands in 2007, the elderly dependeaty is approximately 25% and is expected
to rise in the future due to the factors discussmale. Figure 3.2 shows the time series of
stochastic dependency ratios produced by the P&ftamn™ It can be seen that the
dependency ratio will undoubtedly increase, howgherange of uncertainty increases

considerably as time goes on.

? See the values for skewness in the summary statistics Table A.1 in the appendix.

1 Here the ratio is calculated as the number of individuals between 65 and 99 years-old divided by the number of individuals
between 20 and 64 years-old.
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Figure 3.1 Stochastic forecasts of the population size in 2008-2058
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Figure 3.2 Stochastic forecasts of the elderly dependency ratio 2008-2058
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Figure 3.3
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Figure 3.3 demonstrates how combining the PEP sitionls with GAMMA results in a
probability distribution of macroeconomic outcombk®reases in (non-stochastic) labour
productivity will cause real domestic productioniiarease by a significant degree over the
next fifty years. As with the demographic projeagpthe uncertainty regarding the estimate
increases as time progresses. However, the untgrtaincerning the GDP projections is less
than the uncertainty concerning the populationqutipns. For example, the standard deviation
of the per capita GDP distribution in 2050 is 5.84he mean, while the standard deviation of
the dependency ratio distribution is 15.4% of treeam Indeed, since the relevant statistic here
is GDPper capita the uncertainty of the forecast is largely aaetiion of the variance in the

size of the workforce (those aged between 20 angkés) relative to the variance in the size of

the population, two variables that are quite higtdyrelated.

Stochastic forecasts of real GDP per capita 2008-2058
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Figure 4.1
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Public expenditures and revenues

We now direct our attention to the main focus @f &nticle: public finances. The expected
increase in the elderly dependency ratio will pretsgure on public finances in two directions.
First, a large portion of the government budgetlliscated to demographically sensitive
expenditure categories such as health care andl sedurity, which includes public pensions
and disability transfers. It turns out that, undeen the most optimistic set of assumptions,
ageing will drive up public expenditures if the ocothprofile of these outlays remains unaltered.
Second, taxes on labour income comprise a subsitahtire of government income. Thus for a
given set of tax rates, a relative shrinkage int#éixebase (in this case the proportion of
individuals in the population of working age) deases revenues as a proportion of GDP.
Viewed another way, for given revenue requiremehis direct burden of taxation will be
greater for each worker as will the aggregate exbesden of taxation. We will return to the
issue of the distortionary effects of taxes in®ech. In this section it is assumed that the tax-

benefit system remains as it is in 2007.

Stochastic forecasts of public health care expenditures 2008-2058

2018 2028 2038 2048 2058

—— base scenario ----- 90% —----80% —---50% —---20% 10%

Figures 4.1 and 4.2 illustrate how public exper@iuwon health care and public pensions will
develop based on the stochastic demographic sosraaduced by PEP. In each instance,
demographic developments are sure to increase spebadth in absolute terms and as
percentages of GDP in the coming decades by dfisi@gnti degree. Additionally, the simulated
forecast error of the projections is substantted: standard deviations of the distributions in
2050 are 13.5% and 15.5% of the means for the Giakres of health care and public pension

expenditures respectively.
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Figure 4.2

Stochastic forecasts of public pension expenditures 2008-2058
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Figure 4.3 illustrates the distribution of stochastverall public expenditure projections in
percentages of GDP. Assuming that institutionadrgements remain unaltered, public
expenditure is sure to rise, with the 80% confideregion estimated at approximately between
47.2% and 56.3% of GDP in 2058. This consideradnhge is due to the large portion of public
expenditures attributable to demographically sersitems. For example, in 2006, health care
expenditures comprised approximately 19.3% of theeghment budget while public pension
expenditure comprised approximately 10.4% of theged. According to the baseline
demographic projection, these shares will increas®t.9% and 15.4% respectively in 2058.

Unlike the second-pillar occupational pension sysite the Netherlands, public pensions
are an unfunded pay-as-you-go (PAYG) system: besgfiretirees are financed with the
concurrent contributions of workers. The healtrecgystem is also essentially a PAYG system.
Since the size of the contribution base in futweary is also influenced by demographic
uncertainty, the public pension and health careesys suffer from ‘double jeopardy’:
uncertainty with respect to both expenditures awmnues.
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Figure 4.3 Stochastic forecasts of primary public expenditures 2008-2058
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Figure 4.4 Stochastic forecasts of government revenues 2008-2058

51.5 1
51 A
50.5 A
50 A

49.5 1

% of GDP

49 A

48.5

47.5 T T T T T
2008 2018 2028 2038 2048 2058

—— base scenario ----- 90% ----80% —--50% —---20% 10%

23



Figure 4.4 illustrates the effects of demograpmcartainty on public revenues. Inspection of
the figure reveals how public revenues are drivedémographic developments, in particular
fertility and immigration rates. In the simulatigrike shocks to the growth rates begin in 2008,
but only the shocks to the immigration rates akevant immediately. The impact of
uncertainty about fertility only becomes signifitafter about 2028 when the first cohort of
uncertain size due to fertility rate shocks reachesking age. There is less variation in
expected revenues than expected expenditurestathéasd deviation is 0.83% of the mean
estimate in 2050 for revenues compared to the atdrdkeviation of 6.0% of the mean estimate
for expenditures. One could object that these ptigrs assume that future labour participation
rates within each stochastic simulation are knovith wertainty. Accounting for this added

source of uncertainty would indeed increase thedast error of the revenue projections.
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Figure 5.1

% of GDP

8_

Three measures for sustainability

The simulation results presented so far have asstina¢ government policies with respect to
tax rates and public spending will remain indeéhjitas they are in 2007. This was done to
address the following question: accounting foreffects of demographic uncertainty on public
finances, what is the probability that presentdisomrangements are sustainable? In order for
fiscal arrangements to be considered sustaindi#@eyresent value of all future revenues must
equal or exceed the present value of all futureeagfiures plus the presently existing debt. An
equivalent condition is that the long-run growtteraf the government’s primary deficit be less
than the long-run growth rate of GDP.

Stochastic forecasts of the primary fiscal deficit with unchanged policies 2008-2058

2018 2028 2038 2048 2058

——base scenario ----- 90% —----80% ——-50% —---20% 10%

Figure 5.1 illustrates the development of the primdeficit expressed as a percentage of GDP
based on the stochastic simulations. Presentlygaliernment budget is in a surplus position.
However, as public expenditure increases relatvevenues, the fiscal balance will deteriorate
over time. According to the baseline projectior kbng-run primary deficit will level off at

over 2% of GDP. The probabilistic bounds of theidations indicate that by 2058, in almost
80% of the projections, the primary deficit to GEio will reach a steady-state level that is
positive. Thus, there is approximately only a 208rne that the primary surplus will remain
positive in the long run in the current policy enoviment.

How can we measure the unsustainability of pulitiarfices? One way is simply to calculate
the immediate and permanent reduction in annudigabnsumption as a percentage of GDP
that would set public finances on a sustainablb. g&tis is the measure developed by
Blanchardet al. (1990) that ultimately stabilizes the debt to Giafo. Let us denote this
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Figure 5.2

frequency
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measure as the expenditure gap. Figure 5.2 pretbentaitcomes for the expenditure gap for

the stochastic simulations as a frequency disiobut

Frequency distribution of the expenditure gap

mean 291
median 2.74
standard deviation 2.22
kurtosis -0.26
skewness 0.23

[ S—

0%
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required decrease in public consumption (% of GDP)

The mean of the expenditure gap distribution i92d GDP. Hence, decreasing public
consumption by 2.9% of GDP (6.3% of primary goveemtnexpenditure in 2007) will only
sustain the budget with 50% probability. This estiencompares with the expenditure gap of
2.7% of GDP in the baseline scendri@he 60% confidence interval for the distributidrtite
expenditure gap lies between 1.0% and 4.7% of GioRtlee 80% confidence interval lies
between .2% and 5.8% of GDP. The probability thatéxpenditure gap is negative, i.e. that
there is no sustainability problem, is less tha#10

An alternative measure of the unsustainability dflfe finances is the permanent one-time
increase in tax rates that sustains the budgetrésgh.3 and 5.4 illustrate the distribution of the
required increases for two of the tax rates inailitleGAMMA: the consumption tax rafeand
the labour income tax rate respectively. Analogoube expenditure gap, we will call these the
consumption tax gap and the labour income tax §hp.two tax measures are different from
the expenditure gap in that they stabilize theréa (tax smoothind), not tax revenues. Hence,
the tax measures do not necessarily imply a timariant change of the tax revenues to GDP

ratio.

* The expenditure gap as reported in Van Ewijk et al. (2006) was 2.6% of GDP. There is a slight difference due to the fact
that the CBS baseline population projection used in that study can only be approximated within the PEP program.

2 The consumption tax is not just the V.A.T. It is comprised of all indirect taxes levied on consumers.

2 Under some conditions, tax smoothing policies may be considered more efficient. See Armstrong et al. (2007) for a

discussion of this issue in the context of the GAMMA model.
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The mean rate increase for the consumption tax8& Points above the baseline level of
26.4%. The 80% and 60% confidence intervals forcthressumption tax gap are .4%points to
11.5% points and 2.0% points to 9.6% points re$pegt The mean rate increase for the
labour income tax is 8.9% from a baseline leve?@fl%** The 80% and 60% confidence
intervals for the labour income tax gap are .6%ms0io 18.2% points and 2.9% points to

14.5% points respectively.

Figure 5.3 Frequency distribution of the consumption tax gap
18% -
mean 5.78
median 5.41
16% 1 standard deviation 4.38
kurtosis -0.28
14% A skewness 017
12% A
3 10% -
[«5]
=)
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2% -

0%

-4 -2 0 2 4 6 8 10 12 14 16 18 20

required rate increase

An important difference between Figures 5.3 andisthe skewness of the frequency
distributions. Indeed, the frequency distributidrife labour income tax gap is far more
skewed than that of the consumption tax gap. kwrspect, the distribution of the labour
income tax gap also differs importantly from thetdbution of the expenditure gap in Figure
5.2. The reason is that tax revenues increaseHaasproportionally with the tax rate. Hence,
the more distortionary the tax, the more skeweithéoright will be the predictive distribution of
the tax rate. The consumption tax has a fairly toase since it taxes all individuals regardless
of whether they work or not and so it is relativalyn-distortionary. The labour income tax,

however, cannot tax retirees, so it imposes a @refistortion on the tax base.

 The estimate of 8.9% differs from the mean required increase of 13.4% points reported in Armstrong et al. (2007) due to

the differing assumptions on the development of the population in the baseline projection.
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Figure 5.4 Frequency distribution of the labour income tax gap
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This can be illustrated by performing a rule ofrtfiutest for the statistical significance of

skewness. Le§ be the skewness statistic for a sample distributiodN be the sample size. If

—-2<S,/4/6/ N <2, then the skewness of the data generating présess significantly
different from zero. In the case of the consumptinincreaseS, /+/6/ N =131 and in the

case of the labour income tax increaSg/+/6/ N = 337, so it may be concluded that the

latter distribution is significantly skewed whilleet former is not.
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Concluding Remarks

The large influence of the population developmenpablic expenditures underscores the need
to account for demographic uncertainty when makiscal projections. In general, two
approaches can be followed: scenario analysis,iwiniare or less is the standard, or stochastic
simulation analysis. Compared with scenario anglystbchastic simulation analysis is much
more demanding, both in terms of time and compjeXitalso offers new insights, however. It
gives an indication of the shape of the predictiiribution of interesting variables —
demographic, macroeconomic, fiscal — at differesints in time. Hence, stochastic simulations
can offer an indication about the spread, the (;Is3gmmetry and the mean of the distribution of
different variables at different points in time.

This extra information is particularly useful inoe cases in which a result relates directly
to the probability criterion one wants to use. Avious example in the analysis presented here
is the decrease in the ratio of public consumptio&DP that is required to avoid the
unsustainability of public finances. If one reqgigistainability to hold with 50% probability, a
decrease of public consumption by 2.9% of GDP cefi However, if one requires public
finances to be sustainable with 80% probabilitgntla much larger decrease is needed: 4.7% of
GDP. And if one takes 90% as the probability ciiterthe required decrease is even 5.8% of
GDP. The implication of this is that the preferemoé policymakers in general and in particular
their aversion towards risk come to play a roléhim result of the analysis. In particular, the less
risk policymakers want to take that public finanoesy eventually turn out to be unsustainable,
the more substantial are the policy reforms theselta undertake. Under some assumptions
then, uncertainty combined with risk aversion may for precautionary saving on part of the
government (or, equivalently, excessive public debdtction)*®

Related, the analysis presented here demonsthatestirrent fiscal policies may turn out
not to be unsustainable at all. Indeed, if futugatality rates evolve at lower levels than
expected, there may actually be room for an ineré@ashe ratio of public consumption to GDP.
The value added of a stochastic simulation exeisitigat the probability that such a scenario
will materialize can be quantified: about 7.8%he turrent analysis.

Furthermore, in case of nonlinearities, the averageome of the stochastic simulation
analysis may be different from the outcome of thasilikely future projection. In the case in
which public expenditures are decreased such agdid public finances becoming
unsustainable, nonlinearities are absent. Indéedaterage of the stochastic simulations, 2.9%
of GDP, is quite close to the outcome under thelbasscenario, 2.7% of GDP. In case the rate

of labour income taxation is increased to ensustasuability, nonlinearities are important,

*® See Armstrong et al. (2007).
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though. The baseline projection calculates thatttiot rate should be increased by 7.8% points.
According to stochastic simulation analysis, this tate increase can be higher and lower, but
on average the increase is 8.9% points.

Overall, our analysis concludes that the uncelitsrand their economic impacts are huge.
Still we feel that the role of uncertainty may bedarestimated since our analysis does not
consider economic uncertainty. The risks posedrimetiainty in productivity growth, rates of
return and participation rates, among others, shmldally be accounted for. Indeed, the
argument has been made that the consequencesnoingicauncertainty outweigh those of
demographic uncertainty, at least with respecbtias welfare (Bonenkamp and Van de Ven
(2006)). Hence, our results may actually underesttnthe role of uncertainty in general.
Furthermore the model itself is subject to uncetigithe values of model parameters are not
more than estimates of their true values. In agdidjtihe analysis does not consider cataclysmic
events, like pandemics or a third world war. Ondtteer hand, the analysis does not identify
the effects of economic developments on demogrdphtors either, which may lead us to

overestimate the role of uncertainty.
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Appendix: summary statistics

Table 6.1 Summary statistics - total population (thousands of individuals)

2010 2020 2030 2040 2050
Mean 16,667 17,009 17,193 17,115 16,874
Median 16,667 17,009 17,205 17,098 16,828
Standard deviation 60.02 325.33 720.34 1204.38 1719.57
Kurtosis -0.31 -0.14 0.13 0.16 -0.03
Skewness 0.00 -0.05 0.25 0.31 0.21
Table 6.2 Summary statistics - elderly dependency ratio

2010 2020 2030 2040 2050
Mean 0.26 0.35 0.43 0.47 0.42
Median 0.26 0.35 0.43 0.47 0.42
Standard deviation 0.00 0.01 0.03 0.05 0.07
Kurtosis 0.51 0.26 0.50 -0.11 -0.15
Skewness -0.28 -0.16 -0.20 -0.06 0.03
Table 6.3 Summary statistics - real gross domestic product per capita (thousands of euros)

2010 2020 2030 2040 2050
Mean 32.12 36.76 40.82 48.07 58.22
Median 32.12 36.74 40.84 48.01 58.08
Standard deviation 0.12 0.44 1.21 2.27 3.39
Kurtosis -0.20 0.71 0.12 -0.01 0.26
Skewness -0.03 -0.10 -0.06 0.06 0.39
Table 6.4 Summary statistics - primary public expenditures (% of GDP)

2010 2020 2030 2040 2050
Mean 45.59 48.01 51.57 53.04 52.32
Median 45.59 47.99 51.59 52.98 52.15
Standard deviation 0.15 0.43 1.24 2.27 3.13
Kurtosis -0.16 0.24 0.61 0.16 -0.31
Skewness 0.13 0.02 0.04 0.13 0.02
Table 6.5 Summary statistics - public health care expenditures (% of GDP)

2010 2020 2030 2040 2050
Mean 10.49 10.49 12.45 13.53 13.54
Median 10.49 10.49 12.43 13.44 13.30
Standard deviation 0.22 0.22 0.62 1.24 1.82
Kurtosis 0.08 0.08 0.44 0.00 -0.17
Skewness -0.01 -0.01 0.03 0.25 0.30
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Table 6.6 Summary statistics - public pension expenditures (% of GDP)

2010 2020 2030 2040 2050
Mean 5.15 6.71 8.45 9.02 8.34
Median 5.14 6.72 8.44 9.02 8.26
Standard deviation 0.04 0.20 0.54 0.96 1.29
Kurtosis 0.91 0.21 0.54 -0.08 -0.17
Skewness -0.05 -0.17 -0.19 -0.06 -0.01
Table 6.7 Summary statistics - government revenues (% of GDP)

2010 2020 2030 2040 2050
Mean 47.90 48.33 50.08 50.42 49.65
Median 47.90 48.28 50.06 50.42 49.61
Standard deviation 0.08 0.23 0.42 0.43 0.41
Kurtosis -0.07 0.40 -0.13 -0.15 0.19
Skewness 0.13 0.78 0.17 0.04 0.33
Table 6.8 Summary statistics - primary fiscal deficit (% of GDP)

2010 2020 2030 2040 2050
Mean -2.31 -0.32 1.49 2.62 2.68
Median -2.32 -0.30 1.42 2.65 2.54
Standard deviation 0.21 0.45 1.32 2.31 3.07
Kurtosis -0.11 0.44 0.49 0.13 -0.27
Skewness -0.09 -0.10 0.12 0.19 0.07
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