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Abstract

While privatizing Social Security would not produce Pareto efficiency gains or lossesin
a deterministic economy with labor taxes and inelastic l1abor supply, the presence of elas-
tic labor supply and uncertainty changes matters considerably. On one hand, privatization
could reduce the effective tax rate on labor supply even if all policy instruments are second
best. On the other hand, privatization could reduce valuable risk sharing when households
face uninsurable wage shocks or uninsurable longevity uncertainty. Determining the overall
change in efficiency requires the use of simulation analysis.

We investigate these competing effects using a heterogeneous overlapping-generations
(OLG) model in which agents with elastic labor supply face idiosyncratic earnings shocks
and longevity uncertainty. We find that a stylized privatization can have a very powerful
effect on labor supply incentives: When wages and longevity are insurable, privatization can
produce new resources of roughly $150,000 per each future household (growth adjusted over
time), that is, after all households in the short run that would otherwise lose from reform
have been fully compensated. Even if private annuity markets do not exist, privatization can
produce over $120,000 in new resources for each future household. However, when wages
are not insurable, a stylized complete privatization reduces efficiency—by roughly $100,000
per future househol d—despite the improved labor supply incentives even with perfect pri-
vate annuity markets. (The losses increase to over $110,000 per future household if private
annuity markets do not exist.) Thislossis reduced to under $40,000 if privatization is gradu-
ally phased-in and some risk sharing is introduced into the privatized system by subsidizing
wage contributions on a progressive basis and paying for the subsidy by increasing general
revenue income taxes in a proportiona manner.
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1 Introduction

It has been known for some time that shutting down (“privatizing”) a pay-as-you-go
Social Security system would simply reallocate resources between generations when all eco-
nomic variables are fully deterministic, government revenue is financed by labor taxes, and
labor supply isinelastic (see, e.qg., Breyer, 1989; Geanakoplos, Mitchell and Zeldes, 1998;
Murphy and Welch, 1998; Mariger, 1999; Shiller, 1999; Diamond and Orszag, 2003). In
particular, no new resources would be created in present value once the “winners’ have fully
compensated the “losers” As a result, analysis about privatization in this model setting
necessarily focuses on distributional fairness and not on the potential for improving Pareto
economic efficiency.

Theintuition for this zero-sum result is not widely appreciated since other fiscal reforms,
such as removing a capital income tax, could produce efficiency gains in a deterministic
economy with inelastic labor supply. Like a capita income tax, a pay-as-you-go Social
Security program might substantially “crowd out” capital saving (Feldstein, 1974). But,
unlike acapital incometax, apay-as-you-go Social Security system financed by |abor income
taxes does not directly distort the relative price of consumption over the lifecycle. Shutting
down Social Security would increase the returns on saving earned by the young and future
generations who, under Social Security, are required to pay off the implicit debt inherited
from previous generations who received more in present value than they contributed. But
the gains to young and future generations from privatization would come at an equal cost (in
present value) to theinitial elderly. Compensating theinitia elderly for their loses, therefore,
would smply undo the privatization experiment without changing relative prices.

Allowing for elastic labor supply and various sources of uncertainty that cannot be easily
insured in the private market, however, can change the potential for efficiency gains consid-
erably. In thisricher environment, privatization can lead to either efficiency gains or even

| osses.



1.1 Elastic Labor Supply

With elastic labor supply, privatization could produce large efficiency gains by reducing
the effective tax rate on labor supply. Socia Security payroll taxes are distortionary because
each extradollar contributed to Social Security does not produce an extradollar in benefitsin
present value. Instead, some of the contributions are effectively used to pay off the implicit
debt inherited from past generations who received more than they contributed. Moreover, the
Social Security program in the U.S. is progressive in the sense that it gives households with
alow average index of monthly wages (AIME) a larger Social Security benefit relative to
the AIME (i.e., alarger “replacement rate”). Contributions by households with higher-than
average lifetime earnings, therefore, are effectively used to subsidize the contributions by
households with lower-than average lifetime earnings.

If the losers (the initial elderly) from privatization can be assumed to be compensated
with first-best (lump sum) transfers by levying first-best taxes on the winners (young and
future generations), privatization can obviously produce efficiency gains by removing the
distortions to labor supply. The assumption of first-best compensation is implicit in the tra-
ditional welfare analysis of Hicks (1943, 1944-5) and Harberger (1974), which has been
rigorously extended to the overlapping generations environment by Auerbach and Koltlikoff
(1987). We further extend the method developed by Auerbach and Kotlikoff to an environ-
ment with stochastic wages and uncertain longevity.

A point that is less obvious, however, isthat, in amodel in which agents are allowed to
live three or more periods, shutting down Socia Security could produce efficiency gains even
if the losers were compensated by levying second-best (labor income) taxes on the winners.
In particular, in amodel in which agents work the first two periods of life and retire the third
period, shutting down Social Security would “default” on both the Socia Security benefits
owed toinitial third-period agents and the benefits accrued to date by second-period workers.
The " default” to third-period agents, of course, does not produce efficiency gainsitself since

they must be compensated for their losses using second-best taxes |evied on workers. But the

1The distinction between first-best and second-best compensation is not important for revenue-neutral policy
changes such as fundamental tax reform (e.g., Nishiyama and Smetters, 2003). The interpretation of efficiency
changes, however, becomes more important for other experiments which are not revenue neutral .



“default” on benefits accrued by second-period workers can produce efficiency gains because
thisimplicit lump sum “wealth levy” is used to finance part of the higher rate of return that
they will earn on their second-period contributions after privatization, thereby reducing the

effective tax rate on labor (Smetters, 2004).

1.2 Uninsurable Shocks

The progressive nature of the U.S. Social Security system effectively providesinsurance
against wage shocks.? Since these shocks are typically difficult to insure in the private mar-
ket, privatization could reduce a valuable source of risk sharing unless the privatized system
is complementary with some other form of risk sharing such as matching contributions on a
progressive basis. We consider a contribution match later in the paper.

Social Security also pays benefits until the beneficiary and spouse dies rather than over
afixed number of years. To the extent that longevity uncertainty is difficult to insure in the
private market, privatization could also reduce risk sharing by eliminating a valuable source
of annuity protection. However, the best evidence suggests that private annuities are close to
being actuarialy fair (Brown, et al, 2001) and so, to be conservative, the bulk of our analysis

will focus on the case in which the private annuity market is operative.

1.3 Summary of Net Effects

Determining the overall change in efficiency requires the use of simulation analysis. We
investigate these competing effects using a heterogeneous overlapping-generations (OLG)
model in which agents with elastic labor supply face idiosyncratic earnings shocks and
longevity uncertainty.

We find that a stylized privatization can have a very powerful effect on labor supply in-

centives. When wages and longevity are insurable, privatization can produce new resources

2The value of Social Security in insuring earnings and longevity shocks that are difficult to insure in the
private market has been investigated by Imrohoroglu, Imrohoroglu, and Joines (1995) and Conesa and Krueger
(1999). Imrohoroglu et a. focus on steady states and find that the risk sharing benefit is outweighed by the
crowding out of capital when the Social Security system is unfunded. Conesa and Krueger consider a voting
model that includes the effect of Social Security reform on transitional generations. Consistent with previous
deterministic models, they find that the losses from privatization to voting transitional generations might explain
why a pay-as-you-go system is politically stable even though the newborns are better off; the lossin risk sharing
serves as another reason for the political stability. In our analysis, we find that privatization may not, in fact,
produce efficiency gains when the transitional generations are fully compensated.



equal to $150,000 per each future household (growth adjusted over time), that is, after dl
households in the short run that would otherwise lose from reform have been fully compen-
sated. Even if private annuity markets do not exist, privatization can produce over $120,000
in new resources for each future household. However, when wages are not insurable, pri-
vatization reduces efficiency — by as much as $95,000 per future household — despite the
improved labor supply incentives even with perfect private annuity markets. (The lossesin-
crease to over $110,000 per future household if private annuity markets do not exist.) This
lossisreduced to about $40,000 if privatization is gradually phased-in and somerisk sharing
is introduced into the privatized system by subsidizing wage contributions on a progressive
basis and paying for the subsidy by increasing general revenueincometaxesin aproportional

manner.

1.4 Outline

The rest of the paper is laid out as follows: Section 2 describes the model, Section 3
explains the calibration of the model, Section 4 and Section 5 explain the policy experiments
of Socia Security privatization, and Section 6 concludes the paper.

2 Mode€

The model we use to analyze tax reform has three sectors: heterogeneous households
with eastic labor supply; a competitive representative firm with constant-returns-to-scale
production technology; and a government with a full commitment technology. Like most
previous analyses of Social Security reform, our model’s pre-reform neoclassical economy
is stationary by construction, and so we don't capture the effects that projected demographic
changes might have on factor pricesin the baseline economy in the closed economy version
of our model.2 We, however, are only interested in comparing the efficiency of gains from
privatization against the baseline, not examining the implications of demographics on factor

prices in the baseline economy.

3We are aware of only two papers, De Nardi, Imrohoroglu and Sargent (1999) and Kotlikoff, Smetters and
Walliser (2001), that attempt to capture the effect of non-stationary demographics on baseline factor prices.



2.1 TheHousehold Sector

Households are heterogeneous with respect to ages ¢, working abilities e; (measured by
their hourly wages), beginning-of-period wealth holdings a;, and average historical earnings
b; that determine their Social Security benefits. Every year, a large number (normalized to
unity) of new households of age 20 enter the economy. The population of this economy
grows at acongtant rate of v. A household of age i observes an idiosyncratic working ability
shock, e;, at the beginning of each year and chooses its optimal consumption c¢;, working
hours h;, and end-of-period wealth holding a;1, taking the government’s policy rule and
series of factor prices and the government’s policy variables as given.* At the end of each
year, afraction of households die based on the mortality tables. The model assumes that no
one lives longer than 110 years. For smplicity, all households are assumed to be two-earner

married couples of the same age.

2.1.1 TheHousehold’'s Problem

Let s; denote the state of an age 7 household,
S; = (i7ei7aiabi)’ (1)

wherei € T = {20,...,109} isthe household's age, ¢; € E = [e™®, ™3] is its working
ability (the hourly wage), a; € A = [a™", a™] is its beginning-of-period wealth, and
b; € B = [b™i» p™ax] jsits average historical earnings for Social Security purposes.®

Let S; denote the state of the economy at the beginning of year ¢,

St - (I‘t (Sl) ) WR,t7 WG,t) ) (2)

where z; (s;) is the joint distribution of households withs; € I x E x A x B, Wg; isthe
beginning-of-period net wealth held by the Lump-Sum Redistribution Authority (LSRA),
which is described below, and W ; is the net wealth of the rest of the government.

“Because there are no aggregate shocks in the present model, households can perfectly foresee these factor
prices and policy variables, using the current distribution of households and the current policy variables. Yet,
their own future working ability and mortality are uncertain.

5The average historical earnings are used to calculate the Socia Security benefits of each household. The
variable b; approximates the average indexed monthly earnings (AIME) multiplied by 12 as of age 4.



Let ¥, denote the government policy schedule known at the beginning of year ¢,°

‘Ilt = {WR,3+17 WG,s+17 CG,S, trLS,sa TI,s () yTPs () 7tTSS,s (57,) atrR,s (Sz)};)o:t y (3)

where Cg ¢ is government consumption, ¢ry,s  islump-sum transfers (lump-sum tax if neg-
ative), 77 s (.) isanincometax function, 7p 5 (.) is apayroll tax function for Socia Security
(OASDI), trgss (.) isa Social Security benefit function, and trg s (s;) is an LSRA weadlth
redistribution function.

The household’s problem is

v (si, Se: W) = max w; (i, 1) + B L [v (8i41, S15 W) lei] (4)
subject to
. {wieihi + (L+1¢) (ai + trre (si)) ©)
a; = T Wei Ny T 473 T i
+1 114 t t Rt

— 71t (weeihi, e (a; +treye (i), trsse (8i)) + trose — Tre (weeihy)
+trssy (i,0;) — ci} > aiy, (si)

a =0, aiefe5,...,110} = 0,

where u;(.) isaperiod utility function of an age i household, 3 is the time-preference factor,
¢; isthe surviva rate, w; is the wage rate per efficiency unit of labor, and r, is the interest
rate (the rate of return to capital).” Individual variables of the model are normalized by the
steady-state per capita growth rate . aﬁilf’t(si) is the state-contingent minimum level of
end-of-period wealth that is sustainable, that is, even if the household receives the worst
possible shocks in future working abilities. At the beginning of the next period, the state of

the household becomes

Si+1 = (i +1,e41,a41 + qt, bi41) (6)

where ¢; denotes accidental bequests that a household receives at the end of the period. In

81n this model economy, the government does not solve an optimization problem. The government’s policy
ruleis described as a set of tax and spending functions, in which functional forms are possibly time variant, and
afinancing rule must satisfy an intertemporal budget constraint.

S0, wee;h; isthe earnings of a household of age ¢ with working ability e; in year ¢.



the presence of perfect annuity markets, the household's state in the next period is

sit1 = (1 +1,ei41,ai11/di, big1)

instead. The average historical earnings b; for Social Security purposes follows

0 if i <24
biv1 = 7757{(i — 25)bi g2 + min (wie;h; /2, weh?@ )} if 25 <i < 59
bi/ (14 p) if i > 60,

where weh"** is the Old-Age, Survivors, and Disability Insurance (OASDI) tax cap, which
is $80,400 in 2001. For simplicity, the model assumes that the highest 35 years of earnings
correspond to those in ages between 25 and 59.8

2.1.2 TheMeasureof Households

Let x; (s;) denote the measure of households, and let X; (s;) be the corresponding cu-
mulative measure. The measure of households is adjusted by the steady-state population
growth rate . The population of age 20 householdsis normalized to be unity in the baseline
economy on the balanced growth path, that is,

/ dXt (20, 620,0,0) = 1. (9)
E

Let 1, beanindicator function that returns 1if a = y and 0 if a # y. Then, the law of

motion of the measure of householdsis, fori € I = {20, ...,109},

¢.
T4+1 (Si+1) = 1+ZV A B1[ai+1:ai+1(siyst;‘:[’t)+%] (10)
X AX

XLy 1 =by 1 (weesha (s5,Se,®),by)] Tii+1(€ir1]e)dXe (s;)

where 7; ;1 denotes the transition probability of working ability from age i to age ¢ + 1.
For simplicity, a working age household is assumed to receive accidental bequests ¢; with

constant probability 7, where ¢, is the average wealth left by deceased households and 7 is

8Social Security benefits in the United States are computed on the basis of the highest 35 years of earnings,
adding an additional state variable to the model. Earnings before age 60 are wage indexed and earnings after age
60 are price indexed.



the ratio of deceased household to the surviving working-age households. That is,

30001 = %) [y ars @it1 (i, St; ®)dX, (s)

gt = 9 (11)
Y1801 = 1) [y axp AXe (s1)
109

. > iz20(l — ¢i) fExAxB dX; (si) (12)

n= 61 A
i=20 Pi fExAxB ¢ (si)
The steady-state condition is

Sii1 =S (13

forall tands; € I x £ x A x B.

2.2 TheFirm

National wealth W isthe sum of total private wealth and government’s net wealth W ;.
Total labor supply L; is measured in efficiency units.

109

We=3. / a;d Xy (si) + Wre + Way, (14)
i=20 ExAxB
109

D=3 [ il S WX (s). a5
i=20 ExAxB

Thereisaperfectly competitive representative firm in thiseconomy. Inaclosed economy,
capital stock is equal to national wealth, that is, K; = W;, and gross national product Y; is

determined by a constant-returns-to-scal e production function,
Y: = F(Ky, Lt). (16)
The profit-maximizing condition of thefirmis

Fr(Ky, L) = 14 + 6, (17)
Fr(Ky, L) = wy, (18)
where ¢ is the depreciation rate of capital.

In a small open economy, factor prices, r; and wy are fixed at international levels, and

domestic capital stock Kp; and labor supply L, are determined so that the firm's profit



maximizing condition satisfies,

Fr(Kpy, L) =rf +6, (19)

Fr(Kpgt, L) = wy. (20)
Gross domestic product Yp, ¢ is determined by the production function,

Yp: = F(Kpy, L),
and gross nationa product Y; is determined by

Y = (r] +6) Wi +wy L.

Net foreign investment is shown by the difference between national wedth and domestic
capital stock, that is, Wy — Kp ;.

2.3 The Government

In our policy experiments reported below, we follow Auerbach and Kotlikoff (1987) by
measuring the pure efficiency gains from a policy change using a Lump-Sum Redistribution
Authority, but we extend their approach to a heterogeneous-agent OLG model. To see how
the LSRA works, suppose that a new policy is announced at the beginning of period 1. The
LSRA first makes alump-sum transfer (tax if negative), trcy 1 (s;), to each living household
of age to bring its expected remaining lifetime utility at state s; back to its pre-reform level
in the baseline economy. Next, the LSRA makes alump-sum transfer (or tax), trcv+ (s20),
to each future household (that is, each newborn household in periods 2, 3, ...) to make it as
well off in the baseline economy, conditiona onitsinitial state at age 20. Thus far, however,
the net present value of these transfers at the beginning of period 1 across living and future
households will generally not sum to zero. So, finally, the LSRA makes an additional lump-
sum transfer (tax), Atr, to each future household so that the net present value across all
transfers is zero. For illugtrative purposes, we assume that these additional transfers are

uniform across future generations on a growth-adjusted basis. The lump-sum transfers made



by the LSRA, therefore, are

trov (Sl) ift=1
trri(si) = 4 trovy (si) + Atr, ift>1andi=20 .
0 otherwise

If Atr > 0 then tax reform has produced extra resources after the expected remaining life-
time utility of each household has been restored to its pre-reform level. In this case, we say
that tax reform has generated efficiency gains. If, however, Atr < 0, then tax reform reduces
efficiency. Thetotal net lump-sum transfer to living households at time ¢, Trrg, is

109
Try =Y / trae (s1) dX; (s1) 1)
i—20/ EXAXB

Government tax revenue consists of federal income tax 77, and payroll tax for Social
Security (OASDI) T'p;. These revenues are

109

Ty = Z / 71+ (weeihi(si, Se; W), 14 (@i + tree (i), tresy (si)) dX; (si),
i—20” EXAXB

(22
109
Tpy = Z/ TPt (weeihi(si, Se; Wy)) d Xy (s;) (23
i—20/ ExAXB

Total lump-sum transfer T'rz,s, and Socia Security (OASDI) benefit expenditure Trgs ;. are

Trrst =trrsg Z / dXy (ss), (24)
i—20” EXAXB
109
Trsse=Y / tress (si) dX; (si) . (25)
i—20/ EXAXB

The law of motion of the government wealth (normalized by productivity growth and

population growth) is

1
We 41 = ( {Q+r)Wer+Tr4 —Trst — Capnt, (26)

14+ up)(1+v)

1
Writ1 = (

m(l + 1) Wae — Try) (27)

where C + is government consumption. In this paper, the payroll tax rate is adjusted so that

10



the Social Security OASDI budget is always balanced, i.e., Tp; = Trgs .

2.4 Recursive Competitive Equilibrium

Definition Recursive Competitive Equilibrium (Equilibrium Transition Path): Lets; =
(i,€ei,a;,b;) betheindividual state of households, let S; = (z+(s;), Wr+, Wa,+) be the state
of the economy, and let ¥, be the government policy schedule known at the beginning of

year t,

‘Ilt = {WR,S+17 WG,S+17 CG,37 trLS,sa TI,S () 77-P,s () 7tTSS,S () 7tTR,S (Sl)};.it .

A series of factor prices {rs, w}32,, accidental bequests {¢; }22,, the policy variables
{Whrs+1, Wa,s+1,Ca s, trrs,s, trr,s (si) }52,, the parameters of policy functions {¢s}52,,

the value function of households {v (s;, Ss; W) }22,, the decision rule of households
{d(si, Ss; o) 132y = {cilsi, Ss; Ws), hi(si, Ss; Ws), aita(si, Ss; Ws) 122y,

and the measure of households {z;(s;) }52,, are in arecursive competitive equilibriumiif, in
every period s = t, ..., co, each household solves the utility maximization problem (1)—(5)
taking ¥; asgiven; the firm solvesthe profit maximization problem, and the capital and labor
marketsclear, that is, (14)—20) hold; the government policy schedule satisfies (21)—(26); and

the goods market clears.

Definition Recursive Competitive Equilibrium (Steady State): Lets; = (i, ¢;, a4, ;) be
the individua state of households and let ¥ be the time-invariant government policy rules,

W = {Wg,Wg,Cq,trrs, 71 (.),7p (.) . trss (.) ,trr (s;)} .

Factor prices (r, w), accidental bequests ¢, thepolicy variables (Wgr, Wq, Cq, trrs, trr (si)),
the parameters ¢ of policy functions, the value function of households v (s;; ¥), the decision

rule of households

d(si; ) = {ci(si; ¥), hi(si; ¥), air1(si; ¥)},

11



Table 1: Parameters

Economies without Economies with
Wage Shocks Wage Shocks
with Annuity  w/o Annuity  with Annuity ~ w/o Annuity
Markets Markets Markets Markets
Time preference parameter *1 I} 1.022 1.016 0.986 0.982
Share parameter for consumption *2 o 0.427 0.433 0.479 0.494
Coefficient of relativerisk aversion ~ ~y 20
Capital share of output 0 0.30
Depreciation rate of capital stock 0 0.047
Long-term real growth rate " 0.018
Population growth rate v 0.010
Total factor productivity A 0.949

*1. The capital-GDP ratio is assumed to be 2.74.
*2. The average annual working hours are 3414 per married couple when fy, 5= 8760.

and the measure of households x (s;), are in asteady-state recursive competitive equilibrium
if, in every period, each household solvesthe utility maximization problem (1)—(5) taking ¥
as given, the firm solves the profit maximization problem, and the capital and labor markets
clear, that is, (14)—20) hold; the government policy rules satisfy (21)—27); the goods market

clears; and the measure of households is constant, that is, (13) holds.

3 Calibration

Table 1 summarizes the key parameters discussed bel ow.

3.1 Households

Utility Function. We usethe following Cobb-Douglas utility function that is nested within
a time-separable isoelastic functional form, which is compatible with the existence of a

steady state:

1=y

(0 n <o e}
11—~

u(e, h) =

~ is the coefficient of relative risk aversion, n; is the number of dependent children at the

parents age i,  is the “adult equivalency scale” parameter that is used to convert the con-

12



Table 2: Number of People Under 18 Years of Agein aMarried Household

Age cohorts  Number of children Age cohorts  Number of children
20-24 0.642 50-54 0.908
25-29 1.167 55-59 0.562
30-34 1.451 60-64 0.231
35-39 1.755 65-69 0.156
40-44 1.753 70-74 0.055
45-49 1.439 75-plus 0.000

Source: Authors' calculations from the 2001 Survey of Consumer Finances (SCF).

sumption by children into their adult equivalent amounts, and /;"#* is the maximum working
hours.® The coefficient of relative risk aversion isinitially assumed to be 2.0. The number of
dependent children by age cohort is calculated using the 2001 Survey of Consumer Finances
(SCF) (see Table 2). The consumption adjustment parameter is assumed to be 0.6.1°

The annua working hours in the model are the sum of the working hours of a husband
and a wife. The maximum working hours, h;"**, are set at 8,760, which equals 12 hours
per day per person x 365 days x two persons.*! Using a smaller value for maximum hours
would reduce the effective labor supply elasticity. The parameter o is chosen so that the
average working hours of households between age 20 and age 64 equals 3,414 hours in the
initial steady-state economy, the average number of hours supplied by married householdsin
the 2001 SCF.

Working Ability. The working ability in this calibration corresponds to the hourly wage
(Iabor income per hour) of each household in the 2001 SCF.2? The average hourly wage of a
married couple (family members #1 and #2 in SCF) used in the calibration is calculated by

Regular and Additional Salaries (#1 + #2)
max { Working Hours (#1 + #2), 2080}

°The growth-adjusted 3, therefore, is 3(1 + p)* 7).

OHence, a married couple with two dependent children must consume about 52 percent (i.e., 2°% = 1.517)
more than amarried couple with no children to attain the same level of utility, ceteris paribus.

UThe 95th and 99th percentiles of the working hours per married couple of aged 20-64 in the 2001 SCF are
5,280 and 6,375, respectively.

2 ccording to Bureau of Labor Statistics data, the average hourly earnings of production workers have in-
creased by 3.8 percent from 2000 to 2001. Since the 2001 SCF wages correspond to year 2000 while our tax
function introduced below is calibrated to the year 2001, we multiply the SCF wages shown in Table 3 by 1.038
to convert the hourly wages in 2000 into growth-adjusted wages in 2001.

Hourly Wage =

13



Table 3: Working Abilities of aHousehold (in U.S. Dollars per Hour)

Percentile Age Cohorts
20-24 2529 30-34 35-39 4044 4549

el 0-20th 3.89 5.47 6.86 6.01 7.43 5.73
e? 20-40th 83 1011 1238 1227 1390 1314
el 40-60th  10.28 1404 1646 1696 1876 1847
et 60-80th 1231 17.30 2187 2257 2579 2571
ed 80-90th 1747 2158 2937 3019 3637 3556
eb 90-95th 2217 2721 3396 4692 4830 5459
e’ 95-9%th 2943 3660 4376 8175 9644 9748
e® 99-100th 4231 6229 18278 327.65 26203 284.00
Percentile Age cohorts

50-54 5559 60-64 65-69 70-74 7579
el 0-20th 5.00 242 0.00 0.00 0.00 0.00
e? 20-40th 1399 10.65 3.36 0.00 0.00 0.00
el 40-60th  20.95 15.60 11.00 1.92 0.00 0.00
et 60-80th  29.13 2460 1833 11.14 177 1.30
e’ 80-90th 4089 3475 29.08 1914 1093 1021
eb 90-95th  54.11 51.62 4441 2999 2066 20.88
e’ 95-99%th 9167 9924 91.12 5619 3826 2641
e® 99-100th 28218 33358 55590 24471 19300 86.76

Source: Authors' calculations from the 2001 SCF.

We adjusted the saaries in the numerator by adding imputed payroll taxes paid by their
employers. The max operator in the denominator is used to adjust the hourly wage for a
small fraction of households with large reported salaries but few reported working hours
such as executives and the self-employed.

Table 3 shows the eight discrete levels of working abilities of five-year age cohorts. We
use a shape-preserving cubic splineinterpol ation between each five-year age cohort to obtain
the working ability for each age cohort.'® In the version of our model where we “turn off”
the idiosyncratic wage shocks, the hourly wages of the representative household are assumed
to be the weighted averages of the values shown in Table 3.

Table 3, however, only shows the different potential “wage buckets’ by age as well as

the proportion of households in each bucket. It does not itself capture the uncertainty over

BAn alternative approach of estimating eight different wage rates for each age would have relied on too few
observations.
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wages. Using the Panel Study of Income Dynamics (PSID), therefore, we estimate Markov
transition matrixes that specify the probabilities that a household's wage will move from one
wage a different wage the next year. Separate transition matrixes were constructed for four
age ranges—20-29, 30-39, 40-49, and 50-59—in order to capture the possibility that the
probabilities themselves might change over the lifecycle. (For households aged 60 or ol der,
we used the matrix for ages 50-59.) The probability » of receiving bequests each year for a
working-age household is calculated to 0.0161 by Equation (12). The Appendix reports the

estimation procedure and the matrixes in more detail.

Population Growth and Mortality. The population growth rate v is set to one percent per
year, which is consistent with Socia Security Administration (2001) long-run estimates. The
survival rate ¢; at theend of agei = {20, ..., 109} are the weighted averages of the male and
female survival rates calculated by SSA (Table 4.C6). The survival rates at the end of age
109 are replaced by zero, thereby capping the maximum length of life. See Appendix A for

more details.

3.2 Production

Capital and Private Wealth. Capital K isthe sum of private fixed assets and government
fixed assets. In 2000, private fixed assets were $21,165 billion, government fixed assets were
$5,743 billion, and the public held about $3,410 billion of government debt.’* Government
net wealth, therefore, is set equa to 9.5 percent of total private wealth in the initial steady-
state economy in our model. Moreover, the time preference parameter G is chosen in each
version of our model so that the capital-GDP ratio in the initial steady state economy is2.74,
the empirical value in 2000.1°

Production Technology. Production takes the Cobb-Douglas form,

F(Ky, Ly) = AKOLIY.

14source: Department of Commerce, Bureau of Economic Analysis.
151 i
Ibid.
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where, recdl, L, isthe sum of working hours in efficiency units. The capital share of output
6 is chosen equal to

B Compensation of Employees + (1 — 6) x Proprietors Income

=1 National Income + Consumption of Fixed Capital

The value of 6 in 2000 was 0.30.6 The annual per-capita growth rate 1. is assumed to be 1.8
percent, the average rate between 1869 to 1996 (Barro [1997]). Total factor productivity A
isset at 0.949, which normalizes the wage (per efficient labor unit) to unity.

TheDepreciation Rate of Fixed Capital. The depreciation rate of fixed capital § ischosen
by the following steady-state condition,

B Total Gross Investment o
~ " Fixed Capitd p=v

In 2000, private gross fixed investment accounted for 17.2 percent of GDP, and government
(federal and state) gross investment accounted for 3.3 percent of GDPY’ With a capital-
output ratio of 2.74, the ratio of gross investment to fixed capital is 7.5 percent. Subtracting
productivity and population growth rates, the annual depreciation rate is 4.7 percent.

3.3 The Government

Income Taxes. Federa income tax and state and local taxes are assumed to be at the level
in year 2001 before the passage of the “Economic Growth and Tax Relief Reconciliation
Act of 2001” (EGTRRA). Since households in our model are assumed to be married, we use
a standard deduction of $7,600. However, following Altig et al. (2001), we alow higher
income households to itemize deductions when it is more valuable to do so, and we assume
that the value of the itemized deduction increases linearly in the Adjusted Gross Income.
The additional exemption per dependent person is $2,900 where the number of dependent
children is consistent with Table 2. Table 4 shows the statutory margina tax rates before

®source: Department of Commerce, Bureau of Economic Analysis. The average of 6 in years between 1996
and 2000is 0.31.

Yibid.

18| h particular, the deduction taken by a household is the greater of the standard deduction and 0.0755 x AGl,
or max{$7600, 0.0755xAGI }.
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Table 4: Marginal Individual Income Tax Ratesin 2001 (Married Household, Filed Jointly)

Taxable Income Marginal Income Tax Rate (%)
$0 - $45,200 150 X ¢f
$45200 - $109,250 28.0 X oy
$109,250 - $166,500 31.0 X ¢r
$166,500 - $297,350 36.0 X 7
$297,350 - 39.6 X @7

EGTRRA.° As explained before, a household’s labor incomein this calibration includesthe
imputed payroll tax paid by its employer. Thus, taxable income is obtained by subtracting
the employer portion of payroll tax from labor income.

The standard deduction, the personal exemption, and all tax brackets grow with pro-
ductivity over time so that there is no real bracket creep; thisindexing is also needed for the
initial economy to bein steady state. In 2000, the ratio of total individual income tax revenue
(not including Social Security and Medicare taxes) to nominal GDP was 0.102 and the ratio
of corporate income tax to GDP was 0.021. Each statutory federal income tax rate shown
in Table 4, therefore, is multiplied by ¢; so that income tax revenue (including corporate
income tax) totals 12.3 percent of GDP in the initial steady state. The adjustment factor is
0.76-0.77 for heterogeneous-agent economies with idiosyncratic wage shocks and 1.19-1.22
for representative-agent economies without wage shocks. Also, since the effective tax rate
on capital incomeis reduced by investment tax incentives, accelerated depreciation and other
factors (Auerbach [1996]), the tax function is further adjusted so that the cross-sectional av-
erage tax rate on capital income is about 25 percent lower than the average tax on labor
income.?® State and local income taxes are modeled parsimoniously with a 4.0 percent flat

tax on income above the deduction and exemption levels used at the federal level.

Social Security. Thetax rate levied on both employers and employees for Old-Age, Sur-
vivors, and Disability Insurance (OASDI) is 12.4 percent, and the tax rate for Medicare (HI)
is 2.9 percent. In 2001, employee compensation above $80,400 was not taxable for OASDI.

¥The key qualitative results reported herein are unaffected if the tax function were instead modeled as net
taxes, that is, after substracting transfers indicated in the Statistics of Income.

DThis relative reduction to the tax rate on capital is commonly used by CBO, and it balances the legal tax
preferences given to capital versus the legal tax benefits given to labor, including tax-preferred fringe benefits.
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Table 5: Margina Payroll Tax Ratesin 2001

Taxable Labor Marginal Tax Rate (%)
Income per Worker OASDI HI
$0 - $80,400 124 x pp 29
$30,400 - 0.0 X pp 29

Note: The same taxes are levied to employers. The payroll tax
adjustment factor ¢ p is assumed to be 1.0.

Table 6: OASDI Replacement Rates in 2001

AIME (b/12) Marginal Replacement Rate (%)
$0 -  $561 90.0 X ¢y
$561 - $3,381 32.0 X 4y
$3,381 - 15.0 X @4

Note: The OASDI benefit adjustment factor ¢, is set S0
that the OASDI is pay-as-you-go in the baseline economies.

(See Table5.)

Social Security benefits are based on each worker’s Average Indexed Monthly Earnings
(AIME), b;/12, and the replacement rate schedule in the United States. The replacement
rates are 90 percent for the first $561, 32 percent for amounts between $561 and $3,381, and
15 percent for amounts above $3,381.

In this calibration, OASDI benefits are adjusted so that total benefit equals total payroll
tax revenue for OASDI. The adjustment factor ;.. is 1.34 in economies without wage shocks
and 1.37-1.38 in economies with wage shocks. The benefits received by retired workers ac-
counted for 69.1 percent of total OASDI benefits in December 2000.%* Considering spousal
and survivors' benefits, these adjustment factors are roughly consistent with the U.S. OASDI
system.

4 Policy Experiments

Assets in the new private (or individual) saving accounts are assumed to be perfect sub-

stitutable of other private assets. In particular, both assets earn the market rate of return and

2gee Table 5.A1 in Socia Security Administration (2001).
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the income produced is taxed by the same income tax schedule. Privatization of Social Se-
curity (OASDI), therefore, is equivalent to smply eliminating Social Security. This section
describes the 26 stylized privatization experiments that we conducted.

The Immediate Elimination of OASDI. Thefirst set of experiments analyzes the imme-
diate privatization (elimination) of Social Security. At the beginning of year 1, both the
payroll tax rate for OASDI and benefits are reduced to zero immediately. Since privatiza-
tion will change the size of the general-revenue income tax base, the experiments shown in
these tables also assume that changes in revenue are transferred back to households in ei-
ther a lump-sum fashion or by changing income taxes in a proportional manner in order to
maintain a constant level of government revenue asin the stationary pre-reform economy.

Assummarized in Table 7, privatization is evaluated under many combinations of model
assumptions: (i) In a representative-agent economy without idiosyncratic wage shocks or
in a heterogeneous-agent economy with wage shocks; (ii) with a perfect annuity market or
without a private annuity market; and (iii) in a closed economy or in a small open econ-
omy. The Lump-Sum Redistribution Authority (LSRA) is aways “turned on” in al of the
“Immediate” privatization runs since there are some poor retired households that rely solely
on Social Security benefits and, therefore, would violated the Inada conditions without the
LSRA.

The Phase-In Privatization of Social Security. As shown in Table 7, the second set of
experiments assumes the phase-in privatization (elimination) of Social Security. OASDI
benefits are reduced linearly between those ages 65 and 25 in the year of the reform . Specif-
icaly, households of age 66 or older in year 1 receive the current-law (baseline) benefits
throughout the rest of their lifetime; households of age 65 in year 1 receive benefits 2.5%
lower than the current-law level throughout the rest of lifetime; households of age 65 in
year 2 receive benefits 5.0% lower than the current law-level, etc. Households of age 25
or younger in year 1 receive no traditional Socia Security benefits. During this transition,
Social Security benefits are financed by the traditional payroll tax so that the Social Security
budget is balanced every year. The rest of the government budget is balanced by the pro-
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Table 7. Summary of the Design of Each Experiment

Table#  Wage Shocks Annuity Markets ~ Tax Adjusted LSRA Closed or Atr*!
in Appendix  Operative? Available? toBalanceRest “Turnedon’? Small Open?  ($1,000)
of Government
The Immediate Elimination of OASDI
Al No Yes Lump-Sum Yes Closed +23.7
No Yes Lump-Sum Yes Small Open +29.8
A.2 No Yes Income Tax Yes Closed +147.8
No Yes Income Tax Yes Small Open  +280.5
A3 No No Lump-Sum Yes Closed -3.7
No No Lump-Sum Yes Small Open -1.7
A4 No No Income Tax Yes Closed +123.9
No No Income Tax Yes Small Open  +225.4
A5 Yes Yes Lump-Sum Yes Closed -41.4
Yes Yes Lump-Sum Yes Small Open -47.0
A.6 Yes Yes Income Tax Yes Closed -95.3
Yes Yes Income Tax Yes Small Open  -144.4
A7 Yes No Lump-Sum Yes Closed -60.2
Yes No Lump-Sum Yes Small Open -54.7
A.8 Yes No Income Tax Yes Closed -114.2
Yes No Income Tax Yes Small Open  -155.9
The Phase-In Privatization of OASDI
A9 No Yes Income/Payroll No Closed —*
No Yes Income/Payroll No Small Open —*
A.10 No Yes Income/Payroll Yes Closed +92.1*
No Yes Income/Payroll Yes Small Open  +100.2*
A.ll Yes Yes Income/Payroll No Closed —*
Yes Yes Income/Payrall No Small Open -
A.12 Yes Yes Income/Payroll Yes Closed -39.8*
Yes Yes Income/Payroll Yes Small Open -54.9*
The Phase-In Privatization with Contribution Matching
A.13 Yes Yes Income/Payroll No Closed —*
A.14 Yes Yes Income/Payroll Yes Closed -38.6*

*1 \Welfare gains (+) or losses (-) measured by the additional transfer to each future household (compensating
variations in wealth in 2001 growth-adjusted 1,000 dollars). These numbers are preliminary. Due to the difficulty
in calculating L SRA transfersin a closed economy, the susceptibility of the labor supply and saving on marginal
tax rate increases, and drastic policy changes we imposed, many experiments are not converged within our usual
criteria (Ax/x < 5e-4 or 1e-3). The numbers in the tables with * are less reliable than others.
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portional changes in marginal income tax rates. These policy changes are evaluated (i) in
a representative-agent economy or a heterogeneous-agent economy with wage shocks; (ii)
with perfect annuity markets or in the absence of those; and (iii) in aclosed economy or ina

small open economy.

The Phase-In Privatization with Contribution Matching. The pre-reform Socia Secu-
rity system is progressive in the sense that it gives households with alower average index of
pre-retirement wages a larger Social Security benefit relative to their pre-retirement wages
(i.e., alarger “replacement rate”’). None of the privatized experiments considered above
maintain any progressivity. Inthelast set of experiments, therefore, we augment the phase-in
privatization discussed above with a progressive contribution match. In particular, working
households with no labor income receive a match equal to a 20% of their earnings. This
matching rate declines linearly to 0% as labor income approaches $40,000 of labor income
per household.?? As before, the costs for the traditional benefits are financed by the payroll
taxes so that the Social Security budget is balanced each year. The match, however, is exactly
financed each year by increasing the margina income tax rates proportionally. In addition,
income tax rates are changed so that the rest of government budget is balanced throughout

the transition path.

5 Reaults

5.1 Immediate Elimination of Social Security
5.1.1 No Wage Shocks

Tables A.1(a) and (b) in Appendix C report the impact that immediate privatization of
Socia Security will have on macroeconomic variables and efficiency gains in an economy
without wage shocks and with perfect annuity markets. Asin all of the immediate privati-
zation experiments, the LSRA isturned on, which ensures that all retirees at the time of the
reform will have a positive level of consumption. Since privatization will change the size

of the general-revenue income tax base, the experiments shown in these tables also assume

2This matching schedule is equivalent with the marginal labor income tax of —20% at $0, 0% at $20,000, 20%
at $40,000, and 0% for labor income above $40,000.
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that changes in revenue are transferred back to households in a lump-sum fashion in order
to maintain a constant level of government revenue. The results show that privatization can
produce large efficiency gains, equal to about $24,000 per each future household, that is,
after all households alive at the time of the reform have been compensated by just enough
to return their remaining expected lifetime utilities to their pre-reform levels. Since wages
are deterministic and fair private annuities are available, these efficiency gains are driven by
reductions in labor supply distortions; aggregate labor supply increases by 3.9% in the long
run. After compensating households during the transition, these efficiency gains eventually
net a positive level of resources for the LSRA, which leads to a 4.9% increase in the size of
national wealth.

Tables A.2(a) and (b) report the results from the same experiment except that general-
revenue income taxes are now reduced in a proportional manner as the general-revenue tax
base expands after privatization. This shift from lump-sum rebates to a reduction in income
taxes leads to even larger efficiency gains, equal to about $148,000 per future household.
Under the fairly large effective labor supply elasticity in our representative-agent economy,
the reduction in income tax rates helps produce a 14.1% increase in aggregate labor; in con-
trast, the lump-sum rebates previously reported in Tables A.1(a) and (b) dightly dampened
the increase in labor supply. National wealth eventually increases by 31.8%, helped by both
the reduction in capital income tax rates and the LSRA that spreads the efficiency gains out
over thelong run.

Tables A.3(a) and (b) repest the results from the experiment shown in Tables A.1(a) and
(b)—that is, where lump-sum rebates are used to maintain a constant amount of genera
revenue—except private annuity markets are assumed to no longer exist. In this case, pri-
vatizing Social Security leads to smaller gains since its annuity payout cannot be replicated
in the private market. Indeed, the $24,000 efficiency gain now turns to a small -$4,000 |oss.
Similarly, Tables A.4(a) and (5) report the results corresponding to the experiments shown
in Tables A.2(a) and (b) where income taxes are reduced to maintain a constant amount of
government revenue. The absence of a private annuity market now reduces the efficiency
gains from about $148,000 to $124,000.
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5.1.2 With Wage Shocks

Tables A.5(a) and (b) report the results from the experiment shown in Tables A.1(a) and
(b) except with wage shocks. Fair private annuity markets are again assumed to be opera-
tive. Lump-sum rebates (possibly negative) are again used to maintain a constant amount of
government revenue. The $24,000 in efficiency gains reported for the previous case with-
out wage shocks now becomes a loss of about $41,000 per each future household. Since
wage shocks cannot be insured in the private market, privatizing Social Security, therefore,
removes an important source of risk sharing. Aggregate labor supply continues to increase
in the long run, by 3.3%. However, national wealth declines by 5.9%, in part, due to the ad-
ditional debt carried by the LSRA, which borrows capital in order to compensate households
during the transition; future households pay the interest on this debt. This additional debt
outweighs the increase in household precautionary saving after the partia wage insurance
that was once provided by Social Security is removed.

Tables A.6(a) and (b) show that adjusting income taxes rather than lump-sum taxes in
response to changes in the size of the tax base following privatization produces a larger
increase in the aggregate labor supply in the long run (5.8% versus 3.3%) and a smaller
reduction in the amount of national wealth (3.8% versus 5.9%). But the efficiency |osses are
even larger, increasing to about $95,000 per future household. The reason is that an income
tax, despite its many distortions, is potentially much better at sharing risks than a lump-sum
tax system, which, despite having no distortions, does not share risks. This type of result
is consistent with the theoretical analysis presented in Eaton and Rosen (1980a,b), Varian
(1980), and Persson (1983), and investigated in alarger-scale model similar to that herein by
Nishiyama and Smetters (2003).

Tables A.7 and A.8 show the results from both of these experiments except where private
annuities are assumed to no longer exist. Not surprisingly, the efficiency losses increase.
The efficiency loss per future household in the case with lump-sum rebates increases from
$41,000 to about $60,000. When income taxes are instead changed after privatization, the
lossincreases to $114,000 per future household, up from $95,000 when private annuity mar-

kets are operative.
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5.2 Phased-In Privatization
5.21 W.ithout Wage Shocks

Tables A.9(a) and (b) show the effects of privatization in the economy without wage
shocks but where privatization is gradually phased-in as described in the previous Section.
Private annuity markets are operative. The LSRA is turned off in order to show the direct
welfare effects on each generation. These tables do not, however, indicate any changes in
efficiency since the losers from the reforms are not compensated. National wealth increases
dramatically in the long run, by 52.3%. Labor supply also has a strong response, increasing
by 14.0% in the long run. While most retirees alive at the time of the reform suffer very little
welfare loss by construction, those aged 70 to 90 still lose some resources (about $6,000 at
age 70) due to the decrease in interest rates in the closed economy following the increase in
capital stock. Those aged 40 at the time of the reform are the biggest losers (about $160,000)
sincethey must continue to contribute during the transition but will received reduced benefits.
However, all future generations benefit greatly from privatization, by about $115,000.

Table A.10(a) and (b) show that there are plenty resources remaining — about $92,000 per
each future household — even after the would-be losers are fully compensated after privatiza-
tion by the LSRA. These gains are smaller, however, than immediate privatization since the
phased-in privatization does not remove the labor supply distortions as quickly, in particular,
for many households alive at the time of the reform. National wealth increases by 17.0% in
thelong run, lessthan without the LSRA since the LSRA must compensate many households
during the transition for their losses. Labor supply, however, increases by 15.0% in the long

run.

5.2.2 With Wage Shocks

TablesA.11 and A.12 show the resultsfrom the same phased-in privati zation experiments
except with wage shocks. Without the LSRA (Tables A.11), workers around age 40 at the
time of the reform continue to lose significantly while the gains to those born in the long-run
decrease to about $95,000 (on average across al income groups), down from $115,000 in
the case without wage shocks. With the LSRA (Tables A.12), efficiency losses now emerge,
equal to about $40,000 per each future household. This efficiency loss, however, is smaller
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than the $96,000 loss reported in Table A.6(b) for the corresponding immediate privatization
experiment. The reason is that fewer generations are exposed to loss in risk sharing under

phased-in privatization relative to immediate privatization.
5.2.3 W.ith Progressive Contribution Matching

Tables A.13 and A.14 report the results from experiments with progressive contribution
matches financed by increasing the incometax in a proportional manner. Without the LSRA,
Tables A.13(a) showsthat national wealth increases by 36.8% in thelong run, lessthan thein-
crease of 39.5% without the match in Table A.11(a). The smaller increase in nationa wealth
is partly due to the increase in income taxes that are used to pay for the match. Labor supply
also increases by less in the long run (4.6% verses 5.4%). With the LSRA, Tables A.14(a)
and (b) show that the efficiency loss equals about $39,000 per future household, which is
dightly less than the loss of $40,000 without the contribution match in Table A.12(b).

6 Concluding Remarks

Privatization could produce efficiency gains by reducing the effective tax rate on labor
supply. But privatization could also lead to efficiency losses by reducing the sharing of
uninsurable wage risks and potentially even longevity uncertainty if private annuity markets
are not operative. Determining the overal change in efficiency requires the use of ssimula-
tion analysis. We investigate these competing effects using a heterogeneous overlapping-
generations (OLG) model in which agents with elastic labor supply face idiosyncratic earn-
ings shocks and longevity uncertainty. We find that a stylized privatization can have a very
powerful effect on labor supply incentives. When wages and longevity are insurable, pri-
vatization can produce new resources equal to $150,000 per each future household (growth
adjusted over time), that is, after al households in the short run that would otherwise lose
from reform have been fully compensated. Even if private annuity markets do not exist, pri-
vatization can produce over $120,000 in new resources for each future household. However,
when wages are not insurable, privatization reduces efficiency—by as much as $95,000 per
future househol d—despite the improved |abor supply incentives even with perfect private an-

nuity markets. (The losses increase to over $110,000 per future household if private annuity

25



markets do not exist.) Thislossis reduced to about $40,000 if the privatization is phased-in
over time and somerisk sharing isintroduced into the privatized system by subsidizing wage
contributions on a progressive basis and paying for the subsidy by increasing general revenue

income taxes in a proportional manner.
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Appendices

A Transtion Matrixes and Survival Rates

Markov Transition Matrixes. The Markov transition matrixes of working ability are con-
structed for four age groups—20-29, 30-39, 40-49, and 50-59—from the hourly wagesin the
PSID individual data 1990, 91, 92, and 93. The transition matrix of each age group is the
average of three transition matrixes, from 1989 to 90, from 90 to 91, and from 91 to 92. For

households aged 60 or older, we used the matrix for ages 50-59.
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Survival Rates of Households. The survival rates ¢; at the end of age i = {20, ..., 109}
are the weighted averages of males and females and calculated from the period life table
(Table 4.C6) in Socia Security Administration (2001). The survival rates at the end of age
109 are replaced by zero.

Table 8: Survival Ratesin 1998 in the United States (Weighted Average of Males and Fe-
males)

Age Survivad Age Survivad Age Survivadh Age Survivd Age Surviva
Rate Rate Rate Rate Rate

20 0.999104 40 0.997966 60 0.989315 80 0.937788 100 0.676630
21 0.999057 41  0.997807 61 0.988305 81 0.931527 101 0.658554
22 0.999027 42  0.997640 62 0.987134 82 0.924684 102 0.639355
23 0.999018 43 0.997451 63 0.985773 83 0917252 103 0.618962
24 0.999023 44 0.997252 64 0.984249 84 0.909150 104 0.597297
25 0.999034 45 0.997027 65 0.982548 85 0.900275 105 0.574281
26 0.999040 46 0.996778 66 0.980759 86 0.800541 106 0.549828
27 0.999033 47  0.996514 67 0.979000 87 0.879882 107 0.523850
28  0.999006 48  0.996237 68 0.977325 88 0.868264 108 0.496251
29 0.998962 49  0.995938 69 0.975647 89 0.855676 109 0.000000
30 0.998911 50 0.995603 70 0.973769 90 0.842119
31 0.998857 51 0.995222 71 0971613 91 0.827606
32 0.998796 52 0.994797 72 0.969264 92 0.812154
33 0.998727 53 0.994324 73 0.966703 93 0.795784
34  0.998651 54 0.993795 74 0.963868 94  0.778522
35 0.998564 55 0.993198 75 0.960661 95 0.761075
36 0.998466 56 0.992534 76  0.957027 96 0.743640
37 0.998358 57 0.991818 77  0.952967 97 0.726432
38 0.998240 58 0.991051 78 0.948449 98 0.709688
39 0.998111 59 0.990216 79 0.943423 99 0.693653

Source: Authors' calculations from the Table 4.C6, Socia Security Administration (2001).

B The Computation of Equilibria

The algorithm to solve the model for a steady-state equilibrium and an equilibrium transi-
tion pathissimilar to thosein Conesaand Krueger (1999), Nishiyama (2002), and Nishiyama
and Smetters (2003).%3

B.1 TheDiscretization of the State Space

The state of ahouseholdiss; = (i, e;, ai, b;) € I x Ex Ax B,wherel = {20,...,109},
E = [emin, emaX], A = [@™", ], and B = [b™™, p™>*]. To compute an equilibrium, the
state space of ahousehold isdiscretized ass; € Ix E; x Ax B, where E; = {e!, €2, ..., eNe},

R i

ZThe authors are grateful to José Victor Rios-Rull for his teaching of the computational procedure of hetero-
geneous agent models.
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A= {a',a?, ...,aNe}, and B = {b',b2,...,b™}. For all these discrete points, the model
computes the optimal decision of households, d(8;,S:; ¥:) = (¢ (), hi(.),ai+1(.)) €
(0, ™) x [0, hinax] x A, the marginal values, 2v(8;, Sy; ¥,) and v(3;, Si; ¥y), and the
values v(8;, Sy; W), given the expected factor prices and policy variables.?*

To find the optimal end-of-period wealth, the model uses the Euler equation and bilinear
interpolation (with respect to a and b) of marginal values at the beginning of the next period.?
In a heterogeneous-agent economy, N, N,, and N, are 8, 57, and 8, respectively. In a
representative-agent economy, the numbers of grid points are 1, 61, and 6, respectively.?®

B.2 A Steady-State Equilibrium

Thea gorithm to compute asteady-state equilibriumisasfollows. Let ¥ denotethetime-
invariant government policy rule ¥ = (Wg, W, Cq, trrs, 71(.), 7p(.), trss(.), trr(8;)).

1. Settheinitial values of factor prices (r°, w"), accidental bequests ¢, the policy vari-
ables (W3, W2, C2,tr9 ), and the parameters ¢ of policy functions (7(.), 7p(.),
trgs(.)) if these are determined endogenously.?’

2. Given Q0 = (7%, w?, ¢°, WU,WG,CO,trLS, ©Y), find the decision rule of ahousehold
d(; &, Q%) fordls; e I x E; x Ax B2

(@) For agei = 109, find the decision rule d(5199; ¥, 2°). Since the survival rate
¢109 = 0, the end-of -period wealth a; 1 (S109; .) = 0 for all §199. Compute con-
sumption and working hours (¢;(8109; -), hi(S109; -)) and, then, marginal values
%U(élog; v, QO) and values U(élog; v, QO) for all §109.29

(b) For agei = 108, ...,20, find the decision rule d(3;; ¥, Q°), marginal values
L (8; ¥, 02°), and values v(3; ¥, Q°) for al §;, using Zv(3;41; ¥, 2°) and
Lu(841; ¥, Q°) recursively.

i. Settheinitial guessof a, ;(8;;.).
i. Givena?, ,(8;;.), compute (c;(8;; .), hi(8;.)), using v(8;11; ¥, 2°). Plug
these into the Euler equation with %v(éiﬂ; v, Q).

#Because the marginal value with respect to historical earnings, 2- ab v(8;, St; ¥4), isdifficult to obtain analyt-
ically, it is approximated by (v(., 5" 11, S;; ¥,) — v( b, Se; ) /(b7 — V) wherej = 1,2, ..., Ny.

BThe marginal valueswith respect to wealth, 2=v(3;, St, \Ilt) are used in the Euler equation to obtain optimal
savings, the marginal values with respect to hlstoncal eanings, s (éi, S:; W), are used in the marginal rate of
substitution condition of consumption for leisure to obtain opti maI working hours, and the values, v(8;, S¢; ®¢),
are used to calculate welfare changes measured by compensating and equivalent variationsin wealth.

%The grid points on A and B are not equally spaced. Ina heterogeneous-agent economy, A ranges from

-$271,000 to $33,825,000 (in 2001 growth-adjusted dollars) and B ranges from $8,000 to $80,400. In a
representative-agent economy, A and B range from -$333,000 to $1,573,000 and from $8,000 to $80,400, re-
spectively.

Z pctually, if we find the capital-labor ratio, both » and w are calculated from the given production function
and depreciation rate.

2|1 the steady-state economy, the decision rule of ahousehold d(8;; &, Q°) isnot afunction of the aggregate
state of economy S = (x(8;), Wr, W ). The measure of household (3;) is determined uniquely by the steady-
state condition, and the government’s wealth W is determined by the policy rule ¥.

®The marginal value with respect to historical earnings, 2 v(8:; ¥, Q2°), is zero when i > 60 in this paper.
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iii. If theEuler error issufficiently small, then stop. Otherwise, updatea?, ; (8;; .)
and return to Step ii.

3. Find the steady-state measure of households x(8;; 2°) using the decision rule obtained
in Step 2. This computation is done forward from age 20 to age 109. Repest this step
to iterate g for ¢'.

4. Compute new factor prices (r!, w!), the policy variables (W}, Wi, CL. tr} o), and
the parameters ¢! of policy functions.®

5. Compare Q! = (r},w!,¢', Wi, CL, tri o, ') with Q0. If the difference is suffi-
ciently small, then stop. Otherwise, update Q¥ and return to Step 2.

B.3 An Equilibrium Transition Path

Assume that the economy isin theinitial steady statein period 0, and that the new policy
schedule (rule) ¥, which was not expected in period 0, is announced at the beginning of pe-
riodﬂl, where ¥ = {WR,t—i-la WG,t+17 CG,ta trLS,ta TIt () y TPt () , t?“s&t () , tTR,t(éi)}?il-
LetS; = (z1(8:), Wr,1, We,1) bethe state of the economy at the beginning of period 1. The
state of the economy S; is usually equal to that of the initial steady state. The algorithm to
compute a transition path to a new steady-state equilibrium (thereafter, fina steady-state
equilibrium) is asfollows.

1. Choose a sufficiently large number, T', such that the economy is said to reach the
new steady state within 7" periods.3! Set the initial guess, {Q29}7_,, on factor prices
(r, wY), accidental bequests ¢, the policy variables (W%Hl, W&Hl, Cgvt, tr%&t),
and the parameters ¢ of policy functionsfort = 1,2, ..., T.

2. Given Q% = (r%, w., ¢2, W}%,T7 W&T, C%,T’ tr%S,T, ©9%), find the final steady-state
decision rule d(8;, Sr; ¥r; ), marginal values, Zv(8;, Sr; Ur; ), and values
v(8;,S7; ®r; Q%) foral §; € T x E; x A x B. (Seethe algorithm for a steady-state
equilibrium.)

3. Forperiodt =T —1,T —2, ..., 1, based on the guess, Y, find backward the decision
rule d(8;, S¢; ¥y; QF), marginal values Zu(3;, Sy; ¥y; QF), and values v(3;, Sy; Uy
Q) foral §; € I x E; x Ax B, using the next period marginal values 2 v(8;41, S¢41;
T, ;00 ,) and values (811, Sep1; Wiy1; Q94 ,) recursively.

4. Forperiodt = 1,2, ..., T—1, computeforward 2} = (ry,w/, qf, Wi 11, Ch y trig,y
1) and the measure of households ;.1 (8;), using the decision rule d (8;, Sy; ¥,; Q)
obtained in Step 3 and using the state of economy S; = (x(8;), Wr+, W +) recur-
sively.

Dn this paper, the endogenous policy variables are C' in baseline economiesand ¢ of @1, pp, and Wg in
policy experiments.
3L Asin Auerbach and Kotlikoff (1987), we found setting 7" at 150 to be sufficient.
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5. Compare {Q}}1, with {Q9} . If the difference is sufficiently small, then stop.
Otherwise, update {29}, and return to Step 2. If the final steady-state equilibrium
is known, return to Step 3 instead.

B.4 TheLump-Sum Redistribution Authority

When the Lump-Sum Redistribution Authority (LSRA) is assumed, the following com-
putation is added to the iteration process.

1. Forperiodt =T7,7T—1,..., 2, compute the lump-sum transfers to newborn households
trov (820, St; Py, QY) to make those households as well off as under the pre-reform
economy.

(a) Set the initial value of lump-sum transfers troy (820, Sy; ¥y; QF) to newborn
households.

(b) Giventrey (820, Sy; ), find the decision rule of newborn households d (829, S;; .)
and value31;(§20, St; )

(c) Findthe compensating variationinwealth Atrcy (820, Sy; .) to makethose house-
holds indifferent from the baseline economy. (The initial wealth of newborn
households is assumed to be zero since they do not receive any bequests.) If the
absolutevalue of Atrcy (820, Sy; ) issufficiently small, then go to Step (d). Oth-
erwise, update trov (820, Se; ) by adding Atrey (820, Sy;.) and return to Step
(b).

(d) Set the lump-sum transfers trg +(820) = trev (820, S .) + Atr where an ad-
ditional lump-sum transfer Atr is precalculated, and find the decision rule of
newborn households d (820, S; .).

2. For periodt = 1, compute thelump-sum transfersto all current householdstrcy (§;, Sq;
¥ QY) to make those househol ds as much better off asthe pre-reform economy. The
procedureissimilar to Step 1. Set the lump-sum transferstrg 1(8;) = trov(8i, S1; ).

3. Compute an additional lump-sum transfer At¢r to newborn households so that the net
present value of al transfers becomes zero. Compute the LSRA wedlth, {W}%,t}tT:l,

which will be used to calculate national weslth. Recompute At and {W ,}{_, using
new interest rates {r;}7_;.

C Detailed Tables of Policy Experiments

[PRELIMINARY. See the footnote of Table 7 in Section 4.] TablesA.1 (a) to A.14 (a)
show the effects of Social Security privatization on macroeconomic variables in selected
years and Tables A.1 (b) to A.14 (b) show the welfare gains or losses of households of
selected age cohorts and temporary working abilities.
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