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ABSTRACT

Using a two-period overlapping generations modelxamine the effects of several
institutional and other variables, e.g., corruptigovernment stability, the debt-to-
GDRP ratio, etc., on the probability that the sesturity system will grant pensions,
and hence the effects of these variables on tlaioleship between social-security
contributions and household saving. To my knowledbese effects have not been
studied in the literature. To address this issukerive theoretically a nonlinear Euler
equation for household saving under the pay-asgg(PAYG) system. Using annual
data from two panels of 11 and 25 countries, | estimttis equation by the
Generalized Method of Moments (GMM) and by Nonlinkaast Squares (NLLS). |
also linearize the Euler equation and estimatey IGBMM. The results from the two
methods do not differ considerably. The signs of #stimated parameters are
compatible with the assumptions of the theoretioaldel. As well, the results are
quite robust to substantial changes in the sample,from the 11-country to the 25-
country panel. They suggest that social-securitptrdautions reduce household
saving. Also, the higher the level of corruptiontlee debt-to-GDP ratio the lower the
probability that the PAYG system will grant pensipand so the lower the reduction
in household saving caused by an increase in sse@lrity contributions. Moreover,
| calibrate the model to match features of the @&@nomy under the PAYG system
and of the Mexican economy under the fully-fundgstem. The results imply that
the PAYG system reduces the steady-state valubsusfehold saving, capital stock,
and real wage, and increases the steady-state whthe real interest rate, while the
fully-funded system reduces the steady-state vafueousehold saving with offset

one-for-one and has no effect on the steady-staliges of the other variables. A



transition from the PAYG system to the fully-fundggstem has the same effects on
these variables, except for household saving, addabe elimination of the PAYG

system without replacing it.
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CHAPTER 1: INTRODUCTION

1.1. Why social security?

Social security is an insurance program that has etroduced to ensure a
reasonable level of income during retirement, bgseaindividuals may have not
provided sufficiently for their old age. Social-sety programs have become
important, as they are the major source of finagn¢he post-retirement consumption
in most countries of the world. The need to provald-age income security is
growing with the aging of the population and thealkening of family ties. During the
past several years, there has been much of polditention around social security,
since many developed as well as developing cowntcienfront crises in their
retirement systems.

There are several reasons why a government mayidperaocial security.
First, market failure. A voluntary private retiremieplan suffers from the adverse
selection problem, as individuals have better mi@tion about their health and life
expectancy than does a private insurance compadividuals who expect to live a
long life in retirement will be willing to pay higi insurance rates, and this will cause
the insurance company to charge higher rates. #&s#t, many individuals will not
be able to insure, and so a market voluntary ratrg plan will fail to provide
insurance effectively. As well, in the case thavae plans offer flat benefits to all
citizens, they may suffer from the moral hazardopgm. Offering flat benefits to all

citizens may cause some individuals who are abledik to retire earlier than they



would otherwise. These asymmetric information peoid explain why many
governments provide mandatory social-security @ogy.

Another market failure occurs because of exteliralitSome people fail to
insure themselves against old-age poverty, so y@panust support them. This is a
free-riding problem, according to which some indixals do not save sufficiently for
retirement, knowing that the society will make iy tdifference. In this case, the
government is required to establish a compulsotiyeraent plan in which all must
contribute and all will benefit from it.

Second, paternalism. Many individuals fail to acalate enough savings for
retirement, due to their inability to look forwamhd to make decisions under
uncertainty. They might also underestimate thetled their retirement life and do
little saving. So a mandatory social-security pamgris required to force adequate
saving for retirement.

Third, income redistribution. Social security pragrs provide guaranteed
income to those who are economically vulnerablarable to work, in two different
redistributive ways: (1) redistributiobetweengenerations, where the government
collects social-security taxes from the young wagkpopulation and simultaneously
pays benefits to the old retired population; andréiistributionwithin generations,
where the government taxes high-income citizens @y benefits to low-income
citizens.

Fourth, macroeconomic risks. Private markets maly insure completely
against the risk of inflation; accordingly, they ynaot guarantee constant real
benefits. As well, the government can offer paniedtection against capital-market
risks. For instance, the capital-market crash ef1f30’s in the U.S. caused private-

pension plans to collapse and encourage the ppbdicision of pensions. Under



public social-security programs, however, benefiympents can be subject to fiscal
pressure and political manipulation. Thereforansure against macroeconomic risks,
some government intervention is required (Mitche93, p. 30).

Moreover, there exist some other factors that @anole in social-security
programs. Sala-i-Martin (1996) suggests that oWderkers have lower than average
skill and, because of interaction among workersreghs negative externality on the
rest of the labor force. Thus, aggregate outputlevba larger if the older workers did
not work, so the social-security program is reqlit@ encourage the older workers to
leave the labor force.

Finally, in addition to social security, there dxisther public-assistance
programs. For example, disability insurance prowisleome payments to physically
unable workers. As well, supplemental social-séguprograms provide income
support to low-income retirees, especially in th&.Urhese other programs interact
with social security, and it is unclear whether¢his a substitutional or complemental

relation between them (Diamond and Gruber, 19979¢p1).

1.2. Characteristics of social-security programs

Social-security programs are complex and diffemfroountry to country,
because they depend upon individual countries’ ogmtinomic characteristics. As
well, most countries have a mix of different schentieat provide old-age income
support. Thus, it would be almost impossible tocdbs all of them in detail, so | will
refer to their most common features.

In most countries, social-security programs covgeens who work in the

public or in the private sector, and the beneftseived are linked to their previous



wage history. Coverage rates vary across countdad, some workers may be
excluded from retirement systems. For example, gnamts who do not hold
citizenship may be excluded. Also, in certain eenitosectors employees are covered
by special retirement plans, as in the public seatal in the military.

In order to be eligible for receiving benefits, dayges must have a certain
number of years of work and attain a specific agg most Organization for
Economic Cooperation and Development (OECD) coestrthe normal retirement
age is 65 for men and somewhat lower for women redsethe early retirement age is
between 55 and 64. Those who choose to retire dodfar normal retirement age
receive reduced benefits (Mitchell, 1993, pp. 18-22

Some countries’ retirement systems impose an “egsntest,” that is, they
reduce benefits for eligible recipients with eagsnabove a certain level. Others
permit retirement benefits only to those with éittr no earnings. In these cases, work
among older population is discouraged.

In almost all countries, social-security programs fananced by levying wage
taxes on both the employee and the employer. Pefsinefits are adjusted to price
inflation and wage growth to protect their purchagsipower and fairness. Also,
benefits are subject to taxation for retirees \aiflequately high income.

Further, it should be emphasized that social-sgcymiograms, public and
private, are criticized for administrative ineféicicy and inadequate integration, that
is, their various components are managed as if Weg separate agencies. In many
developing countries, as in Latin America, and afsdeveloped ones, social-security
programs encounter procedural problems and costiganicratic management. As
well, they do not keep adequate records for thel@yeps’ years of coverage, as in

Eastern Europe (Mitchell, 1993, p. 32).



Finally, the increase in the proportion of retiréeghe population causes the
cost of social-security programs to accelerate,etbimg that is expected to continue
in the following years. In the OECD countries, tfust of the existing social-security
programs has reached substantially high levels slogial-security reforms are under

way in many countries.

1.3. Types of social-security programs

There exist two types of social-security systeajspay-as-you-go (PAYG)
systems, also called unfunded systems; and b)-fiuiged systems. Most national
social-security systems operate on a PAYG basigravithe contributions of the
young working population in each period are useday benefits to the retired
population in that specific period. The PAYG systeorks in a redistributional way,
since it provides income support to the old-ageviddals by taxing the young
working ones.

Most private-pension systems are fully funded. Thwetributions of the young
working population are invested in a diversifiedrtfmio and are returned with
interest upon retirement. The fully-funded systeoesd not have redistributional
purposes across generations and might entail sk mreturns because of capital
market variability.

Also, we can distinguish social-security plans lesw a) defined-
contribution plans, and b) defined-benefit plamsaldefined-contribution plan, each
individual contributes a certain amount to a peasamvestment account, and most of
the plans do not ensure a minimum pension or egsnieplacement. Benefits depend

upon the investment performance of the accouna ttefined-benefit plan, benefits



are determined by a benefit formula according tevimus earnings and years of
service, and ensure minimum pension payments amihga replacement (Mitchell,
1993, pp. 23-24).

It is important to note that there are mixed systeas well. A defined
contribution or benefit system can be either fundedunfunded. In an unfunded
defined-contribution system, each individual putsamount to a personal account.
The rate of return is at a notional interest rateich is specified by the government
and is equal to the rate of growth of the contidoubase. This fund is not invested in
stocks and bonds, but is used by the governmepayocurrent PAYG benefits. At
retirement, each individual has an accumulated atiouhis/her account augmented
by the notional rate of return. This mixed systsmeicommended for the countries of
the European Union (EU), with free labor mobilitma@ng them. Recently, Sweden
and Italy shifted from an unfunded defined-bensfistem to an unfunded defined-
contribution one (Feldstein, 2001, pp. 10-12).

The U.S. social-security system is describedrasirdunded defined-benefit
one, since benefits are related to previous easramgl are paid to current retirees. In
contrast, older U.S. social-security systems wérth® funded defined-benefit type,
where a worker’s contributions were accumulated apon retirement he received
benefits, according to his previous earnings aratsyef work. Also, the benefits were
defined in a way that was independent of investmamins.

Finally, some Latin American countries, like ChiMgxico, Colombia, and
Bolivia, use funded defined-contribution systemaclit employee (and/or employer)
makes contributions to an individual investmentoacdt, and upon retirement he
receives benefits according to his contributionsl d@ne accumulated investment

returns.



1.4. The evolution of social-security programs

The first old-age pension system was establishe@drmany in 1889. The
program was compulsory and both employees and eenslanade contributions.
Denmark and New Zealand enacted old-age pensioensysin 1891 and 1898,
respectively. In Great Britain and Australia, olgeasocial security was adopted in
1908. Sweden introduced a compulsory old-age pensistem in 1915, while
Canada established a non-contributory system i {B@ldstein, 2001, pp. 10-11).

In the U.S., the social-security program emerdiat she Great Depression of
the 1930’s. The Social Security Act of 1935 estdidd the Old-Age Assistance
(OAA) program and the Old-Age Insurance (OAIl) paogr while there was a
substantial amendment in 1939, when dependents’ samdivors’ benefits were
introduced. The OAIl program became recurrently ie-Age Survivors and
Disability Insurance (OASDI) program, which is n@alled Social Security. It was a
compulsory contributory program, in which workeeseived benefits conditioned on
contributions during their working years. Also, béts were provided to dependents.
In addition, the OAA program provided payments tmmpelderly. The program has
been replaced by the supplemental social-securityram.

Since the beginning of the ®@entury, social-security programs evolved and
expanded all over the world. By 1989, 130 counthi@d some form of social-security
program (Sala-i-Martin, 1996, p. 280). In most deped countries, they were
extended to cover the major portion of the labocdo(agricultural workers and self-
employed are excluded in some countries) and atblkorts of individuals, such as
the dependents of disabled workers. In contrastgdameloping countries, social-

security programs frequently cover few selectedosecin most countries, there has



been an increase in the benefits and in the stiayevernment spending in percent of
GDP. The rising cost of social-security programd #re anticipated declining social-

security funding have caused many countries tametbeir existing programs.

1.5. Current debates on social security

In the past few decades, the increased aging gddpalation has caused great
pressure on social-security systems around thedwamdd has stimulated growing
interest in reform. Population aging has two sosir@ increased longevity, which
extends the proportion of life spent in retiremantl increases pre-retirement saving
rates, and b) decreased fertility, which depretsegrowth rate of the labor force and
decreases the rate of return on capital (KulismtKand Smith, 2010, pp. 16-19).
Providing a constant level of benefits to a growmgnber of retirees increases the
burden of the public treasury and leads to defjegnding.

According to Demirguc-Kunt and Schwarz (1999), manyrent social-
security systems are fiscally unsustainable. lir thaly years, most systems present
a cash surplus, which disappears as they matureuamsl into deficit. As population
aging continues, deficits become much greater t@nbe covered by current taxes.
Therefore, many countries undertake pension refo®ash reforms are politically
difficult, however, as they may lack the supporthe majority of the voters (Galasso
and Profeta, 2002, p. 26).

People are aware of the unsustainability of thelipdbAYG social-security
systems. Many advocates of the social-securityrmefargue that the growth of the
financial markets around the world could provide @wportunity for transferring

social-security contributions into personal acceuahd invest them in financial



assets, turning from a PAYG system to a fully-fuhdeme. Against this view is the
argument that asset returns are risky.

Reforms can be classified into two categories: ajomadjustments, and b)
major reforms. Minor adjustments entail changestha eligibility criteria, the
contribution structure, and the benefit structufehe social-security system. First,
eligibility criteria can be changed by shifting thetirement age and/or the years of
service required for pension. Nearly all countfiiese increased the retirement age
and some have also increased the necessary yesesvafe for entitlement. Second,
the contribution structure of the system can benghkd by altering the contribution
rate and/or base on which contributions are contputee change in the contribution
rate is the most common minor reform adopted accosmtries. The contribution
base change is less common and has taken the fbrincreasing the income
boundaries from which contributions are made. Bnahe benefit structure can be
adjusted through modifications in the pension fdemand/or the indexation to
inflation. Older countries modified their pensiamrhulae by increasing the number
of years used to compute the pensionable earnibgmifguc-Kunt and Schwarz,
1999, pp. 5-8).

Major reforms, on the other hand, have taken plaxceelatively fewer
countries. Only about 25 percent of the reforms learcharacterized as major. They
include alteration of the social-security systeronfr defined benefit to defined
contribution, or vice versa, or from PAYG to fufiynded, or vice versa. Starting up a
new system or retaining a PAYG one and adding a fdly-funded defined
contribution second pillar is also considered t@lmajor reform.

The type of reform varies significantly across dois in different regions.

Several Latin American countries, like Chile, MeaxicBolivia, El Salvador,



Colombia, and Peru, have undertaken major reforsmgiching from a PAYG
defined-benefit to a fully-funded defined-contrilmm system. Uruguay has kept the
PAYG defined-benefit system as its primary systéuot, has made a fully-funded
defined contribution a mandatory second pillar fioose of moderate income and
optional for those of low income. Also, Argentinaaimtained the PAYG defined-
benefit system as its primary system, but gave armsrkhe choice between a PAYG
defined benefit and a fully-funded defined conttibn as a mandatory supplementary
system (Demirguc-Kunt and Schwarz, 1999, pp. 9-11).

Another region where major reforms have been uaKlert is Eastern Europe.
Poland and Latvia have switched their PAYG defibedefit system into a notional
account PAYG defined-contribution dnevith a fully-funded defined contribution
second pillar. Italy and Sweden have undertakenrdgform as well. Some Asian and
African countries made the reverse reform from lyfiunded defined-contribution
system to a PAYG defined-benefit one, due to abusdbke administration of the
funds. An exception is Kazakhstan, which made tiig-funded defined-contribution
system its primary system. In the industrializedirdaes, however, most of the
reforms took the form of minor adjustments to theisting systems. An exception is
Australia, where a fully-funded defined-contributtiqpillar was instituted as a
complement to a general revenue-financed univgreakion (Demirguc-Kunt and
Schwarz, 1999, pp. 12-13).

Although the number of major reforms increases ntimeor adjustments to the
existing social-security systems are still the @niyntype of reform across countries.

Most of the minor reforms, however, do not provigermanent solutions to the

Y In this system, each individual contributes aaiaramount to a personal account, which receives a
rate of return at a notional interest rate legeslalby the government. For example, Sweden uses the
growth rate of nominal wage. This fund is used l®y government to pay benefits to the elderly of the
current period.

10



problems of pension systems, but simply postpaslficrises. While minor reforms
improve the fiscal situation in the short-run, thaight not be sufficient in the long-
run and require considerable government fundingolmtrast, major reforms are fully
sustainable in the long-run, although they arelgastthe short-run. Further, minor
reforms will have to be repeated periodically, whimdermines the reliability that a
social-security system will provide retirement bieiseFinally, a major reform toward
a fully-funded defined-contribution system can adstvance economic efficiency,

through enhancing capital market development anérmg¢ing additional saving.

1.6. The motivation and the purpose of the study

As a rule, social-security systems operate undecemtain quality of
institutions. This is particularly true for the $edeveloped countries, where inefficient
and corrupt governments administrate the retirensyistems. As well, political
instability and the lack of transparency impedertpeoper functioning. Developed
countries also face fiscal problems and difficgliie funding their retirement systems.
They may have difficulty in keeping their credibjli as they confront growing
deficits in their systems. For instance, in the W& cost of paying pension benefits
is expected to rise over the next years (quadropér the next 50 years) and the
retirement system will not be able to support gngioners (O'Grady, 2012, p. 2).
Also, many people face retirement poverty, sinagsjmn benefits are cut due to rising
longevity and new EU rules, while their cost igngs(O’Grady, 2013, pp. 1-2). The
task of making social-security systems more suabdnand credible is difficult and

expensive considering the increased life expectandythe lower fertility.

11



Low institutional quality undermines the ability thfe social-security systems
to honor their promises and also influences houdebaving. The impact of social
security on household saving has occupied mucheofiterature in public finance. To
my knowledge, however, previous research on saealirity has not addressed the
issue of how uncertainty of the quality of institus influences the relationship
between social security and household saving. Towerethe main purpose of this
study is to incorporate several institutional artieo variables, e.g., corruption,
government stability, the debt-to-GDP ratio, eirt.a theoretical model derived from
a typical household dynamic optimization problendemuncertain quality of social-
security institutions. Specifically, 1 examine howstitutional variables and the
government debt-to-GDP ratio affect the probabithigt the social-security system
(PAYG and fully funded) will grant pensions to tled at retirement; and, by
extension, the relationship between social-secuciytributions and household

saving.

1.7. Structure and results

The selection of the variables that influence hbakk saving is crucial for
explaining the accumulation of wealth and for paliSo far, the empirical findings on
the relationship between social-security wealth ahdusehold saving are
inconclusive, however. In the present study, in itemd to socioeconomic
characteristics, an important factor that affeletsrelationship between social security
and household saving is the quality of institutions

Chapter 2 presents the review of the literatur¢heneffects of social security

on private saving. First, | present various thaocattconsiderations on the effect of

12



social security on private saving. Economic theadgne cannot establish the
magnitude of the effect, however. Therefore, thactusions of various empirical
studies are briefly presented. These studies génemae reduced-form saving
equations. They are categorized according to thereaf the data employed, i.e.,
time-series, cross-sections, cross-country, ance-teries of cross-sections. Their
results are inconclusive.

Then, | discuss the effects of political instituiso and of economic and
demographic factors on social security accordinght positive theories of social
security. Positive theories can be categorized pulitical theories and efficiency
ones. Political theories suggest that politicaltiinsons are the most important
determinants of social-security policy, while eifiecy theories emphasize the
economic and demographic factors. These studiesot@rovide clear evidence on
the relationship between political institutions aswtial security. Their attention is
limited to the institution of voting and to the forof the political system (democratic
or nondemocratic) neglecting other institutionattees, e.g., corruption, government
stability, etc. In addition, they do not considee effect of these institutional features
on the relationship between social security andsbbald saving. This study instead
examines the effect of several institutional vdealtand of the debt-to-GDP ratio on
social security and, by extension, on householdthgav

In Chapter 3, | develop the theoretical model uridergeneral framework of a
life-cycle model. | employ a two-period Overlappi@gnerations Model (OGM) and
solve the household maximization problem. The tetaporal budget constraint takes
into account the fact that individuals contributeestain amount of their labor income
in the social-security system and expect to recedeeial-security benefits at

retirement. | assume that the expected social-ggdoenefits are affected by the

13



probability that the social-security system wilagt pensions to the old at retirement.
This probability, which is determined by the useabhbinary response model, is
assumed to depend on institutional variables (ecgrruption and government
stability) and the government debt-to-GDP ratio.xMazing the lifetime utility
function under the intertemporal budget constrajives an Euler equation for
consumption. Moreover, | employ a stochastic prdédacfunction, which comprises
random productivity shocks. After solving the hdude and the firm maximization
problems and after deriving the resource constraiptesent the system of equations
that describe the competitive equilibrium.

The household maximization problem has no analyti@osed-form)
solution. So, | take partial derivatives of the é&ubquation to compute the effect of
the institutional variables and of the debt-to-GE#Ho on the relationship between
social-security contributions and household sauvinder the PAYG and the fully-
funded system. First, | compute the effect of deséaurity contributions on
household saving. Social-security contributions arpected to affect household
saving negatively. In the fully-funded system, absiecurity contributions may not
offset household saving one-for-one as suggestdtidbyraditional life-cycle theory.
The reduction in household saving is expected tiefethan one-for-one.

Then, | compute the effect of the institutional igshtes and of the debt-to-
GDP ratio on the relationship between social-ségwontributions and household
saving. The higher the level of corruption or thebto-GDP ratio, the lower is
expected to be the reduction in household savingerh by an increase in social-
security contributions. In contrast, the higher tiegree of government stability, the
greater is expected to be the reduction in houdesaVing caused by an increase in

social-security contributions. The effect of thetitutional variables and of the debt-
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to-GDP ratio on the probability that the socialtg#y system will grant pensions at
retirement is the channel through which these éegaaffect the relationship between
social-security contributions and household savkigally, | extend the theoretical

model by considering the possibility of a collagssocial-security system.

Chapter 4 presents the econometric investigatidheotheoretical conclusions
derived under the PAYG social-security system ira@ér 3. For the econometric
analysis, | employ three panel data sets, a balapagel of 11 OECD countries for
the years 1984-2009, an unbalanced panel of 25 tesin which includes the
previous 11 countries, and 14 more countries ferymars 1995-2009, and a balanced
panel of the 25 countries for the years 1995-2@0@r describing the data sets, | use
various panel unit-root tests to examine the statiby properties of the variables.
Since there is no closed-form solution to the hbakkmaximization problem, which
implies that a household saving equation cannoddémved, | use the empirical
counterpart of the Euler equation for householdrgpas the basic specification of the
econometric analysis.

| estimate a fixed-effects Euler equation for hehdd saving using the three
panel data sets mentioned above and two estimatiocedures, the Generalized
Method of Moments (GMM) and the Nonlinear Least &gs (NLLS). | also
linearize the Euler equation and estimate it by GMMe estimates obtained from
these panels do not differ dramatically, so it vdonbt be unreasonable to argue that
they are robust to substantial changes in the saripken, these estimates are used to
compute the partial derivatives of the theoreticaddel. Generally, the empirical
findings are compatible to a large extent with thwplications of the theoretical

model.
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The GMM estimates generally support the assumptidhe theoretical model
that the higher the level of corruption or the a@hGDP ratio the lower the
probability that the PAYG system will grant pensidio the old at retirement. In the
case of the linearized Euler equation, the GMMnestes also support the assumption
that the higher the degree of government stabilig/ higher this probability. The
variables that measure socioeconomic conditionsdamaocratic accountability have
no significant effect on this probability, however.

The effect of social-security contributions on seliold saving is found to be
negative. In the case of the nonlinear Euler equathis effect is found to be lower
(in absolute value) than that found in the casihefinearized Euler equation.

As well, the GMM estimates generally suggest that higher the level of
corruption or the debt-to-GDP ratio the lower thluction in household saving
caused by an increase in social-security contiingti In the case of the linearized
Euler equation, the GMM estimates also suggest that higher the degree of
government stability the greater the reduction oudehold saving caused by an
increase in social-security contributions. Regagdime NLLS estimates, they are in
accordance with the GMM ones, except for the coieffit of corruption, which is
found to be statistically insignificant at convemial levels.

In Chapter 5, | calibrate the model (presenteiapter 3) to examine its
consistency with certain features of the actuahdatd then use it to examine the
effects of the PAYG system as well as of the féillpded system on the variables of
interest. In particular, | transform the system @duations that describe the
competitive equilibrium in per effective labor tesnso that this system is expressed

in terms of stationary variables, and compute thady-state equilibrium.
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| calibrate the model by assigning values to theapaters and examine
whether the model can replicate some features efatttual data from the U.S.
economy reflected in the second-order sample manerd., standard deviations and
correlations. The results suggest that the modeleplicate some features of the U.S.
economy, but clearly not perfectly, since there @s® some features of the actual
data that have not been captured by the model.r &Atbenputing the steady-state
values of household saving, capital stock, real eyaand the real interest rate, |
compute the general-equilibrium effects of the PA¥§#stem on these values.
Holding constant the real wage and the real inteegs, | compute the corresponding
partial-equilibrium effects. The results suggesattithe PAYG system causes a
reduction in the steady-state values of househmlthg, capital stock, and real wage,
and an increase in the steady-state value of the ingerest rate. The general-
equilibrium effects are smaller than the correspapgbartial-equilibrium ones. The
effect of the PAYG system on the steady-state vafumapital stock is similar to that
found by Kotlikoff (1979a), but lower (in absolutalue) than that found by Hubbard
and Judd (1987) using a life-cycle model and variparameter values. In addition,
considering a possible collapse of the PAYG systtme, state-state values of
household saving, capital stock, and real wagesas®, while the steady-state value
of the real interest rate decreases. Examiningehnsitivity of the results for different
parameter values, they seem to be robust to chamgjesse values.

Then, | calibrate the model to match featureshefexican economy, which
uses a fully-funded social-security system, usimg same procedure as that in the
case of the U.S. economy. The results suggestthigaimodel can capture some
features of the Mexican economy, but some othdufea have not been captured by

the model. The results imply that the fully-fundegstem causes a one-for-one
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reduction in the steady-state value of householthgawhile it has no effect on the
steady-state values of capital stock, real wage tl@ real interest rate. These results
are compatible with the traditional life-cycle on@=eldstein and Pellechio, 1979,
Kotlikoff, 1979b).

| also examine the effects of a transition from #teady-state equilibrium
under the PAYG system to the steady-state equilibriunder the fully-funded
system, which is financed by the government budgbe results imply that the
transition to the steady-state equilibrium under filly-funded system has the same
effects on the steady-state values of capital st@a wage, and the real interest rate
as would the elimination of the PAYG system withaeptlacing it. Chapter 6 presents

a summary and some conclusions.
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CHAPTER 2: REVIEW OF THE LITERATURE

2.1. Introduction

The literature on social security has grown suliitiy during the last few
decades. The impact of social security on privakeng has occupied much of the
empirical research and is crucial for importantgpolssues. In this chapter, | present
some theoretical effects of social security on gtevsaving and various empirical
models and results. The empirical studies are oatagl according to the data type
they use. | also present studies of two differeppraaches considering the

relationship between political institutions andiabsecurity.

2.2. The effects of social security on private saving

For most economic research, the starting pointxjplagning private saving
behavior is the neoclassical life-cycle theory ohgsumption and saving. The life-
cycle theory is a forward-looking theory that asesmational behavior. It explains
saving and consumption by taking into account prieaed future recourses. Saving is
considered as a way to smooth consumption whee #rer income fluctuations, and
consumption is determined according to anticipdifetime resources. An increase in
expected future resources, like an increase irtipated social-security benefits (not
followed by an equal increase in taxes), raiseifife income and consumption at

every stage in life. Generally, the basic life-ey¢theory suggests that individuals
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make their lifetime consumption and saving choige nbaximizing their lifetime
utility function subject to their lifetime budgedmstraint.

The life-cycle theory is considered by many redeens to be a suitable
framework for discussing the effects of social sigult implies that social security
affects saving and wealth accumulation. Feldst&Bv4) argues that social security
affects private saving in two different ways. Firftr an actuarially fair social-
security program, i.e., when the yield on socialsity taxes equals the market
interest rate, social-security benefits substifateprivate wealth accumulation. This
is called the “wealth replacement effect” of thaditional life-cycle model and
implies that social-security benefits reduce pevsaving.

Second, he extends the life-cycle model by tredtiegretirement decision not
as fixed, but as an endogenous variable. Socialfsgdenefits are likely to induce
early retirement, because benefits are subjechaoetarnings test, that is, reduced
benefits for eligible recipients whose earningseexta certain threshold. But the
resulting longer period of retirement requires meaeing during the working years in
order to maintain the consumption level after estient. This is called the “induced
retirement effect” suggested by the extended feemodel. The net effect of social
security on saving depends on the relative streafjthese two offsetting forces.

Barro (1974) suggests another extension of theclitde model by introducing
intergenerational transfers. He claims that soseturity may not affect private
saving through an offsetting change in social-ggcuntergenerational transfers.
Social security is a transfer from the children ¢way social security taxes) to the
parents (who receive benefits). An increase inaegcurity benefits may cause
parents to increase their bequests so as to dfisetdditional taxes that their children

pay. Thus, the extra saving for these bequestgtefthe reduction in private saving
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because of the increase in social-security taxés, Ahe effect of social security on
saving is reduced to the extent that parents relyheir children to support them at
retirement. Parents expect a reduction in childugoport when there is an increase in
social-security benefits.

In considering an unfunded social-security syst&wtlikoff (1979a, 1979b)
maximizes a lifetime utility function subject to ldetime budget constraint. The

introduction of social security gives rise to tiodldwing budget constraint:
[ cpemdt=[ E@)@-r)e"dt+ [ Bhedt 2.1)
0 0 R ’ )

whereT is the fixed length of lifeR is the retirement age, is the market rate of
interest,C(t) is the consumption flowk(t) is the earnings flowzE(t) is the social-
security tax, andB(t) is the social-security benefit. If the retiremeage is fixed and
social security offers a yield on paid tax thagdsial to the market interest ratgethen
the present value of lifetime social-security tax@sequal to the present value of
lifetime social-security benefits. Thus, lifetimesalth is not affected by the social-
security system. Under these assumptions, accuadutaicial-security taxes replace
accumulated private savings one-for-one. This & ‘thealth replacement effect”

mentioned above, which implies the following exgies:
R T
jo E(t)redt= jR B(t)e "dt. (2.2)

Equation (2.2) implies that the present value fetiline social-security taxes is
equal to the present value of lifetime social-sikguvenefits. Departure from this
equality implies a lifetime wealth increment or d&oent. For instance, a lifetime
wealth increment occurs when the yield (e.g., tfesvth rate of population) on social-
security taxes is in excess of the market interatst, and thus the present value of

lifetime benefits exceeds the present value ofifiife taxes. So, there is an increase in
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lifetime wealth and consumption, assuming that oomgion in every period is a
normal good. Because of this increase in lifetimastimption, accumulated private
savings are reduced by more than the taxes pa&opposite is true, when there is a
lifetime wealth decrement. This is the “yield etféc

In this approach, social security affects individsaving through its impact on
the intertemporal budget constraint. Disposablenme falls by the amount of social-
security tax. If the yield on social-security taxesgreater (lower) than the market
interest rate, the present value of lifetime besaf greater (lower) than the present
value of lifetime taxes. Thus, an increase (de&eislifetime resources is generated,
raising (reducing) consumption in every period, andeducing individual saving by
more (less) than the tax paid. Saving is reducechbre (less) than the amount of the
tax because consumption in every period, and tbnsumption of the young working
individuals increases (decreases).

In the fully-funded system, the yield on sociatisgty taxes equals the
market interest rate, so the intertemporal budgetsitaint is unchanged by the
introduction of social security. Social-securityxea offset individual saving one-for-
one. The “wealth replacement effect” is valid heHubbard (1984) points out,
however, that, under uncertainty over the lengthifef even a fully-funded system
reduces individual saving by more than the soaalisty tax. He considers that there
is a difference in the discount rate under ceryaamd uncertainty, and this causes the
present value of lifetime benefits to exceed thesent value of lifetime taxes so that
the lifetime resources and consumption increases,Timdividual saving is reduced
by more than the tax paid because of this increaketime consumption.

An alternative version of the life-cycle hypothesighe “buffer-stock” model

of saving suggested by Carroll (1997), accordingvtoch individuals, particularly
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young workers, may maintain a “buffer stock” to fe themselves against uncertain
events, as earnings downturn, medical expenses,This is called precautionary

saving® To the extent that social security insures againsertain events, it may be a
substitute for precautionary saving.

From a psychological point of view, some writergg.eCagan (1965) and
Katona (1965), argue that pension plans make iddals realize the need of saving
for their old age. Cagan (1965) interprets thisaa%ecognition effect,” that is,
individuals recognize the significance of saving f@tirement when they are
obligated to participate in a retirement plan. AdlywKatona’s (1965) interpretation of
this result derives from the “goal gradient hypasikg¢ according to which the closer
is someone to achieve his retirement goal, thetgrea his saving effort. It is
important to note that psychological theories do assume fixed preferences and
objectives, as does the life-cycle theory, but laased on socioeconomic factors
(Beverly and Sherraden, 1999, p. 460). These faatan also be taken into account
when the life-cycle model is assumed.

Unlike the life-cycle theory, some studies assum& tndividuals do not
always behave rationally or have perfect knowle@gverly and Sherraden, 1999, p.
461). Individuals with myopic behavior are unlikely make optimal decisions on
saving or adjust their saving in response to change social-security benefits
(Feldstein and Pellechio, 1979, p. 361). Thaler &mfrin (1981) suggest that
individuals may choose to impose constraints oir then behavior, e.g., saving as a
fixed fraction of disposable income, avoiding beving, etc. Thus, social-security

benefits may not substitute for private saving. d@obnd Tobin (1981) note that

2 Hubbard, Skinner, and Zeldes (1995) reconcilelifaecycle model with precautionary saving. They
generalize the “buffer-stock” model to incorportite U.S. social-security system and argue thagboci
security depresses saving of households with Id&tidie income. Insurance programs reduce the
uncertainty facing households, thus decreasingapitemary saving.
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individuals may be liquidity constrained and sawe rfeasons other than retirement,
e.g., to acquire a house. Hence, the replaceméatt efill be diminished. Also,
Bernheim and Scholz (1993) imply that low-incomdiwiduals, with low education,
may increase their saving by participating in pievpension plans.

Feldstein (1979) doubts, however, that such behasicommon. He notes

that it may reduce the depressing effect of scsmalrity on saving, but it does not
eliminate it. On the other hand, the life-cycle dhehas been criticized, because
individuals do not always behave perfectly ratibnahd may not be able to smooth
lifetime consumption because of imperfect capitatkets.

Overall, the theoretical considerations cannotrdetee the net effect of social
security on private saving. The wealth replacenedigict of the traditional life-cycle
theory suggests that social-security benefits gubstfor private saving. The yield
effect suggests a greater (or lower, as | mentia@i@e) than one-for-one offset in
private saving. The induced early retirement effetie offsetting changes in
intergenerational transfers, the special psycholdgtharacteristics, the irrational or
myopic behavior, and the self-imposed constrairitsame individuals imply that
social-security benefits may not substitute fovaie saving, but may even raise it.
Economic theory alone cannot establish the degresilustitutability between social
security and private saving. Therefore, empirieslearch is required. Note, however,
that empirical studies differ widely in model sg@ation and results. The next

section presents various empirical studies, whitipley different models and data

sets and find different results.
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2.3. Empirical modelsand results

Most of the theoretical and empirical analysessaming behavior employ
some version of the life-cycle model. Numerous eiogi studies have been
conducted using time-series and/or cross-sectidat for single countries or for a
group of countries, trying to quantify the relasbip between social-security benefits
and private saving and establish the degree oftitutiability between them. They

generally use reduced-form saving equations, howeve

2.3.1.Timeseries analyses

In his empirical model, Feldstein (1974) adopts lifecycle consumption
function of Ando and Modigliani (1963) and expanrtdo include social-security
wealth and corporate retained earnings. He usesdefimitions of social-security
wealth: gross social-security wealth (GSSW) andsoetal-security wealth (NSSW).
GSSW is the present value of the retirement bendfiticipated by individuals and
NSSW equals GSSW minus the present value of see@lrity taxes to be paid by
current workers. He estimates the consumption fonctvith both definitions and
finds the same implications. The basic specificaiso

C, =a,+aY, +a,RE +aW,_, +a,SSW, (2.3)
whereC; is consumer expenditur¥; is permanent incom&E is corporate retained
earnings,W; is the stock of household wealth aB&W is social-security wealth.
Feldstein (1974) argues th&GWreflects both the “wealth replacement effect” and
the “induced retirement effect,” and does not idel@ distinct measure of the length

of retirement, which reflects separately the “ineldicetirement effect.”

25



Feldstein (1974) estimates Equation (2.3) usingregate U.S. time-series
data for the period 1929-71, excluding the war yeE®41-46, as well as for the
postwar period 1947-71. He estimates several altiemn specifications of Equation
(2.3) by ordinary least squarésn some cases, he includes the unemployment rate,
but its coefficient is not statistically significarGenerally, the marginal propensity to
consume out of social-security wealth is statifliicaignificant, and the results
support the conclusion that social security de@egersonal saving.

Munnell (1974) employs a similar framework, butesissaving instead of
consumer expenditure as the dependent variableerlisaving equation, she includes
a measure of the length of retirement, and thuscthefficient of social-security
wealth captures only the “wealth replacement effdder results imply a negative
effect of social security on personal saving teailmost offset by a positive “induced
retirement effect

Barro (1978) uses a consumption function thatnsilar to that of Feldstein
(1974), but includes additional variables, such tlas government surplus, the
unemployment rate, and the stock of durable goétis. results are not strong,
however, and imply a more ambiguous effect of desmaurity wealth on personal
saving. Moreover, Darby (1979) includes measureseal money balances and
concludes that the effects of social-security wealh saving are negative in most
cases, but positive in some others.

Leimer and Lesnoy (1982) find a computer prograngy@rror in Feldstein’s

(1974) algorithm for social-security wealth. Theplicate correctly the algorithm and

® He also estimates some alternative specificatimn&quation (2.3) by the instrumental variable
technique, which confirms his ordinary least sqeaesults.

“*In her 1976 cross-sectional study, Munnell findat thocial security and private pensions coverage

discourage saving at least of the older men age®94%or whom retirement is the primary reason for
saving.
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also develop their own algorithm by consideringuanber of alternative individuals’
perceptions of future benefits. They estimate FRelds specification of the
consumption function for the period 1930-74, exsigdhe war yeas 1941-46, as well
as for the postwar period 1947-74. Their resultsndd significantly support the
hypothesis that social security reduces personahgaln his reply, Feldstein (1982)
corrects the computer programming error and acsdiontthe 1972 change in social-
security benefit legislation by increasing his ected variable by 20 percent,
beginning in 1972. He argues that Leimer and Lengogre this shift in the social-
security wealth variable, and their alternativeuaggstions of individuals’ perceptions
of future benefits introduce biases in the estighateefficient of social-security
wealth. Re-estimating his original equation, haléirstatistically significant effects of
social-security wealth that support his earlieuhss

The time-series studies presented above exameneftiacts of social-security
wealth on consumer expenditure and by extensiopessonal saving.They do not
provide conclusive evidence, however. Feldsteiry419982) finds negative effects,
while Munnell (1974), Barro (1978), and Darby (197#hd contradictory effects,
both positive and negative. Finally, Leimer and nags (1982) find no significant
effect for the entire sample period, but a sigaific positive effect for the postwar

sample period.

2.3.2.Cross-sectional analyses using household data

In his empirical specification, Kotlikoff (1979b)efines a linear wealth

accumulation regression as follows:

® The effects of social-security wealth on consuraependiture can be translated into effects on
personal saving. Thus, an increase in social-ggchenefits may lead people to consume more and
save less for retirement.
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NW = g, + B,SST+ S,LWI + B, RA+ B,LI + ' Z + &, (2.4)

whereNW is the net worth of households, i.e., assets mimmslities, SSTis the
present value of accumulated social-security talxX@4,stands for the lifetime wealth
increment or the yield of the social-security sgst® householdRRAis the expected
retirement agel.l is the lifetime labor income gross of social-ségutaxes,Z is a
vector of additional exogenous variables, ansd the error termLWI is equal to the
present value of expected future social-securityebes minus the present value of
expected future social-security taxes minus theactated taxes that have been paid
for social security.

He also considers the following linear regressmrtiie expected retirement:

RA=a, +a,SBL+a,LWI +a,LI +5'H + ¢, (2.5)
where SBL is the ratio of social-security benefits lost all-fime work to earnings
from full-time work,H is a vector of additional exogenous variables, @isdan error
term. Both regressions include dummies for socinenoc characteristics, e.g., race,
marriage, age, education, pension, health, etcatttqu (2.5) is used to determine
endogenously the retirement decision and captuee“ititduced retirement effect”
mentioned above.

The study uses cross-sectional data of U.S. holdelor 1966. The life-
cycle theory implies that in the wealth accumulatiegression the coefficient 88T
should equal -1, while the coefficient b¥VI should be negative and less than 1 in
absolute value. The empirical findings indicateyhwer, that accumulated social-
security taxes substitute for accumulated housekakdngs, but not one-for-one.
Also, the coefficient of lifetime wealth incremeist insignificant. Moreover, in the
expected retirement age regression, Equation (Rd)ikoff's (1979b) results imply

that social security does not significantly affdat retirement age decision.
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Feldstein and Pellechio (1979) estimate variousiipations of the following
regression equation:

A=a,+aYL- uSSW+a,YL® + ¢, (2.6)
where A is “fungible” wealth, defined as household’s totaéalth minus social-
security wealth)YL is net of tax labor incom&SWis social-security wealth, ands
an error term. The estimated valuewois crucial for the assessment of the effect of
social security on household wealth accumulatiome Ttraditional life-cycle

hypothesis implies thag: =1, that is, there is a complete offset of socialség

wealth for household wealth accumulation. The ¢fiisg intergenerational transfers

or the induced early retirement imply that< ot even xz < Q while individuals’
irrational and myopic behavior implies that= . 0

The authors use cross-sectional U.S. data fronl868 Survey of Financial
Characteristics of Consumers. Their empirical fssunply that social-security
wealth reduces substantially household wealth.ifitpdication of the traditional life-
cycle model that there is one-for-one offset is mpe¢cted, but the estimates are also
consistent with the less than one-for-one offseer@ll, the findings support the life-
cycle hypothesis.

King and Dicks-Mireaux (1982) examine the wealthdhms of households
over the life-cycle and their dependence upon pgiy@ension and social-security
wealth. Assuming that pension wealth is an impergebstitute for other forms of
wealth, they estimate a regression equation of dtwalds’ net worth on social-
security wealth, private-pension wealth, permamecome, and age. Using Canadian
cross-sectional data for 1977 comprising both yoamgl old households, their
findings support the proposition that social sdguand pension wealth reduce

household wealth. The estimated offset is an irstngafunction of wealth.
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Hubbard (1986) employs a simple life-cycle modelvefalth accumulation in
the presence of social-security benefits and pp&insion benefits. He defines a
regression equation of nonpension wealth to perntaneome ratio as a function of
age, permanent income, social-security benefitgetmnanent income ratio, private-
pension benefits to permanent income ratio, anelcéov of individual characteristics.
Using 1979 cross-sectional data for the U.S., thpiecal results suggest that social-
security and private-pension benefits affect ne@gitihousehold nonpension wealth,
but with offset less than one-for-one. For highoimme individuals the offset is
predicted to be greater than one-for-one, how@ver.

Bernheim (1987) examines the effects of social sigcan individual wealth
accumulation in the context of the life-cycle hypegis. He employs cross-sectional
U.S. data for the year 1969 and estimates a ragresgquation of accumulated wealth
(exclusive of social security) on social-securitgalth and other socioeconomic
characteristics. Using the simple discounted valugocial-security wealth (ignoring
death) rather than the actuarial one (taking ictmant death), the empirical findings
suggest that the depressive effects of social-ggauealth on individual wealth may
have been understated by previous research.

Novos (1989) analyzes the sensitivity of the resaftFeldstein and Pellechio
(1979) on the effects of social-security wealthhmusehold wealth. He employs the

same empirical framework and data as Feldstein Reltechio, but constructs a

® In his 1984 study, Hubbard points out that givewartainty over the length of life, no bequest
motive, and no discretion in pension participatienen a fully-funded social-security system can
increase lifetime resources, raise lifetime condionpand so reduce individual saving by more than
the tax paid. For high-income individuals with csaged participation in social security, the retituc

in saving is smaller, however. In addition, the grahequilibrium impact of social security on the
steady-state capital stock is likely to be smdhan the partial-equilibrium one.

" Bernheim (1987) points out that the use of actlarluation reflects the assumption that annuity
markets are perfect. This assumption implies tbasamers will have no positive annuity holdings at
death, which is not true for the majority of consum Thus, retaining the life-cycle hypothesis one
should relax the assumption of perfect annuity mtsrland use the simple discounted value of social-
security benefits instead of the actuarial one.
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number of different social-security wealth variabénd makes changes in the sample
compositior? His empirical findings question the robustness tisé results of
Feldstein and Pellechio by suggesting an insigmifieffect of social-security wealth
on household wealth both when farmers are includéde sample and when they are
excluded.

Using a similar empirical model to that of Feldstand Pellechio (1979) and
more recent data from the 1983 Survey of Consunmemi€es, Gullasson, Kolluri and
Panik (1993) examine the effects of social-secusigalth on household “fungible”
wealth. Their results show that social-security Ktedoes not significantly affect
household nonpension wealth. Unlike Feldstein aetleEhio (1979) and Novos
(1989), they also consider the possibility thati@lesecurity wealth may affect other
categories of “fungible” wealth, i.e., it may re@utretirement saving” consisting of
pensions or other forms of saving. Empirical evieon this issue indicates that of
all the categories of “fungible” wealth, only pemsi wealth is negatively and
significantly affected by an increase in socialesdy wealth.

Kennickell and Sundén (1997) estimate the effedtpension wealth on
nonpension wealth, considering a simple regressguation of households’
nonpension net worth on various components of pensvealth and on other
socioeconomic characteristics. Using data from 1882 Survey of Consumer and
Finances, they find that pension wealth from defibenefit plans has a negative
effect on net worth, while pension wealth from defi-contribution plans has no
significant effect. Social-security wealth, as wdilas an insignificant effect on

nonpension net worth reflecting households’ unoatgaabout future benefits.

8 The variations in sample composition refer to itteusion and exclusion of farmers. In both cases,
social-security wealth variables do not depresdtiveacumulation.
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In a cross-sectional analysis, Gale (1998) uses flain the 1983 Survey of
Consumer Finances to estimate a regression equafidrouseholds’ nonpension
wealth on pension wealth and several other varsaldeay., age of the head of the
household, years of education, marital status,|fasiie, etc. He argues that previous
empirical studies contain biases, which lead toenestimation of the offset between
pension and nonpension wealth. Removing these diage findings suggest greater
offset between pension and nonpension wealth. fticpkar, he includes employers’
contributions in the measurement of pension wedith, excludes the employees’
contributions because they are already includezhgih wages. He also uses a broader
measure of nonpension wealth, other than finaresakets alone. However, due to
several other biases, e.g., pension wealth dafoof quality, the results may still
understate the true offset between pensions armud fitims of wealth.

Gustman and Steinmeier (1999) consider a varietyspcifications of a
household wealth equation estimated with differeethods. The dependent variable
is a comprehensive measure of household total ivealth as total wealth including
or excluding pension wealth, total wealth to lifle¢i earnings ratio, etc. The
independent variables include various definitiohgpension wealth, e.g., a pension
coverage measure or the value of pension wealtl, m@any socioeconomic
characteristics, e.g., lifetime earnings, age, thedaype of employment, education,
race, etc. Using cross-sectional data from the tHeld Retirement Study of 1992,
they find that in most specifications there is nbstitution of pension for nonpension
wealth, while in some others pensions may evereass nonpension wealth.

The above cross-sectional studies investigate rmiy@act of social-security
wealth on household wealth. To a large extent, segegtional empirical findings

suggest that social-security wealth substituteshfarsehold nonpension wealth, but
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the offset is not one-for-one. Some studies (KoffikLl979b, Feldstein and Pellechio,
1979, King and Dicks-Mireaux, 1982, Hubbard, 19B6rnheim, 1987, Gale, 1998)
find a statistically significant negative effecthite some others find no significant
effect (Novos, 1989, Gullasson, et al., 1993, Kekell and Sundén, 1997). Finally,
Gustman and Steinmeier (1999) find no significafieat in some cases, but a

significant positive effect in some others.

2.3.3.Cross-country analyses

Barro and MacDonald (1979) estimate a consumerdspgrequation using
data for 16 industrial countries, for the period19%0. Their results are inconclusive,
as they find both a negative and a positive rebatiip between social-security
benefits and consumer expenditure. Therefore, tiseme support for the proposition
that social security depresses saving. Their figslidiffer from those of Feldstein
(1977), who estimates a saving rate equation usimg-averaged data for 15
countries for the period 1954-60 and finds a dtaéiy significant negative effect of
social-security benefits on the private saving.réités divergence can be attributed to
differences in the specification, the sample ofrtaas, the variable definitions, and
the time period.

Feldstein (1980) examines the relation betweeimksecurity programs and
saving rates among the major OECD industrial caemtrThe traditional life-cycle
model implies that the saving rate depends on tbeth rate of income and on the
demographic composition of the population. An ecoys saving rate will be higher

when the growth rate of income is higher and thekimg population is larger than
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the retirees and the young dependents. He speaifieguation for the private saving

rate as follows:

gzao+alG+a2AGE+ a,DEP+ a4g+a5LPAGED, (2.7)
whereSlY is the private saving rafeG is the growth rate of total private incomfeéGE

is the ratio of retirees over age 65 to the poputaaiged 20 to 69EP is the ratio of
young dependents to the working populati®diE is the benefits to earnings
replacement rati®’ andLPAGED:is the labor force participation rate of the olddg
He also specifies a separate equation for the lfdvoe participation rate of the old-
aged on the benefits to earnings replacement aaibother variables, to determine
endogenously the retirement decision, thus accogrfor the “induced retirement
effect.” Moreover, he combines the coefficientshase two equations to calculate the
reduced-form coefficients and find the net effecti® benefit replacement ratio on
the saving rate, i.e., account for the relativeergjth of the “wealth replacement
effect” and the “induced retirement effect.”

The estimation is based on time-averaged dataZarolintries for the period
1960-75 and the methods used are two-stage leaatesjand ordinary least squares.
Considering the retirement decision exogenous, résellts indicate that a higher
social-security benefit replacement ratio redutesgrivate saving rate. In contrast,
considering the retirement decision endogenoudati@ force participation equation
indicates that a higher social-security benefitaepment ratio lowers the labor force
participation rate of the elderly. Thus, higheriabsecurity benefits induce early

retirement. On balance, the reduced-form estima@m@meters imply that the net

° Feldstein (1980) uses private saving that includessehold and corporate saving.
' The benefits to earnings replacement ratio isnéefias the ratio of the social-security benefits of

newly retired couple to the average earnings obekar in manufacturing industry (Feldstein, 1980, p
232).
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effect of the social-security benefit replacemeatior on the private saving rate is
significantly negative.

Modigliani and Sterling (1981) test the implicatsoonf the life-cycle theory
regarding the impact of social-security benefits mivate saving (the sum of
household and corporate saving). They estimateowsrisaving to income ratio
equations using time-averaged data for the per@@DI/0 for 21 OECD countries.
The results support the life-cycle theory. For numsintries, however, the net impact
of social security on saving is close to zero, ibathe “wealth replacement effect”
and the “induced retirement effect” almost offsatleother.

Koskela and Virén (1983) provide further evidence the relationship
between social-security benefits and the housebmlihg rate. They use a sample of
16 OECD countries over the period 1960-77 to eg&n@a saving-to-income ratio
equation along with a participation rate equatibiihe participation rate equation is
estimated to capture the possible “induced retirdreffect” of social security on the
household saving rate. Their empirical findingsigate no support for the proposition
that social security depresses the household saziag

Graham (1987) studies saving behavior in 24 OECDnt@es using time-
averaged data for the period 1970-80. Estimatinvgrsé regression equations of the
household saving rate on social-security benefifs, expectancy, labor force
participation rates of the aged males and youngakesn and other demographic
variables, he finds no impact of social-securitydfégs on the saving rate. These
findings support those of Koskela and Virén (198Bhile in the national saving rate
regressions, he finds limited evidence that scsmaldrity benefits reduces the saving

rate.

" The participation rate refers to economically\apopulation over age 65.
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Some cross-country studies presented above contfideeffects of social-
security benefits on the private saving rate (Relds 1977, 1980, Modigliani and
Sterling, 1981), some others on consumer experd{Barro and MacDonald, 1979),
and still others on the household saving rate (Klzskand Virén, 1983, Graham,
1987). The empirical evidence is mixed. Feldstdi7{, 1980) finds a significant
negative effect, while Barro and MacDonald (1978y footh positive and negative
effects. Modigliani and Sterling (1981) suggestt tite net impact of social security
on the private saving rate is close to zero. Amdfloskela and Virén (1983) and
Graham (1987) find no evidence that social-securépefits reduce the household

saving rate.

2.3.4.Time-series of cross-sections analyses using holdeata

Diamond and Hausman (1984) use U.S. householdalatiae period 1966-76
to estimate a model with three componéft&stimating the first model of retirement
behavior, they find that social security has a ificant positive effect on retirement
in that it encourages early retirement. In theaosel life-cycle specification of wealth
accumulation, they find a significant wealth declation after retirement, though the
higher the social-security benefits the lower thealth decumulation. The findings of
the third model of household saving behavior shiwat $ocial-security benefits have a
significant negative effect on the saving-to-incorago with offset between 0.25 and
0.40 on a dollar. In general, their basic resutisidt contradict the life-cycle theory.

Within the framework of a simple life-cycle modéitanasio and Brugiavini

(2003) examine the relationship between pensiontivead the household saving

12 The same households reinterviewed from 1966 t® b§%the National Longitudinal Survey.
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rate. They consider the 1992 reform of the Itali@msion system because it caused
changes in households’ pension wealth. They anayfoeir-period model, assuming
that individuals work during the first three persodf their lives and then retire.
Solving the household maximization problem yieldpressions for each period’s
saving rate. They model the saving rate as follows:

SR = ' X +4¢(a,)FE, +6(a,)PW, +x + f. + &, (2.8)
where SR; is the saving rate of househaldt timet, X is a vector of demographic

variables,¢(a, )is an age-dependent paramet¥a;) is a time-dependent parameter

(time dependence is relative to the date of thernef, which varies with ag€ FE; is
future to current earnings rati®W; is pension wealth to current earnings raxo,
represents time effectg, represents individuals’ groups effettsande; is an error
term.

Using cross-sectional data from the Survey on Haalselncome and Wealth
of Italy, for the years 1989, 1991, 1993, and 1988y estimate various specifications
of Equation (2.8) by the Instrumental Variable (l&)proach (using as instruments
group dummies interacted with year dummies). Wilard to the 1992 pension
reform, which changed the eligibility criteria atite size of benefits, the empirical
results show a significant offset of pension wealthhousehold saving. The degree of
substitutability between pension wealth and houlskesaving, however, varies among
the different specifications.

Attanasio and Rohwedder (2003) investigate thdioglship between pension

wealth and household saving rates in a life-cyabelah, in which individuals save for

13 The effect of pension wealth depends on the agleeoihdividual at the time of the reform.

14 Attanasio and Brugiavini (2003) divide the sampiethe basis of the year of birth into four groups
and of the sector of activity of the household hisid three groups (private-sector employees, publi
sector employees, and self-employed). Dividing shenple into groups, they try to maximize the
variation in pension wealth across groups causettidyeform.
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retirement among other reasons. They use a foimgpenodel and assume that
individuals work and receive income in the firsteth periods of their life and then
retire and receive benefits. They consider no uairdy about the interest rate and
income. They also assume that the individuals mavéequest motive and face no
liquidity constraints. Maximizing a log-utility fuostion under the budget constraint
yields the optimal levels of consumption in eachiquk However, the empirical

specification is based on the household savingasita function of the present value
of expected pension wealth and a vector of contapiables, including occupation

groups and time effects, which capture other determis of saving. Occupation
groups are defined by the occupation of the healookehold and categorized into
professional employees, white collar employees,lleski workers and other

occupations, and unoccupied.

They employ time-series of cross-sections data friila U.K. Family
Expenditure Survey, for the period 1974-87. Theysider the three major reforms of
the U.K. pension system, including two indexatitamges of the Basic State Pension
(BSP) in 1975 and 1981, and the introduction ofteStaarnings Related Pension
Scheme (SERPS) in 1978, to investigate the impachanges in pension wealth on
household saving rates. Using the IV approach, theyo determine the degree of
substitutability between pension wealth and theskbold saving rate. Their findings
suggest that an increase in SERPS pension wealth bmnificant negative effect on
the household saving rate with a considerable @egireubstitutability between them,
while the BSP wealth has no significant effect,eptdor the youngest individuals.

The time-series of cross-sections studies sumnthabeve try to determine
the impact of social-security wealth on househdgirsy. The empirical findings

suggest that social-security wealth affects neghtithe household saving rate, with a
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degree of substitutability that varies among dédfer specifications (Diamond and
Hausman, 1984, Attanasio and Brugiavini, 2003, #etao and Rohwedder, 2003).

In sum, theoretical considerations have, on balabeen favorable to the
proposition that social-security benefits depredsape saving, although it is difficult
to determine theoretically the size of the offsEinpirical specifications vary
substantially, however, and the existing time-seaed/or cross-sectional evidence
from single countries or group of countries is ndix®ifferences in the data, the
empirical model, and the quantification of the ahtes may be the reasons for this
variation in the results.

It should be noted that some forms of analysis gmesl above have some
limitations, however. Time-series evidence is daresito the form of the regression
equation and it may be difficult to distinguish Wween the effects of social-security
benefits and those of other variables as they notagely together over time. Also,
time-series data do not capture differences inviddal household behavior. In the
cross-sectional context, there are some identificgiroblems considering the effects
of a particular factor on saving and the difficultyrecognizing the time effects in the
regression equation. As well, in the cross-couatrglyses, it is difficult to construct a
homogenous measure of social-security wealth andrast the pension systems
among different countries.

Another basic problem in social-security studiesfirgding an adequate
measure of the anticipated social-security benef#tsindividuals’ preferences and
expectations are difficult to measure. However, amgasurement of social-security
wealth can only be an approximation to the acta#le. Also, it should be noted that
the above studies examine the relationship betwssaal-security benefits and

household saving, but they do not consider thecefi€ institutional features on this
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relationship. The studies presented in the nextiseexamine the relationship
between political institutions and social-secugpending, focusing on the institution
of voting and the form of the political system. Yh#o not consider, however, the
effect of institutional features, such as corruptigovernment stability, etc., on the
relationship between social security and housekaldng. This is the focus of the

present study.

2.4. Political institutions and social security

Positive theories of social security can be categdrinto political theories
and efficiency ones. They consider political ingtdns and economic and
demographic factors as determinants of social ggcuRolitical theories of social
security can be classified into three categori¢snajority voting models, b) veto-
power rules, and c) interest-group models. Finstaimajority voting model, the
political outcome is preferred to any other outcdmyethe majority of the voters. In
the case of social security, agents vote on taesrahd the majority determines the
policy outcome (Galasso and Profeta, 2002, pp. 2)0-The typical outcome is the
policy preferred by the median voter. One way toge social security is that the
elderly win the political competition. But sinceetkelderly are not the majority of the
voters, they have to form a coalition with anotgesup, e.g., the middle-aged or the
poor, to support a policy taxing the losers of plaétical competition, e.g., the young
and the rich. The young may also support socialirgcbecause it might benefit
them when they will become old, even though theytpaes for a longer period until
retirement (Mulligan and Sala-i-Martin, 2002, pp/-21). Voting models do not

expect social security to emerge and grow withosiinocracy and consider that
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democracies may have larger social-security budgedsdifferent program designs
than nondemocracies (Mulligan, Gil, and Sala-i-M&ar2002, pp. 2-4).

Second, a political arrangement awards veto power policy decisions to a
powerful minority that can block any modificatiowhich makes them worse off.
Empirically, constitutional veto power has not bedserved in social-security policy
decisions, however. Third, interest-group modelsluite influence-function and
support-function models. In the influence-functimodels, political pressure is more
important than voting in the determination of thelifcal equilibrium for
redistribution policies. The group that exerts miafience on policymakers wins the
political competition and obtains a transfer frone tother group. The existence of
social security is explained by the political cotijpen between two groups, the
young and the old. In the support-function modeitsthe other hand, social security
arises from a political process in which the goweent maximizes a political support-
function that contains the utility of two currentlying generations, the young and the
old. In both models, social security is the equilim outcome, because the old win
the political competition (Galasso and Profeta,2@p. 12-15).

At the other extreme of the political theories otial security lie efficiency
theories, which view social security as a way tare optimality by reducing market
inefficiency. They suppose that economic and deapulgc factors are more
important determinants of social-security policyarthvoting and other political
institutions. After holding constant the economitd ademographic determinants of
efficiency, they do not expect differences in theesor design of social-security
programs between democracies and nondemocraciefligdmy Gil, and Sala-i-

Martin, 2002, pp. 4-6).
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Efficiency explanations of social security inclutlee following. First, the
theory that views social security as welfare foe #lderly claims that the main
purpose of social security is to reduce poverty mgnthe elderly or insure against
future labor-productivity shocks. Second, the optinetirement insurance theory
suggests that the purpose of social security isepdace lost income through the
retirement period. Third, the labor-market congestiheory argues that because of
unemployment and other undesirable labor-marketpsyms, social security should
induce retirement and redistribute jobs from thd & the young. Fourth, the
prodigal-father problem theory suggests that bexandividuals were not looking
forward enough when they were young and saveditib® for their old age, social
security emerges to force individuals to save.hi-ifhe misguided Keynesian theory
suggests that social security was created to deprasonal saving when aggregate
demand was low and consumption needed to be sti@aul&ixth, the optimal-
longevity insurance theory argues that social sgcumsures against uncertainty
about the length of life. Seventh, the theory tlaagues that the government
economizes on administration costs of social sgcas compared to private-pension
plans. Finally, eighth, the theory that views sbse&curity as a return to the old of the
human capital invested in the current workers whesy were at schooling age
(Mulligan and Sala-i-Martin, 2002, pp. 37-64).

As well, Sala-i-Martin (1996) develops a positiveedry based on economic
efficiency. He claims that the main reason for itmeoduction of social security is
economic efficiency, because social security drites elderly with lower than
average skill out of the labor force. Since sosidurity programs are not related to a
political system, they emerge in democratic coestras well as in nondemocratic

ones.
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2.4.1.Voting models

Browning (1975) develops a simple majority votingdel, where individuals
differ only in age, to analyze the determinationtaf and transfer payments in a
PAYG social-security system. He assumes that tiseaeonce-and-for-all election to
decide a policy. The main implications of his as@éyare that social-security
spending seems to be sensitive to the size ofltlely population in a democracy,
and majority voting leads to an overexpansion af #ize of the social-security
system. The older the median voter, the highestiogal-security tax he prefers to pay
for the remaining shorter period until his/her netient, in order to receive increased
benefits at retirement.

Cooley and Soares (1999a) emphasize that a sedafis/ system can be an
equilibrium outcome of a voting process. The mediater prefers the economy with
social security because of the general-equilibraffacts on the capital stock and on
the rate of return. The introduction of social séguends to reduce the capital-to-
output ratio, and thus reduce real wages and iserte real rate of return to capital.
These effects may sustain social security as amoaei@ and political equilibrium.

A departure from Browning's setting is provided Bgbellini (2000). In
addition to the traditional differences in the agfethe voters, he also introduces
differences in their income. He assumes that seeialrity redistributes income both
across and within generations. Social-security ridautions are proportional to wage
income, while benefits are not, thus social segugtlistributes income from the rich
to the poor. Another assumption is that there iseramitment of future majorities to

preserve past social-security legislation. Thetjgali equilibrium is given by the
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policy preferred by the median votérThe main implication of his analysis is that the
equilibrium size of social security is larger theeater the income inequality and the
larger the fraction of the elderly in the populatidcEmpirical evidence on cross-
country data supports both implications. In linghwiabellini (2000), Conde-Ruiz
and Galasso (2005) argue that social security awegmlitical support to the political
power of the elderly and its intragenerational s&dution component. Social
security is sustained as a political equilibrium dynajority voting of retirees and
low-income young.

In the majority voting model of Casamatta, Crenmend Pestieau (2000),
voters differ not only in age, as usual, but alsoproductivity. They assume no
altruism and that the voters precommit their futgiecisions on social security
legislation. The majority voting equilibrium levef social security is a positive tax
rate, which is supported by a majority coalitiomsisting of the retirees and the

medium-wage workers.

2.4.2.Empirical studies

Lindert (1994) investigates empirically the deterarits of various kinds of
social transfers, including pensions, in 21 OECDntoes for the period 1880-1930.
The results imply that democracy and the agindgnefpopulation raise social transfers
more than the level of income per capita or itsaghorate. Democracies with a higher

voter turnout rate spend more on pensions than demies with a lower on&.As

5 The political equilibrium is the policy preferrday at least 50 percent of the voters to any other
policy. Under the assumption that voters’ prefeesnare single-peaked, that is, there is an iddat po
as the top preference of each voter among differeaices, the policy preferred by the majority lod t
voters is the policy preferred by the median voter.

18 The voter turnout rate is defined as the rativatérs to population over the age of 20.
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well, the older is the adult population the greasegovernment spending on social
transfers including pensions. The frequency of ettee turnover also raises every
kind of social transfel’ As well, in his 1996 study, Lindert examines the
determinants of social and nonsocial expenditunedd OECD countries for the
period 1960-1981. The findings suggest that a mighbéer turnout rate raises social
expenditures, but does not influence pensionsfggnily. By contrast, an executive
turnover seems to raise nonsocial expenditureseba@r, a rise in the share of adults
over age 65 raises government spending on pensions.

Breyer and Craig (1997) examine empirically a stib§public-choice models
of social security. They use data from the OECDntaes for the years 1960, 1970,
1980, and 1990. Their estimates indicate a sigmfipositive effect of median-voter
age on the social-security benefits-to-GNP ratibilevthe positive effect of income
heterogeneity gets only weak support. As well, ghmilarity in family size affects
positively the size of the public pension-systethg penefits-to-GNP ratio). Holding
constant the demographic variables and considéhagefficiency of public-pension
systems, the economy’s growth rate and the inflatade affect positively the size of
the systems, whereas the real interest rate affentgatively.

In a cross-section of 90 countries for the peri®@Q@90, Mulligan, Gil, and
Sala-i-Martin (2002) examine the relation betweemdcracy and social-security
spending. They find no evidence that democraciesdp larger share of their GDP
on social security than nondemocracies, holdingtaom economic and demographic
variables, such as income per capita and the stidhe population over age 65. The
relationship between social-security spending amonemic and demographic

variables appears to be similar in democracies raamtlemocracies. Case studies

" The executive turnover is defined as the numbahahges in the executive post (president or prime
minister) over the previous decade.
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propose that countries with different political tingtions, but similar economic and
demographic conditions, have similar social-segisytstems. The empirical findings
suggest that political institutions are only mid@terminants of the size and design of
social-security programs, whereas economic and deapbic factors seem to be
more important. In their 2004 study, Mulligan, Galnd Sala-i-Martin estimate the
effects of democracy on public-sector spending gigiross-country data for the
period 1960-90. They fail to find a significant exff of democracy on pension and
other social spending, however. So democracies aappge be similar to
nondemocracies in terms of social policy.

Pinotti (2009) investigates the relationship betwéeancial development and
social security using the legal origin as a proosyffnancial frictions in 54 countries
for the period 1990-200%. The empirical evidence shows that higher levels of
financial development due to its legal origin assariated with lower levels of social
security. Also, the results suggest that the deawycindex (as defined by the
POLITY project) has no significant effect on so@aturity.

The studies summarized above do not provide cleadeece on the
relationship between political institutions andiabsecurity, and thus little is known
about their interaction. As well, they do not caesithe effect of institutional features
on the relationship between social security andsébald saving. They limit their
attention to the institution of voting and to therrh of the political system
(democratic or nondemocratic) and neglect othertititonal features, e.qg.,
corruption, government stability, etc. Moreoverstitutions are incorporated in the

empirical analysis rather than in the theoreticaldel. This study instead considers

18 1n economics, the legal-origin theory states thahy aspects of a country's economic development
are the result of its legal system, that is, whengarticular country received its law from. Thedkeg
system may be based on common law or one of tHerelift types of civil law, i.e., French law,
German law, or Scandinavian law. Common law coastrare characterized by higher financial
development.
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formally the effect of institutional variables artde debt-to-GDP ratio on social

security and, by extension, on household saving.
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CHAPTER 3: THE THEORETICAL MODEL

3.1. Introduction

According to the life-cycle model, individuals matially plan their
consumption and saving over their lifetime. In arttesmooth out consumption, they
accumulate savings in anticipation of their retieenand dissave in retirement. Their
aim is to maximize their lifetime well-being, subjeto the constraint that their
lifetime consumption cannot exceed their lifetimealth. In the context of an OGM
(Diamond, 1965), individuals of different generasocoexist and trade with one
another. They save during their working lives toafice their consumption during
retirement.

In this chapter, in the general framework of tHe-tiycle model, | employ a
simple version of the OGM in which two generatioaf consumers coexist.
Individuals are continually born and live for twerpds. In the first period they
belong to the young, while in the second period thelong to the old, and then they
die. The intertemporal budget constraint takes attoount that individuals contribute
a certain amount of their labor income in the desggurity system and expect to
receive benefits at retirement. The expected ssealrity benefits depend on the
probability that the social-security system wilagt pensions to the old at retirement.
| assume that this probability is determined byireaty response model and depends
on institutional variables, e.g., corruption and/ggmment stability, and on the debt-
to-GDP ratio. Maximizing the lifetime utility funicin under the intertemporal budget

constraint yields the Euler equation for consumptibalso incorporate a stochastic
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production function, which comprises random proohitgt shocks. After solving the
household and the firm maximization problems andviaey the resource constraint,
the system of equations that describe the comypeiguilibrium is presented.

Since there is no closed-form solution to the hbakk maximization
problem, | take partial derivatives of the Eulevatipn to examine the effects of the
institutional variables and of the debt-to-GDPaatn the relationship between social-
security contributions and household saving untder RAYG as well as the fully-
funded social-security system. After computing tke&ect of social-security
contributions on household saving, | examine howugiion, government stability
and the debt-to-GDP ratio affect it. The effecttivése variables on the probability
that the social-security system will grant pensidosthe old at retirement is
considered to be the channel through which thefluence on the relationship
between social-security contributions and houseBakdng is transmitted. Finally, |

consider the possibility that the social-secuntstem (public or private) collapses.

3.2. The modd

3.2.1.Individual behavior

The theoretical model | use is a standard disdnete-two-period OGM.
Individuals are continually born, live for two pedis and behave in the same way. In
the first period of their life, they are young amdrk, offering inelastically one unit of
labor*® and receiving a real wage. They consume part of their wage, contribute

another part to the social-security system, an@ $h® rest, in order to finance their

¥ The assumption of inelastic labor supply implieattiabor supply, and thus leisure does not depend
on real wage. So, leisure is not considered to dfeo&e variable in the model.
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consumption in the next period. This saving is @ted into capital, which is then
jointly used with labor in the production functiolm. the second period of their life,
individuals are old and do not work. They consurheirt saving, which they
accumulated during the first period of their lisdong with the interest, and the social-
security benefits. Then they die, leaving no betsues

For simplicity, 1 assume that each individual regemrs a household. | also
assume discrete-time, where in pertdthere arelL, young individuals and., ; old
ones. Employment grows at an exogenous ma&o that(L, —L, ;)/L, , =n, which
can be written as:

L, = @+n)L,,. (3.1)

Each one of th&; young individuals offers one unit of labor in et and
receives a real wage, which he/she disposes for consumption in petjiegd, social-

security contributions,d;, and saving, s, =w, —-c, —d,, in order to ensure

consumption for the perioet1, cax+1, Wwhen he/she will be old. Under the assumption
of a Constant Relative Risk Aversion (CRRA) utilitynction, the lifetime utility

function of a young individual is given By

1-y 1-y
U_Clt + 1 E(C2t+l]’7/>o’

>0. (3.2)

_1—7/ 1+p (1-y 1+p
The parameter is the coefficient of relative risk aversion; thigher the value
of y the more cautious is the individual in undertakempnomic risks. A largey

implies a lower elasticity of intertemporal subgiibn in consumption, and thus a

% The CRRA utility function is required in order ftre economy to converge to a balanced growth
path. That is, in order to find a steady state liiclv the ratiacy/cx.1 and the real interest ratewill be
constant [see Equation (3.8)], the coefficientedétive risk aversiony, should also be constant (Barro
and Sala-i-Martin, 1995, pp. 64-65). Hence, | fallthe common practice and assume a CRRA utility
function in whichy is constant.
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lower interest sensitivity of savirfg.As the elasticity of intertemporal substitution in
consumption decreases, individuals care more abomsumption smoothing. The

parameterp is the rate of time preference. The higher thaievadf p the more

impatient is the individual to consume in the pregban in the future. The fraction

1/(L+ p) is the discount factor, which converts a futurédugainto a present value.
The assumption that/(1+ p) > @ necessary in order for the marginal utility of
consumption of the second period to be positivd/{f+ p) <1 (0 > 0), individuals

value more the first-period than the second-pecmasumption; the opposite is true if

1/A+ p) >1 (-1< p <0). For simplicity,I assume that the utility function is time-

separable, that is, the marginal utility of oneige#s consumption is independent of
another period’s consumption. | also assume thdivithuals face uncertaintyg; is
the rational expectations operator conditionalrdarmation available up to tinte

The young save part of their wage for financing stonption in the next
period, when they will be old. | assume thais the real interest rate paid on saving
held from period to periodt+1 (Hall, 1988, p. 341¥ The old consume their entire
capital, the return from it, and the social-segubenefits,bi.;. Thus, the expected

consumption of the individual in peria¢l1 is given by

%L For a time-separable lifetime utility functionetlelasticity of intertemporal substitutianbetween
consumption at timesandt+1 is given by the reciprocal of the coefficientrefative risk aversion,
that is,o = 1f. The elasticitys is defined asd In(c,,,/¢)/dIn |\/|ng«1 , Where MRS is the marginal

rate of substitution between, and c... Given U =[c"7 /(1—y)] + [/Q+ p)IG-7 IA-y), | get the
MRS:‘“ =(0U /aoc,)/(0U / éc,,,) = L+ p)(c,, /c,) - Taking logarithms and then differentiating

yields d In(MRS' ) =dIn(c,,/c)- Thus,o =din(c,,/c)/dInMRS: =1/ - Fory <1 (ore > 1), there

is high degree of substitution between consumgioany two points in time. The opposite is true for
y > 1 (oro < 1). In the case of = 1(log utility function) these two forces canaslch other (Romer,
2001, p. 78).

22| assume inflation-protected securities so théd known when the decision about consumptigg,

and savings, is made. Some researchers, however, consider, tietomes known at the beginning of
periodt+1, after the decision about saving is made (DeatwhMuellbauer, 1980, Sargent, 1987).
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Et (C2t+l) = (1+ rt)(Wt —Cy — dt) + Et (bt+1) (3-3)
or

+ Et (C2t+l) =W _d + Et (bt+l) ] (34)

Y 14, R N

Equation (3.4) is the intertemporal budget constraf the individual. The present
value of consumption of the two periods equalsitiigal wealth of the individual,
which is zero because the previous generation coesuall its capital without leaving
any bequests, and the present value of income hvduinsists of the current real wage
reduced by the amount of social-security contrimgiand the discounted value of the
expected social-security benefits.

The individual maximizes his/her lifetime utilityuriction (3.2) under the

intertemporal budget constraint (3.4). The Lagrangs

el r E E
f — Clt + 1 Et CZt+1 + ﬂ, \Nt _ dt + t(bt+1) _ Clt _ t(CZt+1) ) (33
1-y 1+p \1-y 1+, 1+,

Taking the partial derivatives of with respect tacy;; and ¢+, and setting

them equal to zero yields

¢/ =4 (3.6)
and

- (3.7)

1+p 1+r,

Substituting Equation (3.6) into Equation (3.7) arghrranging gives the Euler

equation for consumption (EEC):

Et( Cu ] _L+p (3.8)

C2t+l 1+ rt .

The greater the value gf and so the lower the elasticity of intertempaabstitution,

1/y, the lower the responsiveness of consumption tanghks in the ratio
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I+ p)/@Q+r,). For r,>p, the ratio c,/c,,, decreases, that is consumption
increases with time. The opposite is truerfox p.

The empirical counterpart of the EEC emerges byokéng the expectations

operator E;, and by adding the rational expectations eregy;

Clt 71+rt 23
| —t-l-e,. (3.9)

C2t+1 1+ p
3.2.2.The production function

The total product of the economy is given My=e*K/(AL,)"”, where
0< f <1, K; is the amount of capital,; is the amount of labo# is the level of
knowledge, andz is a random productivity shock. This shock is airse of
uncertainty for the economy and evolves accordmghe following equation of
motion:

zZ, =puz ,+¢,0<u<l, (3.10)
whereg; is normally distributed with mean zero and standBrdations, (Cooley and
Prescott, 1995, p. 13). Also, the level of knowlkedg exogenous and evolves

according to the following equation of motion:
A= A+T)A, (3.11)

wherer, is the growth rate of knowledge.

? Equation (3.9) can be written ag, /c,)[(L+p)/A+r)]"” =1@d+e,)"”. Note that since
(c,.,/c,) =r.+1, wherer. is the growth rate of consumption per worker, aud p)/L+r,) ~1, it
follows that the right-hand side termj(1+¢_,)"'”, should be close to 1, which implies that the galu
of e.1 should be close to 0. My empirical results (sesise 4.3.2) confirm this conjecture.
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Considering a competitive economy, firms maximizeirt profits so that labor

and capital are paid according to their marginatipcts. That is,
W, = d- )Y, (3.12)

and

Y,
g 3.13
=By (3.13)

wherey, =Y, /L, is product per worker ankl = K, /L, is capital per worker.

3.2.3.The resource constraint

The equilibrium condition for the goods and seggienarket requires that in
each period total demand for goods and servicesgbal to total supply. | assume

that the economy’s resource constraint in petisdgiven byC, +1, =Y, , whereC; is

total consumption and is total gross investment. Total consumption & shhm of

total consumption of the young individuals,L,, and that of the old individuals,
C,L,,, which can be written as, L, /(l+n gsing Equation (3.1)l, = @+n)L,,.
Hence, C, =c,L, +c,L, /l+n) In addition, total gross investment is the sum of
total net investmentK,,, — K,, and of the depreciation of capital,, where o is
the depreciation rate. Thus, = K,,, — K, + K, . Therefore, the economy’s resource

constraint can be written as follows:
Lt
CltLt +Cy + Kt+1+(5_1)Kt :Yt' (3-14)
1+n

Diving both sides of Equation (3.14) by, using Equation (3.1)l.,, = 1+ n)L,; and

settingc, =c, +C, /@+n); yields

55



C, + @+ Nk, +(0-Dk, =y, (3.15)
or

I+ k., -k =y, -k —c,. (3.16)
According to Equation (3.16), net investment perkeo, (1+ n)k,,, —k,, is equal to
net saving per workety, — &k, —c, (Barro and Sala-i-Martin, 1995, pp. 130-33).

Next, the total saving of tHg young individuals is the economy’s capital in
period t+1, that isK,,, = LS. Dividing this equation by.1 and using Equation

(3.1), L,,/L, =1+n, yields

S

k.. =——.
"1 14n

(3.17)
Equation (3.17) says that the formation of cagptl worker depends upon saving per
worker and the growth rate of employment (Barro &adh-i-Martin, 1995, pp. 130-
31). Solving Equation (3.17) fat, and subtracting; from both sides of the resulting
equation yields

@+nk.,, -k =s -k . (3.18)
Since s, is saving per worker of the young ankl is the dissaving of the old, the
right-hand side of Equation (3.18) is net savingwwerker, while the left-hand side is
net investment per worker (Blanchard and Fisch@891p. 94). Also, Equation (3.18)
can be derived from Equation (3.16) by settigg—c, =s, andJ = 1 since the

previous generation consumes all its capital witHeaving any bequests to the next

generation.
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3.2.4.The system of equations of the competitive economy

The social-security system ensures a certain levglcome at retirement and
has an effect on the path of income received biyiddals. Hence, it is likely to have
an effect on household saving. As well, since Inexe& the effect of the quality of
institutions on social security and by extension lmyusehold saving, the Euler
equation is modified to include household savinthea than consumption. The
system of equations that describe the competit@n@my and can be used to
compute the equilibrium 8

1

(+r)s +E (b, (1+p]y gLt | (3.19)
w, —s, —d, 1+, =
(1+ eI+1)y
S
W 3.17
“I 14n S0
W, = (1_ﬂ)yt’ (3-12)
: :ﬂ% (3.13)
y, = ek A (3.20)
and
7, = uz , +é,. (3.10)

Equation (3.19), which is the Euler equation forisg, is obtained by substituting the
definition ¢, =w, —s, —d, and Equation (3.3)E,(c,,,) = @+1,)s +E (b, ,)into

Equation (3.9) (see Appendix A).

24 Blanchard and Fischer (1989, pp. 110-11) descthbeonditions that characterize the equilibrium in
a competitive economy and examine how they aret@ifieby the introduction of social security.
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To investigate the influence of the quality oftingions on social security and
by extension on household saving to finance retrnh consider: 1) a PAYG social-
security system and 2) a fully-funded system. luass that the expected social
security-benefits are affected by the probabilligttthe social-security system will
grant pensions.

Let p(x;) be this probability, where; is a column vector that contains
variables like an index of corruptiofC;, an index of government stabilitpS, the
government debt-to-GDP rati@G;, etc. HereC; is corruption within the political
system, where high (low) values i represent low (high) corruptio®S is the
government’s ability to stay in office, where thgher the value oPS the greater the
degree of government stability. | assume that #teebthe quality of institutions, i.e.,
the lower the level of corruption, the higher thegaee of government stability, etc.,
or the lower the debt-to-GDP ratio, the greatergtabability that the social-security
system will grant pensions to the old at retiremehbat is, | assume that

op(x,)/8(IC,) > 0, dp(x,)/ d(PS) > 0, anddp(x,)/ 4(DG,) < Q

3.2.5.The determination of(gy)

The probabilityp(x;) is determined in the context of a binary respanselel.
A binary response model is a regression model iiclwthe dependent variable, e.g.,
Z, is a binary random variable that takes on onlp tvalues, zero and one. The

conditional probability, p(Z =1| x, ) is described as a function of the explanatory

variables, i.e., p(Z =1|x,)=G(#'%x, ) where G is a function taking on values
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between zero and one ag is a row vector of parametetsin the logit modelG is

the standard logistic cumulative distribution fuaot while in the probit model it is
the standard normal.

An alternative approach to derive logit and probddels is the latent-variable

model. Let Z" be the level of institutional quality that is réeud for a positive

probability that an individual will receive a peosiat retiremenfThen, consider the

binary variableZ, which takes on the value of one Zf > , @nd zero otherwise.

Also, Z is a function of the variabld€,, PS, andDG;, that is,Z = h(x;). In practice,

Z" is an unobservable or latent variable defined bggaession relationship, which is

called the latent-variable model (Wooldridge, 2089, 575-77). That is,
Z' =p'x +u, Z=1Z" >0]. (3.21)
The functionZ =1[Z" > 0]is an indicator function, i.eZ =1 if Z" > 0andZ = 0 if

Z" <0. The errou has either the standard logistic or the standarthal distribution

with cumulative distribution functio®(.). Thus, the response probability #rs
p(Xt) = p(Z :1|Xt) = qu > —ﬂ'Xt|Xt] =1- F{U < —ﬂ'Xt|Xt] =

=1-G[-£'x]=G(f'x, ) (3.22)

since 1 —G(—v) = G(v) for any real numbev. In the logit model,G(v) = 1e
+€

Therefore,

e 1
1+ef  1+e/™

p(x.)=p(Z=1x) = (3.23)

% |n the linear probability model (LPM), whekeis a binary variable taking on two values, zerd an
one, the conditional probability,p(z =1Xt)’ equals the conditional expectationg(z‘x‘) =X -

Therefore, the conditional probability is a lindanction, i.e., p(z =1Xt) = f'x,- One drawback of the

LPM is that the estimated probability may lie odésthe internal [0, 1] (Horowitz and Savin, 200g, p
43-44).
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1

We’m 2dm. Thus,

whereas in the probit modeg(v) = J:V

-m?/2
px. 1 m
‘ dm.?®

p(x) = p(Z =1x) =

. We (324)

3.2.6.The PAYG sociaecurity system

In a PAYG system, the social-security contributipagd by the young finance
the social-security benefits paid to the old in slaene period. Under the assumption
that the expected social-security benefits arectdte by the probability(x;); and
provided thatL,,, /L, =1+n [Equation (3.1)], that is, to each old individuakre
correspond 1a young individuals; one can write

E, (b.,) = p(x,)@+n)d,,. (3.25)

Sinced; is the social-security contribution paid by theugyg, it follows that

Cy =W, — S pavs —d;, Where s ;. Iis the chosen level of saving under the PAYG
system. Also, since the income of the old is exguebtd increase by(x, )@+ n)d, ,,
it follows that Equation (3.3) can be written BC,,,) = (L+ £)S paye+ P(X )@+ Nd,,;.

In what follows, | will calculate the effects d€C;, PS, and DG; on the
relationship between social-security contributiarsd household saving under the

PAYG system. Substituting Equation (3.25) into €3.4nd rearranging yields

% The standard logistic and the standard normal cativel distribution functions are close to each
other, except for the extreme tails. Thus, it i$ lil@ly to get different results, unless the sagspare
large and have enough observations at the tails.€Btimates of the coefficienfsof the two models
are not directly equal, however. Multiplying thetiemted coefficients of the probit model by 1.6,
yields approximately the estimated coefficientshef logit model (Maddala, 1986, pp. 22-23).
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1

1+r, 7
@+ rt)St,PAYG + p(x.)@+n)d,,, = (1+ /t)j (w, — Si pave — d)u.,, (3.26)

whereu,,, = E, [L/l+e,,)""].

First, | calculate the effect of social-securitgntributions on household
saving by applying the implicit-function theoremBEquation (3.26). For simplicity, |
sete.; equal to its expected value, which is zerousp= .?" Under the assumption
of constant rate of growth of at steady state, | replade; by (1+r,)d,, wherer, is

the growth rate ofd;. Also, holdingr, w;, IC;, PS, andDG; constant, the result is

1
mxoa+ma+m)+f*“jy
aSt,PAYG __ 1+p <0

1

od, (1+n]y
1+r +

1+p

(3.27)

According to Equation (3.27), social-security cdnitions affect negatively
household saving. The effect on household savirlgwsr the lower the probability
p(x;) and the lower the expected social-security b&nefor instance, the higher the
level of corruption (the lower the value I&;) the lower will be the probabilitp(x;),

because of the assumptiop(x,)/o(IC,) > (€ee the end of section 3.2.4). Thus, the

lower is the indexC; the lower the expected social-security benefiter&fore, when
social-security contributions increase, a ratiomalividual, who wants to secure a
certain level of income for retirement, will redutés/her saving by less when

corruption is high than when it is low.

27 \ithout this simplification, the term., will appear in the derivatives (3.27)-(3.30). hetempirical
part of the study (Chapter 4), however, it turns that the presence of the estimated value.gfin
these derivatives does not affect their sign, sostmplifying assumption,.; = 1 in Equation (3.26) is
empirically justified.
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| now turn to the effect of the institutional vanies and of the debt-to-GDP

ratio on the relationship between social-securdgtgbutions and household saving.

To start with, taking the partial derivative 8, .,/ d, with respect tdC; yields

OSeave | AP(X)
8{ o, J B 2(C,) @+n)@+ry) I 228)
a(1C,) Lor Vo '
1+r1, + .
t [l+ pJ

because of my earlier assumption tlag(x,)/o(IC,) > . HEyuation (3.28) implies

that the index of corruption affects negatively tivapact of social-security
contributions on household saving. According to &oun (3.27), the impact of
social-security contributions on household savegegative; therefore, the reduction
in household saving caused by an increase in ssea@lrity contributions will be
greater when the level of corruption is low (i.the value ofIC; is high). An
interpretation of this result is that the highee tindex of corruption the higher the
probability p(x) [since dp(x,)/o(IC,) > @, and thus the higher the expected social-
security benefits. So, when social-security contidns increase individuals will
reduce their saving by more when corruption is tban when it is high.

Next, | calculate the partial derivative 6§ ,,c/2d, with respect tdP§ as

follows:
a[aS“PAYGJ P 44 masr,)
oc =— o(PS) <0 (3.29)
oPS) 1+r % |
1+r1, + t
(1+ pJ

because of my earlier assumption tidp{x,)/o(PS) > . Hyuation (3.29) suggests

that the index of government stability affects nagdy the impact of social-security

contributions on household saving. According to &mn (3.27), the impact of
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social-security contributions on household savsgegative; hence, the reduction in
household saving caused by an increase in soaatisecontributions will be greater
when the degree of government stability is highisTé because the higher the index
of government stability the higher the probabilgix;) [since op(x,)/o(PS) > 0,
and thus the higher the expected social-securitefite. Therefore, the reduction in
household saving when social-security contributimesease will be greater when the
index of government stability is higher.

Finally, taking the partial derivative @5, ;,,s/0d, with respect tdG, yields

a(as"m] P 4y myasr,)

od
) __ 900G >0, (3.30)

o(DG,) 1+ ;
1+, +[ tj
1+ p

because of my earlier assumption tlag(x,)/o(DG,) < . Atcording to Equation

(3.30), the debt-to-GDP ratio affects positivelye thmpact of social-security
contributions on household saving. Since the impa&ocial-security contributions
on household saving is negative [see Equation JB.#7e reduction in household
saving caused by an increase in social-securityriboions will be lower wheG;

increases. An interpretation of this result is tthegt higher the debt-to-GDP ratio the

lower the probabilityp(x;) [since dp(x,)/d(DG,) < 0, and hence the lower the

expected social-security benefits. Thus, the redocin household saving when
social-security contributions increase will be lowehen the debt-to-GDP ratio is
higher. Generally, the effect of the institutionatiables and of the debt-to-GDP ratio
on the probabilityp(x;) is the channel through which their influence dre t
relationship between social-security contributiomsmd household saving is

transmitted.
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3.2.7.The fullyfunded sociakecurity system

In a fully-funded system, the contributions magehe young individuals are
accumulated in pension funds, are invested, andetwened with interest to the same
individuals when they become old. Given the assionpthat the expected social-
security benefits are affected by the probabpity), one can write

E, (b.,) = p(x,)@+r,)d,. (3.31)

Since the contributiod; is subtracted from the current income of the yqoung
we have thatc, =w, —s ; —d,, wheres ; is the chosen level of saving under the
fully-funded system. The income of the old in pdrtel is expected to increase by
p(x,)@d+r.)d,, so (3.3) can be written &5 (C,,,) = A+1,)S ¢ + P(X)A+T1,)d,.

In what follows, | will compute the effects d€C;, PS, and DG; on the
relationship between social-security contributiarsd household saving under the

fully-funded system. Substituting Equation (3.31tpi(3.19) and rearranging yields

1
(1+ rt)st,ff + p(xt)(1+ rt)dt = (14_ h jy (Wt — Sk _dt)ut+1 (332)
+p
or
1
141, )7
(1+ rt)[st,ff + p(xt)dt] :(1 J (Wt —S _dt)ut+1’ (3-33)
+p

whereu,,, = E, [l/0+e_,)""].

To begin with, | apply the implicit-function themn to Equation (3.33) to
compute the effect of social-security contributians household saving. Again, for

simplicity, | sete.; equal to its expected value, which is zeropusp= . Hdldingr;,

w;, IC;, PS, andDG; constant yields
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OSn _

1+r1, )7
p(x )AL+ rt)+(1+ t]
d 1'0 <0
t [1+ r, jy
141, +

(3.34)

1+ p
Equation (3.34) suggests that under a fully-fundsgstem, social-security
contributions affect negatively household savingnathe case of the PAYG system.
Household saving decreases by less than the imcieasocial-security contributions
the lower the probabilityp(x;), and hence the lower the expected social-security
benefits. For example, the higher the debt-to-G&t® rthe lower the probability that
the social-security system will grant pensionsetitement and the lower the expected
social-security benefits. Thus, lifetime resouraed consumption decrease, under the
assumption that consumption in every period is @nab good [see Equation (3.4)].
Hence, household saving is reduced by less thanintrease in social-security
contributions. Consumption will decrease instead.

If p(x,)=1, thatis, if there is certainty that the fully-tled system will grant

pensions at retirement, then an increase in see@hity contributions reduces
household saving one-for-one. This is because effdot that the yield of social-
security contributions equals the market interast,r;, and hence lifetime resources

remain unchanged by the introduction of the fulipded system. I0< p(x,) < 1

however, then the reduction in household savirigss than one-for-one. In this case,
although the yield of social-security contributidesstill equal to the market interest
rate, the expected social-security benefits deerdasg to risk regarding the viability
of the social-security system. Lifetime resour@g] hence lifetime consumption fall
[see Equation (3.4)]. So, household saving is reduay less than the increase in

social-security contributions.
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Note that in the existing literature, the theaa&tianalyses do not take into
account the quality of institutions and its effect the probability that the social-
security system will grant pensions at retiremdifite above result differs from the
traditional life-cycle one, according to which inet fully-funded system the social-
security contributions reduce household saving fon@ne (Feldstein and Pellechio,
1979, Kotlikoff, 1979b) or even greater than onedoe (Hubbard, 1984).

Next, | examine how the institutional variables ahe debt-to-GDP ratio
affect the relationship between social-securitytdbations and household saving.
Firstly, from Equation (3.34), the effect k& on 0s,  /od, is calculated as follows:

asti!ﬁ ap(xt)
a( 2, j ~aacy) T

o(IC,) ) 1+r \r
1+, +( IJ
1+p

<0, (3.35)

because of my assumption thed(x,)/o(IC,) > . According to Equation (3.35), the

index of corruption affects negatively the impa€tsocial-security contributions on

household saving. Since the impact of social-sgcuwdntributions on household

saving is negative [see Equation (3.34)], the rédodn household saving caused by
an increase in social-security contributions wid greater the lower the level of
corruption (the higher the value ;). The interpretation of this result is similar to
that of Equation (3.28).

Next, taking the partial derivative @&,  /dd, with respect tdS yields

as,ﬁj ap(x,)
o —— ]
(Mt —~ 8(P$)( o <0, (3.36)

1

o(PS) ) 1+r \r
1+rt+( IJ
1+p
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because of my earlier assumption tlag(x,)/o(PS) > . Hyjuation (3.36) implies

that the index of government stability affects nagdy the impact of social-security

contributions on household saving. According to &opn (3.34), the impact of

social-security contributions on household savegegative; hence, the reduction in
household saving caused by an increase in so@alisecontributions will be greater

the higher the index of government stability. Theerpretation of this result is similar
to that of Equation (3.29).

Finally, | calculate the partial derivative 0§, ; /od, with respect tdDG; as

follows:

as{fyﬁ ap(xt)
a( ad, J BECOMR

8(DG,) ];

1+, +(1+ "
1

+p

because of my earlier assumption thp{x,)/0(DG,) < . Buation (3.37) suggests
that the debt-to-GDP ratio affects positively thenpact of social-security

contributions on household saving. According to &omn (3.34), the impact of

social-security contributions on household saviagnegative; thus, if there is an
increase in the debt-to-GDP ratio, the reductiorh@usehold saving caused by an
increase in social-security contributions will lesver. The interpretation of this result

is similar to that of Equation (3.30).

3.2.8.Privatepension plans and the possibility of collapse

There are three possible sources of income ateme¢int: public-pension

schemes, private-pension schemes, and individuahgaPrivate-pension schemes
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play an important role in many OECD countries, vehiitere is a need to supplement
the PAYG public pensions and ensure an adequagé ¢éwncome during retirement
for a large share of the population. The shardefworking age population (15 to 64
years of age) enrolled in private-pension planslioger in countries where
participation in these plans is voluntary (Antolfayet, and Yermo, 2012, pp. 6-10).
In this subsection, | take into account the posgibihat some working individuals
participate in private-pension plans. If the pensigystem (public or private)
collapses, because the contributions are lower tiharbenefits, the government will
step in and cover the difference, thus increagspudget deficit.

| consider two possible states of the world. Fitst pension system will grant
pensions to the old at retirement with probabilipgx;) using the workers’
contributions. Second, the pension system will apse, i.e., the workers’
contributions will not be sufficient, and so thevgmment will finance the benefits,
with probability 1 —p(x;). In the latter case, the government’s period-bsigul budget
constraint is given 5y

T, +D,+AQ,, =B +1Q, +G,, (3.38)
whereT; is general-government revenue, excluding socielisty contributionsDy;

Q, is general-government debt; aBgis general-government purchases of goods and

services. The left-hand side of Equation (3.38)yasents the sources of general-
government income, i.e., taxes collected by gengmlernment, social-security

contributions, and the issuance of new debt, wisetearight-hand side represents the
uses of general-government income, i.e., sociakktgdenefits, interest payments on

the public debt, and general-government purchasg®ads and services. Equation

%8 | am grateful to Professor Costas Azariadis fokimg this suggestion during my presentation at the
loannina Meeting on Applied Economics and Finafd¢AEF) on 22 June 2012, thus making the
model of section 3.2.6 more general.
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(3.38) can be expressed in per-worker terms bydutigi both sides by and using
Equation (3.1) L,,, =L, @+ n )as follows:

7, +d, + @+n)g,, =b +@+r)q, +9,, (3.39)
where the lower-case variables are the correspgndiniables of Equation (3.38) in
per-worker terms, e.gr, = Ti/L:.

Under a PAYG system, the expected pension benafits the weighted
average of the benefits financed by workers’ cbntions, b, = L+ n)d,,, (if the
system is sustainable) and those financed by tlvergment, in accordance with
Equation (3.39), i.e.p,, =7, ,+d,,, +@+n)q,, - @+r.,)d,—09,, (if the system

collapses), where the weights a(®&;) and 1 p(x;), respectively. Thus,

Et (bt+1) = p(xt )(1+ n)dt+l + [1_ p(xt )][Tt+l + dt+l + (1+ n)qt+2 - (1+ rt+l)qt+l - gt+1] : (340)

Equation (3.40) extends Equation (3.25) by considethe possibility of a collapsing
pension system. Substituting Equation (3.40) ingudion (3.19) and rearranging
yields

@+ 1S pave + P(X)INd,,; — 7y — A+ N, + A+ 1)y + Gl + 70

1+,
1+ p

2
+ dt+l + (1+ n)qt+2 - (1+ rt+1)qt+1 -0 = ( j (Wt - St,PAYG - dt)ut+l' (3-41)

Equation (3.41) is a modification of Equation (3,28e Euler equation for savifg.
Similarly, under a fully-funded system, the expgecbenefits are the weighted

average of the benefits financed by workers’ contions, b, , = 1+1,)d, (if the

29| estimated Equation (3.41) by GMM and NLLS, bould not obtain statistically significant and

correctly signed coefficients. A possible explamatfor this result is that, to my knowledge, in no
country of the sample has the pension system a@thpSo, | only present the results from the
estimation of Equation (3.26) transformed in logmse Equation (4.4) in Chapter 4].
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system is sustainable), and those financed by theergment (if the system

collapses), where, as before, the weightpérg and 1 4p(x;), respectively. Hence,

El (b[+1) = p(xt )(1+ rt)dt + [1_ p(xt )][Tt+l + dt+l + (1+ n)qt+2 - (1+ rt+1)qt+l - gt+1] ) (342)

Substituting (3.42) into (3.19) and rearrangingldsea modification of Equation

(3.32), that is,

(1+ rt)s,ff + p(Xt)[(1+ rt )dt - z-t+l - dt+l - (1+ n)qt+2 + (1+ rt+l)qt+l + gt+l]

1

1+

ro\r
T Tyt dt+1 + (1+ n)qt+2 - (1+ rt+1)qt+l — 0 = (ﬁj (\Nt - S[,ff - dt )ut+1'(3'43)

3.3. Conclusion

The impact of social-security contributions on &elold saving is decreased
(increased) when the probability that the socialisgy system will grant pensions to
the old at retirement is decreased (increased)hén fully-funded system, if the
probability that the social-security system wilagt pensions to the old at retirement
is less than one, the reduction in household sadung to an increase in social-
security contributions is expected to be less thiae-for-one. This differs from the
implications of the traditional life-cycle modeh the PAYG system, the reduction in
household saving caused by an increase in so@akige contributions cannot be
implied to be less (or more) than one-for-one, bseait is not known whether the
yield on social-security contributions is lower (@nmeater) than the real interest rate.
For example, if the yield on social-security cdmtitions is lower than the real interest
rate, the expected social-security benefits deeremsd hence lifetime resources and

consumption fall. Thus, household saving is redubgdess than the increase in
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social-security contributions. The opposite is tifighe yield on social-security
contributions is greater than the real interest.rat

In considering the effect of the institutional iadnies and of the debt-to-GDP
ratio on the relationship between the social-s&gcuwontributions and household
saving, the theoretical results suggest that thbt-eGDP ratio affects this
relationship positively, while the index of corrigst and the index of government
stability affect it negatively. Thus, the reductionhousehold saving caused by an
increase in social-security contributions is expddb be lower the higher the debt-
to-GDP ratio or the higher the level of corruptigine lower the index of corruption)
or the lower the degree of government stability.e Téffect of the institutional
variables and of the debt-to-GDP ratio on the pbdlta that the social-security
system will grant pensions is the channel throudfickv these variables affect the
relationship between social-security contributiamsl household saving. The effects
computed under the PAYG system have the same sigihoge computed under the
fully-funded one. Empirical investigation, howevas, required to quantify the

theoretical implications. This task is undertakemhie next chapter.
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CHAPTER 4: ECONOMETRIC ANALYSIS

4.1. Introduction

This chapter investigates econometrically the thgcal conclusions derived
under the PAYG social-security system in Chapt&t Siter describing the data sets,
| employ various panel unit-root tests to examihe stationarity properties of the
variables. Since there is no analytical solutioth®whousehold maximization problem
discussed in Chapter 3, the empirical counterplath® Euler equation for saving is
used as the basic specification of the economatrtysis.

| estimate the resulting regression equation usigGMM and the NLLS
estimation procedures and three panel data seisg e estimated coefficients, |
estimate the partial derivatives of the theoretimaldel given by Equations (3.27)-
(3.30). In particular, | estimate the effect of tebt-to-GDP ratio and of the index of
corruption on the probability that the PAYG systesiti grant pensions at retirement.
After examining the relationship between socialesiég contributions and household
saving, | estimate the effect of the debt-to-GDibrand of the index of corruption on
this relationship. | also linearize the regressguation and estimate it by GMM. In
this case, | also estimate the effect of the indéxgovernment stability on the
probability that the PAYG system will grant pensoand, by extension, on the

relationship between social-security contributiandg household saving.

% The limited availability of the data for the cories that use a fully-funded social-security sysasn
their primary system, e.g., Chile, Bolivia, etanpedes the econometric analysis of the theoretical
results derived in Chapter 3 under the fully-fundgdtem.
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4.2. Data description

The econometric analysis is based on the followlmge panel data sets: (1) a
balanced panel of annual data from 11 OECD cowmtnamely, Belgium, Canada,
Denmark, Finland, France, Germany, ltaly, Japae, Metherlands, the United
Kingdom, and the United States, for the period 128@9; (2) an unbalanced panel of
annual data from 25 countries, which includes ttevipus 11 countries, and 14 more
countries, namely, Austria, Cyprus, Czech Repubfisionia, Greece, Hungary,
Latvia, Lithuania, Norway, Poland, Portugal, SloakSpain, and Sweden, for the
period 1995-2009; and (3) a balanced panel of dntat@a from all the above 25
countries for the period 1995-2009. The inclusidnthee countries in the samples
depends on the availability of the data and onféloe that these countries generally
use a PAYG social-security systémThe sources of the data are as follows: (1)
AMECO, which is the annual macroeconomic databade tre European
Commission’s directorate for economic and financidfairs®? (2) the World
Development Indicators (WDI); (3) the Internatio&@hancial Statistics (IFS); and
(4) the International Country Risk Guide (ICRG).

The variables used here are household saving pg@togee &), social-
security contributions per employed;)( compensation per employe®;) gross
domestic product per employegdfe), general-government debt per employeiss],

general-government deficit per employedfe, the dbe/gdpe ratio OG), the

31 Their pension systems are a mix of different saeand work primarily on a PAYG basis. These
schemes are categorized into two tiers. The fimstudes public-pension schemes, which focus on
income adequacy during the retirement period. Hoersd includes public or private schemes, which
focus on replacing some level of previous earniings work. The first tier comprises of the basic
scheme, which pays flat-rate benefits, the incoestetd scheme, and the minimum-pension scheme.
The second tier comprises of the earnings-relatedtze defined-contribution schemes (OECD, 2009).

%2 AMECO contains data for the European Union coesircandidate for entry countries, and other
OECD countries.
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dfa/gdpe ratio FGy), total employmentTE), total unemploymenfl{U;, total number

of workers currently unemployed), the growth raté'B; (n;), the growth rate of U;
(nw), exchange rateER) (number of units of national currency per Eurthe
Consumer Price Index (CPI) with base year 2(®) the percentage change of CPI
(PE), ex-postreal interest rate constructed by deflating theimal interest rate by
the seriesPE (r;), and the GDP price deflator with base year 20G®)( The
variabless, d;, w;, dbe, dfg, and gdpe are expressed in thousands of Euros. The
variabless, d;, andw; are deflated by, while the variableslbg, dfa, andgdpe are
deflated byGP..

Regarding the institutional variables, | use soroktipal risk components of
the ICRG, namely, the index of corruptiolC{, the index of government stability
(PS), the index of socioeconomic conditionSQ), and the index of democratic
accountability DA,). IC; andDA; take on values between 0 and 6, witli® andSG
take on values between 0 and 12. The higher is tadiie the lower is the political

risk. (For the definitions of the variables and sloeirces of the data, see Appendix B.)

4.3. Econometric methodology and results

4.3.1.Panel unit-root tests

To begin with, in the case where the number of olag®nsT in each cross-

section, i.e., country, is small, the time-seriespprties of the panel data are usually a

side issue, but whef is growing, these properties become a centrakigguthe

analysis (Greene, 2008, p. 767). Before proceethnthe estimation procedure, |

apply various panel unit-root tests to examine $&tionarity properties of the
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variables. The estimated regressions and hypothesits can be distorted by
nonstationarity in the data and the causal relalipps can be spurious. Thus, the
implementation of unit-root tests is an importammsideration (Greene, 2008, p. 243).

| use the following six panel unit-root tests: {i¢ Levin, Lin, and Chu (2002)
(LLC) test; (2) the Breitung (2000) test; (3) thadi (2000) test; (4) the Im, Pesaran,
and Shin (2003) (IPS) test; (5) the Fisher-type rAagted Dickey-Fuller (ADF) test;
and (6) the Fisher-type Phillips-Peron (PP) tesaqifala and Wu, 1999). The LLC
and Breitung tests assume that there is a commdrram process across Cross-
sections, while the IPS, Fisher-ADF and Fisher-&¥stallow for individual unit-root
processes that vary across cross-sections.

Specifically, the LLC and Breitung tests considez basic ADF specification
from which an estimate of the autoregressive coefit is derived after some
auxiliary estimates. The lag length of the diffaxerterms may vary across cross-
sections, while the autoregressive coefficient Ssuaned to be identical. The null
hypothesis of a common unit-root is tested agaimstalternative of stationarity. In
the LLC test, under the null hypothesis, a modifiesfatistic {) for the resulting
estimate of the autoregressive coefficient is aggtigally normally distributed. As
well, in the Breitung test thiestatistic for the resulting estimator has asympadiy a
standard normal distribution.

In contrast to the LLC and Breitung tests, the H&slt has a null hypothesis
of stationarity for all cross-sections in the paaedl an alternative of a unit-root. This
test is similar to the Kwiatkowski, Phillips, Schithiand Shin (1992) (KPSS) unit-
root test, that is, it is based on the residuasnfthe regression of the variable of
interest on a constant, or on a constant and a.trBmo Lagrange Multiplier (LM)

statistics are formed, which are asymptoticallymmalty distributed. The&;-statistic is
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based on LM, whichassumes homoskedastic errors, whiledhstatistic is based on
LM,, which is heteroskedasticity consistent. In thespnce of autocorrelation,
however, the Hadri test appears to over rejechthlehypothesis of stationarity.

The IPS test averages thstatistics of the autoregressive coefficient frihra
ADF regression, which is estimated for each cressi@en separately; the resulting
statistic is known asbar test. In the general case, where the lag eimgthe ADF
regression may not be zero for some cross sectioassymptotic distribution of the
standardized-bar statistic (V) is the standard normal. Under the null hypothesis
there are unit roots in all cross-sections, whitder the alternative, there are no unit
roots for some cross-sections. It is also allowedsbme cross-sections (but not all) to
have unit roots under the alternative hypothesis.

Also, the Fisher-ADF and Fisher-PP tests combimeptiialues from a unit-
root test applied to each cross-section in the Ipdie asymptotic distribution of the
test statistics is chi-squarg®) with 2N degrees of freedom, whekeis the number of
cross-sections. The null and alternative hypothasz$formed as in the IPS test.

Table 4.1 reports the results from the unit-roadtdefor the 25-country
unbalanced panel produced by the econometric progdiews 6% The tests are
allowed to include individual constants or indivadiconstants and time trends. In the
Breitung test, both individual constants and tinemds are included. In the Hadri test,
the Z; and Z, statistics give similar results, so | only prestrd results for the Z
statistic. Thep-values are used to indicate the statistical Siganiice of the tests.

According to Table 4.1, the results of the testsrast in agreement. Overall,
for each variable, stationarity is supported byeast one unit-root test, so | take all

variables to be 1(0).

3 The results from the unit-root tests for the 1isttoy panel and for the 25-country balanced panel
are similar, so | do not report them.
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4.3.2.Empirical specification of the Euler equation

Since the hypothesis of 1(0) process is supportedtbeast one unit-root test
for all the variables of the empirical analysiqroceed to the estimation procedure.
As there is no closed-form solution to the housagmedximization problem described
in section 3.2, the empirical counterpart of théeEequation for saving is used as the
basic specification of the econometric analysisdeunthe PAYG system. Thus,

Equation (3.26) can be written as follows:

1
@+ r)s + P )@+ N )i [ 1+ p 7 = Ui, (4.1)
W — S, —d; L+1

wherei = 1, 2, ...,N (N is the number of countries) and= 1, 2, ..., T (T is the
number of observations for each counjry

To simplify to some extent the form of this nonkneequation | transform it

by taking logarithms as follows:

IN[A+1,)S, + PO )+ N )]~ NG, —S, —0) +— I+ p) - In+r) =Inu,. (4.2)
V4 V4

Substitute Equation (3.23p(x,) :1;“, into Equation (4.2) and take one period
+e %
lag, so that the variables are expressed in pasiroent values. The result is
* * * 1 *
Po + T +7Cy —y IN[(A+1_)S, 4 +m @+ )di ] =uy, (4.3)

where gy =—In(l+p), r, =In@+r,), ¢ =In(w, -s, —d,),** and u; =-yInu,.

The parametep, is approximately the rate of time preference wigigative sign,p,

34 Note that in the datay —s; — d; > O for each andt, so that the variable,” = In(w; —s; — dy) is a
finite number for eachandt.
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r. is approximately the real interest ratg, and ¢, is the logarithm of the first-
period consumption per employeg, =w, —S,, —d, .
To account for the effects of unobserved countmaracteristics that are

assumed to be constant over time, | add countrgifspelummy variablesF;, to

Equation (4.3) as follows:

*

* Nil * 1 *
By + § OF + 1 +7C . —yIn[A+r)s, + 1re P @+n)d]=u,. (4.4)
e

Equation (4.4) incorporatdd - 1 dummy variables, one for each country, except f
the last, which is taken to be the reference cqumtiong with the intercepts; .
Thus, each parametér represents the difference in the negative of tte of time
preference between couninand the reference country, for which the dumFpy,is
omitted from Equation (4.4). Equation (4.4) is basic specification of the estimating

equatior®
4.3.3.The GMM estimation procedure using ttfecountry panel

In this section, | estimate Equation (4.4) by GMdt the 11-country panel.
The moment conditions are derived under the assamghat the error term is

orthogonal to the 1M row vector of the instrumental variables (IV§), that is,
E[V'u’] =0, where0 is aMx1 column vector. The vectdf contains a constant, the

dummy variabled$-1, F», ..., andF, the once-lagged exogenous variabeg SG;,

% According to the comment made on Equation (3.Qeation 3.2.1 (see footnote 23), the error term
é.1 should take on values that are close to zero.rGikaty  =E [/@+¢ )""], it follows thaty , ~1,
and hencén(u,,,) = u, ~ 0. The data confirm this approximation. In the cakéhe 11-country panel,

the GMM residuals from my preferred regression ¢bée regression of Table 4.2) range from -0.053
to 0.084; in the case of the 25-country unbalargaatkl (see third regression in Part A of Table,4.3)
they range from -0.073 to 0.149; and in the cagh®D5-country balanced panel (see third regressio
in Part B of Table 4.3), they range from -0.064 1039.
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PS:, and DA; [since in Equation (4.4) these variables are asoe-lagged], and

variablesr,_., C; o, Stq Nitq i ICitqy SGrqy PStqy DAtq, DGit.q, FGitq, 9dP&.q,

andnui.q, Wwhereq = 2, 3, 4 (Hall, 1988, pp. 347-48) The vector of IVs includes

lagged variables that are included in Equation)(dstwell as lags of variables that

are not included. These IVs are correlated withwtheables employed in Equation

(4.4). The values oR? from the regressions of each of the endogenotiables C, ,

r, , St, andd; on the IVs are 0.96, 0.75, 0.94, and 0.98, respmyt

Note that the literature in dynamic panel-data nede concerned with the
consequences of using too many moment conditioradta@, 2008, pp. 164-66).
Using time-series data (a sample of 50 or 75 olsiemns), Tauchen (1986)
demonstrates that there is a bias/efficiency taftleas the number of moment
conditions increases, and thus he recommends thefusuboptimal instrument sets
in small samples. This problem, however, become® mmwnounced with panel data,
because the number of moments conditions increasesderably as the number of
exogenous variables and the number of time-selissrwations increase. Although it
is desirable from an asymptotic point of view t@® @ many moment conditions as
possible, it may be impractical to do so in mangesa Using a life-cycle labor-supply
model, Ziliak (1997) finds that the same tradelmdfween bias and efficiency exists
for panel data. In particular, he finds that thevdward bias in GMM is quite severe
as the number of moment conditions increases, agitnvey the efficiency gains.

As well, in panel data sets with long time seri® number of instruments

can increase by including instruments dated faw the past. The quality of these

% The use of time-aggregated variables, like vagsiheasured on a yearly basis, may introduce first-
order serial correlation not present in the origeraor term (Working, 1960, pp. 916-18). In pautar,

the error term may become a first-order moving agerprocess and be correlated with once-lagged
instruments. This problem is avoided by laggingititeruments more than one period (Campbell and
Mankiw, 1990, p. 268).
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instruments, however, is probably poor because thay be weakly correlated with

the endogenous variables in the equation. This weatkelation between the

instruments and the endogenous variables can ¢eladge standard errors and bias in
GMM (Ziliak, 1997, pp. 419-20). Overall, there ie nlear evidence in the literature
regarding the number of instruments used in GMMorder to achieve the best
empirical performance in terms of the bias/efficigtrade-off.

The GMM estimators are defined by replacing themaot conditions by their

N
sample counterparts, given dy/N)ZVi'ui* =0. These are the empirical moment
i=1

N
conditions, which can be written &%/ N)Z m. =m = 0. The intuition of the GMM

i=1
estimation is that it provides parameter estimatgsh that the empirical moment
conditions, which correspond to the number of g as close as possible to zero. If
there are more empirical moment conditions tharameters to be estimated, the

system is over-identified and may not have a un&plation (Greene, 2008, pp. 443-
45). The GMM estimates) = (5, ,7,6,, '), wherei = 1, 2, ..., 10, are obtained as
the solution to the following minimization problem:

minI1(g) = mem, (4.5)

where Q is a positive-definite weighting matrix, which danines the relative
importance of the empirical moment conditiGhsiny positive-definite matrix®

will produce a consistent estimatoré{Dejong and Dave, 2007, pp. 152-58, Greene,
2008, pp. 474-76). The weighting matri®,, employed here is computed to be robust

to heteroscedasticity and serial correlation. Spadly, clustered standard errors are

37 According to Hansen (1982), an optimal estimatéhefweighting matrix is given by the inverse of
the covariance matrix of the empirical moment ctiads. This matrix is computed iteratively. The
algorithm may fail to converge, however. Thus, &-eptimal weighting matrix can be computed,
which is adjusted so as to be robust to heterostiedg and serial correlatiorRats User's Guidepp.
279-83).
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used, which allow for arbitrary patterns of segatrelation and heteroscedasticity.
So, a consistent estimator @& is obtained Rats User's Guidepp. 184-87 Rats
Reference Manuap. 298).

The estimates are produced by the econometric emprogramWinRATS
Pro 7.0. The Gauss-Newton iterative algorithm is erpetb for the nonlinear
estimation. As starting value for each parametase zero. The estimates seem to be
robust to the choice of starting values. In paféicuusing 30 different combinations
of the values 0, 0.5, 1, and 1.5 for each paranyséds the same estimates.

To evaluate further the results, | test the validdf the over-identifying
restrictions by using the well-knowdistatistic, suggested by Hansen (1982). Under
the null hypothesis that the over-identifying rigstons are satisfied, that is, the
empirical moment conditions are close to zero, Jk&atistic is asymptotically
distributed ag/? with degrees of freedom equal to the number dfunsents minus
the number of estimated parameters.

| mainly employ the following three vectors of ¥%
V; = (ConstantFy, F, ..., F1o, Iy 5, Cy s, St-3, Nita Git-2, Ght-3, Ghia, ICit1, SGr1, SGees,
PSi-1, PSt-4, DAit1, DAt-2, DAi.3, DAita, DGit-2, DGit-3, FGit-2, FGit-3, FGit-4, gdpé.,
gdpe&-3, gdp&-4, NUt-2, NU:-3), Which containgvl = 37 IVs;
V, = (ConstantF, Fz, ..., F10, Iy 5, Cis» St2 St3 Nia, dis, 1Ci1, SGe1, SGea,

DAit.1, DAi.3, DAit.4, DGit2, DGit.3, FGi.2, FGit3, gdpé.2, gdpé.s, gdpé.s4, Nu.3),

which containgvl = 31 IVs; and

% | have chosen the IVs so as to achieve empiribantification (i.e., correct signs and statistical
significance) of as many parameters as possible.
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V3 = (ConstantFy, Fa, ..., F1o, Iy 5, Ci s» St2s St3» St4r N3, G2, s, 1Cita, ICi2,

SGe1, SGi2, PSt1, PSe2, DGits, FGits, gdpe-2, gdpe.s, gdpe.s, Nuz), which
containsM = 31 IVs.

The results are reported in Table 4.2. To begth,vdefiningx; = (DG;, ICj,
SGi, PS)' andg' = (81, f2, B3, fa), | estimate Equation (4.4) using the vector o$ IV

V1.%° This is the first regression reported in Table. ABte that the parametgris
estimated byp =e” —1 [since By =—In(lL+ p), see below Equation (4.3)] and its

standard errors@ is estimated bysgp) = e/ se(,Bg ,which is obtained using a first-
order Taylor expansion. Moreover, all the coefintgeof interest are correctly signed
and statistically significant except for the coeffnt of SG;, ,B3, and the coefficient
of PS;, ,34, which are wrongly signed and statistically insfigant.

Then, | exclude the variabl®S; (since its coefficient is found to be
insignificant and with lowet-statistic than that oﬁ’s) and re-estimate Equation (4.4)
using the vector of IV¥/,. This is the second regression reported in Talile The
coefficient of SG, ﬁg, is wrongly signed and statistically insignificamthereas the
other coefficients are correctly signed and siaallyy significant. Note that the
coefficient ,32 would be statistically significant at the 5-percdevel, if the

alternative hypothesis is considered to be onedsftie

%] also used alternative definitions xf, e.g.,x; = (DG, ICq, SGi, PS:, DAY, Xi = (DGy, ICi, PS:,
DAy)', andx; = (DG, ICi,, SG;, DAy)', and alternative vectors of IVs. These altenetifailed to yield
statistically significant and correctly signed dasénts, so | do not report them in Table 4.2.

* The signs of 3,, B,, and g, are expected to be positive, while that gf is expected to be

negative (see the end of section 3.2.4). The restirat an increase in the valuelGf;, or SG; or PS
(i.e., lower political risk) is expected to increagx;;), while an increase iDG; is expected to reduce
it. Thus, according to the assumptions of the thiéeal model, the tests of significance for the
coefficients g, ,, f,, and g, could be viewed as one-sided.
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Table 4.2. GMM and NLLS estimation results for fliecountry panel

p 7 B B, B B, J
0.098" 0.043° -17.3T  2.07 045 -028 0.022
GMM(V,)
(6.83)  (6.23) (-2.37) (1.78) (-0.65) (-0.41) (1.0
0.098" 0.0437 -15.33 1.78 -0.62 0.019
GMM(V>) _
(7.36)  (6.70) (-2.03) (1.65) (-1.00) (1.0)
0.0908" 0.044" -10827 0.73 0.027
GMM(Vs) _ _
(6.55)  (5.80) (-2.61)  (1.98) (1.0
0.071° 0.030° -10.87" 0.67
NLLS
(6.13)  (5.08) (-2.61) (1.21) B - B

Notes (1) ***, ** and * indicate statistical significace at the 1-percent, 5-percent, and 10-percent
level, respectively, assuming a two-sided altemeatiypothesis; (2) the values in parentheses below
coefficient estimates atestatistics, while those below tlestatistic argp-values.

To deal with these problems of empirical idenéfion, | also exclude the
variable SG; (since its coefficient is generally found to besigmificant) and re-
estimate Equation (4.4) using the vector of Vg This is the third regression
reported in Table 4.2, where all the coefficienveén the correct sign and are

statistically significant. The-statistic, which is distributed ag?,, x5, and y7 in

the first, second, and third regression of Tabls despectively, does not reject the
hypothesis of a correct model at any level of digance.

Now consider the third regression of Table 4.2,iclwhis my preferred
regression for the 11-country panel. The estimatdde of p, 0.098, is somewhat
larger than that found in the literatufeln contrast, the estimated valueyp.044, is
smaller than that usually found in the literatuneplying a higher interest sensitivity

of household savin.

“11n a different model of consumption with mortaliigk and bequests, Hurd (1989) finds an estimate
of the rate of time preference of 0.05, which imewhat large, but still smaller than what | find.

“2 Note, however, that Hansen and Singleton (198d)@ampbell and Mankiw (1989) find estimates
of y to be less than one and close to zero, usingreiftenodels and datasets.
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I now use the GMM estimates from the third regmssof Table 4.2 to
estimate the derivatives of interest (see secti@r6p To find the effect of the debt-

to-GDP ratio on the probability that the PAYG systewill grant pensions at

retirement, | estimate the partial derivatitg(xi)/6(DGy), using the coefficientss,

and $,. This derivative has the sign g, for eachi andt. The result implies that

DG;; affects negatively(xi), as expected (see the end of section 3.2.4).,Tthes
lower the debt-to-GDP ratio, the higher the proligbthat the PAYG system will
grant pensions at retirement.

As well, to find the effect of the index of cortign on the probability(x;), |
estimate the partial derivati@p(xi)/0(ICi), using the coefficientss, and f3,. This

derivative has the sign oﬁz for eachi andt. The result suggests thit;; affects
positively p(xit), that is, the lower the index of corruption (heghcorruption), the
lower the probability that the PAYG system will gtgpensions at retirement. These
results are compatible with the corresponding agsioms of the theoretical model
(see the end of section 3.2.4). Estimating thes#apderivatives at the sample means
of the variables yields the values of -0.16 andlQ.@spectively. The effect of
corruption on the probabilitp(xi;) is lower (in absolute value) than that of thetdeb
to-GDP ratio.

Next, consider the effect of social-security ctmnttions on household saving.
| estimate the partial derivatives/od; [Equation (3.27)] using the estimated
coefficients from the third regression of Table, &% preferred regression for the 11-
country panel. As expected, this derivative is fbua be negative for eachandt.
Estimating it at the sample means of the variayielsls -0.20. Thus, eeteris paribus
increase in social-security contributions (fromsgnple mean) by 1 euro is expected

to decrease household saving by 0.20 euros. Tidafy indicates that social-security
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contributions reduce household saving with offgsslthan one-for-one. The size of
this offset is similar to that found by some prexoempirical studies (King and
Dicks-Mireaux, 1982, Diamond and Hausman, 1984, banth, 1986), but is lower
than that found by some other studies (Feldsteith Rallechio, 1979, Kotlikoff,
1979b, Bernheim, 1987, Attanasio and Rohwedder3R0these studies use different
data sets and models, which do not consider thectefff institutional variables,
however.

Turning to the effect oDG;; on dsi/od;, | estimate the partial derivative
o(0s/odi)/o(DGy) [Equation (3.30)]. As expected, this derivative found to be
positive for each andt. Estimating this partial derivative at the sampleans yields
0.13. Thus, aeteris paribusincrease in the debt-to-GDP ratio by one percentag
point renders the impact of social-security conttitns on household saving less
negative by 0.13 (it becomes -0.07 from -0.20) sTeisult implies that the reduction
in household saving in response to an increaskearsocial-security contributions is
lower the higher the debt-to-GDP ratio.

Finally, | estimate the effect diCi; on osi/od; by estimating the partial
derivativeo(osi/odi)/o(ICit) [Equation (3.28)]. As expected, this derivatisdound to
be negative for eachandt. Estimating this partial derivative at the sampleans
yields -0.01. Hence, aeteris paribusdecrease in the index of corruption (higher
corruption) by one unit renders the impact of deségurity contributions on
household saving less negative by 0.01 (it becof@d® from -0.20). This result
suggests that the reduction in household savingechly an increase in social-
security contributions is lower when corruptionhigh than when it is low. At the
sample means, the effect of the debt-to-GDP ratidh® impact of social-security

contributions on household saving is greater thah af corruption.
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4.3.4.NLLS estimation using tHel-country panel

For comparison and to avoid the criticism of agimg empirical identification
(i.e., correct signs and statistical significanoé}the parameters by “appropriately”
choosing the Vs, | also estimate Equation (4.4)tle NLLS estimation method
using the 11-country panel. Again, the Gauss-Newtrative algorithm is employed,
where as starting value for each parameter | use 2e in the case of the GMM, |
obtain clustered standard errors, which allow fbiteary patterns of serial correlation
and heteroscedasticity.

To start with, | estimate Equation (4.4) by defipk;; = (DG, ICii, SG)'.** All
coefficients are correctly signed and statisticallynificant, except for,5’3, which is

wrongly signed and insignificant at conventionaldls t-statistics = -1.11). This
regression is not reported in Table 4.2. Thus, dlue the variablé&sG; and re-
estimate Equation (4.4) by settizg = (DG, ICyt)'.. This is the last regression of

Table 4.2. The estimates are similar to those pnetaby the GMM. All coefficients
have the correct sign and are statistically sigaift, except forﬁz, which is not

significant at conventional levels. | now use théHd S estimates to estimate the
derivatives of interest.

First, the estimated value of the derivatdgx;;)/0(DG;;) is negative and that
of the derivativeop(x;;)/o(ICy) is positive for eachh andt, as expected. Evaluated at
the sample means, the estimated values of thesedvixatives are -0.12 and 0.007,

respectively, which are similar to their GMM coumiarts (-0.16 and 0.01).

43| also used alternative definitions xy, e.g. Xy = DGy, ICy, SG, PSY)', it = (DG, ICyt, PS;, DAy,
andx; = (DG, ICy, PS)', but could not obtain statistically significaartd correctly signed coefficients,
so | do not report them in Table 4.2.
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Second, the estimated value of the derivatiggod; [Equation (3.27)] is
negative for eachandt, as expected. Estimating this derivative at thepda means
yields the value of -0.21, which is similar to tleatimated by GMM (-0.20).

Third, the estimated value of the derivatig@s/odi)/o(DGi)) [Equation
(3.30)] is positive and that of the derivatig€s:/od;;)/0(ICit) [Equation (3.28)] is
negative for each andt, as expected. Evaluated at the sample meansstineated
values of these two derivatives are 0.09 and -0Q.088pectively, which are also

similar to their GMM counterparts (0.13 and -0.01).

4.3.5.Estimation using th&5-country panels

4.3.5.1.GMM estimates from th2s-country unbalanced panel

In order to check the robustness of the resuksented in section 4.3.3 to
substantial changes in the sample, | estimate Enquét.4) by GMM using the 25-

country unbalanced panel. To begin with, | useftfiewing three vectors of IVs:
Vi = (ConstantFa, Fa, ..., Fa4, Iy 5, i s, Ciyy Ci_sy St2 M3, Git-2, ICit-a, ICita, SGe,
SGi2, PSt1, PSt2, PSts, PSts, DAta, DAw2, DGit2, FGit-2, FGit:s, FGia), Which
containsM = 46 1Vs;

V, = (ConstantFi, Fa, ..., Fas, Iy 5, ti 4, Ci_py Ci s, St Mit3, Gio, s, 1Cia, SGea,
SGi-2, PSt-1, PSt-3, DAt-1, DAit-3, DGit-3, FGit-3, NUt-3), which containgl = 43 IVs; and
V3 = (ConstantFy, F, ..., Faa, i 5, Tr sy Copy Crsy St2r St N2, Gz, ICita, 1Cis,
SGi1, SGi2, PSi-1, PSt-3, DAit-1, DAit-3, DGit-2, DGit.3, FGit-2, FGit-3), which containgvi

=45 |Vs.
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The standard errors are robust to serial cormgland heteroscedasticity. | use
zero as starting value for each parameter. As befeee section 4.3.3), | tried 30
different combinations of the starting values &, @, and 1.5 for each parameter and
obtained the same estimates. As well, | test theridentifying restrictions using the
J-statistic. The results are reported in Part A alb[€ 4.3.

First, | estimate Equation (4.4) using the vectars (DGy, ICit, SG;, PS)',
B = (B, Bo, B3, Ba), andV1.* This is the first regression reported in Part ATable
4.3. Again, | estimatg by p = e’ -1 and its standard error s p) =~ e/ se(,E’S )
All coefficients are correctly signed and statialig significant, except forﬁ3 and
,34, which are insignificant. (The coefficiepﬁ3 is also wrongly signed.)

Second, | exclude the variabRs; (since its coefficient,ﬁ4, is found to be

insignificant and with lowet-statistic than that oﬁ’s) and re-estimate Equation (4.4)
using the vector of IV¥,. This is the second regression reported in Past Aable

4.3. The coefficientso, y, and ,31 are correctly signed and statistically signifigant
while the coefficients, is wrongly signed and insignificant. Note that tuefficient

,32 would be statistically significant at the 10-percdevel, if the alternative
hypothesis is stated as one-sided (see sectids)4.3.

Third, | also exclude the variab®G; (since its coefficient is found to be
wrongly signed and insignificant) and re-estimatpi&ion (4.4) using the vector of

IVs V3. This is the third regression reported in Part fATable 4.3, where all

coefficients are correctly signed and statisticallynificant, except forﬁz, which is

4 As in the case of the 11-country panel (see seetiB.3), | also used alternative definitionsxef
e.g.. Xy = (DG, ICy, SG;, PS., DAy)', Xit = (DG, ICy, PS;, DAy)', andx;; = (DG, ICi, SG, DAy)', and
alternative 1Vs, but these alternatives failed ield/ statistically significant and correctly signed
coefficients.
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not significant at conventional levels. As wellgthstatistic, which is distributed as
12, x4, and y2 in the first, second, and third regression in Paxf Table 4.3,

respectively, does not reject the overidentifyiagtrictions in any case.

Now consider the third regression in Part A ol€a4.3, which is my
preferred regression for the 25-country unbalampzetl. The estimates pfandy are
similar to their GMM counterparts in the case o thl-country panel (see section
4.3.3). Also, the estimates gf andf, do not differ considerably from their GMM
counterparts in the case of the 11-country panele@ for the fact that in this case

the estimate of is not significant at conventional levels.

Table 4.3. GMM estimation results for the 25-coymanels

Part A. The 25-country unbalanced panel

p y B, A Bs B, J
| 0.053° 0.0327 -5.08 3.02 -1.03 0.25 0.052
GMM(V31)
(6.46)  (5.02) (-1.76) (1.66) (-1.26) (0.37) (1.0
|1 0.078" 0.0377 -455" 0.61 -0.15 0.054
GMM(V,) 3
(4.33) (3.79) (-6.10) (1.38) (-1.07) (1.0)
.| 0.084" 0.041" -5.09" 0.42 0.066
GMM(Vs) 3 B
(6.59) (7.21) (-3.27) (1.14) (1.0)
Part B. The 25-country balanced panel
. 0.059 0.041 -2.79 7.05 -155 -0.37 0.019
GMM(V1)
(1.93) (1.78) (-1.30) (1.60) (-1.24) (-0.53) (1.0)
.| 0.081" 0.048" -3.38 0.30 0.11 0.014
GMM(Vz) _
(3.58) (2.75) (-1.66) (1.65) (0.49) (1.0)
.| 0.078" 0.0427 -2.85 0.28" 0.013
GMM(V3) 3 B
(4.90) (3.83) (-1.67) (2.06) (1.0)

Notes (1) ***, ** and * indicate statistical significace at the 1-percent, 5-percent, and 10-percest,lev
respectively, assuming a two-sided alternative byggis; (2) the values in parentheses below caefiic
estimates arestatistics, while those below tlestatistic argp-values; (3) these results have been produced
by the computer econometric progranRATS Pr&.0.
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Then, | estimate the derivatives of interest usihg estimates from my
preferred regression in this case. First, | estmbe derivative®p(x;:)/6(DG;;) and
op(xi)/0(ICi). The first of these derivatives is negative faclkei andt, as expected,
and at the sample means it is -0.91. The secoritlesk derivatives is positive for
eachi andt, as expected, and at the sample means it is l@hsolute value, these
estimates are larger than their GMM counterpartthéncase of the 11-country panel
(-0.16 and 0.01).

Second, | estimate the derivat®s/odi, which is negative for eachandt, as
expected. At the sample means of the variables,d#iivative is estimated as -0.38,
which is larger (in absolute value) than its GMMunterpart in the case of the 11-
country panel (-0.20).

Third, | estimate the derivativeé®os/od;;)/0(DGi) and o(osi/odi)/o(ICi). As
expected, the first of these derivatives is posifior eachi andt, and at the sample
means it is 0.73. The second of these derivatveggative for eachandt and at the
sample means it is -0.06. In absolute value, tbetimates are larger than their GMM
counterparts in the case of the 11-country pandl3(@nd -0.01). For example, a
ceteris paribusncrease in the debt-to-GDP ratio by one percenfamint causes the
impact of social-security contributions on housdredving to increase from -0.38 to

0.35.

4.3.5.2.NLLS estimates from tt&5-country unbalanced panel

| also estimate Equation (4.4) by NLLS using thecuntry unbalanced

panel, since | have chosen the IVs so as to olefaipirical identification of as many

parameters as possible. | begin by defintpg (DG, ICit, PS;)', butPS; turns out to
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be insignificant ttstatistic = -0.52). Thus, | re-estimate Equatiért) by setting: =

(DG, ICi)". This regression is not reported in Table 4.Bil#e estimated coefficients
are correctly signed and statistically significaaxcept for the coefficient d€y, S,

which is not significant at conventional levetss(atistic = 1.18). The NLLS estimates
are similar to their GMM counterparts.

Then, | estimate the derivatives of interest gighre NLLS estimates. First, as
expected, the estimated valueop{x;;)/0(DGy) is negative and that ap(x;;)/o(I1Cy) is
positive for each andt. At the sample means of the variables, these wvivatives
are estimated as -0.77 and 0.12, respectively.rffe@s expected, the estimated value
of dsi/od;; is negative for eachandt, and at the sample means it is -0.69 [similar to
that found by Kotlikoff (1979b)]. Third, as expediethe estimated value of
0(0s/odi)/0(DGy) is positive and that af(ds/od;)/o(ICi) is negative for eachandt.

At the sample means of the variables, these twivateres are estimated as 0.58 and -
0.09, respectively. The estimates of these devieatiare similar to their GMM
counterparts in this case and are larger (in absoualue) than their NLLS

counterparts in the case of the 11-country panel.

4.3.5.3.GMM estimates from th2s5-country balanced panel

In this section, | estimate Equation (4.4) by GMMing the 25-country

balanced panel. | employ the following three veswirIVs:
Vi = (ConstantFy, Fz, ..., Fas, I, Cisr Stz St3 Nz, Gz, ICitt, SGet, SGea,

SGts, PSt1, PSi2, DAi-1, DAt-2, DGit-2, FGit.2, FGit.3, gdp&-2, NUi-2, NU-3), Which

containsM = 45 IVs;
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Vy = (ConstantFi, Fa, ..., F2a, 1, 5, I 5y Ci ns Cy 3y St-3, Nit-2, Nit-a, Git-2, 1Cit-1, 1Cit-3,

ICit-4, SGr-1, SGr2, PSt-1, PSt-2, PSt-3, PSt-a, DAit-1, DAit2, DGit-2, FGit-2, NUt-3), Which
containdM = 47 IVs; and

Vs = (ConstantFi, Fa, ..., Fag, Ir . Ty 5, Ciyy Ci sy St-3, Mit2s Nita, Gio, ICita, ICik-2,
[Cit.q, PSi-1, PSt-2, PSt-3, PSt-a, DAit-1, DAit-2, DGit-2, FGit-2), which containdM = 44
IVs.

The results are reported in Part B of Table 4i3tA estimate Equation (4.4)
using the definitiong = (DG, ICit, SG, PSY)', B' = (B1, B2, fa, fa), andVy.* This is
the first regression reported in Part B of Tabl8. 4’he estimates gf andy are
correctly signed and statistically significant; $koof$; and g, are correctly signed
and statistically significant only at the 10-percésvel and only if the alternative
hypothesis is considered to be one-sided (seeosetiB.3); whereas those £ and
B4 are wrongly signed and insignificant.

Second, since the estimatefafis found to be insignificant and with lower
statistic than that of the estimate/f | excludePS; and re-estimate Equation (4.4)
using the vector of IV&/, . This is the second regression in Part B of Tdbg In
this case, all the estimated coefficients are ctigresigned and statistically
significant, except for the estimatesfgf which is insignificant.

Third, to achieve empirical identification, | alsexclude SG; (since its
coefficient is found to be insignificant) and raieste Equation (4.4) using the vector
of IVs V5. This is the third regression in Part B of Tablg, 4vhere all coefficients

are correctly signed and statistically significafAt before, thel-statistic, which is

distributed asy/;, x7, and y/ in the first, second, and third regression in Badf

4 As before, | also used alternative definitionsxgf alternative IVs, and an alternative estimation
method (NLLS), but failed to achieve empirical itiBocation of the parameters.
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Table 4.3, respectively, does not reject the oeettiflying restrictions at any level of
significance.

Now consider the third regression in Part B of [€aB.3, which is my
preferred regression for the 25-country balancetepahese estimates do not differ
dramatically from their 25-country unbalanced paoelinterparts as well as from
their 11-country panel counterparts. Thus, it waudd be unreasonable to argue that
the estimates are robust to substantial changbe isample.

Using the estimates from my preferred regressiothis case, | estimate the
derivatives of interest, which have the expectegd $or each andt. Evaluated at the
sample means, the estimated valuegpgki;)/0(DG;i;) andop(xi)/o(ICi) are -0.67 and
0.07, respectively; that ofsi/od; is -0.50; and those of(dsi/odi)/o(DGi;) and
0(0s/odi)/o(ICj¢) are 0.54 and -0.05, respectively. These estimatesimilar to their
GMM and NLLS counterparts in the case of the 25atguunbalanced panel and are
larger (in absolute value) than their GMM and NLt&unterparts in the case of the

11-country panel.
4.3.6.Estimation of the linearized Euler equation usihgl1-country panel

The results obtained from the nonlinear Equatid)(may depend on the
choice of the starting values for the parameteftholigh the estimates seem to be
robust to the choice of starting values (see sestth3.3-4.3.5), | linearize Equation
(4.4) to deal with this potential problem.

To begin with, leading Equation (4.4) by one peéramd rearranging yields

. B Y4 1. 1
C=—"" _Z_Fi —— i+ ln[(1+ rit)sﬁt +—,pvx (1+ nit)dit+l] T U1 (4'6)
y =3r o7 1+e”™
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wherev, ,, = 1 u,,,. In Equation (4.6), | set
4

Bo o 1. 1
h(é:it ’a) =T - Z_Fi —— i+ In[(l+ Fig )St +—,ﬁvx (1+ My )dit+1] ) (4-7)
Yy o oay v 1+e"™

where &, = (F,,....Fy.1:»S:.N,,d...,X,) and a=(B,,7,8, #'). Thus, Equation
(4.6) can be written as follows:
c, =h(&,,a)+v,.,. (4.8)
Next, linearize the functiorh(é, a, in Equation (4.8) using a first-order

Taylor expansion (Greene, 2008, pp. 288-90). Ddfiecfollowing variables:

g, - Tond 2, (4.92)
9po y

i = ah(aitf”a) i (fé) 1 ¥ Z TRy )2 i (90

§§=%“igm=—y—%ﬁ,i:1,...,N-l, (4.9¢)
and

£ - ah((;fito, a) _ 1(1 - e i, (i:xnitz)dm | (4.9d)

Ao ens s e Qe
+e

wherek = 1, ...,K (K is the number of the variables included in thetweg;).
Considering the first-order Taylor expansion arotingl parameter valueg?,’ = ,0
y°=1, 5% =0, and %= Q the definitions (4.9a)-(4.9d) become

& =1, (4.10a)

Son =T » (4.10b)

E=-F,i=1,..,N-1, (4.10c)

and
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g = Xt 1+ N )i k=1, ...K. (4.10d)
T AQ+rn)s, + 20+ 0 )dy,

As well, the definition (4.7) a&° becomes
. 1
h(é:it ’ao) =—h + In[(L+ T )St + E @+ M )dit+1] . (4-11)

Thus, for the given value af®, the definitions of’, , &5, &5 Eay» andh(&,,a°%)

are functions only of the data, not of the unkng@anameters.

Now define
0 0 %0 20 020 NN <020 . X 5020
Ci =Cy —N(&,27)+ By S +7 o +Z5i Sa +Zﬂk§4k,it : (4.12)
i=1 k=1
Given the definitions (4.10a)-(4.10d) and (4.11Qué&tion (4.12) ak® becomes
0 . . 1
Cit = Cit + 2rit - In[(1+ rit )Sn +§ (1+ nit )dit+1] . (4-13)

Finally, | obtain the following linear equation:

N-1 K
. = ﬂoé:l(,)it +7/§g,it +Z5|§3?| +Zﬂk§£(1)k,it + 0, (4.14)
i=1 k=1
or
. s . 8 K X @+ n.)d.
Cl=—Po+/ —» 6 F + N Lozl +00 4.15
it ﬂo 7rlt |Z:1: i ;ﬁk 4(1+ rit)slt + 2(1+ nit)dit+1 it+1 ( )

where v? , contains both the error term,, and the error from the first-order Taylor
expansion of the functioh(é, a,.)

| estimate Equation (4.15) by GMM using the 11+toy panel; settingqi =
DG, it = ICit, Xait = SG, andxst = PS(;*® and employing the following three vectors

of IVs, where the 1Vs are lagged at least once ¢setdon 4.3.3):

“%| also estimated Equation (4.15) by NLLS usingtfecountry panel, and by GMM and NLLS using
the 25-country unbalanced panel as well as theo2Bicy balanced panel, but failed to achieve
empirical identification of most of the parameters.
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Vi = (ConstantfFy, F, ..., Fio, rit*—l’ rit*—2' rit*—3' gé?l,it—l' 522,it—2’ 522,it—3' gétl)ait—l' 524,it—2’
Easis), Which containdl = 20 1Vs;

V, = (ConstantFy, Fa, ..., F1o, Ty 1, Te o» Tegs Conias Eoniar Eonitzr Eosi_p)s WhiCh
containsM = 18 IVs; and

V3 = (ConstantFi, Fa, ..., F1o, o4y T os Eoins Eonnar Emnsr Eonis)s Which
containsM = 17 IVs.

The results are reported in Table 4.4. To staitt,wiestimate Equation (4.15)

using the vector of IV4/1 . This is the first regression reported in Tablé. All
coefficients are correctly signed. The coefficiehtCj;, ,32, and that oPS;, ,34, are
statistically significant t¢statistic = 2.40 and 1.69, respectively), wherd¢hs
coefficient ofDGy, ,, and that oSG, f3,, are not significantt{statistic = -1.11 and
0.14, respectively).

Then, | excludes,,, (since its coefficient, is insignificant and with a lower
t-statistic than that of3,) and re-estimate Equation (4.15) using the veatdV's V, .
This is the second regression reported in Table Again, all coefficients have the
correct sign. The coefficient;@l and ,34 are statistically significant, whereas the
coefficient 3, is not significant at conventional levels. Not@wever, that the
coefficient ,32 would be statistically significant at the 10-percdevel if the

alternative hypothesis is stated as one-sideds@e®n 4.3.3).

To achieve empirical identification, | also exaud,,, (since its coefficient

,32 is insignificant at conventional levels) and réraate Equation (4.15) using the

vector of IVsVs . This is the third regression of Table 4.4, whaltecoefficients are

correctly signed and statistically significant. Thatatistic, which is distributed as
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1%, y%, and 2 in the first, second, and third regression of EabK, respectively,

does not reject the overidentifying restrictionsiny of these regressions.

Now consider the third regression of Table 4.4,iclwhis my preferred
regression in the case of the linearized Euler #gualhe estimate of is larger than
that usually found in the literature, while theimsite ofy is similar to that found by
Campbell and Mankiw (1989) using a different moaledl dataset, however. As well,
the estimates gf andy are much larger than their GMM counterparts in¢hse of
the nonlinear Euler equation (4.4) (see the thagression of Table 4.2 in section
4.3.3). In contrast to their GMM counterparts ire tbase of the nonlinear Euler
equation, the estimate ¢f is significant even at the 1-percent level, white
estimate off, is not significant at conventional levels. The sidhese estimates is
somewhat different from that of their GMM countatgan the case of the nonlinear

Euler equation (4.4).

Table 4.4. GMM estimation results of the linearifader equation

p 7 By B, Py B, J
0760 029 -0.76 035 0.03 044 0.24
GMM(V1)
(3.22) (0.13) (-1.11) (2.40) (0.14) (1.69) (0.99)
0.43" 215 -1.25 0.39 0.61" 0.36
GMM(V2) _
(2.01) (0.82) (-1.72) (1.56) (4.29) (0.95)
039 482" -157 0.83" 0.27
GMM(V3) _ _
(1.68) (2.50) (-2.15) (8.13) (0.97)

Notes (1) ***, ** and * indicate statistical significace at the 1-percent, 5-percent, and 10-percent
level, respectively, assuming a two-sided altemeatiypothesis; (2) the values in parentheses below
coefficient estimates atestatistics, while those below tlestatistic arg-values; (3) these results have
been produced by the computer econometric profémRATS Pr&.0.
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In what follows, | estimate the derivatives ofargst using the estimates from
my preferred regression in this case. First, Inesté the derivativesp(xi;)/o(DGi)
and op(xi)/0(PS). The first of these derivatives is negative facki andt, as
expected, and at the sample means it is -0.006;wiki much smaller (in absolute
value) than its GMM counterpart in the case ofribalinear Euler equation (4.4) (see
section 4.3.3). The second of these derivativgesitive for each andt, as expected,
and at the sample means it is 0.003.

Second, | estimate the derivativs/od;. As expected, this derivative is
negative for each andt, and at the sample means it is -0.99, which igelafin
absolute value) than its GMM counterpart in theeaalsthe nonlinear Euler equation
(see section 4.3.3). Henceceteris paribusncrease in social-security contributions
(from its sample mean) by 1 euro is expected toedse household saving by about 1
euro. This result suggests that social-securitytrdmrtions reduce household saving
with offset almost one-for-one. The size of thigsef is similar to that found by
Feldstein and Pellechio (1979) using different dettd a different model.

Third, | estimate the derivativé®os/od;;)/0(DGi)) and o(osi/odi)/o(PS:). As
expected, the first of these derivatives is posifior eachi andt, and at the sample
means it is 0.003, which is much smaller (in abwolualue) than its GMM
counterpart in the case of the nonlinear Euler egugsee section 4.3.3). The second

of these derivatives is negative for eaemdt and at the sample means it is -0.002.

4.4, Summary

In this chapter, | have used three panel data aats two estimation

procedures, GMM and NLLS, to estimate the coeffitseand the derivatives of
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interest (see Chapter 3). The results generallyfiroonthe implications of the
theoretical model. Estimating the nonlinear Eulguation (4.4) by GMM, the debt-
to-GDP ratio and the index of corruption are fotmdbe statistically significant, while
some other institutional variables, e.g., the in@éxgovernment stability and the
index of socioeconomic conditions, are insignificarhe NLLS estimation procedure
yields almost the same results as the GMM, exdggitthe index of corruption turns
out to be insignificant at conventional levels. Eaver, estimating the linearized
Euler equation by GMM, the debt-to-GDP ratio ané ithdex of government stability
turn out to be statistically significant, while tivelex of corruption is insignificant at
conventional levels. The estimates obtained from ttiree panel data sets do not
differ dramatically, so it would not be unreasomald argue that they pass the
robustness test. In the next chapter, since thesdimld maximization problem
(described in Chapter 3) has no analytical soluticzalibrate the model to obtain a

numerical solution and examine the relationshipga/éen the variables of interest.
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CHAPTER 5: CALIBRATION

5.1. Introduction

The household maximization problem described inpB#ra3 has no analytical
solution. Hence, in this chapter, | employ a nugarisolution method, namely
calibration. Calibration of a model involves thettisg of specific values for the
parameters to replicate a benchmark data set asmtigel solution (Dawkins,
Srinivasan, and Whalley, 2001, p. 3656). Calibrgtimowever, remains an imprecise
term and no single set of calibration proceduréstex

In general, calibration involves the following steg-irst, the choice of the
model is usually based on the theoretical litemtamd depends on the question that
the researcher is seeking to answer as well agsofeasibility. In particular, the
choice of functional form is influenced by the filsglgty of computing the equilibrium
process of the model (Kydland and Prescott, 19p6/p-73). Convenient functional
forms for the production function (e.g., a Cobb-Dias production function), the
utility function, and for the processes that ddseithe evolution of the capital stock
and of productivity shocks are commonly used.

Second, the choice of values for the model paramete based on the
literature and/or on the model’s fit to the actdala, that is, setting values to the
parameters so that the behavior of the model matébatures of the actual data
(Cooley and Prescott, 1995, p. £5)The use of econometric estimates of elasticities

from the literature may face some problems, igtim@ates may differ widely or may

*" This can be done by substituting into the eqiilitor conditions of the model the sample means of
the variables from the actual data and then byirglthese conditions for the parameter values.
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be contradictory. As well, the use of parameteimedes from microeconometric
studies in dynamic macroeconomic models can beeadshg when the economic
environment for the two models is different (Hansed Heckman, 1996, pp. 97-98).
These problems may be a source of uncertainty idetnepecification, which can be
dealt with by carrying out sensitivity analysisgee how the results are affected by
different choices of parameter values.

Third, after choosing functional forms and assignvalues to the parameters,
the equilibrium process of the model is computed artificial time series of the
desired length are generated. Then, a set oftgtatihat summarize certain features
of the actual data, such as second-order sampleemtsrare computed. As well, the
same statistics are computed for the artificiahd&tydland and Prescott, 1996, p. 75).
Finally, the statistics of the artificial data a@mpared with the statistics of the actual
data. The adequacy of the model can be evaluatéoebyegree to which the statistics
of the artificial data match with those of the attdata.

In this chapter, | calibrate the model (presente@hapter 3) to examine its
consistency with certain features of the actuahdatd then use it to examine the
relationships between the variables of interespdricular, | transform the system of
equations presented in section 3.2.4 in per effedtibor terms, so that this system is
expressed in terms of stationary variables, andpcenthe steady-state equilibrium. |
calibrate the model by assigning values to therpatars and examine whether the
model can replicate some features of the actual flatn the U.S. economy reflected
in the second-order sample moments, e.g., stam#adtions and correlations. After
computing the state-state values of household gaeapital stock, real wage, and the
real interest rate, | compute the general-equiibrieffects of the PAYG social-

security system on these values. Holding constemtreal wage and the real interest
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rate, | also compute the corresponding partialdgiiim effects. In addition,
considering that the PAYG system may not be sustdén | examine the effects of a
collapse of the PAYG system on the state-stateegabf household saving, capital
stock, real wage, and the real interest rate. iBhiecause of the fact that | could not
achieve empirical identification in this case (seetion 3.2.8). Since the steady-state
values of the variables depend on the calibratednpeters, | examine the sensitivity
of the results to changes in the values of therpaters.

| also calibrate the model to match features ef Mexican economy, which
employs a fully-funded social-security system, gdime same procedure as that in the
case of the U.S. economy. Finally, | examine thfect$ of a transition from the
PAYG system to the fully-funded system, which inaficed by the government
budget, on the steady-state values of householdgasapital stock, real wage, and

real interest rate.

5.2. The mode

To begin with, | express the system of equatiaesgnted in section 3.2.4 in
terms of stationary variables (without trend), bBattthese variables converge to the
steady-state equilibrium (Hansen and Prescott,  199383). Therefore, | express the

system of equations in per effective labor termbgws:

_ ¥ y
E{fn } _ @) @ p) 6.0
C2t+l 1+ rt
Elt:\xlt_gt_d"t’ (5-2)
~ 1+r1, < ~
Et (02t+1) = 1 § + Et (bt+1) ) (5-3)
+I,
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PPN E— (5.4)
Y@+ n)@+r,) ]

W, = - AV, (5.5)
Y
r = ,BT, (56)
K,
y, =e*k/, (5.7)
and
7, =pz,, + 8, (3.10)

where the variables with the tilde are the corresipny variables in per worker terms
divided byA, e.g.,C, =c, /A, W, =w, /A, § =5 /A, etc. Equation (5.1) is the
Euler equation for consumption per effective labehjch corresponds to Equation
(3.8). Equations (5.2) and (5.3) are the budgesitamts of the first and of the second
period, respectively, in per effective labor terfaguations (5.4), (5.5), and (5.6) are
the corresponding Equations (3.17), (3.12) and3}3.Gespectively, in per effective
labor terms. Also, Equation (5.7) gives product gféective labor. (For the derivation
of Equations (5.1)-(5.7), see Appendix C.)

Then, | compute the steady-state value of thetalagtiock per effective labor
(see Appendix D). In the steady state, in the ateseh expectational and productivity

shocks, the variables (expressed in per effectomrl terms) are constant. Thus,

setting expectational and productivity shocks eduoatero, andlzt+l :IZt =k, the

steady-state value of the capital stock per effedabor, k', is given by

1y 1

K =Jla-pk’-d a*‘*fl |- COEA i), 5.8)

QAP 4@y || QKPP
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Solving Equation (5.8) fork " ,*® substituting the resulting equation into Equation

(5.7), and eliminating the productivity shozkyields the steady-state value of product

per effective labory” =k .

5.3. Implementation and results

5.3.1.Introducing the PAYG sociaecurity system

In this section, | calibrate the model to matchtdiees of the U.S. economy.
After computing the steady-state values of housklsalving per effective labor,
capital stock per effective labor, real wage pdeative labor, and the real interest
rate, | examine the effects of the PAYG social-sigisystem on these values. As |
described in section 3.2.6, under the PAYG systagneikpected benefits per worker

are given byE (b,,) = p(x,)@+ nd,., [see Equation (3.25)]. In addition, | assume that

the PAYG system is self-financing, that is, it isaihnced by workers’ contributions
and not by the government. The only role of theegoment is to administer the
PAYG system, e.g., it chooses the contribution, ratdlects the contributions, and
pays the benefits (Imrohoroglu, Imrohoroglu, anohds, 1995, pp. 87-88).

| also consider two possible states of the woskek(section 3.2.8). First, the
PAYG system will be sustainable, i.e., it will gtgyensions to the old at retirement

using the workers’ contributions. Second, the PA%@tem will collapsé? i.e. the

8 Equation (5.8) is solved numerically foe (see section 5.3), due to difficulty in obtainiag
analytical solution.

9 Cooley and Soares (1996) consider that the agirtheo baby-boom generation (born in the late
1940s and the early 1950s) and the increase ishhee of the population over the age of 65 would
cause the PAYG system to collapse (that is, indiaisl would abandon the public PAYG system in
favor of a private-pension system), assuming thatRAYG system is simply a tax and transfer system.
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workers’ contributions will not be sufficient tonfince the pension benefifsSo, |
consider the dummy variablgum,g: [in the place of the probabilitp(x;)], which
takes on the value of one if the PAYG system isasngble and zero otherwise. Thus,
the expected benefits per worker are given by

E (b,,) =dum,, (1+n)d,,,. (5.9)
Substituting the definitionsbm:~t+lA+1 and dt+1=at+1'°\+1 into Equation (5.9);
dividing both sides of the resulting equation By and using Equation (3.11),
A., = @+r,)A; gives the expected benefits per effective labor:

E, (b,,) = dum,, (L+ n)d,,,. (5.10)

Substituting Equation (5.10) into (5.3) yields

- 1+
Et (C2t+l) = 1

"5+ dumy,, @+ n)d,,,. (5.11)
+I, '

Equation (5.11) is the second-period budged constiia per effective labor terms
under the PAYG system.

In order to obtain a numerical solution (compute tquilibrium) for the
model [which consists of Equations (5.1)-(5.2)4§{55.7), (5.11), and (3.10)] under
the PAYG system, | calibrate the model to matchuies of the U.S. economy. | use
annual data from the U.S. for the period 1980-2U1Rote that the U.S. mainly

employs a defined-benefit PAYG system financed bgoatribution rate of 12.4

If, however, workers must honor their obligationghte current retirees, then the PAYG system would
not collapse.

* |n the case of collapse, | assume that individwéls replace the PAYG system with a private-
pension system, e.g., a private fully-funded syseee section 5.3.3).

®1 As in the econometric analysis (see Chapter 45trabthe series are obtained from AMECO; the
interest rate is obtained from the IFS; and the @ation rate is obtained from the WDI. The
variables are expressed in thousands of U.S. dpllarconstant 2005 prices. The definitions of the
variables are given in Appendix B.
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percent on labor income (Gern, 2002, p. 466). Thepeter values are chosen as
follows.

First, | assume that individuals are born andretite workforce at the age of
21. A period in the model corresponds to 14 ye@moley and Soares, 1999a, p. 150).

The growth rate of employmenmt, is set to be 0.011 per year (the average groateh r
of employment in the U.S. for the period 1980-20T0jus, sincell+ 001)* ~ 117

it follows that the growth rate for the 14-yearipdris about 17 percent.

Second, the growth rate of technology, which is approximated by the
average growth rate of real GDP per employee ind& for the period 1980-2010,
is set to 0.016 per year (Cooley and Prescott, 18980). For the two-period model,
14 years per period, this value corresponds toviiee of 0.25. Third, following
Hubbard and Judd (1987), the share of capital enptfoduction functiong, is set to
be 0.3.

Fourth, in the literature, there is a wide rangesimpirical estimates of the
coefficient of relative risk aversion, For example, Hansen and Singleton’s (1984)
estimates range from -1.26 to 1.59. | geto 0.1, as a benchmark case. Fifth,
following Hubbard and Judd (1987), the rate of tipneferencep, is set to 0.015 per
year, which corresponds to the value of 0.23 fertito-period model.

Sixth, in order to set values for the paramejieendo, in the process that

generates the productivity shock,= uz,_, + ¢, [see Equation (3.10)], | consider the
properties of the Solow residuals, which are caled as follows (Cooley and
Prescott, 1995, pp. 21-22). Taking logs in Equa(sr), y, =e* Ef'; then taking

first-differences in the resulting equation; andrranging yields

z—27,=InY, ~In¥_, - Blnk —Ink_). 18)
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Using the value gf = 0.3 and the serie and Et 2| construct the series—z.1, the

Solow residuals. Settingz = z — z.1 = w, WhereA is the difference operator, |
recover the seriesz from the series w; using the transformation
z=Y0,=0+0_,+0,_,+.., Wwhere X is the summation operator, with initial
value forz zero @ = 0) (Box and Jenkins, 1976, p. 12). Assumingrst-firder
autoregressive process [AR(1)] for the construcedesz, and estimating it, the
estimates of: andg, are 0.90 and 0.013, respectively (Hartley, Salgad Sheffrin,
1997, p. 8). The choice of the parameter valuethi®ebenchmark case of the model

are summarized in Table 5.1.
In Equations (5.2) and (5.11), | séﬁ = 0124w,, assuming that under the

PAYG system the contribution rate is 12.4 percéniio(see above). So, the variable

~

d, is endogenously determined. As well, in Equatiénll), | setdumpg: = 1,

assuming that the PAYG system has not collapsed.
Then, to compute the equilibrium, | solve the @ty version of the model
(ignoring E;) using the Newton’s iterative method for nonlinesquations. The

computations are produced by the econometric pnodgtsiews6. Hence, | obtain

artificial time series for the variableg,, k., S, C,, C,, W, andr;, which are

endogenously determined. Only the variable exogenously determined.

Table 5.1. Benchmark parameter values under the@system

Parameter n ra S y p U O

Value 0.17 0.25 0.3 0.1 0.23 0.9 0.013

2 The series y, and E are calculated by using actual data and by usimg definitions

V=Y. /A=y, A @+r,) and[{ =k /A =k [ A@+r,)', respectively, wheréy is set to be I, is set to be
0.016,y; is real GDP per employee, akds real net capital stock per employee.
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| examine whether the model can replicate somturfes of the actual data
reflected in the second-order sample moments, etandard deviations and

correlations. Thus, 1 first calculate these secordkr sample moments of the actual

data from the U.S. economy for the variables adriest, i.e..y,, k., §, W, andr.>®

In particular, | take logarithms to the variablgs, l?t S, and w, and apply the

Hodrick-Prescott (H-P) filter to the resulting \asles and to; in order to represent
the growth and the cyclical component of theseabdeis (Cooley and Prescott, 1995,
pp. 27-29%* | calculate the standard deviations of the cytlammponents of these
variables and the correlations of the cyclical congnts of these variables with the

cyclical component ofy,. Then, | calculate the corresponding second-osdenple

moments of the same variableg ( k., §, W,, andr,) for the artificial data. Finally, |

compare these second-order sample moments for tbealadata with the

corresponding ones for the artificial data. Thailtssare reported in Table 5.2.

In the model,y,, l?t and w, fluctuate about as much as they do in the U.S.
economy, whiles andr; fluctuate less than they do in the U.S. econonigo An the
model, all variables except for fluctuate about as much ag, implying that these

fluctuations are accounted for by the processdbkaterates the productivity shork
which is the only source of uncertainty. In the miothiowevery; fluctuates much less
than it does in the U.S. economy, suggesting tiaeffect ofz onr; is canceled out

[see Equation (5.6)].

3 The seriesg and { are calculated in the same way as the sejjeand k , that is, using the
definitions §=5/A=s5/A(@+r) and w=w/A=w/A@+r,), respectively, wherg is real household
saving per employee amg is real compensation per employee.

* In the H-P filter, the smoothing parameterwhich reflects the relative variance of the growt

component to the cyclical component, is set to @@ fbr annual data. The higher the valuelofhe
smoother will be the growth component (Hodrick &rdscott, 1997, pp. 3-6).
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Table 5.2. Standard deviations and correlationsS- Economy and model

U.S. economy Model

Standard Correlation Standard Correlation
Variable deviation with 'y, deviation with 'y,
Y, 0.010 1.000 0.022 1.000
k. 0.010 0.263 0.024 0.855
S 0.092 -0.405 0.023 0.993
I, 0.012 0.163 0.0004 0.148
W, 0.013 0.765 0.022 1.000

Note The standard deviations and correlations Witlare calculated for the period 1985-2010 (instead
of the period 1980-2010) to avoid the influencehef starting values.

Regarding the correlations &, §, r, and ® with ¥, these variables, with
the exception ofr; are highly correlated withy, in the model. This result also
suggests that there is only one exogenously detedmshock Z) in the model
economy, which affects these endogenously detedniaeables. In addition, in the

model, all the variables are positively correlateith y,, as they are in the U.S.

economy, except fos , which is negatively correlated.

Generally, the results suggest that the modeteplicate some features of the

U.S. economy reflected in the reported standardatlems and correlations witly,

but clearly not perfectly. There are also someufiest of the actual data that have not
been captured by the model. A problem is that #eables of the model may not
correspond exactly to the variables of the acta# drom the U.S. economy (Cooley
and Prescott, 1995, p. 35).

In what follows, | compute the general-equilibriueffects of the PAYG

system on the steady-state values of householdgg@eér effective labor and capital
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stock per effective labor and, by extension, onstieady-state values of the real wage
per effective labor and the real interest ratew&, holding constant the real wage
per effective labor and the real interest ratepinpute the corresponding partial-
equilibrium effects.

To start with, | compute the steady-state valkeéss’, W', andr” under the

PAYG system. First, | compute the steady-stateevafithe capital stock per effective

labor, k', substituting into Equation (5.8) whedt= 0124(L— A)k”%® and where

b= dum,, (L+n )0124(1—ﬂ)|?’g 6 wheredumyg is set equal to one, assuming that the
PAYG system has not collapsed. Then, | computestibady-state value of household
saving per effective labors™, by substituting the value d" into Equation (5.4),

S =@+n)@+ rA)IZHl. Finally, | compute the steady-state values ofrded wage per

effective labor,W , and the real interest rate,, by substituting Equation (5.7) into

(5.5) and (5.6), respectively, settingequal to zero, and substituting the valuekof

into the resulting equations.
Then, | compute the (proportional) change in tteady-state valuek ", §',

W, andr” from a steady-state equilibrium with no PAYG systto a steady-state
equilibrium with a PAYG system financed by a cdmiition rate of 12.4 percent.
Note that the PAYG system causes a reduction irstisedy-state value of household
saving, and hence in the steady-state value otdpéal stock [see Equation (5.8)],
which in turn causes a reduction in the steadyestatue of the real wage and an

increase in the steady-state value of the reatasteate (see above). In addition, the

® This equation is obtained by settiﬁg: 0124w, ; substituting Equation (5.7), = e* Ef’ into (5.5),
W = (1- p)¥; and the resulting equation inth = 0124%, ; settingz = 0 andk =k

* This equation is obtained by substituting into &ipn (5.10) (ignoring E) where
d = 01241- Bk
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reduction in the steady-state value of the realemzauses a further reduction in the
steady-state value of household saving, while iseease in the steady-state value of
the real interest rate has an ambiguous effechersteady-state value of household
saving (see Appendix E).

The general-equilibrium effect of the PAYG systemthe steady-state values
of household saving and capital stock can be eitagger or smaller than the
corresponding partial-equilibrium one. This is hew in the general-equilibrium
model, the effects of the PAYG system on the stesdte values of the real wage and
the real interest rate feed back into the model affect the steady-state values of
household saving and capital stock (Kotlikoff, 1878. 241). The effect of the real
wage on household saving is positive (see Apperit)ix and thus the general-
equilibrium effect of the PAYG system on the steathte values of household saving
and capital stock becomes more negative than thresponding partial-equilibrium
one. In contrast, since | assume thatl (see Table 5.1), the effect of the real irgere
rate on household saving is positive (see Apperigix and thus the general-
equilibrium effect of the PAYG system on the steathte values of household saving
and capital stock becomes less negative than thespmnding partial-equilibrium
one. Therefore, whether the general-equilibriunectfiis larger or smaller than the
partial-equilibrium one depends on the relativee Sif these two effects. Table 5.3
reports the results.

Regarding the partial-equilibrium effects, theraofuction of the PAYG
system causes each sf and k" to decrease by 26.5 percent. Turning to the génera
equilibrium effects, the introduction of the PAY@stem causes each sf and K’
to decrease by 14.9 percent; it caugesto decrease by 4.7 percent; and it increases

r' by 0.4 percentage points. Also, the general-dojiilin effects of the PAYG
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system ons’ and k" are smaller (in absolute value) than the corredipgnpartial-
equilibrium ones.

The general-equilibrium effect of the PAYG systemthe steady-state value
of capital stock is similar to that found by Kot (1979a). Using a life-cycle model
with certain longevity, a Cobb-Douglas productiamdtion, and various parameter
values, he suggests that this effect ranges froto 2Q percent. This effect, however,
is lower (in absolute value) than that found by blatl and Judd (1987), who used a

life-cycle model with uncertain longevity and ligiity constraints.

Figure 5.1 shows the transition path®f Kk, W', andr” from a steady-state
equilibrium with no PAYG system to a steady-stajaibrium with a PAYG system.
The steady-state values of household saving pectefé labor, capital stock per
effective labor, and real wage per effective latdecrease with the introduction of the

PAYG system, while the steady-state value of tla¢irgerest rate increases.

Table 5.3. Partial- and general-equilibrium effaaftthe PAYG system

Partial-equilibrium  General-equilibrium  General-equilibrium
Variable effect effect effect dumyg: = 0)
s -0.265 -0.149 0.176
k" -0.265 -0.149 0.176
W _ -0.047 0.050
r’ _ 0.004 -0.004

Note In order to compute the partial-equilibrium etfed set the real wage per effective labor equal t
49.054 and the real interest rate equal to 0.0hiware the average real wage per effective labdr

the average real interest rate, respectively, céedpusing annual data from the U.S. for the period
1980-2010.
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Figure 5.1. Transition path for the introductiortloé PAYG system
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Demographic changes, such as increasing life ¢apeg and declining
fertility, may cause uncertainty about the sustailitg of the PAYG system. An
increasing number of retirees combined with a desing number of workers may
reduce the PAYG system’s capacity to collect enozmftributions for the provision
of future benefits. As well, the 1983 pension refan the U.S. has not been sufficient
to stabilize the PAYG system and there is a sigaift deficit projection for the next
seventy five years. Some researchers expect tat tihe year 2021 onward, social-
security benefits will exceed contributions and &yestem will not be sustained
without financing from the government budget (Ge2802, p. 466, Velloso, 2006,

pp. 19-22). So, considering that the PAYG systeny n@ be sustainable, | examine
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the effects of a collapse of the PAYG system®n k', W', and r’, by setting
dum,,, =0 in any period (e.g.,t = 15).

Note that if the PAYG system collapses, the stestdie value of household
saving per effective labor, and thus the steadigstalue of the capital stock per
effective labor increases [see Equation (5.8)fgesiimdividuals try to secure a certain
level of income for retirement. Consequently, theréase in the steady-state value of
the capital stock per effective labor causes arease in the steady-state value of the
real wage per effective labor and a decrease instbady-state value of the real

interest rate. The results are reported in theclalstmn of Table 5.3.
The collapse of the PAYG system causes eacB oénd K" to increase by
17.6 percent; it causew to increase by 5 percent; and it reduaes by 0.4

percentage points. The increasesn and k" caused by the collapse of the PAYG
system is higher than the decrease in these valmesed by the introduction of the
PAYG system. Cooley and Soares (1996) suggestthieasteady-state value of the
capital-to-output ratio increases, while the stesidye value of the real interest rate
decreases as the economy moves to a steady-statdragqn without a PAYG
system (assuming that the prolonged increase insibe of the older population
would cause the PAYG system to collapse, i.e.,viddals abandon the PAYG

system in favor of a private-pension system).

Figure 5.2 shows the transition path®f Kk, W', andr” from a steady-state
equilibrium with the PAYG system to a steady-stadgilibrium without the PAYG
system. The steady-state values of household s@enegffective labor, capital stock
per effective labor, and real wage per effectilmfancrease with the collapse of the

PAYG system, while the steady-state value of tlairgerest rate decreases.
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Figure 5.2. Transition path for a collapse of t#e/lB system
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Next, | examine the sensitivity of the generaliblguum effects of the PAYG

system ons”, k', W', andr”, for different values of the parameters, 4, n, andra.
First, as was noted earlier, the PAYG system caagsesluction in household saving
and the capital stock, which consequently causeslaction in the real wage and an
increase in the real interest rate. (With the eioapof the real interest rate, all the
other variables are expressed in per effectiverlédxons.) The reduction in the real
wage causes a further reduction in household sawhie the increase in the real
interest rate has an ambiguous effect on housedaliohg (see Appendix E). Recall
that a higher value ofimplies a lower elasticity of intertemporal subgiibn, o = 14,
and thus a lower interest sensitivity of savingnéte the higher the value gfthe

lower the effect of the real interest rate on hbote saving [see Equation (E.2) in
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Appendix E] and the greater the reduction in hoakkbaving (and thus in the capital
stock) caused by the introduction of the PAYG gyste

Second, the lower the value of the rate of tinefgrencep, the less impatient
the individual to consume in the present than m fiture. Thus, household saving
(and capital stock) increases. Consequently, thkwage increases, while the real
interest rate decreases. Furthermore, as was aatbelr, the increase in the real wage
causes an increase in household saving, whileettiection in the real interest rate
causes a reduction in household saving, sinceunasshaty < 1. If the effect of the
real wage on household saving is greater (lowea e effect of the real interest
rate, the reduction in household saving (and in dhpital stock) caused by the
introduction of the PAYG system is lower (great®hen the value gf decreases.

Third, the higher the value of the share of capftalhe higher the real interest
rate [see Equation (5.6)] and the lower the reajeMaee Equation (5.5)]. In addition,
as before, the increase in the real interest @sas an increase in household saving,
while the reduction in the real wage causes a temudin household saving. If the
effect of the real interest rate on household gpisrgreater (lower) than the effect of
the real wage, the reduction in household saving (a the capital stock) caused by

the introduction of the PAYG system is lower (gegatvhen the value ¢f increases.

Table 5.4. Sensitivity analysis under the PAYG ayst

Variable| Benchmark y=0.75 y=1.25 p=0.15 #=0.35 n=0.32 r,=0.32

s -0.149 -0.244 -0.310 -0.158 -0.169 -0.155 -0.152
K" -0.149 -0.244 -0.310 -0.158 -0.169 -0.155 -0.152
W -0.047 -0.081 -0.105 -0.050 -0.063 -0.049 -0.048
r 0.004 0.009 0.013  0.004 0.004 0.004 0.004
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Fourth, the higher the value of the growth ratewiploymentn, the higher
the social-security benefits under the PAYG systand, thus the higher the first- and
the second-period consumption [see the interterhgmrdget constraint, Equation
(D.2) in Appendix D] and the lower household saviagd the capital stock). Hence,
the higher is the real interest rate and the lowéhe real wage. In addition, as was
noted earlier, the increase in the real interes causes an increase in household
saving, while the reduction in the real wage cawsesduction in household saving
(see Appendix E). If the effect of the real inténede on household saving is greater
(lower) than the effect of the real wage, the réidncin household saving (and in the
capital stock) caused by the introduction of they@Asystem is lower (greater) when
the value oh increases.

Fifth, the higher the value of the growth rate ethinology ra, the lower the
capital stock [see Equation (5.4)]. Thus, the lowgethe real wage [see Equation
(5.5)] and the higher is the real interest rate [Equation (5.6)]. Also, as before, the
reduction in the real wage causes a reduction usdlwold saving, while the increase
in the real interest rate causes an increase isdhmid saving. If the effect of the real
wage on household saving is greater (lower) thaneffect of the real interest rate,
the reduction in household saving (and in the ahpibck) caused by the introduction
of the PAYG system is greater (lower) when the gaifr» increases. The results are

reported in Table 5.4.

For a value of of 0.75 the introduction of the PAYG system cauSesand
thus k" to decrease by 24.4 percent, while for a valug aff 1.25 it causes , and
thus kK’ to decrease by 31 percent. So, the higher theevafy the greater the
reduction inS", and thus ink” caused by the introduction of the PAYG system.

Also, the lower the value gf (0.15 instead of 0.23) the greater the reductios i,
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and thus ink” caused by the introduction of the PAYG system,Iying that the
effect of the real interest rate on household gaper effective labor is greater than
the effect of the real wage per effective labore Tigher the values ¢f(0.35 instead

of 0.30), n (0.32 instead of 0.17), angh (0.32 instead of 0.25) the greater the

reduction inS’, and thus ink" caused by the introduction of the PAYG system,
implying that the effect of the real wage per dfifex labor on household saving per
effective labor is greater than the effect of thal interest rate. Overall, the results for
the general-equilibrium effects of the PAYG system the steady-state values of
household saving per effective labor, capital stpek effective labor, real wage per
effective labor, and the real interest rate seetyetoobust to changes in the parameter

values.

5.3.2.Introducing the fullyfunded sociakecurity system

In this section, | calibrate the model to matclatdiees of the Mexican
economy. The choice of this country depends onfélee that it employs a fully-
funded social-security system and on the availghili the data. After computing the
state-state values of household saving per efiedéior, capital stock per effective
labor, real wage per effective labor, and the m&@rest rate, | examine the effects of
the fully-funded system on these values. As wasdat section 3.2.7, in the fully-
funded system the expected social-security bengfés worker are given by

E, (b.,) = p(x,)@+r,)d, [see Equation (3.31)]. Also, as in the case of RAerG

system (see section 5.3.1), | assume that the-fiuiged system is financed only by
workers’ contributions and not by the governmerite Tontributions are accumulated

in pension funds, are invested, and are returnédinterest upon retirement.
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Moreover, as in the case of the PAYG system ¢setion 5.3.1), | assume two
possible states of the world. First, the fully-feddsystem will be sustainable, i.e., it
will grant pensions using the accumulated pensiord$. Second, the fully-funded
system will collapse, i.e., the accumulated pendiords will not be sufficient to
finance the pension benefits. Define the dummyaldeiduny, [in the place of the
probability p(x;)], which takes on the value of one if the fullyaied system is
sustainable and zero otherwise. Therefore, theatagdenefits per worker are given
by

Et (bt+1) = dumff,t (1+ rt)dt . (5-13)

Substituting the definitionstl:~t+1A+1 and d, :HIA into Equation (5.13);
dividing both sides of the resulting equation By and using Equation (3.11),
A, =@+r,)A; vields the expected benefits per effective laboder the fully-

funded system:

~ 1+r, ~
Et (bt+1) = dumff,t 1—tdt . (5-14)
+I,

Substituting Equation (5.14) into (5.3) and reagiag yields
~ 1+r, ~ ~
Et (C2t+1) = 1—(St + dumff,tdt) . (5-15)
+1,

Equation (5.15) is the second-period budged constiia per effective labor terms

under the fully-funded system. As well, solving Btjan (5.2) for §, that is,

~ ~

S =W, —C, —d,; substituting this equation into (5.15); and raaging yields the
intertemporal budget constraint under the fullyeiad system:

11+—rA = W, + (dum, , ~1)d,. (5.16)

Elt + Et (62t+1)
+r

t
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According to Equation (5.16), iflum;; = 1 (sustainable fully-funded system), the
introduction of the fully-funded system will notfeft lifetime resources and lifetime
consumption per effective labor (the second ternthim right-hand side becomes
zero). Social-security contributions per effectiabor reduce household saving per
effective labor by an equal amount, since underfilig-funded system the yield on
social-security contributions equals the markedriegt rate. The young individuals are
indifferent with respect to who does the saving, fillly-funded system or themselves
(Blanchard and Fisher, 1989, p. 111).

As well, under the fully-funded system, the cdpstimck per effective labor
comprises household saving per effective labor sowal-security contributions per
effective labor, and thus Equation (5.4) is modifées follows:

K., = ﬁ(ﬁ:m . (5.17)
Given that under the fully-funded systefy,, = LS, + L,d, ; dividing this equation by
Auilwg;  using  Equation  (3.1), L, /L, =1/@+n,) and Equation (3.11),
A, =@+r,)A; and then using the definitionZIsvt+1 =k /A=K, /L)AL

s=s/A,and a} =d,/ A; yields Equation (5.17). Note that since underftHly-
funded system social-security contributions perdaie labor reduce household
saving per effective labor one-for-one, the intrctthn of the fully-funded system has
no effect on the capital stock per effective labor.

In order to obtain a numerical solution for the dalo [which consists of
Equations (5.1)-(5.2), (5.5)-(5.7), (5.15), (5.1@hd (3.10)] under the fully-funded

system, | calibrate the model to match featureth@fMexican economy. | use annual
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data from Mexico for the period 1993-2009In Mexico, demographic trends
(population growing slowly and aging rapidly) cawse increase in the ratio of the
elderly in the population, and so the insufficienaly contributions to finance the

benefits has rendered the PAYG system financiatigustainable (Sales-Sarrapy,
Solis-Soberon, and Villagomez-Amezcua, 1998, p.).1#Bus, Mexico reformed its

pension system in 1995 (the reform was implememtel®97), replacing the former
public PAYG system with a mandatory fully-fundedeprwhere contributions are
accumulated in pension funds managed by privatepaaias. Under the fully-funded

system, the contribution rate is 6.5 percent obtaimcome (Gern, 2002, p. 472,
Tapia, 2008, p. 30). The parameter values are araséollows.

First, as in section 5.3.1, | assume that indiaidare born as workers at the
age of 21 and a period in the model correspondgitgears. | set the growth rate of
employmentn, to 0.02 per year (the average growth rate of eympént in Mexico
for the period 1993-2009), which corresponds tcakluer of 0.32 for the two-period
model.

Second, | set the growth rate of technology, to 0.0035 per year
(approximated by the average growth rate of reaPGier employee in Mexico for
the period 1993-2009), which corresponds to a valu®.05 for the two-period
model. Third, the share of capitdl,is set to 0.35. In a cross-country analysis ef th
determinants of growth in Latin American countr{@scluding Mexico), Solimano

and Soto (2005) use the same valugsfot

" With the exception of the data for the interest ravhich have been obtained from the IFS, andethos

for the percentage change in CPI, which have bbetired from the WDI, all the other data have been
obtained from AMECO. The variables are expressdtidnsands of pesos, in constant 2005 prices (for
the variables definitions see Appendix B).

%8 |n a cross-country analysis, Gollin (2002) suggebht factor shares are approximately constant

across time and across countries. For most coanthie calculations of the labor share range frdb O
to 0.80.
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Table 5.5. Benchmark parameter values under thefluhded system

Parameter n ra S y p u O

Value 0.32 0.05 0.35 0.1 0.23 0.74 0.029

Fourth, as in section 5.3.1, | set the coefficiehtelative risk aversion;, to
0.1. Fifth, | set the rate of time preferengefo 0.015 per year (as in section 5.3.1),
which corresponds to the value of 0.23 for the peoiod modef?

Sixth, in order to set values for the parameieendo, in the process that
generates the productivity shodk,= uz.1 + & [see Equation (3.10)], | consider the
properties of the Solow residuals, which are cal@d as described in section 5.3.1
[see Equation (5.12)]. As before, assuming an ARibcess for the constructed
seriesz, and estimating it, the estimate g@fis 0.74 and that ob, is 0.029. The

parameter values for the benchmark case of the Inmoelsummarized in Table 5.5.
In Equations (5.2), (5.15), and (5.17), | sEt: 0065w, , assuming that under

the fully-funded system the contribution rate i§ fercent ofw, (see above). Thus,

d, is endogenously determined, as in section 5.3140,An Equation (5.15), | set

dums; = 1, assuming that the fully-funded system hasobtapsed.
Next, in order to compute the equilibrium, | sole certainty version of the

model (ignoringE;) using Newton’s iterative method. Thus, | obtanfigial time
series for the endogenously determined varia[ﬁ!esﬁ, S, Cy, Gy, W, andr..

| examine whether the model can replicate thersbooder sample moments
(standard deviations and correlations) of the aatata from the Mexican economy.

Hence, | compute the second-order sample momerttseeofariables of interest, i.e.,

%9 Calculating the social discount rate (definedhesrate at which a society is willing to trade pres
for future consumption) for nine Latin America ctus (including Mexico), Lopez (2008) uses the
value 0.01 for the rate of time preference.

125



V., k., §, W, andr, for the actual data as well as for the artificiata. In particular,

in the same way as in section 5.3.1, | computesthedard deviations of the cyclical
components of these variables and their correlatioith the cyclical component of
Yy, (the variables are transformed in logarithms ekéepr;). Then, | compare these
second-order sample moments of the actual datathétcorresponding ones of the
artificial data. The results are reported in Tdhk

In the model,y, fluctuates about as much as it does in the Mexézamomy,

while Et fluctuates more. Moreoves, r;, andw, in the model fluctuate less than

they do in the Mexican economy. In the model, lad variables fluctuate about as

much asy, except for;, which fluctuates much less than dogs This result implies

that these fluctuations are caused by the prodtictshock, z, which is the only

(exogenously determined) shock in the model econ@®yn section 5.3.1).

Table 5.6. Standard deviations and correlationsexié&n economy and model

Mexican economy Model

Standard Correlation Standard Correlation
Variable deviation with 'y, deviation with Y,
Vi 0.015 1.000 0.014 1.000
Et 0.007 0.231 0.016 0.454
S 0.116 0.005 0.016 0.987
I 0.024 0.476 0.0005 0.438
W, 0.038 0.622 0.014 1.000

Note The standard deviations and correlations Witlare calculated for the period 1997-2009 (instead
of the period 1993-2009) to avoid the influencehef starting values.
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Turning to the correlations df,, §, r,, andW, with ¥, in the model, these
variables are positively correlated with, as they are in the Mexican economy. In the
model, howevers is highly correlated withy, , while in the Mexican economy, is

almost uncorrelated witly,. Overall, the results suggest that the model eaficate

some features of the Mexican economy, but somer ddegures have not been
captured by the model.

Then, | compute the general-equilibrium effectshaf fully-funded system on
the steady-state values of household saving pectefé labor and the capital stock
per effective labor, and consequently on the stetale values of the real wage per
effective labor and the real interest rate. Holdiogstant the real wage per effective
labor and the real interest rate, | compute theesponding partial-equilibrium

effects.
To begin with, | compute the steady-state valkés ', W', andr™ under
the fully-funded system. | first compute the steathte value of the capital stock per

effective labor,k "~ (see Appendix F), which is given by

1y
5,1) 14

K- (1_ﬂ)l?ﬁ L+ ,Bkl_

= T @ m@+r,)]. (5.18)
@+ K7 7+ 1+ p)

Then, | compute the steady-state value of housesmlihg per effective labofs ",
substituting wherel, = 00651— )k ” ° into Equation (5.17)§ = (L+n)(+1,)k., —d.,

and substituting the value & into the resulting equation. Finally, in the saweey

as in section 5.3.1, | compu®@ andr’.

® This equation is obtained by settiﬁg: 0065w, ; substituting Equation (5.7}, = e* Ef’ into (5.5),
W = (1- p)¥; and the resulting equation inth = 00654 ; and setting; = 0.
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Note that under the fully-funded system, sociaudsity contributions per
effective labor reduce the steady-state value ofsbbold saving per effective labor
by an equal amount. Because the yield on socialrggccontributions equals the
market interest rate (see above). Thus, the fulhdéd system has no effect on the
steady-state value of the capital stock per effeckbor [see Equation (5.18)], and
consequently on the steady-state values of thewagé per effective labor and the

real interest rate.

Next, | calculate the (percentage) changsirfrom a steady-state equilibrium
with no fully-funded system to a steady-state elguim with a fully-funded system

financed by a contribution rate of 6.5 percent. &dug the partial-equilibrium

effect, the introduction of the fully-funded systeausess” to fall by 6.9 percerft*

Also, regarding the general-equilibrium effect, théroduction of the fully-funded

system causeS to fall by 6.8 percent, while it has no effect &n, W', andr”.

These results are in accordance with the traditidieacycle ones, according to which
under an actuarially fair fully-funded system soscurity contributions reduce
household saving with offset one-for-one (Feldstmal Pellechio, 1979, Kotlikoff,

1979h).

Figure 5.3 shows the transition path & , K', W', andr” from a steady-
state equilibrium with no fully-funded system tosteady-state equilibrium with a
fully-funded system. The introduction of the fufiynded system reduces the steady-
state value of household saving per effective laldrile it has no effect on the
steady-state values of the capital stock per effedabor, real wage per effective

labor, and the real interest rate.

®1 In order to compute the partial-equilibrium effetset the real wage per effective labor equal to
165.449 and the real interest rate equal to 0.088h are the average real wage per effective labor
and the average real interest rate, respectivetypated using annual data from Mexico for the gkrio
1993-20009.
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Figure 5.3. Transition path for the introductiortieé fully-funded system
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Next, | examine the sensitivity of the generaliglgaum effect of the fully-

funded system o8, for different values of the parameterg, 4, n, andra. Note that

for different values of the parameters from thot¢he benchmark case the steady-

state value of the capital stock per effective tatitfers from its corresponding value

for the benchmark case, and thus the steady-statae vof social-security

contributions per effective labor also differs fraheir corresponding value for the

benchmark case, assuming that social-security ibotions per effective labor are

endogenously determineaii[: 0065(1—ﬂ)lzt/’, see below Equation (5.18)]. Hence,

the steady-state value of household saving pecteféelabor changes for different

parameter values. The results are reported in Table The interpretation of the

results is similar to that provided in section 5.&ee above and below Table 5.4).
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Table 5.7. Sensitivity analysis under the fully-died system

Variable| Benchmark y=0.75 y=1.25 p=0.15 f=0.40 n=0.23 r,=0.32

s -0.068 -0.128 -0.159 -0.067 -0.066 -0.069 -0.066

The results suggest that the higher the valyeg(0f75 and 1.25 instead of 0.1)

the greater the reduction & caused by the introduction of the fully-fundedteys.
Using different values fop (0.15 instead of 0.23) (0.40 instead of 0.35) (0.23

instead of 0.32), anch (0.32 instead of 0.05), however, the effect offtlil/-funded

system ons™ does not differ much from that in the benchmarsecamplying that the

effect of the real interest rate and the real wpge effective labor on household
saving per effective labor almost cancel each othgr Overall, the results for the
general-equilibrium effect of the fully-funded sgst on the steady-state value of
household saving per effective labor seem to beisibto changes in the parameter

values.

5.3.3.Transition from the PAYG system to the ffiligded system

In the U.S., as in many other countries, demogramhianges (decreased
fertility and increased longevity) have caused mardase in the ratio of retirees to
workers in the population. As a result, social-siggicontributions paid by workers
grow more slowly than social-security benefits reeé by retirees. This situation
creates financial stress to the U.S. PAYG systemmiclw may face sustainability
problems. To address these problems many propfasaisform have been made, one

of which considers the transition from the publiBY& system to a private fully-
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funded one (Feldstein and Samwick, 1998, pp. 215=b®ley and Soares, 1999b, p.
732).

Many authors argue that the transition from thélipuPAYG system to a
private fully-funded one is too costly to be paldily feasible. There are, however,
several alternative ways to finance the transitomst. Huang, Imrohoroglu, and
Sargent (1997) consider two such alternative wayist, the government suddenly
terminates the PAYG system and compensates alvithdils, who have been
expecting to receive benefits under the PAYG systByna one-time increase in
government debt. Second, the government acquiag®s<lon private physical capital
and uses the returns from this publicly held pevagpital to pay social-security
benefits. Feldstein and Samwick (1998) suggestdhahg the transition to the fully-
funded system, current workers would have to pamtrimutions to finance the
benefits of current retirees along with contriboado accumulate a fund to finance
their own benefits. Also, Cooley and Soares (1998kamine several transition
policies, such as the imposition of taxes on laboome, on consumption, and the
issuance of debt, and suggest that in order fotrdresition to be politically feasible,
it would have to rely on the use of debt to finatiee cost.

In this section, | examine the effects of a traosifrom the PAYG system to
a fully-funded system on the steady-state valueboofsehold saving per effective
labor, capital stock per effective labor, real wam effective labor, and the real
interest rate. | consider that the transition @fily-funded system is financed by the
government budget. To begin with, | express theeguwent’s period-by-period
budget constraint [Equation (3.39), see sectiorBBiR per effective labor terms by
dividing both sides of Equation (3.39) by and using Equation (3.11),

A, =@+r,)A, as follows:
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74 d, + L+ )L+ 1,)G = b+ @ 1)T + G, (5.19)

wherez, =7, /A, q, =0q,/A,andg, =g,/ A.

Considering that the PAYG system is not sustagalhe government
eliminates the PAYG system and compensates indisdwho were expecting to
receive benefits from the PAYG system during trengition to the fully-funded

system, by issuing debt. Thus, the expected benadit effective labor are given by

E(Q..) =dum,, @+ d., +dumy,,

L G0, s~ -] (520
Regarding Equation (5.20), the first term on tightihand side represents the benefits
under the PAYG system [see Equation (5.10)], tloerse term represents the benefits
under the fully-funded system [see Equation (5,1dnp the third term represents the
financing of the transition to the fully-funded 835 from the government budget. If
the PAYG system is sustainabtiym,y,: takes on the value of one, whiem:; and
dumy; take on the value of zero. If the PAYG systemas sustainable and is to be
replaced by the fully-funded systedym,y: anddum, take on the value of zero and
of one, respectively, whilelum,,; takes on the value of one during the transition

period.

Moreover, Equation (5.17) is modified as follows:

~ 5 +dumﬁ’tat

te1 = m , (5.21)

where dumy; takes on the value of one, if there is a transitorthe fully-funded

system and zero otherwise.

Next, | compute the steady-state values §°, W, and r* considering a

transition from the PAYG system to a fully-fundegstem (in any period). First, in

order to compute the steady-state value of thetalagtiock per effective labok ", |
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substitute Equation (D.4) (see Appendix D) into &tpn (5.21) and into the resulting
equation | substitute Equation (5.20) (ignorig,%? where d = 0124(1— A)k” 82
W=(@-p)K™”, and r=pk**% Then, | compute the steady-state value of
household saving per effective labd&,, by substitutingélvt = 0124(1- ,B)Iztﬁ into
Equation (5.21),3 = 1+ n)(L+r,)k., —dum, d,, and the value ofk" into the

resulting equation. Finally, in the same way asdation 5.3.1, | comput& andr”.

As was pointed out in section 5.3.1, the PAYG exysteduces the steady-state
values of household saving, capital stock, andweae, while it increases the steady-
state value of the real interest rate. Also, tHlyfunded system reduces the steady-
state value of household saving, while it has riecéfon the steady-state values of
capital stock, real wage, and the real interest (gee section 5.3.2). Thus, the
transition from the PAYG system to the fully-fundegstem would have the same
effects on the steady-state values of capital st@ wage, and the real interest rate
as would the elimination of the PAYG system withoaplacing it (see section
5.3.1)%

The results suggest that the transition from tA&'® system to the fully-

funded system causds to increase by 17.6 percent; it caus@sto increase by 5

62| assume that under the PAYG system as well asruhe fully-funded system the contribution rate
is 12.4 percent ofy. Feldstein and Samwick (1998) suggest that shiftiom the PAYG system to a

fully-funded system the contribution rate of 12.drgent would be replaced in the long run by a
contribution rate of about 2 percent because tteeofireturn under the fully-funded system is highe
than that under the PAYG system. Also, | $gt g, and g equal to their sample averages for the

period 1980-2010.

% This equation is obtained by settiﬁg: 0124w, ; substituting Equation (5.7), = ¢ Et/’, into (5.5),
W = (I- p)¥,; and the resulting equation ingh = 0124#, ; settingz = 0 andk =k

% These two equations are obtained by substitutipgaBon (5.7) into (5.5) and (5.6), respectively,
settingz = 0 andk =k’ .

% Cooley and Soares (1996) suggest that the pratiiz of the social-security system causes the
capital-to-output ratio to increase to pre-socettsity levels and the real interest rate to desgrea
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percent; and it reduces by 0.4 percentage points. Hence, the transitichedully-

funded system has the same effectslzc’ir,l W, andr’ as the abandonment of the
PAYG system without replacing it (see section 5.8h& last column of Table 5.3).
Also, the transition to the fully-funded system sesiS™ to increase by 1.9 percent,

implying that the reduction i§~ caused by the fully-funded system is lower that th

caused by the PAYG system.

Figure 5.4. Transition path from the PAYG systenthis fully-funded system
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Figure 5.4 shows the transition path & , k*, W', andr’ from a steady-

state equilibrium under the PAYG system to a stestdie equilibrium under the
fully-funded system. During the transition periceld,t = 15), §°, k*, and W

increase, whiler” decreases, considering that the government usesdeét to
compensate individuals entitled to retirement bésainder the previous pension

system. Also, after the transition to the steadyestequilibrium under the fully-

funded systemk”™ andW’ increase to pre-social-security levels, whiledecreases.
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CHAPTER 6: CONCLUSION

The main purpose of the social-security system® isnsure an “adequate”
level of income during retirement. Their credilyijihowever, has been a global issue
during the past few decades. In many developedtdeanretirement systems may
face sustainability problems as they confront grmgmieficits. As well, in the less
developed countries, retirement systems may oparatier uncertain quality of
institutions, which undermines their reliabilityol institutional quality impedes the
proper functioning of the retirement systems, dng taffects household saving.

In this study, | examine the effects of severatiinBonal and other variables,
e.g., corruption, government stability, the deb&DP ratio, etc., on the probability
that the social-security system (PAYG and fullyded) will grant pensions to the old
at retirement. Through this channel, | examine dffects of these variables on the
relationship between social-security contributicensd household saving. To my
knowledge, these effects have not been studidaeititerature. Previous studies limit
their attention to the institution of voting and tfee form of the political system
(democratic or nondemocratic), neglecting other titinsonal features, e.g.,
corruption, government stability, etc. | employveotperiod OGM and maximize a
lifetime CRRA utility function under the intertemiab budget constraint, which takes
into account that individuals contribute a certamount of their labor income in the
social-security system and expect to receive benefi retirement. The expected
benefits depend on the probability that the soeéaidrity system will grant pensions
to the old at retirement. This probability is detéred by a logit model and depends

on institutional variables, e.g., corruption andvggmment stability, and on the debt-
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to-GDP ratio. Since the household maximization f@abhas no analytical solution, |
take partial derivatives of the Euler equation fmusehold saving to examine the
effects mentioned above.

The empirical findings generally support the imations of the theoretical
model. To check the robustness of the estimatsslistantial changes in the sample, |
use three panel data sets, a balanced panel oECD@ountries for the period 1984-
2009, an unbalanced panel of 25 countries, whicludes the previous 11 countries,
and 14 more countries for the period 1995-2009, arshlanced panel of the 25
countries for the period 1995-2009. The estimat#ained from these panels do not
differ dramatically, so it would not be unreasomald argue that they pass the
robustness test.

Estimating a fixed-effects (nonlinear) Euler egoatifor household saving
under the PAYG system by GMM and by NLLS, the resw@luggest that social-
security contributions reduce household saving iless than one-for-one manner.
High levels of corruption or the debt-to-GDP rateduce the probability that the
PAYG system will grant pensions at retirement. Asliwthe higher the level of
corruption or the debt-to-GDP ratio the lower thlluction in household saving
caused by an increase in social-security contiiosti as individuals try to self-insure
themselves against the higher uncertainty induceddsruption and indebtedness.
The NLLS estimates are similar to the GMM ones,epxdor the coefficient of the
index of corruption, which is found to be statiatig insignificant at conventional
levels.

Moreover, linearizing the Euler equation for houddrsaving and estimating
it by GMM, the results suggest that social-secucimtributions reduce household

saving with offset almost one-for-one. In contitasthe GMM estimates in the case of
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the nonlinear Euler equation, the index of govemims&tability turns out to be
statistically significant.

The above findings may be useful in evaluatinggyopiroposals that aim to
improve the viability of the PAYG systems in theuotries considered here. Along
with the reforms of the PAYG systems that have hakimg place in these countries,
their governments may be able to improve the viiglaind credibility of their PAYG
systems by reducing corruption and the debt-to-Eddie.

Calibrating the model to match features of the.l@@nomy under the PAYG
system and of the Mexican economy under the fulhyded system, the results imply
that the model can replicate some features of theahdata, but there are also some
features that have not been captured by the madehg a general-equilibrium
analysis, the PAYG system reduces the steady-sttees of household saving,
capital stock, and real wage, while it increases skeady-state value of the real
interest rate. As well, the fully-funded system ueeks the steady-state value of
household saving with offset one-for-one, whildhds no effect on the steady-state
values of the other variables. The partial-equilibr effect of the social-security
system (PAYG and fully funded) on the steady-statkie of household saving is
larger (in absolute value) than the correspondergegal-equilibrium one.

A transition from the steady-state equilibrium enthe PAYG system to the
steady-state equilibrium under the fully-fundedteggs which is financed by the
government budget, has the same effects on thdysstate values of capital stock,
real wage, and the real interest rate as wouldetimeination of the PAYG system
without replacing it. That is, the steady-stateueal of capital stock and real wage
increase to pre-social-security levels, while tteady-state value of the real interest

rate decreases. Thus, policy makers should congideabove macroeconomic effects
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on capital stock, real wage, and the real interats, and also potential efficiency
gains, i.e., making some individuals better offhwiit making some others worse off,

when addressing proposals to privatize social ggcur
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Appendix A: Proof of Equation (3.19)

In order to be able to substitute Equation (38)cC,.,) = @+r)s +E (b, , )

4
. . 1 , . .
into Equation (3.9)(i] =i =1+e¢,,, | first rewrite Equation (3.9) as follows:
yo)

2t+1

1

1
C, (141, ) -
—|— =@+ 4 Al
%m(1+p] A+e.) (A1)
or
1
CM[“PJL r (A2)
C, \1+r,

L+e.,)

Then, taking expectations in Equation (A2) yields

C, 1+, 1

E (Ca.1) (1"' pr = E, 1 ] (A3)
(1+ Qﬂ)y

Finally, substituting Equation (3.3) and the ddfon c, =w, —s, —d, into Equation

(A3) yields Equation (3.19), which is the Euler atjan for saving.
Appendix B: Thedata
The definitions and sources of the data are asvisti

a) Household saving. This is the gross saving ofisebolds and non-profit

institutions serving households (NPISH%)t measures the part of households and

% NPISHs are non-market producers, which are sepéegal entities. They are not primarily financed
and controlled by the government, and provide gamdservices to households free of charge or at
prices that are not economically significant. Theiain resources, apart from those derived from
occasional sales, are obtained from voluntary dmutions in cash or in kind from households, from
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NPISHs’ disposable income that is not used forlfowsumption expenditure. For
Canada, only the series net saving is availablé.sieing equals gross saving less
consumption of fixed capital. The source is AMECO.

b) Social-security contributions. These are theacsocial contributions received by
general government. Actual social contributions pegments to social-insurance
schemes, in order to secure the entitlement ofakdmenefits. They consist of
contributions of employers, employees, self-emplpy@nd non-employed persons.
The source is AMECO.

c) Compensation of employees. It includes wagesyriea, and employers’ social
contributions. The source is AMECO.

d) Interest rate. It is either the interbank offate attached to loans given and taken
amongst banks, or the rate associated with treasillsy certificates of deposit or
comparable instruments, each of three month mgtddr Belgium, Canada, Cyprus,
Czech Republic, France, Hungary, ltaly, Latviahuania, Mexico, Poland, Spain,
Sweden, the United Kingdom, and the United Statessource is IFS, while for
Austria, Denmark, Estonia, Finland, Germany, Greetapan, the Netherlands
Norway, Portugal, and Slovakia the source is AMECO.

e) General-government debt. This refers to totakgmebt outstanding at the end of
the year and owed by the general government. Itpcees all financial liabilities of
general government mainly in the form of governmghs$ and bonds. The source is
AMECO.

f) General-government deficit. It is the differenoetween total general-government
expenditures, including interest payments, andl toémeral-government revenues.

The source is AMECO.

payments made by general governments, and fromepgomcome. Some examples are churches and
religious societies, sports and other clubs, ttadens, and political parties.
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g) Gross domestic product (AMECO).

h) Net capital stock. It is the difference betwegoss capital stock and consumption
of fixed capital. The source is AMECO.

i) Exchange rate (number of units of national currgmesyEuro, AMECO).

j) Total employment. It includes employees and-setployed persons (AMECO).

k) Total unemployment. It is the total number oflinduals that are without work,
available for paid employment or self-employmermid aactively seeking to work
(AMECO).

[) CPI. It measures changes in the cost of livithe average consumer (WDI).

m) The annual percentage change in CPI (WDI).

n) GDP deflator (AMECO).

0) The index of corruption. This is an assessméroaruption within the political
system, according to the International Country Riskde (ICRG). Such corruption
distorts the economic and financial environmentduoes the efficiency of
government and business, and introduces instahiitty the political system. This
variable takes on values (risk points) betweend&rnwith the value 0 indicating the
highest political risk and the value 6 indicatiihg towest political risk. The source is
the ICRG.

p) The index of government stability. This reprdsetine government’s ability to
implement its program and stay in office. It cotsi®f three subcomponents:
government unity, legislative strength, and popudapport. It takes on values
between 0 and 12, with the highest value indicatieglowest political risk (ICRG).

g) The index of socioeconomic conditions. It ddsesithe socioeconomic pressure at
work in society, which could constrain governmertian and stimulate social

dissatisfaction. It contains three subcomponemitsch are unemployment, consumer
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confidence, and poverty. It takes on values betwkand 12, with the highest value
indicating the lowest political risk (ICRG).

r) The index of democratic accountability. This m@@s how responsive is the
government to its people. The less responsive thes more likely it becomes that it
will fall. It takes on values between 0 and 6, witle highest value indicating the

lowest political risk (ICRG).

Appendix C: Proofs of Equations (5.1)-(5.7)

First, | derive Equation (5.1), the Euler equationconsumption per effective
labor. To begin with, | express the lifetime ugilfunction (3.2) in per effective labor

terms. Given thatcy; is consumption per worker in period ¢, =c,/A is
consumption per effective labor in peribdAs well, €, , =c,.,/ A, iS consumption
per effective labor in periogt1. Thus,c, =C, A andc,,; = Cy.;A.; = Co. @+T2)A
using Equation (3.11),A, = @+r,)A . Substituting these definitions into the

lifetime utility function (3.2) yields

+
1-y

U - (EltA)l—}’ 1 E {[62T+1 (1+ rA)A\]ly}_ (Cl)
1-y  1+p

Then, | express the intertemporal budget const(8id) in per effective labor

terms. Given thatv is wage per workerw, =w, / A is wage per effective labor.
Also, given thatd; is social-security contributions per worker abg; is social-

security benefits per Workerat =d, /A and Elele/AM are social-security
contributions per effective labor and social-sagubenefits per effective labor,

respectively. Hencew, =W, A, d, = atA, and b, = EMAH = EM (L+r,)A using
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Equation (3.11). Substituting these definitionsnglavith the definitions ot;; and

Ca+1 [See above Equation (C.1)] into the intertempbralget constraint (3.4) yields

= p , ElCaa@+T0)A]

CA + =W, A _atA i E.[b,, @+r.)A] _ (C.2)

1+r, 1+r,

Dividing both sides of Equation (C.2) By yields the intertemporal budget constraint

in per effective labor terms:

=, ElC, 0+

t =W, - a't n E.[b., @+T1,)]

C.3
1+, 1+, €3

or

- 1+,
Et (C2t+1) =—1L (Wt

Tor (WG —d)+E(by). (C.4)

The individual maximizes his/her lifetime utility iation (C.1) under the

intertemporal budget constraint (C.3). The Lagramgga

GAT, 1 {[Qﬂmwmwk Z{W_aﬁﬁﬂmmm = E[@ﬂaﬂm}_ C5)
1-y 1+p 1-y L+, L+r,
Taking the partial derivatives of with respect toc, and C,,,, and setting them
equal to zero yields
CuA) A =2 (C.6)
and

A
1+r1,

B[ L)AL A - (C.7)
+p

Finally, substituting Equation (C.6) into Equati¢€.7) and rearranging yields
Equation (5.1), the Euler equation for consumppeneffective labor.

Second, | derive Equations (5.2) and (5.3), thegbtidonstraints of the first
and of the second period, respectively, in percéffe labor terms. Given that is

saving per workers, = s,/ A is saving per effective labor. Dividing both sidgghe
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first-period budget constraing, =w, — s, —d,, by A; and using the definitions df ,

W, S, andc'ft yields Equation (5.2). Moreover, solving Equat{éR) for 5, that is,

S =W -C, —Elt, and substituting this equation into Equation JG/i4lds Equation
(5.3).

Third, | derive Equation (5.4). Given thd., is capital per worker,
IZM =k, ,/A,, is capital per effective labor. Dividing both ssdef Equation (3.17),
k., =S /1+n), by A1, using Equation (3.11)A,=@+r,)A, and using the

definitions of Em ands vyields Equation (5.4).

Fourth, | derive Equations (5.5) and (5.6). Givieaty; is product per worker,
Y, =Y,/ A is product per effective labor. Substituting thediitions w, = w, A and
y, =Y,A into Equation (3.12),w, = (1- B)y,, and dividing both sides of the
resulting equation byA; yields Equation (5.5). Also, substituting the défons
y, =Y,A and k, = IZA into Equation (3.13)r, = Ay, /k,, and rearranging yields
Equation (5.6).

Fifth, | derive Equation (5.7). Dividing both sided Equation (3.20),

y, = e*k” A"’ by A and using the definitions ¢, andk, yields Equation (5.7).

Appendix D: Proof of Equation (5.8)

Since | assume that in the steady-state equilibriexpectational and

productivity shocks are absent (see section S02ypipute the steady-state value of

the capital stock per effective labde, , | first remove the expectations operatey,
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from Equation (5.1),E(c,/C,.,)" =@+r,) @+p)/@+r,), and solve the resulting

equation forc,,,, as follows:

1y
Can =Cy L ng (D.1)
A+r)\1+p

Then, | removeE; from Equation (C.4)E (C,,,) =[@+r,)/@+r,)]W —C, —&)+E[(ﬁ+l),
thus obtaining the equation

~ 1+,

Cop = 1— (Wt - Elt - dt) + bt+l' (D-2)
F'a

Substituting Equation (D.1) into (D.2) and solvig resulting equation faz, yields

_ ~ o~ =~ l4r 1+ p)Y7
Cy :(Wt —d, +b, 1 Aj|: (1(_},)/7p) 1/7}- (D.3)
+r1. )| @+r,) + @+ p)

Also, substituting Equation (D.3) into Equation2B.c, =W, — § —(1, and solving

the resulting equation fag, yields

s _(~_3 (L+1) e o A+r,)0+ p)7
L dt{(lJr )7+ 1+ p)w} bt+l[(1+ Y7 + @+ 1)@+ p)t } O

Using Equation (5.7),y, = e* IZ’B, Equations (5.5)w =(@-A)y,, and (5.6),
r =y, Ik, can be written asi, = (1- B)e*k” and r, = fe*k”™?, respectively.
Finally, substituting these equations into Equatibm), and the resulting equation
into Equation (5-4),E1+1 =§ /[A+n)@L+r,)], settingz = 0 and IZM:E =Kk’ yields

Equation (5.8).
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Appendix E: Computation of the partial derivatives ds, /ow, and s, / or,

In order to compute the effects of the real wagegffective labor,w,, on
household saving per effective labcg,, | take the partial derivative of Equation
(D.4) (see Appendix D) with respect % . Thus, assuming 14> 0 and 1 +#; > 0,

o5 _ 1 >0
oW, 1+[@A+ p)"7 I+

(E.1)

Equation (E.1) implies that the real wage per ¢ifeclabor affects positively
household saving per effective labor.

As well, to compute the effect of the real intereste,r;, on 5, | take the
partial derivative of Equation (D.4) with respecttas follows:
7, 1 1 1 r E
- vy Tarpy @)y S ey
S ~

gz(ﬂ_a‘t) ! 1 172 +h+l 1 172
t {(1+ () 7+t p)’l {(1+ L) + @4t )0+ p)7:|

(E.2)

According to Equation (E.2), the effect of the ragdkrest rate on household saving
per effective labor is ambiguous. Since the sigr\Tvpif—Elt is positive by definition
and the sign of the second term on the right-hahel is also positive, the sign of this
derivative depends on the sign df . Thus, if y < 1 then ds /or, > Q while if
y >1, then the sign obs, /dr, is ambiguous (the first term on the right-hande sl

negative, while the second term is positive).
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Appendix F: Proof of Equation (5.18)

In order to compute the steady-state value ofctiygtal stock per effective
labor, kK, under the fully-funded system, | first substitugguation (D.4) (see

Appendix D) into Equation (5.17}2I+1 =5 +(’:i~t A+ n)@+r,)], as follows:

o Y N e (A B B a0 W I
K+1—{(V\{ d{(hn)‘”””(lﬂ?)”} h{ }+d[}/[a+n)a+rA)]. 4

@) + @) L)
Then, substituting Equation (5.14)3t(b~t+1):dumﬁ]tcpi't(1+ r.)/@+r, (gnoring E

and settinglumy; = 1), into Equation (F.1) yields

< gl e 14 emes” )z
K+1_{(W q{(1+l‘t)(ly)/7+(1+p)1/7:| d{(lﬂt)”y+(1+rt)a+p)”7}q}/[(Hn)aHA)]' (FZ)

After some algebraic calculations, Equation (F&) be written as follows:

- _ { L+ rt)(l—y)/y
=V

=W, @)™ 1 s o) }/[(1+ n)@+r,)]. (F.3)
Finally, substituting Equation (5.7)y, = e* IZf, into (5.5), w, =(@-A)Y,, and (5.6),
I, =pvtn§, and the resulting equations into Equation (Fs®itingz = 0 and

k,, =k =k’ yields Equation (5.18).
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