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ABSTRACT

We argue that a privatization of the socia security sysem, going from a Pay-AsYou
Go to a Fully Funded system, can be interpreted as the explicit recognition of an
implicit debt and there is no efficiency gain in doing 0. As a consequence, potentid
efficdency gans upon reforming the sysem come from the dimination of digortions
and the optima management of that implicit debt. Based on that argument, this paper
dudies the optima desgn of a socid security privatization in a Pareto improving way.
The government decides endogenoudy how to finance the trandtion and the wefare of
the initid generations dive becomes policy condraint. We find that the government can
desgn a Pareto improving reform that exhibits szesble wefare gains, arisng because
of a reduction in labor supply digtortions. In contragt, the wefare gain from reducing
savings didortions is reatively smdl. Our gpproach explicitly provides quantitative
policy precriptions towards the policy design of future and maybe unavoidable socid
security reforms.
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1. Introduction

Efficdency condderations have often been used as aguments for reforming public
Socid Security systems, usudly of a Pay-AsYou-Go (PAYG) naure, in favor of Fully
Funded systems (FF). As a consequence, research on the quantitative evaluation of
socia security reforms to assess their efficiency gains has been one of the main topics in
this area’ We use Optima Fisca Policy tools in order to discipline the design of these
reforms and to provide a quantitetive evauation of its macroeconomic and wefare
implications. We contribute to the exigting literature on the macroeconomic and welfare
implications of socid security reforms by providing an environmet in which the
reforms ae endogenoudy chosen through a wel defined wedfare maximization
problem, rather than exogenoudy specified.

We ague that changing the nature of socid security (moving from a PAYG to a FF
sysem) does not itsdf generate any efficiency gan. The sodd security adminidration
has an implicit debt with those individuds who have contributed in the past to a PAYG
socid security system and are therefore entitled to future pensions. Moving towards a
FF sysem just amounts to an explicit recognition of this implicit debt and does not
generate any efficiency gan. Therefore, efficiency enhancing socid  security  reforms
cdl for fundamentad fiscd reforms diminaing didortions and dlowing the
management of the implicit debt generated by the socid security system.

In other words, if there were no distortions and the economy was dynamicdly efficient
it is not feasble to redigtribute resources across generations in a Pareto improving way.
This classc result goes back to Diamond (1965) and Gale (1973), who sudied the
“Classcd cas? as compared to the “Samueson casg’ of dynamic inefficiency. In the
sane spirit Rangd (1997) shows that the dimination of digtortions could generate
Pareto improvements. Alternatively, Feldstein (1995, 1998) shows that two conditions
are required in order to increase the present value of consumption of al generations.
Firg, the return on capitd must exceed the implicit return in the unfunded system.
Second, the marginal product of capitd exceeds the socid discount rate. Our benchmark
economy will satisfy both conditions by condruction. Similarly, the presence of
digortions in our environment is what dlows us to desgn reforms in a Pareto

! Feldstein and Liebman (2001) summarizes the discussion on transition to investment-based systems,
analyzing the welfare effects and the risks associated to such systems.



improving way. We contribute by usng optima fisca policy tools to explicitly solve
for Pareto improving fiscd policies.

The relevant aspect in our exercise is how to generate and didtribute the surplus with
dterndive tax policies diminding the digtortionary wedges affecting both the labor
supply and the saving decisons. This point is especidly important, because even if the
contribution-benefit rules of the socid security system were optimd, it is possble to
generate Pareto  improving reforms by reducing digortions. Therefore, since the
efidency gans come from diminaing digortions and not the naure of the socid
security system itsdlf, it is possble to decentralize the same dlocations with the same
tranders to the ddely, but a different financing scheme. Under this dternative
interpretation, our exercise deds with the optima financing of a PAYG socid security
sysem rather than with the financing of the trangtion from PAYG to FF. Notice that
our exercise focuses on the normative aspects of socid security (i.e its financing),
while being neutrd in terms of the podtive aspects since the same dlocation can be
decentralized with or without transfers to the dderly. Thus, we abstract from a large and
growing literature on podtive theories of socid security, dating with Samueson
(1974) focusng on dynamic inefficiency, Fedgen (1985) and Diamond (2004)
pointing a myopic behavior, Cooley and Soares (1999) and Boldrin and Rudtichini
(2000) dressing the palitical economy aspects, Kubler and Krueger (2004) focusing on
intergenerational risk-sharing or Boldrin  and Montes (2004) focusng on
intergeneraiond contracts.

In the quantitative macroeconomic literature, it is often emphasized that the andyss of
sandard overlapping generations modds predicts that changing the PAYG nature of
public socid security systems towards a FF system might generate subgtantid efficiency
and wefare gains in the long run. However, these long run efficiency and wdfare gans
come a the cogt of subgtantid welfare losses for initid generations, casting doubts on
the politica viability of such a fundamentd tax reform. This result arises because most
of the reforms conddered in the literature imply a complete or partiad default on the
implicit debt generated by the PAY G socid security system.

Buildng on the seminal work of Auerbach and Kotlikoff (1987), there are severd
papers that dudy the trangtion associated to a socid security privatization and find
substantid  efficency and wdfare gans in the long run. 2 In paticular Huang,
Imrohoroglu and Sargent (1997) show that a complete or partia privatization implies

2 Theoretical frameworks that introduce dynastic considerations within the life-cycle framework, such as
some sort of intergenerational links asin Fuster (1999) or Fuster, Imrohoroglu and Imrohoroglu (2004),
might imply that the efficiency gains are much more moderate or even inexistent.



large short-run welfare losses, which cannot be compensated with the long-run gains.
Conesa and Krueger (1999) show that in the presence of uninsurable labor income
uncertainty the wdfare losses of the initid cohorts are even larger, because the
unfunded socid security system provides partid insurance to individuds. Kotlikoff,
Smetters and Wadliser (1999) andyze different types of trandtions and find tha
trangtion generations experience a 1 to 3 percent wdfare decline, while future
generations experience gains tha are close to 20 percent. Using a different approach,
Feldgein and Samwick (1998) find smdler but ill pogtive trangtion costs. Conesa and
Garriga (2003) show that eiminating compulsory retirement rules with the privatization
can subgtantidly reduce the welfare losses of the initid generations dive, but yet these
are dill subgtantia.

In contrast, the approach in this paper is completdy different. The policies analyzed are
not exogenoudy given but are endogenoudy sdected through a well defined welfare
maximization problem with appropriate condraints in the st of ingruments. Moreover,
entittements to future payments are honored and everybody is made better-off by
congdiruction.

Demographic condderations play an important role in the socid security debate.
However, in order to focus on efficiency condderations we abstract from demographic
changes. For example, see De Nardi et d. (1999) for a quantitative evauation of the
impact of demographic projections on the US socid security imbalances.

The gquantitative andyss of optimd fiscd policy in overlgoping generations economies
was pioneered by Escolano (1992) and has been recently considered by Erosa and
Gervais (2002) and Garriga (1999). In particular, Gariga (1999) characterizes the
optima fiscd policy in an environment with participation congraints as the ones usad in
this paper. Following these papers, we will show the importance of different sets of tax
ingruments for generating the reults.

Our main conclusons are:

1. The optimd management of the implicit socid security debt generaies subgtantia
welfare gains. In the parameterized economy the equivdent variation of consumption
for future newborns is 20% larger than in the economy with a PAYG socid security
sysem. Along the trandtion path, the size and didribution of the gains depends on the
relative weight that the government places between present and future generations.

2. The optimd trangtion implies subgtantid tax cuts and increases in public debt a the
beginning of the reform, but the increase in debt needed is much smdler then the
implicit debt of the PAY G system in the benchmark economy.



3. Modgt of the welfare gains come from the eimination of digtortions in the labor supply
margin. If we dlow the fiscd authority to rationdize the taxation of capitd income as
well, the additiond wdfare gains are rdatively smal.

4. The wdfare cods of udng digortionary insruments are large in the short run, but
reaively smdl in the long run.

The rest of the paper is organized as follows. Section 2 describes the economic
environment under the Status Quo policies. Section 3 describes how to view PAYG
socid security as an implict debt and the neutrdity of making explicit this debt. Section
4 discusses how the benchmark economy is parameterized. Section 5 shows how to
specify the government problem. Section 6 discusses the results when the government
can only affect the labor-lesure margin. Section 7 andyzes the case in which the
government can affect the savings margin as wel. Section 8 concludes. All the
references arein Section 9.

2. The Status Quo Economic Environment

Households
The economy is populated by a measure of households who live for | periods. These

households compulsory retire in period ;. We denote by m the measure of households

of age i. Preferences of a household born in period t depend on the stream of
consumption and leisure this household will enjoy. Thus, the utility function is given
by:
|
U(C,I)=a b (G vi1o1- 1 410) L)
i=1
Each household owns one unit of time in each period that they can alocate for work or
leisure. One unit of time devoted to work by a household of age i trandates into e,

efficiency units of labor in the market.

Technology
The Production Posshility Frontier is given by an aggregate production function

|
Y, =F(K, L), where K, denotes the capitd stock at period t and L, = § me|,, isthe

it
i=1



aggregate labor endowment measured in efficiency units. We assume the function F
digplays congant returns to scde, is monotonicaly increasing, drictly concave and

satisfies the Inada conditions. The capital stock depreciates at a constant rate d .

Government
The government influences this economy through the Socid Security and the generd
budget. For smplicity we assume that these two programs operate with different

budgets. Then, pensons (p ) are financed through a payroll tax (t.") and the socid
security budget is baanced. On the other hand, the government collects consumption
taxes (t,"), labor income taxes (tt'), capital income taxes (ttk) and issues public debt

(1) in order to finance an exogenously given stream of government consumption (9 ).

Thus the government budget congtraints are given by:

s
mel, =pam 2

i=1 i=i

| i -1 |
t°Q me, +t/(1-t Hwg meli, +t rQ ma, + b, =g+ (I+ r)h 3)
i=l

i=1 i=1

Market arrangements
We assume there is a single representative firm that operates the aggregate technology
taking factor prices as given. Households sdl an endogenoudy chosen fraction of their

time as labor (I;,) in exchange for a competitive wage of w, per efficiency unit of labor.
They rent their assts (&) to firms or the government in exchange for a competitive

factor price (r,), and decide how much to consume and save out of their disposable

income. The sequential budget condraint for aworking age household is given by:
(1+t tc)clt +ai+Lt+1 = (1' ttl)(l' t tp)vvteili t + (1+ (1' ttk)rt)ai,t (4)

Upon retirement households do not work and receive a pendon in a lump-sum fashion.
Thelr budget condraint is:

(1+t tc)Clt +ai+:Lt+1 = (1' ttl)pt + (1+ (1' ttk)rt)ai,t (5)

The dternative interpretation of a mandatory retirement rule is to condder different

labor income tax rates for individuals of ages above and below i.. In paticular, a



confiscatory tax on labor income beyond age i, is equivalent to compulsory retirement.
Both formulations yiedd the same results. However, when we study the optima policy

we prefer this dternative interpretation since it congders compulsory retirement as just
one more distortionary tax that the fiscal authority can optimize over.

Definition 1. A market equilibrium in the status quo economy is a sequence of prices
and dlocations such that: i) consumers maximize utility subject to ther corresponding
budget condraints given the equilibrium prices, ii) firms maximize profits given prices,
i) the government and the socia security budgets are baanced, and iv) markets clear.

3. PAYG Social Security as Implicit Debt

An unfunded socid security system is an intergenerationd redistribution scheme, or
equivdently an implicit debt scheme. The young provide resources through
contributions that are used to finance the benefits of the retired. Contributions made by
the young generate an entittement to a future benefit upon retirement, which conditutes
an implicit debt of the socid security adminidration towards them. Upon retirement,
these new retirees sdll their claimsto socid security to the new cohorts of workers.

Next, we show that the efficiency gains accruing from socid security reform come from
a raiondization of the fiscd sysem as a whole, but not from the naure of the socid
security  system  itsdf. Similarly, Rangd (1997) uses a two period overlapping
generdtion modd with linear technology to show that there exis Pareto neutra
privatizations where the wefare of dl generations remains unchanged. Consequently,
Pareto improving movements are feasble if and only if there exig digortions in the way
the socid security system is financed or in the rest of the fiscd system.

Jug to illudrate the argument lets redefine a Steedy State equilibrium for an economy
with a socid security system as a Steedy State equilibrium of an economy without
socid security and where the implicit debt is made explicit.

Proposition 1: Let (£, p,B) be a fiscd policy, and let {(é,.,ﬂ j:1,|€} be the associated

Steady State allocation with asset distribution (&;)7;. Then, there exists a fiscal policy



(t,0,B) and a distribution of assets (&), such that {(éj i) :1,K} is the Steady State

dlocation corresponding to (t7,0, B) .
Proof: Fix dl prices and tax rates. Congruct assats recursively from consumer budget

congraints. Clearly, consumers FOC's ae saisfied and the dlocation is feasble.
Findly, Waras Law guarantees that the Government Budget Congtraint holds.

Notice that according to this view a PAYG socid security system is just a way of
decentrdizing a particular dlocation in a market equilibrium, but there are dternative
ways of decentrdizing the same dlocation with different socid security arrangements
or different levels of intergenerationd redigtribution.

In particular, as in the propostion, one could choose an dternative where al the
digortions remain unchanged and retirement pensons are zero, i.e. the implicit debt of
the PAYG socid security syssem has been made explicit but dl digtortions reman
unchanged. Next section will explicitly pefform this exercise for our parameterized
€conomy.

4. Parameterization of the Status Quo Economy

Demographics

We will choose one period in the modd to be the equivdent of 5 years. Given our
choice of period we assume households live for 12 periods, 0 that the economicaly
active life of a household darts a age 20 and we assume that households die with
certanty a age 80. In the benchmark economy households retire in period 10
(equivdent to age 65 in years). Findly, we assume that the mass of households in each
period isthe same.

Endowments

The only endowment households have is ther efficiency units of labor a each period.
These are taken from the Hansen (1993) estimates, conveniently extrapolated to the
entire lifetime of households®

% In order to avoid sample selection biases we assume that the rate of decrease of efficiency units of labor
after age 65 is the same asin the previous period.



Figure 1. Age-Profile of Efficiency Unitsof Labor from Hansen (1993)
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Government

We assume that in the benchmark economy the government runs two completely
independent budgets. One is the socia security budget that operates on a baanced
budget. The payroll tax is taken from the data and is equa to 10.5%, which is the Old-
Age and Retirement Insurance, OASl (excluding Medicare). Our assumptions about the
demographics together with the baanced budget condition directly determine the
amount of the public retirement pension. It will be 31.5% of the average gross labor
income.

The levd of government consumption is exogenoudy given. It is financed through a
consumption tax, set equa to 5%, a margina tax on capitd income equa to 33% and a
margind tax on labor income net of socid security contributions equa to 16%. These
tax rates are taken from the effective tax rates estimated ky Mendoza, Tesar and Razin
(1995). The effective digortion of the consumptionlesure magin is given by

(1-t ")(1-t P)/(1+t ©)=1-0.3, yidding an effective tax of 30%.
The government issues public debt in order to satisfy its period by period budget
congtraint.



Calibration: Functional Forms
Households' preferences are assumed to take the form:

d i1 (c7(-1)"*)""
a b 1-s (6)

where b >0 represents the discount rate, g1 (0,1) denotes the share of consumption on
the utility function, and s >0 governs the concavity of the utility function. The implied
intertempora eadticity of subgtitution isequd to 1/(1-(1-s) Q) .

Technology has constant returns to scae and takes the standard Cobb-Douglas form:

Y, =K{Li™ ,where a representsthe capital income share.

Calibration: Empirical Targets

We define aggregate capitd to be the levd of Fixed Assats in the BEA datidics
Therefore, our cdibration target will be a ratio K/Y=3 in yearly terms. Also, computing
the ratio of outstanding (federd, state and local) government debt to GDP we get the
following raio B/Y=05 in yearly terms. Depreciation is dso taken from the data, which
Is a fraction of 12% of GDP. Another cdibration target is an average of 1/3 of the time
of households alocated to market activitiess We will choose a curvature parameter in
the utility function consgent with a coefficient of rdative risk averson in consumption
of 2 (dternativdy a consumption intertempord eadicity of subditution of 0.5).
Government consumption will be fixed to be 18.6% of output as in the data Findly, the
capita income share is taken to be equal to 0.3, as measured in Gollin (2002).

Calibration Results

In order to cdibrate our economy we proceed as follows. Firg, we fix the curvature
paameter in the utility function to be s =4 and the cepitd share in the production
function a =0.3. Then the discount factor b =1.003 is chosen to match a wedth to
output ratio of 3.5, and the consumption share g =0.327 is chosen in order to match an
average of 1/3 of time devoted to working in the market economy. The depreciation rate
IS chosen o that in equilibrium depreciation is 12% of output.

Notice that s =4 and g =0.327 together imply a consumption intertempora eadticity
of subgtitution of 0.5 (CRRA of 2).

Table 1 summarizes the parameters chosen and the empiricd targets tha are more
related to them.

10



Table 1: Calibration Targets and Parameter Values
Empirical Targets | A/Y | IES | Av.Hours | wN/Y | Dep./Y
Empiricd Vdues | 35 | 05 1/3 0.7 0.12

Parameters b S g a d

Cdibrated Vdues | 1.003| 4 0.327 0.3 | 0.0437

Usng the enpirical tax rates and ratio of government consumption to GDP, we derive
from the government budget condraint an implied equilibrium government debt of 50%
of output. This figure is condgent with the average figure in the data Therefore, the
capitd/output ratio is 3 as desired.

Given this parameterizetion, socid security payments in the benchmark economy
amount to 7.35% of GDP and the socid security implicit debt is equa to 133% of GDP.

Social Security asImplicit Debt: an Illustration

Congder an dternative decentraization for the same Steady State dlocation associated
to the parameterized economy just described. We congruct it following exactly the
same geps as in Propostion 1. Fird, we leave dl tax rates (including socid security
contributions) and prices as in the benchmark economy. Clearly, the Euler and Labor

Supply conditions of the consumer's problem are satisfied for the same alocation

&.1):

u, =bu, g+(1-t“)F g 7)
_U'_|::(1-t')(1-t")v\7e (8)
U 1+t°© i

Next, we congtruct a sequence of assets in the following way:

4 =(@1+t°)¢ /@+1-t )y

C\A | Aol 9
5o MG HaL QA tel |y, ©
1+(1-t)r

where the variables denoted with a ~ refer to the origina alocation or prices and the

variables denoted with a ~ refer to the newly constructed aloceations.

|
i=1’

This new sequence of assts, {4} , has been constructed such that the retirement

pensons are st to zero. Figure 2 displays the origind asset didtribution (labeled in the

11



figure as “With PAYG”) and the new one condructed in the way we just explained
(labded inthefigure as“Implicit Assts’).

Figure 2: Implicit Assetsof the PAYG Social Security System
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If we sum this new asset distribution across cohorts and subtract capital, we obtain a
new level of government debt. As discussed in Section 3, the difference between this
new leve of debt and the origind oneistheimplicit debt of the socid security system.

In fact, it would be draghtforward to engineer a Pareto neutrd socid security
privatization based on the previous equivaence. Firdt, notice that the way the implicit
asts are condructed the only thing we would be doing is giving to dl currently dive
consumers a lump sum trandfer equa to the net present value of ther future socid
security payments, i.e. their socid security entittements. Then, by congruction their
intertempora budget condraint is not affected and their alocations would not change.

Furthermore, if every newborn generation would be given a trandfer equa to the net
present vaue of socid security payments at birth (the level of assets corresponding to
age 20 in the implicit assets), the intertempord budget congraint would not change and
therefore it would be optima to choose the same alocation of consumption and leisure,

12



together with a sequence of assats equd to the one just condructed. This transfer to
newborns could take the form of atax rebate for the youngest generation.

Nether the initid old nor any subsequent newborn generation would change behavior
relative to the origind dlocation in a PAYG sysem. Moreover, since the dlocation is
feesble and the consumers budget condraints are satisfied, the government budget
condraint is aso sdisfied. We have just shown how to change the direction of
intergenerationd transfers without affecting alocations.

Notice that here the assumption of complete markets might potentidly be important. If a
paticular age cohort is borrowing condrained, then a lump sum payment would
dleviate its condraint, changing its behavior and therefore prices would change.

5. Optimal Reforms

We assume that in period t=1 the economy is in a Seady sate with a PAYG socid
security sysem, and no reform has been anticipated by any of the agents in the
economy. The expected utility for each generation associaed to remaning in an

economy with an unfunded socid security system is given by:
|
—_ 0o s i ~ A
Uj=ab'u(c,1-1) (10)
s=j

where éS,IAS are Seady state alocations of generation s.
At the beginning of period 2, the government implements a FF socid security system
and gives a one-period lump-sum trandfer to dl the initid generations dive who have
contributed to the old PAYG system. The total amount of optimaly chosen transfers is
financed isuing new debt. To maximize the Sze of the wefare gans we let the
government choose the level of debt issued and the optimd tax mix to finance the newly
Issued debt and the pre-exidting level of government expenditure.
The government objective function is a utilitarian wefare function of dl future newborn
individuds, where the reative weght that the government places between present and
future generations is captured by the geometric discount factor 21 (0,1). Formally,
5 | “2U(c, 1Y (11)
t=2

where U (¢, 1") represents lifetime utility of generation born in period t.

13



We use the prima approach to optima taxation first proposed by Atkinson and Stiglitz
(1980). This approach is based on characterizing the set of dlocations that the
government can implement for a given policy. The government chooses the optima tax
burden taking into account the decison rules of al individuds in the economy, and the
effect of their decisons on market prices.

Therefore, the government problem amounts to maximizing its objective function over
the set of implementable alocations together with the status quo constraints? From the
optimal dlocations we can decentrdize the economy finding the prices and the tax
policy associated to the socid security reform. We skip the derivation of the st of
implementable adlocations throughout the paper, since they are gmilar to formulations
derived by Erosa and Gervais (2002) and Garriga (1999), and are reatively easy to
derive by combining the consumer firg-order conditions with their intertempora budget
congraint, see Chari and Kehoe (1999).

Conditiond on our choice of weights placed on different generations®, the set of
condrained efficient dlocations can be obtaned through the following maximization
problem:

max Q! U,

t=2
| |
st amg, +Ky - 1-dK+GEF(K.,.a mgl,), t32 (12)
i=1 i=1
a b"(C il vty ) =0, 132 (13)
i=1
l i 4 A 7 AY -
é b™ 805,9 i+2qu,si+2 + sts'i+2u|s,s—i+2H: uci,z 8(1-'- (1- t k)rz)axz +tiH' 1=2,...1 (14)
|
é bs_iu(cs,s—i+2’1- Is,s—i +2) 3 U_i’ I :2""’ I (15)
U130, t3 2 (16)

Condraint (12) is the standard period resource congraint. Congraint (13) is the
implementability condraint for each generation born &fter the reform is implemented.
Condraint (14) represents the implementability condraints for those generations dive a

* Throughout the paper we assume that the government can commit to its policiesignoring time
consistency issues. Clearly, thisisan important restriction that affects the results. The analysis of atime
consistent reform goes beyond the scope of this paper.

® Wearejust identifying one Pareto improving reform, but it is clearly not unique. Placing different
weights on generations or the initial old would generate a different distribution of welfare gains across
agents.
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the beginning of the reform, where t * is the benchmark tax on capita income which is
taken as given and @ , ae the initid asset holdings of generation i. Notice that taking

t* as given is not an innocuous assumption, since that way we avoid confiscatory
taxation of the initid wedth. Also, t represents the nonnegetive lump sum trandfer to

the initid cohort i. Findly, condraints (15) and (16) guarantee that the policy chosen
makes everybody better off than continuing with the status quo policy. In paticular,
given that the government objective function does not include the initid s generations
Equation (15) will be binding.

Notice that this formulation imposes some redrictions, Snce it rules out Steady-state
"golden-rule’ equilibria  Also, the initid generations dive & the beginning of the
reform are not part of the objective function, and only appear as a policy congraint. An
equivdent formulation would include the initid s generations in the objective function
with a specific weight ?s, where the weight is chosen to guarantee that the status quo
conditions for each generation are satisfied.

The policy maker discounts the future at the exponentiad rate | . The Pareto improving
nature of the reform implies that the rate | has to be big enough to saisfy the
participation condraints of al future generations. In paticular, if | were too low then
the long run capital stock would be too low and then congraint (16) would be violated
in the long run. In this case newborns would rather live in an economy with an
unfunded socid security system than in an economy with a fully funded sysem. That
restricts the range of admissible vaues for | to vaues where the steady state solution
of the government problem for a newborn is not worg off than in the benchmark
€conomy.

Of course, within a certain range there is some discrectiondity in the choice of this
parameter, implying a different dlocation of wefare gains across future generations. In
order to impose some discipline we choose | 0 that the leve of debt in the find steady
date is equa to that of the status quo economy, so that al debt issued dong the
trangtion is fully paid back before reaching the new steedy date. Our choice of the
planner discount factor, the parameter | =0.9641, implies the full repayment of the
debt generated dong the trangtion from the PAYG to the FF system. That does not
mean that the raio of debt to output will be the same in the find seady Sate, since
output does change.
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Further Constraints on the Ramsey Problem

Imposing redrictions in the st of fisca indruments amounts to imposing additiond
congraints on the Ramsey dlocations.

In paticular, a regime we will investigete is the one in which capitd income taxes are
left unchanged reative to the benchmark. Then, reformulating this condrant in terms of
allocations we need to impose:

U, . N
A — Gt - = _Gu 81+(1-tk)(fk,t+1' d)H’ t3 2 (17)

Co 141 Cap41 G 41

Next, Section 6 describes the results when this condraint is imposed in the Ramsey
problem. Later, Section 7 will compare these results with an environment in which this

condraint is not present.

6. Results leaving capital income taxes unchanged

Given tha the naure of our exercise is inherently dynamic we focus directly on the
desgn of a Paeo efficent trandtion in an environment where the government is
redtricted to use digtortionary taxes, debt, and one period lump-sum transfers to the
initid old asthe only fiscd ingruments.

Fird, we explore time paths of the main macro aggregates and the welfare effects
asociated to a reform in which the Ramsey problem only uses labor income taxes.
Later we will compare the results with an environment in which the Ramsay problem
aso maximizes over capita income taxes. We do o in order to decompose the welfare
gans tha come directly from the dimination of digortions inherent to the financing of
PAYG sydems (i.e. payroll taxes), as compared to the gans coming from
rationalization of other ditortions (i.e. capitd income taxes).

We find that the government chooses to partiadly compensate some of the generations
dive a the dat of the reform with lump-sum trandfers. In addition, the optima reform
implies subdantid tax cuts during the initid periods of the reform in order to
compensate the wdfare losses of the initial generations due to the loss of the retirement
pension. However, the government sets tax rates that are not equal across cohorts.

Why would the government choose to tax discriminate? The critical ingght is that when
individuads exhibit life cycde behavior labor productivity changes with age and the
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response of consumption, labor and savings decisons to tax incentives varies with age
as wdl. On the one hand, older cohorts are less likely to subgtitute consumption by
savings as ther life span shortens. On the other hand, they are more likely to respond
negatively to labor income taxes than younger cohorts born with no assets. The different
dadicities over the life cycle depend on the levd of wedth. The government finds
optimd to target these different behaviors through tax discrimination.

The optimally chosen levd of trandfersto theinitid old is reported in Table 2:

Table 2: Transfersto Initial Generations (% Entitlements)
20-64 65-69 70-74 75-79
0 0.46 0.64 0.82

Notice that the government only needs to give transfers to he currently retired cohorts,
and that these trandfers are only a fraction of the socid security entitiements under the
PAYG sysem. In totd, these tranders amount to only 25% of the totd entitlements,
which are 133% of GDP in the dtatus quo economy. The reason is that individuds
(more s0 the young) will benefit from lower tax rates and higher wages in the future and
that is enough to compensate them from the loss of socid security pensions.

Figure 3. Evolution of Average Taxes
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Figure 2 describes the evolution of the average optima taxes dong the reform. We
decentraize the resulting alocation leaving consumption taxes unchanged, even though
it is possble to decentraize the same dlocation in dternaive ways. In paticular, we
could set consumption taxes to zero and increase labor income taxes so that they are
consstent with the optimal wedge chosen by the government.

In displaying the results we will arbitrarily labd the year 2000 to be the Steedy State of
the benchmark economy and the reform is announced and implemented the following
period, i.e. in 2005. Remember that a period in the model is5 years.

Labor income taxes are subgtantialy lowered the first period following the reform, but
then they are increased to repay the initia debt issued and reach a new long run
equilibrium around 12% on average.

Figure 3 digplaysits didribution across age at different pointsin time.

Figure4: Labor Income Taxes across Different Cohortsat Different Time
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The labor income tax rate varies subgantialy across cohorts in the initid periods of the
reform. The government finds optima to use different tax rates to compensate the
potentia welfare losses accruing to each cohort associated to the privatization.
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In the find Steady State the optimal labor income tax schedule follows a hump shape
mogly increesng as a function of age. In fact, this is a sandard result in which labor
income taxes track the shape of the efficiency units of labor (notice that this implies
progressve labor income taxes). In the initid periods of the reform (t=2,3), however,
this shgpe is much more pronounced, since the government finds optimd to subsdize
the labor income of the ederly as a compensatory device. If the government could not
ue lump-sum tranders it would choose to heavily subsidize labor income as a
compensatory scheme.

In subsequent periods the shape of the labor income taxes dowly converges towards its
find Seady date. We observe that tax discrimination is especidly important in the
initid periods of the trangtion path.

The initid tax cuts, together with the lump-sum trandfers to the initid old, necessarily
imply theat government debt has to increase in theinitid periods following the reform.

Next, Figure 5 displays the evolution of goverrment debt over GDP associated to the
socid security reform.

Figure 5: Evolution of Debt to GDP Ratio

09r -
08 -
0.7 -
0.6 .

A |

I I I I I I I I I

0.4
2000 2020 2040 2060 2080 2100 2120 2140 2160 2180 2200
Year

The increment in debt is subgantidly lower than the totd implicit debt of the socid
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security system (133% of GDP). Notice that a privatization d the socid security system
leaving dl digortions unaffected would require lump-sum trandfers and an increase in
debt once and for al exactly equa to the whole implicit debt. This reform would be
Pareto neutrd. In contragt, implementing the optima digtortions dlows a lower levd of
indebtedness and it is the key source to generate important welfare gains.

As we can obsarve in Fgure 5, the privaization generates an initid increase in
government debt (up to 90% of GDP), but then this debt is progressvely diminated. In
the long run the level of government debt is equd to that of the benchmark economy,
but not as a fraction of output snce output is different. This implies that a substantia
fraction of the initid debt issued will be repaid by the generations dive a the beginning
of the reform. A different path of debt and wefare gains would result if we dlowed for
some of the welfare gainsto accrue to the initid generations dive.

Ovedl, such a reform generates substantia welfare gains for newborn generations,
while leaving oohorts initidly dive indiffeeent by condruction. The wdfare gans
accruing to newborns are plotted in Figure 6.

Figure 6: Wefare Gains of Newborn Generations
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Notice that the wefare gains associated to the reform just discussed, labeded as
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“Ramsey” in Figure 6, are subgantid. Measured as equivdent variation in consumption
the wefare gans ae equivdent to future newborns enjoying 20% more consumption
than the newborns in the status quo economy with a PAY G socid security system.

The parameter | controls the reaive weight that the government places between
present and future generations. A different vaue for this parameter or letting the initid
old enjoy some of the wefae gains of the reform would result in a different
digtributiond pattern of welfare gains.

Findly, it is worth noting that the observed difference between the wefare numbers just
discussed and the welfare gains labded as “Planne” are a measure of the welfare cost
of digortionary taxation, snce “Planne” digplays the wedfare gains associaed to the
fird-best alocation. For the parameterized vdue of ? it is cear that the planner can
front load much more the wefare gain on the initid generations than when digtortionary
taxes have to be used to compensate the status quo generations. It is important to remark
that in the long run the wdfare cost of didortionary taxation is subgtantidly smdler
than dong the trangtion path.

7. Resaults with an unconstrained set of fiscal

Instruments

Now we turn to the case in which the Ramsey problem is not condrained in the set of
fiscd ingruments. That way both capita and labor income taxes are optimaly chosen
for each cohort a each point in time. Clearly, in this environment the dlocations result
in higher wdfare. Y, the rdevant question is how big are they relative to the previous
cae. This way we will be able to tdl gpat the wefare gains coming from reducing
digortions in the labor supply margin (those directly involved in the financing of the
socid  security system) and those coming from the rationdization of the savings
distortionary wedge.

We find tha in this environment the level of initid transfers needed to compensate the
initial  retirees ae sndler. In paticular, only 18% of the initid socid security
entitlements, as compared to the 25% of the previous case. This was to be expected
gnce the government might find optima to patidly compensate wefae losses by
lowering the capital income taxes on the initid wedth hed by the old cohorts of
households.
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The optimaly chosen leve of trandfersto theinitid old is reported in Table 3.

Table 3: Transfersto Initial Generations (% Entitlements)
20-64 65-69 70-74 75-79
0 0.21 0.49 0.81

The evolution of the average tax rates is reported in Figure 7. Labor income taxes are
lowered on impact and follow a time path quite Smilar to that sudied in the previous
section.

Figure 7: Evolution of Average Taxes
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After the initid period of increedng capitd income taxes (we will later discuss why this
happens), the government finds optima to lower capitad income taxes as well. In fact,
these taxes are lowered to 5% on average and dowly converge to a long-run levd of
7.4%. The reason why it is optima to have capitd income taxes different from zero in
the long run is that preferences are not separable in consumption and leisure (see Erosa
and Gervais (2001) and Garriga (1999) for a detailled andyticd and intuitive discusson
of the properties of optimd fiscd palicy in life cycle economies).
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Figure 8: Capital Income Taxes across Different Cohorts at Different Time
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Figure 8 displays the didribution of optima capitd income taxes for different cohorts at
different points in time. In the initid period of the reform (period 2) the government
takes as given the initid capital income tax, we did that to pevent the government from
confiscating initid wedth in a nondigortionary fashion. However, in period 3 the
planner heavily subsdizes the capitd income of the young, while capital income taxes
of the middle age and the elderly are quite substantia. The reason is that the middle age
will enjoy a favorable tax treatment of their labor income, S0 tha the fisca authority
finds optima to tax ther initid wedth. This feature would not arise if we dlowed for
some of the welfare gains to accrue to the initiad generationsdive.

In an environment in which the government would be condrained not to use lump-sum
compensatory tranders to the initid generations the government would instead choose
to heavily subsidize the capital income of the old as a compensatory device.

Findly, notice tha the find deady date implies very smdl capitd income taxes on

average and increading in age (with subgdies to the younger generations).

23



Next, Figure 9 displays the differences in labor income taxes for the initid periods of
the reform and the long-run steady state.

Figure 9: Labor Income Taxes across Different Cohortsat Different Time
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The optima labor income tax roughly follows the same pattern as in the previous
section, even though there are some differences. There are lower labor income subsidies
to the initid old, snce the fiscd authority can adso use capitd income tax cuts to
compensate the welfare losses. Also, the long run schedule changes a hbit relaive to the
previous case.

In steady state, the capitd income tax schedule is dightly increesng in age, while the
implied labor income tax schedule is hump-shaped but mostly decreasing. This result
contrasts with the previous section, where labor income taxes were mostly increasing.

Next, Figure 10 displays the evolution of government debt over GDP associated to the

optimal policy.
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Figure 10: Evolution of Debt to GDP Ratio
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As we can observe in Figure 10, this privatization implies a lower need to issue debt,
gncetheinitid compensatory transfers are smdler.

In particular, the optima level of debt increases up to 85% immediately after the start of
the reform. Later it isgradudly repaid until it convergesto itsfind steady seate vaue.

Notice that the optimal levd of debt in the long run is dmogt zero. The find leve of
debt depends on the discount factor | chosen and on the fiscad indruments available to
the government. We are keeping this parameter constant in order to have comparable
results when we only change the tax insruments avalable. Notice that this parameter
was chosen so that in the previous section al debt issued dong the trangtion was
repaid. Having more fiscd ingruments resultsin alower level of government debt.

The wefare gains accruing to newborns are plotted in Figure 11.
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Figure 11: Welfare Gains of Newborn Generations
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Notice that the welfare gains associated to the reform just discussed, labeled as
“Uncondr. Ramsey” in Figure 11, are subdtantid. Yet, when we compare with the
welfare gains obtained for the constrained case studied in the previous section, labeled
as “Ramsey Fix K Tax”, we obsarve tha the difference is rdaively smdl. In paticular,
they are dmogt the same in the long run.

From that experiment we conclude that most of the wefare gains accruing to a
privatization come from the reduction of labor supply digtortions, which are the
digtortions inherent in the financing of the Socid Security system.

The condraint in the set of ingruments generates a different pattern for the distribution
of labor income taxes adong the trandtion path as wel as in the long run. However, this
condrant does not seem to be quantitatively important in terms of wdfare. With
redrictions on the ingruments, the government can use labor income taxes to shift the
tax burden across ages in a way that the dlocations and hence wefare are not
ubgtantidly affected.

Findly, it is important to remark that dl the wedfae gans can be generated without
privetizing the socid security system. Following the same logic used in Section 3, it is

posshle to decentrdize the same dlocaion in an environment where the government
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would keep the transfers from the PAYG system as in the benchmark economy, and it
would implement the optima financing. In this case, snce dlocaions are unchanged,
dl the previous figures would remain unchanged with the exception of the path of
government debt. The difference would be that the level of debt is higher reflecting the
increased financia needs of the government.

8. Conclusions

It is a common prediction of standard overlgpping generations models that changing the
PAYG nature of public socid security systems towards a Fully Funded sysem might
generate subgantid  efficiency and wefare gains in the long run. Moreover, given the
demographic projections it might be unavoidable to engage in such reforms. However,
these long run efficiency and wefare gans come a the cost of subgtantid welfare
losses for initid generations, casting doubts on the politicd viability of such a
fundamenta tax reform.

In contrast, we argue that a privatization of the socia security system can be interpreted
as the explicit recognition of an implicit debt and there is no efficiency gain in doing <.
As a consequence, potentid efficiency gains upon reforming the syssem come from the
eimination of digortions and the optima management of that implicit debt. Based on
that argument, this paper studies the optima design of a sociad security privatization in a
Pareto improving way, usng an optima fiscd policy goproach. The government
decides endogenoudy how to compensate the initid generations dive from the loss of
future pensons and how to finance the trangtion from a PAYG system to a FF system,
in an envirooment where wdfare of the initid generations dive becomes policy
condraint. Therefore, our analyss maximizes over fiscd policies dong a reform rather
than studying the implications of exogenoudy chosen reforms.

We find that the government can dedgn a Paeo improving reform that exhibits
gzesble wdfare gans Our approach explicitly provides quantitetive policy
prescriptions towards the policy design of future and maybe unavoidable socid security
reforms.

Findly, we observe that the wefare gains come from the reduction of digtortions in the
labor supply margin, and that little is gained by changing the Sructure of capitd income
taxation as part of a potentia reform.
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