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The Equivalence of the Social Security’s Trust Fund Portfolio Allocation
and Capital Income Tax Policy

[ Revised June 8, 2001 |
Abstract

Thispaper provesthat the stock-bond portfolio choice of the public social security trust fund
isArrow-Debreu equivalent to the tax treatment of private capital income by the non-social security
part of government: the state-contingent consumption of every agent isthe same under both policies.
A larger [smaller] share of social security’s portfolio invested in stocks is equivalent to a larger
[smaller] symmetric linear tax on therisky portion of capital income returnsreceived on assetsheld
by private agents. The tax change causes agents to adjust their private portfolios so that the total
(private plus public) levels of demand for equities and bonds are the same under both policies.

At firgt, it would seem that this equivalency requires that there are no pre-existing tax
distortions or market frictions. However, the equivalency is shown to be quite general. First, the
initial tax rate on private capital can be non-zero, and the initial tax can take any form (hence,
possibly different form than the new tax). Although the amount of revenue collected at the initial
tax rate (i.e., not including the rate change) is disrupted after private agents alter their portfolio, this
pre-existing tax distortion doesnot undo equivalency. Second, since privatetradingwith theunborn
isimpossible, trading markets between generations are allowed to be missing. It follows that the
social security trust fund’ s stock-bond portfolio choiceisnot neutral sincerisk istransferred across
non-trading generations. But policy equivalency still holds. Third, an arbitrarily large share of
agents (short of everyone) can even beborrowing constrained. Borrowing constrained peopledo not
even have a portfolio of assets that can respond to taxes. Still, while consumption levels vary by
state and agent type, they are identical under both policies, even for the constrained.

To the extent that trust fund investment in equities improves risk sharing in the context of
missing or incompl ete markets, as shown in some previous papers, the equival ent capital incometax
rate can beinterpreted asaLindahl (corrective) tax. Thistax givesadecentralized way of achieving
the same potential risk sharing outcomes asthe government directly owning part of the capital stock.
The decentralized approach to improving risk sharing might be more palatable to those who fear
direct government intervention in financial markets (e.g., Greenspan, 1999).

General-equilibrium simulation resultsare presented using an overlapping-generationsmodel
with aggregate uncertainty. The model incorporates a fully endogenous equity return distribution,
and several other featuresthat have been taken asexogenousin previousmodels. Themodel isused
to produce policy-equivalent tax rates along the non-neutral ex-post mean transition path from the
initial stochastic steady state (before the trust fund is invested in equities) to the final stochastic
steady state (after thetrust fund isinvested in equities). The results suggest that investing the entire
US Social Security trust fund in equitiesis equivalent to a4 percent tax on risky capital income tax
returns. This equivalent tax rateisfairly constant along the mean transition path.

JEL Codes: H3,E6,GO,H2



[. Introduction

Theclassicequivalency betweenthelevel of unfunded social security wealth and government
debt, asemphasized in Feldstein (1974), Barro (1974), and Miller and Upton (1974), revolutionized
how economists view the government’ s budget constraint.® Debt is no longer viewed in isolation
of therest of anation’ sunfunded liabilities. Thisequivalency isthe motivation behind ‘ generational
accounting’ literaturethat unifiesall liabilities.? Thisequival ency also explainswhy adebt-financed
transition to afunded social security system, in which each generation only pays the debt service,
hasnoimpact on unfunded liabilities, asreemphasi zed by Geanakoplos, Mitchell and Zeldes (1998).

This paper extends the equivalency literature to includerisk. It provesthat an equivalence
also exists between anation’ s tax treatment of risky private capital income returns and how assets
in its defined-benefit social security trust fund are allocated between risky capital and government
bonds. By “equivalence,” the strong (Arrow-Debreu) form is meant: state-contingent consumption
levels are the same under both policies. Hence, these policies are also ex-ante equivalent.

The equivalency result proven herein, though, is more subtle than that between debt and
unfunded social security.® Debt and social security are equivalent because they generate the same
private budget constraints and, hence, the same private demand for capital. This private budget
constraint equivalence led Auerbach, Gokhale, and Kotlikoff (1994) to refer to debt and social
security as*arbitrary labels.” Incontrast, the equivalency proven herein requiresdistorting the after-
tax rate of return to capital that is received by private agents, changing their demand for capital.

As an example, suppose that the social security trust fund is currently invested in bonds (as

! The Ricardian equivalence debate, which emerged from these papers, focused on whether debt was also
neutral. Although this debate is till active, the equivalency between debt and social security is now well accepted.

2 See Auerbach, Gokhale, and Kotlikoff (1994).

3 Conversations with Alan Auerbach, Peter Diamond, and Antonio Rangel helped me clarify this exposition.
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in the US) and the government wants to re-balance the trust fund’ s portfolio in order to hold some
equities. At existing prices, this open market operation (i) increases the total (public plus private)
demand for equities; (ii) decreases the total demand for bonds; and (iii) changes payroll tax ratesin
most future states of theworld. Thetotal demand for equitiesand bonds must change sincetherisks
in a defined-benefit system are borne by future taxpayers, as benefits remain defined by law. The
changein thefuture payroll tax rate is needed in most future statesin order to buffer thetrust fund’s
new exposure to capital income shocks, so that socia security has enough revenue to pay benefits.

Thispaper showsthat the economic outcomes of thisopen market operation can bereplicated
by simply creating a positive symmetric linear tax on the risky portion of asset returns earned by
private agents.* The new tax reduces the after-tax variance of risky returns, which entices private
agents to increase their demand for equities and to decrease their demand for bonds by the same
amount. Thetotal (public plus private) levels of demand for equities and bonds, therefore, can be
made the same under both policiesif the new tax ischosen at theright rate. Hence, atax onrisk can
replicate the outcomes (i) and (ii) of the trust fund’s open market operation listed above. But full
equivalency also requires generating the same state-contingent payroll tax rates, or outcome (iii).
To see how that works, note that, under the government’ s budget constraint, wage taxes must also
adjust to buffer loss and gains in capital incometax revenue. As proven below, the capital income
tax rate that generates outcomes (i) and (ii) is the same rate that generates outcome (iii). Inwords,
the capital income tax rate that generates the same total demand for equities and bonds as the trust
fund’ s operation exactly equals the capital income tax rate that places the same amount of risk on

the wage tax base as the trust fund’ s operation.

4 In converse, suppose that the trust fund is currently invested in some stocks (as in Canada) and that the
government wants to re-balance the trust fund’ s portfolio in order to hold more bonds. This operation can be perfectly
replicated in general equilibrium by instead decreasing the tax rate on risky capital income (possibly going negative).
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At first, it would seem that this full equivalency requires that there are no pre-existing tax
or market frictions. However, equivalency is proven to be quite general. First, theinitial tax rate
on private capital income can be non-zero. To be sure, the presence of this pre-existing distortion
would seem to disrupt equivalency because more revenue is collected at theinitial capital income
tax rate after agents shift their portfolio. Thisrevenueisin addition to the revenue collected by the
changein the tax rate itself. Hence, the size of the tax rate change must depend on the size of the
initial tax ratein order to recognize the new level of revenue collected at theinitial tax rate. But, it
isalso truethat the amount of private saving that must be shifted between capital and bonds, in order
to replicate the trust fund’ s operation, is independent of the initial capital income tax rate. So it
would seem that asingle capital income tax rate cannot clear the financial markets and generate the
same state-contingent wage tax rates as the trust fund’s open market operation. But, as shown
below, full equivalency holds even with this pre-existing tax distortion. Moreover, the initia tax
need not take the same form as the new tax being implemented.

Second, since private trading with the unborn is impossible, trading markets between
generations are allowed to be missing. Hence, the social security trust fund’ s portfolio choiceis not
neutral since portfolio risksareshared with futuretaxpayers, asbenefitsremain defined by law. But,
equivalency still holds, i.e., both policy choices are equivalently non-neutral .®

Third, an arbitrarily large share of agents (short of everyone) can even face endogenously
binding borrowing constraints. To be sure, borrowing constrained people do not hold aportfolio of
assets that can respond to taxes. So, it would seem that equivalency has no chance of holding. In
particular, whileinvesting the trust fund in equities shifts some of payroll taxes paid by borrowing-

constrained agents from bonds to stocks, these agents cannot be enticed, via taxes, to mimic this

5 Similarly, debt and unfunded social security wealth are non-neutral (unless agents are Ricardian) eventhough
they are equivalent fiscal policy instruments.
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operation on their own. Still, this paper shows that full Arrow-Debreu equivalency still holds.
While consumption levels obviously vary by agent type and state, the consumption levels are the
same under both policies for each agent, including constrained agents. Moreover, the equivalent
capital income tax rate depends only on aggregate labor income and capital: the fraction of the
constrained populationisimmaterial. So, the optimal tax rate can be calculated using datathat can
typically be found in a nation’s NIPA and Flow of Funds Accounts.®

The equivalency of both policies is not only quite general, the policy-equivalent capital
income tax can also take on an interpretation asaLindahl (corrective) tax. Asreviewed in Section
I1, previous papers have shown that investing the trust fund in equities could improve risk sharing
between generations (e.g., Bohn 1997, 1999; Social Security Advisory Council, 1997; Diamond,
1997), or if some agentsare borrowing constrained (Diamond and Geanakoplos, 1999; Abel, 2001).
The model herein nests both types of market incompleteness. A Lindahl tax gives a decentralized
way of achieving the same efficiency gains.

A decentralized approach to redressing market i nefficienciesmight be preferred by those who
are concerned about the potential for ‘ additional costs,” intheform of political risks, associated with
the government directly owning assets. These fears have taken on a heightened relevance in light
of the recent debate on social security reform. In his nationally televised 1999 State of the Union
Address, President Clinton proposed investing part of the US Social Security trust fund in equities.
His proposal re-ignited a debate about the government’ srole in capital markets.” Alan Greenspan

(1999) voiced opposition to Clinton’s plan, citing political danger. Political risks may include a

5 n the US, total wage income is computed by the Bureau of Economic Analysis and the value of the capital
stock is computed by the Board of the Federal Reserve Bank.

" The debate is not new: the idea of the government holding private equities was hotly debated among
policymakers even before the passage of the 1935 US Social Security Act (Shoven and Schieber, 1999).

-4-



home-bias of stock choices (e.g., not investing in foreign auto makers), excluding controversial
stocks (e.g., tobacco) from the government’s portfolio, a lax anti-trust policy (e.g., would the
government sue Microsoft if it owned it?), using stock voting rights to conduct social policy (e.g.,
guota hiring), and — if the government forfeited it's voting rights — principle-agent problems
associated with having alarge passiveinvestor that isinsensitiveto performance. Evidencein White
(1996) and Iglesias and Pal aci0os (2000) showsthat governmentsinvesting directly in capital markets
have tended to earn inferior rates of returns.

However, the fact that political risks exist with government ownership of equities does not
necessarily imply that the government should not do so. Political risksexist with many government
activities. A military contract might be given to alarge campaign donor; public work projects might
belocated in apowerful politician’ s precinct; etc. Still, the provision of national defense and public
worksare generally viewed asimportant public goods. Similarly, the political risksassociated with
the government holding capital could be outweighed by improved risk sharing.

This paper shows, though, that this tradeoff need not exist: the same potential risk sharing
benefits can be achieved without government ownership.2 So, for example, President Bush's
opposition to investing part of the US Social Security trust fund in equities does not mean that the
US must forego arisk sharing opportunity, as one might think. Indeed, if trust fund investment in
equities enhances efficiency, it can be replicated with asimple tax on risky private capital income.

Calculations reported below suggest that investing the entire US Social Security trust fund
in equities is equivalent to afour percent tax on capital income returns. These results are derived

using an overlapping-generations model with aggregate uncertainty, which incorporates many

8 To be sure, taxes/tariffs are also influenced by politics. But it might be harder to dis-favor individual firms
inthetax-tariff system, andit could even beillegal domestically or violate WTO rules. Indeed, opponentsof government
ownership of private assets have not voiced the same type of concerns regarding taxes.
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features in the household sector, production sector and government sector that have been taken as
exogenous in previous models. To the extent that the current capital income tax is aready
approximately a linear symmetric tax on the risky component of private returns (as, argued in
Gordon, 1985, for the US), investing the US trust fund in equities can be replicated by simply
increasing the existing tax rate. I1f anation’stax rules deviate from these assumptions, the tax rules
would also have to be adjusted for the new tax; however, the existing tax could remain unchanged.
This paper does not consider some related issues. It does not consider political-economy
issues in overlapping-generations economies (Rangel, 2000). Nor does it re-derive the conditions
under which trust fund investment in equitiesincreases efficiency (Bohn, 1997, 1999; Diamond and
Geanakoplos, 1999). Theseissuesare not necessary for demonstrating equivalency. Thispaper also
doesnot examinetax law provisionsin different countries. Asmentioned above, policy equivalency
continues to hold even if the existing capital income tax is not symmetric or linear; these two tax
provisions only have to be applied to the new tax. Finally, this paper does not consider individual
accounts since they are already decentralized, and the risk is not shared inter-generationally.®
Section |l reviewstheliterature. Section |11 presentsan overlapping-generations model with
incomplete markets between generations. Section |V derives a closed-form solution for the capital
income tax rate that is equivalent to the trust fund's investment portfolio. Section V reports

calculations. SectionV adds endogenously binding borrowing constraints. Section VIl concludes.

[I. Literature Review
Asillustrated in Figures 1 and 2, this paper bridges the literature on the taxation of risky

capital income with the recent literature on the portfolio choice of the social security trust fund. In

° If the government guarantees a minimum return to the private account, there is only some limited inter-
generational risk sharing since future taxpayers are exposed to downside risk but not upside potential.
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particular, this paper focuses on demonstrating the equivalency between the policies connected by
Line(A) in Figures1 and 2. Two independent sets of previous research have focused on Lines (B)

and (C), which compare two fiscal policy changes against the status quo.

Taxation of Risky Capital Income — Line (B)

The literature on taxing risky capital income started with Domar and Musgrave (1944) and
wasderivedrigorously by Mossin (1968), Stiglitz (1969), Sandmo (1969, 1985), Gordon (1985), and
Bradford (1995). That literature madetwo assumptions: (i) the government taxesonly thedifference
between therisky return and therisk-freerate and (ii) the tax is symmetric in that returns above and
below the risk-free rate are taxed. Assumption (i) isusually justified on tax law provisions, or the
low historic return to debt relative to equities.’® Assumption (ii) is usually based on loss offset rules
imbedded in tax law. Gordon (1985) argues that these conditions approximately hold for the US.

This literature argued that atax on capital incomeis neutral, i.e., the policies connected by
Line(B) inFigures1 and 2 areequivalent. Two types of modelswere used to prove neutrality. One
type of model analyzed compensated tax changes. Gordon (1985), who was first to include the
government’ s budget constraint, considered a single-agent two-period model. The agent bore, via
alump-sum tax rebate in the second period of his life, all of the risk associated with the capital
incometax that he paid. Gordon proved that atax on risk did not change the agent’ s private demand
for capital or bonds. It followsthat the agent’ s state-contingent level of consumption isunchanged.

Thesecond type of model analyzed uncompensated tax changes. Thepapersinthisliterature
abstracted away from the government’s budget constraint and instead focused on the saving and

portfolio choices. Mossin (1968) and Stiglitz (1969) considered one-period models. The seminal

Y Theaveragereal returnto US Treasury billsbetween 1926 and 2000 was 0.8 percent, whilethe averagereturn
to long-term US bonds was 2.7 percent. The equity premium is between 6 and 7 percent (Ibbotson, 2001).
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work by Sandmo (1969) modernized the discussionto atwo-periodinter-temporal choicemodel with
multiple assets. Bradford (1995) considered the taxation of risky capital income returns in the
context of fundamental tax reform. Inall of these papers, acapital incometax reducesthe variance
of after-tax equity returns received by agents. So agents respond by increasing their demand for
stocks and decreasing their demand for bonds by the same amount. Portfolio re-balancing allows
agents to achieve the same tradeoff between after-tax expected return and risk as before the tax.
Portfolio re-balancing occurs because, unlike the compensated framework discussed above, agents
are not the residual claimants of fluctuationsin the government’ s capital incometax revenue. But,
like the compensated framework, the state-contingent consumption of agents remains unchanged
since the after-tax risk and expected return of the agent’ s portfolio are unchanged.

In contrast to this previous literature, capital income taxes are not consumption neutral
herein, i.e., the policies connected by Line (B) are not equivalent. Asin the compensated model of
the previous literature, the government’s budget constraint is enforced. But, unlike that model,
generations are allowed to overlap herein so that risks are shared across non-trading generations
through the tax system. Higher [lower] capital income taxes collected in the second period of life
from generation t requires less [more] wage taxes to be collected in the first period of life from
generation t+1 in order to satisfy the government’s revenue needs. Some agents might also be
borrowing constrained. Non-Ricardian sharing of risks (and ensuing g.e. effects) leads to portfolio

re-balancing. But the after-tax expected return and risk are changed.

Investing the Social Security Trust Fund in Equities— Line (C)

Some studies have also focused on the effect of investing the social security trust fund in
equities, or Line(C) showninFiguresland 2. Theearly literature argued that trust fund investment

is a neutral operation, i.e., the policies connected by Line (C) are equivalent. Similar to the
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Modigliani-Miller theorem of corporate finance, agentsrationally re-balancetheir private portfolios
in response to a change in their ‘ corporate’ (public) portfolio held in their name by the trust fund.
If, for example, the trust fund holds more stocks, agents hold less stocks in order to achieve their
origina private-plus-public asset alocation. This argument, though, assumes that social security
benefits absorb the trust fund’s capital income risk, like with personal investment accounts. The
argument also requires that agents face perfect capital markets.

Themorerecent literature, including the papersreferenced in Section | and the current paper,
recognizesthat social security benefitsremain defined by law, so that risk would be passed to future
generationsviapayroll taxes. Some agents might also not hold any assets. Consumption neutrality,

therefore, fails due to these multiple sources of market incompleteness.

[11. Model
Households
Without any loss in generality, suppose that agents live for two periods. Generation-t
consumers decide how much to save in bonds, s, and unleveraged capital, s, to maximize their
expected lifetime utility over first-period consumption, c,, and second-period consumption, c,,

® A EU (61 Co0n) = U(G) # BEUC, 1)

subject to the following budget constraints,

@ C + 8+ =w (-1 -1

3 Cornn = S L+ (G ~a)Tl] +° (L41,) +0y

T termsare taxes described below, w isthe wage rate known at timet, eisthe risky realized return
to capital (equities), r isthe risk-free return to government debt and b is the socia security benefit.

The function, u(c), is standard: du(c)/dc> 0, a2u(c)/dc? < 0, and Iingau(c)/ac: ® .
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In equation (2), the sum of first-period consumption and saving in risky capital and bonds
equal after-tax wages received in the first period. Workers face two taxes in their first period: a
socia security payroll tax, %, and awage tax, ™, used to finance other government spending.

In equation (3), second-period consumption equals aworker’s resources which is the sum
of after-tax capital income, the return to bonds, and social security. Risky capital incomeis taxed
at rate T andisof the Domar-Musgrave type discussed earlier which taxes only therisky component
of investments. Risk-freebond returnsareal so not taxed; thisassumptionisalwaysimmaterial since

the full incidence would fall to the government under the no-arbitrage conditions derived below.

Social Security

Social security benefitsarepartly pay-as-you-go and partly funded. Let n,,, = (L[+1 / LI) -1
denotethe population growthratefrom periodttot+ 1, andlet g,,, = (WH1 / V\4) - 1 denotethewage
growth rate. Let ¢ represent the fraction of a generation’s social security payroll tax that goes to
atrust fund, T , whichisused to help pay for that same generation’s second-period social security
benefit (which is the purpose of funding). The fraction (1— ¢) of payroll taxes get paid out
immediately as benefits for the previous generation. The per-capita socia security benefit is,

@ By = [0 0TS LW + Toa) / L
=[@- oy S nw @+ g.0)] 4T/ L
Theexpressioninthefirst bracket in the second equality isthe stochastic wage-indexed pay-as-you-
go portion of socia security. The expression in the second bracket is the funded portion that does
not get paid out immediately as benefits. It isimmaterial whether Social Security paysthe Treasury
taxes on its investments since the defined-benefit liabilities remain unchanged.

Thetrust fund is model ed the same way asin Diamond (1997), Bohn (1997, 1999) and Abel

(1999) who also consider a defined-benefit system. Let ¢ bethe fraction of the trust fund at time
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t+1, T,,,, invested in equities; hence, (1— (p) is the fraction invested in government deb.
(5) Tt+1 Eq)-[tssl—tvvt{:l'-'-[(peul +(l_(p) mﬂ]} +$+1
where Sisthe required subsidy from either general revenue or from changing payroll taxes,

o Sur = OTEL W] 1y [0 +(1-@) ,]
= _¢(PTtSS L w, (e[+1 _rt+1)

The subsidy, S, equals the difference between what the trust fund would have earned if
invested in government debt and what the trust fund actually earns. Currently ¢ =0 and so S=0.
The subsidy is positive (S> 0) if realized equity returns are below the risk-free rate; negative (S<
0) otherwise. A negative subsidy to generation t+1 is expected along the mean growth path where

E, (e[+1) >r,,,."t But this expected benefit to generation t+1 comes at a cost of additional risk.

Equivalently, thesum 'Fm = T,,, t §,; couldbereferredtoasthevalueof the“trust fund”
at timet+1l. Thelabelingisarbitrary: the distinction is made herein only to emphasize that it does
not matter whether gains/losses are credited to social security or to the rest of the government.

A popular motive for investing the trust fund in equities is to help maintain the statutory
benefit level without raising taxes (SSAC, 1997). Specificaly, statutory benefits are defined by a
formulathat is afunction of previous wages adjusted for wage growth: Em = R(V\/t [(l+ o} )) W, ,
where 6;+1 is the statutory benefit level and R(*) is the ‘replacement rate.’*? However, the actual
benefit paid must satisfy the resource constraint (4), bt+1. Denote ?tfsl asthe payroll tax rate such
that bm(f'tsfl) = aﬂ. In the US and many other countries, say currently at time t, the ratio of

retireesto workers at generation t+1, % , Will increase. Hence, the payroll tax rate at timet+1
+1

that is needed to produce present-law statutory benefits at time t+1 will exceed the current payroll

" Thisinequality is guaranteed by the production technology shown below.

2 In the US and many other countries, oR/ Aw, < O but db,,, / Aw, > 0.
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tax rateif the trust fund holds no equities (¢p = 0): Ttﬁ >1 tss . But if the trust fund holds equities
andif equitiesat timet+1 pay areturn exceedingtherisk-freerate( €, , > I,,, ) asexpected,then §,; < O
andso 1.5 < 7.5, i.e., payroll taxes won't have to be raised as much.®® If, however, €., <I,,,
then Ttsfl > ftﬁ' i.e., payroll taxeswill be even higher. Hence, investment in equitiesisagamble,

but it also sharesrisk across generations— a potential efficiency gain investigated in earlier papers.

First-Order Conditions

Thefirst-order conditionsfor thedemand for bondsand equitiesfor giventax parametersare,

u'(Cypi) _
X e e b)) 1
and,
u (CZ,t+1) K _ u' (CZ,t+1) _
(8) BE{TC“)[:L-}- Q+1 B (Q+1 B r.t+:l.).[t+1]} - BE[ uu(cl’t) (1+ Q+l)] - 1

Equation (7) is the standard “intertemporal” condition governing resource allocation over time.
Equation (8) is the “portfolio” condition governing the allocation of saving between bonds and
equities.** The second equality in equation (8) follows after some algebra and using condition (7).

The capital income tax rate falls out of equation (8) due to tax symmetry around the risk-free rate.

Production
Net output at timet takesthe Cobb-Douglasform and isproduced using capital, K, and labor,
L, and is also determined by the economy’s level of productivity, A, and the depreciation rate, O:

(©) f(k )= Ak -8,k

wherek, = K,/ L,. Both Aand & are stochastic to allow for an imperfect correlation between wage

¥ The mode! specificationisflexibleenoughto allow for any tax collected at timet+1 to be changed. However,
as explained below, this paper focuses on changes in payroll tax ratesin order to be consistent with most plans.

14 Both equations must, in general, be solved simultaneously for s© and s¢, except in special cases.

-12 -



and capital returns, as in Bohn (1999). Let A = (1+ at),a\_l where a ~ F(A,a,a,...),
a<a<a, withmeanAi. d= 5+A where § isaconstant and A isi.i.d. with mean zero.

Stochastic factor prices for wages and the net return to risky capital are neoclassic,
(10) w, = A(1-a)kf

(11) g = Aaki™ -3,

The neoclassical specification impliesthat the conditional equity return distribution, e~ =(A, k,...),
as well as the risk-free rate, must be solved jointly with the saving and portfolio decisions. The
inequality, -1 < a, guaranteespositive productivity. ThisCobb-Douglasspecification, although used
in the numerical results below, isnot necessary for the analytical results. The main requirement is
that capital is not stochastically dominated by bonds in equilibrium and, therefore, some capital is

held. For CD technology, e » « ask - 0. Hence, some capital must be held in equilibrium.

Rest of Government

Government debt as a fraction of the capital stock evolves as follows:

(12) Dt+2 B {Gt+1 t S+1 - [T\tAJ/rlL[+l\Nt+1 t TtK+1 [ﬁe[ a " h +1) D—tstK]} + (1 th +1)Dt 4
K“Z Lt+2kt+2

dt+2

where G, = G, [ﬁ f (kt%(ko)) isnon-social security government spending. Period t = O represents
some fixed date, maybe the start of apolicy change. Scaling government spending to net output is
required to prevent the debt-capital ratio from diverging. Non-socia security tax rates must also
adjust to prevent the debt-capital output from diverging even at small valuesof government spending
in the presence of outstanding debt. Without any lossin generality, we assume that tax rates adjust
to maintain a constant capital-debt ratio, oTt =d . This restriction is imposed only at a low

generational frequency and all equivalency results hold if we allowed for a Keynesian debt policy.
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Tax revenue at timet + 1, excluding social security contributions, therefore equals the sum

of non-social security government spending, any subsidy to social security, and debt service:

W K K -
Tt+1Ll+1VVt+1 t Tt+1 [(e(+1 B r-t+1) Lta -

- Guyt S+ (L1 @ gk~ I ok
Equation (13) requiresthat wage taxesand/or capital incometaxes are state contingent. The
exact combination does not matter for demonstrating policy equivalency. It can be shown that trust
fund investment in equitiesis actually neutral (i.e., the policies connected by Line (C) in Figures 1
and 2 areequivaent) if capital incometaxesfully adjust to offset changesin the subsidy, S(just like
adjusting benefits). But if capital income taxes do not fully adjust to offset changesin S at least
someof thepolicy risk ispassed to future generationsthrough wage taxes, generating non-neutrality.
AsinDiamond (1997), Bohn (1997, 1999) and Abel (1999), itisnatural, therefore, to assume
that only wage taxes adjust to the trust fund’ s capital income shocks. Thisassumption increasesthe
inter-generational risk sharing potential. This assumption is also consistent with adjusting social
security payroll tax ratesto shocksin the value of thetrust fund. Hence, social security still appears
to be a pension system, the approach advocated by many proponents of trust fund investment in
equities, including six members of the 1994-1996 Social Security Advisory which formed the basis
of President Clinton’s proposal. Since benefits remain defined by law, one does not need to
distinguish between payroll taxes and other wage taxes. The state contingent wage tax rate equals

(14) W = Gt+l+ St+1 t (1+ rt+1) Ea‘ D‘t+1kt+1 _a D-t+2kt+2 _TtK+1 [ﬂet 4~ h ﬂ)LtSlK

t+1
I—t+1vvt+1

where the capital incometax rate at time t+1, TtK+1, is an exogenous policy parameter. It isshown

below how this tax rate can be chosen to replicate an open-market operation by the trust fund.
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Market Clearing

Market clearing requiresthat the capital stock held at timetisequal to thesum of capital held

by private agentsand the Social Security Administration. Similar istrueregarding government debt.

S ehTw,
= e,
(16) D= Ls®+(1-9)01Lw,

By Walras' Law, the goods-market condition also clears. It can be shown (&laWang [1993)]) that
the model produces a globally unique and stable non-degenerate stochastic stationary equilibrium

since capital saving at timet, §K ,isconcaveinthecapital stock, Kk, , conditional on a,,, [I{a,a} .

V. Equivalence Between Trust Fund Investment and Capital Income Taxes
We start with the following lemma.
Lemmal. Let SK* be the per-capita level of capital saving by generation-t agentsin thefirst
period of their lives when the capital income tax they face at period two equals t tK+*1 . uppose the

gover nment changesthe capital incometaxrateto 1 tK+1 . Atthe pre-reformequity pricedistribution,

=(\,K; ,...), and risk-freerate, r,,, , the new desired level of capital saving equals

(1—r”)}

17 K= g€ :
a7) ¢ =3 {(1_TK )

and the new level of saving in the risk-free asset equals
(18) SBH _ aB* _ (sK** _ SK* )
Theproof of Lemmalissimilar tothat derived in thepreviousliteratureand so it isrelegated
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tothe Appendix.”> Lemma lisintuitive. For example, supposethe government increasesthe capital
income tax rate from zero to 50 percent, reducing the variance in each agent’s after-tax return to
equities. Agents respond by “doubling their bets’ in equities while decreasing their bond holdings
an equal amount, allowing agentsto obtain their original tradeoff between expected return and risk.

Thefollowingtheorem derivesthevalue of thecapital incometax that isequivaent, ingeneral

equilibrium, to investing some or al of the social security trust fund in equities.

Theorem 1. Suppose the government invests some or all of thetrust fund in equities(i.e., ¢> 0) and
let qK* and w; equal thelevel of private saving and the wage rate, respectively, in the economy at
time t under this policy. Thispolicy can be replicated in general equilibrium by instead increasing
the current value of the capital income tax from T tKJ:l to the following value,

_ StK* [il_ TIK+*1]

(19) K = 1-—
ST 00TeW,

t+1

Proof of Theorem 1

To prove equivalency in general equilibrium, both policies must generate the same
equilibrium sequence of capital holdings, bond holdings, and state-contingent wage taxes.

1) Capital. If ¢>0 fraction of the trust fund is invested in equities at time t,
k. = S +dTOw,
T eng
invested isin equities, and that the capital incometax rateisraised from TtK+1 to the value shownin

by eguation (15). Suppose instead that ¢ = O fraction of the trust fund

equation (19). Then, by equation (17), private saving in capital at timet increases from S[K* to

(20) § =5 +pptSw,

1 Sandmo (1977, 1985) shows that this type of result extends to an arbitrary number of risky assets. In

ds; » d
particular, he shows that g: % and f =0 (i #]), wherei and j are two different assets.

i i i
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K™

S _§ tedtriw
1+n, 1+n,
(i) Bonds. If ¢@>0 fraction of the trust fund is invested in equities at time t,

Hence, k., =

by equation (15), the same valueaswhen ¢ >0 .

Dy = LtStB* +(1-@) ¢t°Lw, , by equation (16). Suppose instead that ¢ = O fraction of the trust
fund invested is in equities, and that the capital income tax rate is raised from TtKJ:l to the value
showninequation (19). Then, by equation (18), private savingin bondsat timet decreasesfrom stB*
0 & =¥ — pprSw, - Hence, D, = Ls® +0t1 Lw =Ls® +(1-0)ot Lw, -

(i)  State-contingent wagetaxes. If ¢ > O fraction of thetrust fund isinvested in equitiesat time
t, equations (6) and (14) imply

(22) T\tNl - G+ S +(A+r.,) ﬂ (L 1K _a [ oK _TtK+1 e 4 1 a) LtStK
' Lo aWeo

where
(22) S = 00T L(\Nt(et+1 —h +1)
If instead @ = O fraction of the trust fund invested isin equities, and that the capital income tax rate

israised from Tt'fl to the value shown in equation (19). Then §,; = O and equation (14) gives,

(23)
W _ C;'t+1+ (1+ r.t+1) BE{ D—t+1kt+1 B J |:I—t+2kt+2 _TIK;; qut 1 _rt +1)LIS(KM

t+1
Wi
K K
S |:(:L_Tt+1)
K ss
§ tO0ToW,

\Nt+1

T
+1

Gt (141.) Ea kK - J Mok -1 &1~ M) Lt(StK + (pq)TtSSWt)

+1

= Gt+1+ S+1 t (1+ rt+1) |]-:r D-(+1kt+1 _J |:L(+2kt+2 _TtKJ:1 met £ _rt H)LISK*
I—t+1\Nt+1

The second equality in equation (23) stems from substituting equations (19) and (20) into the first
equality in(23). Thethird equality in equation (23) comesre-arranging the second equality and using

equation (20). Notice that the third equality is the same expression as in equation (21). Q.E.D.
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Understanding Theorem 1

The equivalency result shown in Theorem 1 demonstratesthat asimpletax on capital income
canreplicate all state-contingent market quantities, pre-tax prices and wage tax rates stemming from
investing the trust fund in equities. Only the after-tax return to capital is different.

Notice that policy equivalency holds even if the initial tax rate on capital, th*l, isnot zero.
Thisresultisinteresting because the size of the private portfolio shift from bondsto equities, required
toreplicateinvesting thetrust fund in equities, isindependent of theinitial tax rate on capital income,
TtK;l.le But, in order to equalize the state-contingent wage tax rates between the two policies, the
change in the capital income tax rate, TtK+1 —Tt'i*l, must be decreasing in the initia capital income
tax rate, Tt'fl, since extrarevenueis collected at TtK+*1 after agents hold more equities.'” Thisextra
revenueis, in addition, to that collected by thetax changeitself, TtK+l -1 tK-:l . Sothequestionis, how
can asingle changein the capital incometax rate simultaneously generate the same total demand for
stocks and bonds as the trust fund’ s open market operation, and generate the same state-contingent
wagetax rates? Theanswer issubtle: an agent’ s portfolio response to achangein the capital income
tax rate is also more sensitive at a higher initial tax rate.® Hence, at a higher initial capital income
tax rate, asmaller change in the tax rate is required to both equalize the state-contingent wage tax

rates and to generate the same given portfolio shift by private agents.

To show thisresult formally, consider the capital income tax revenue at time t+1,

revtlil(ewl) =TS [qe( a "l +1) :

161 e., each agent must increase his demand for capital saving (and decrease his demand for bonds) by the
amount of hispayroll tax deposited into thetrust fund, @T;°W, , whichisindependent theinitial capital incometax rate.

7 Indeed, it is easy to verify that s, . <0-
o(odtew ot

K K
l_THl 1_Tt+1

K K K
18 Note that d%K =% 4= ¥, ie, thesaving responseisincreasing in tX,.
t+1
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which is conditional on equity returns. Differentiate by the capital income tax rate to get:

. initial -tax-rate effect
change-in-tax-rate effect

direv,(e, )
[ t 1( 1)] S[K quul _rt+l) +TtK+1C-1[iK @‘Ll _rHl)

K
dTt+1 d t+1

K
= s +18, gl_StTKj [@eHl - I‘Hl)
t+

K d K
= _1_S—TtK+1:| I:qenl - I"t+1) = %IKH [Qenl - rt+l)

where we have used the fact, dSK/ K = _1 . Theincreasein the revenue is decomposed into
dte, 1-t15,
two parts: theincrease in revenue coming from the changein thetax rateitself, aswell astheincrease
in revenue stemming from the fact that the initial tax rate collects more revenue when agents save
more. After some algebraic reduction, it is shown that the net responsiveness of the revenue to the
capital incometax rateisdirectly proportional to the responsiveness of private saving to thetax rate.
In other words, the revenue and portfolio responses are co-monotonic in the capital incometax rate.™

Finally, equivalency holdsevenif theorigina capital incometax does not take the sameform
asthenew tax. Inthiscase, the new capital incometax, whichisequivalent to investing thetrust fund
in equities, islevied on the difference between the original after-tax return to equities and the risk-

freerate. Seethe Appendix for the most general construction of the equivalent tax rate, which nests

equation (19) for the special casein which the original tax takes the same form as the new tax.

V. Numerical Calculations
This section reports the capital income tax rate that is equivaent to investing the entire US

trust fund in equities. If the social security trust fund was already invested in equities, equation (19)

9Toput it yet another way, notice that d[fe\/tfl(ﬁﬂ)] = ds* [(em -1, +1) . Thisrevenue changeequalstheextra

revenue received in the state g, if the government instead invested an amount ds® of the trust fund in equities.
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gives the policy-equivalent tax rate. But, the US trust fund currently holds only bonds, and
observable variables reflect this policy. Hence, if we want to calibrate the model to observable
variables, computing an equivalent long-run tax rate requires us to aso consider the non-neutral
effects from going from no investment by the trust fund in equities to full investment (Line (C) in
Figure 1). To bethorough, | report the equivalent tax rate in each period along the mean transition
path from the pre-reform stochastic steady state to the post-reform stochastic steady state. As
explained below, thetax rate along the mean transition path isawaysvery closetoitsfinal stochastic

steady state value, even though the rest of the economy takes longer to converge.

Solving the Model

Several variables must be determined simultaneously in general equilibrium. The equity
return distribution, Z(A, k,...), and the risk-free rate must be determined jointly with the saving and
portfolio decisions of agentsin order to satisfy conditions, (15) and (16). The state-contingent tax
wage tax rate, (14), must also be part of this equation set since the level of debt passed to future
generations depends on the amount of private capital saving. The system of equations must also
include the return to the pay-as-you portion of social security since benefit payments are stochastic
because they are indexed to random wage growth (equation (4)), which, in turn, is dependent on the
amount of endogenous capital saving. Therate of return to the funded portion of social security must
also be included in this equation set because its return is a linear combination of bond and stock
returns, both of which also depend on the amount of endogenous capital saving.

Thenumerical solutiontothemodel hereinisfurther complicated by thefact themodel allows
for shocksto both productivity and depreciationin order to allow for animperfect correl ation between
wage and capital returns. Since social security benefits are waged indexed, agents are exposed to

productivity shocksthrough their pay-as-you-go social security benefits. That exposure affectstheir
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portfolio demand and, in particular, tends to reduce their demand for stocks.

Themodel isalgebraically reduced and solved using amulti-variate Newton method. If more
periods of lifewere added to the model, thistechnigue could not be used and an exact solution would
not be possible. The previous paperson trust fund investment in equitiesreferenced earlier also used
two-period models. To besure, life-cyclemodel swith many periodsof life seem common thesedays.
But most of those models only include idiosyncratic risk, and so future prices are perfectly
predictable. Asaresult, bonds and stocks are perfect substitutes and so the equity premium is zero:
the trust fund’s portfolio is irrelevant. Some recent life-cycle portfolio choice models alow for
random prices, but assetsare not aggregated.® Aggregationisrequired hereinin order to incorporate
the general-equilibrium effects associated with a non-neutral fiscal policy change. Adding more
periodsto themodel herein would soon runinto a® curse of dimensionality” since aggregation would
be required over a very large state space. Recent ad-hoc approximation methods allow for more
periods, but cannot generate a realistic equity premium. To the best of my knowledge, the model
hereinisfirst to exactly solveastochastic OLG life-cycle model with afully endogenous equity return

distribution. The other endogenous factors mentioned above add to the model’ s richness.

Calibration

Utility takes the constant relativerisk averse form, EU, = ﬁ[cﬁy +BE,(C;,\,)| , where
vy is the coefficient of relative risk aversion and B = 1/(1+p), where p is the time preference.
Productivity isatwo-state Markov process, A = A_; [{1+A) {1+ &,) , where A istrend growth
and &, isamean-zero stochasticshock, @, U{X5 X} ,that cantakethevaluesy and (-)) with equal

probability, X < 1. Depreciationisstochastic, 8 = 8+ A ,with A O{&s €} . Labor supply growth

2 |nstead, those models simply look at portfolio choice over the life-cycle for a given set of fixed price
moments. Those models are not used to look at fiscal policy changes which would induce g.e. effects, as herein.
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isconstant, N, = N. Asinpreviousmodels, each period represents 30 years, or about one generation.

Calibrating the model requires choosing the parameter vector { k;, A,, 05, A, Y, B, X, €, n, @}
to match various baseline economic relationships shown in Table 1. The processentails“inverting”
the above system of equations to express these parameters as a function of observable economic

variables. Theresulting parameter vector isunique. Additional detailsare providedinthe Appendix.

Simulation Results

Table 2 reports the capital income tax rates for the next five generations (representing 150
years) that replicates investing the entire US Social Security trust fund in equities (¢p = 1). Table 2
also reports the impact of trust fund investment in equities on macroeconomic variables during the
transitionfromtheinitial (pre-reform) stochastic steady stateto thefinal stochastic steady state. State
variablesare updated between generations conditional on productivity and depreciation shockstaking
their mean values ex post.*

Notice that trust fund investment can be replicated by increasing the capital income tax rate
from its current value of 20 percent to 24 percent over the long run. The new tax rate incorporates
the effects that the policy change has on the risk-free rate and the equity price distribution. The shift
in the trust fund’ s portfolio toward more equities and less bonds increases the long-run annual risk-
freerate by 20 basispoints. Asexplained in Bohn (1997) and Abel (1999), thisincreaseisrequired
in order to entice private agentsto hold bondsreleased by thetrust fund. Theannual equity premium
falls by 30 basis points as the total (public plus private) demand for equity capital increases. As
emphasized recently by Abel (1999), the negative subsidy S along the ex-post mean growth path

causes a decline in wage tax rates. In the model herein, wages tax rates eventually decline by 1.2

2L Each possible path of future shocks generates different equivalent tax rate paths. The earlier formulae and
the equivaency of both policy reforms hold for al possible paths.
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percentage points, which leads to a 2.9 percent increase in future after-tax wages.

V1. Endogenous Heter ogeneity in Portfolio Choice and Saving

Almost half of US households are not exposed to stocks, either through retirement plans or
other forms of saving. Most on these same househol ds appear to hold very little non-housing wealth
aswell. Thissectionintroduces endogenous borrowing constraints by enforcing the legal restriction
that prohibitsborrowing against future social security benefits.?? Twotypesof agentsareconsidered:
type-L agents with low first-period wages and type-H agents with high first-period wages. Type-L
agents may endogenously become borrowing constrained in equilibrium. The equivalence between
trust fund investment in equities and capital income taxation, though, still holds. Simulation results

are also reported for this model.

Extending the Model

Consider LtL number of type-L laborers with low wages and LtH number of type-H laborers

with high wages. As before, L, isthetotal size of the labor force at timet, L, = L +L;'. The
model is extended to include agent heterogeneity by re-defining per-capita variabl es as average per-
capita variables and then stating how average amounts are divided between different agents.

Let ( = L% represent type-L’ sshare of thelabor forceat timet. Hence, (l—Z) = L‘% :
The per-capita wage of agent type i D{ L,H} is W{ = Eivvt . The variable Ei represents agent i’s
productivity relativetotheaveragewage, W, = ( Eh/tL + (1 —( )WtH , whichisgiven by equation (10).
Sothen w, =C [ "w, +(1—Z) €™ w, , which implies 1= [ " +(1—Z) g or,

_1-7@"

’
(24) &=

2 n the United States and some other countries, it isillegal to use social security benefits as collateral.
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Noticethat £" =&- < &' =1 (wageequdity)and " >&" < &' <1 (inequality).
Wage tax rates are allowed to be progressive. Denote the state-contingent wage tax rate of
agenti as TtWi = UiT;"’ . The parameter |y represents agent i’ stax rate relative to the average wage

tax rate, T," =¢ m;"’L +(1—Z)[ ;"’H , given by equation (14). It follows that,

UH zl_ZmL
1-¢
Notethat ™ =y' < u' =1 (lineartax rates) and pH >yt < v <1 (progressive tax rates).

(25)

Agenti’ssocial security benefit equals b(' = r]ih . Thevariable r]i Isagent i’ ssocial security
benefit relative to the average benefit, b, =( mL +(l—Z)b[H , given by equation (4). Hence,
H _ 1-¢ () :

1-¢
The benefit received by agent i is proportional to previous payroll taxes paid by agent i if r]i = Ei .

(26) n

In this case, each agent receivesthe same replacement rate on their first-period pre-tax wages. Social
security benefits are progressiveif N <& which by equations (26) and (24), implies n- >&" .
Inthiscase, type-H agentsreceive areplacement rate on their wages below type-L’ sreplacement rate.

The agent’ s optimization problem, with the agent index i D{ L, H} , Now becomes,

@) K EU (0 Cor) = UGL) + BEUC )

subject to the following budget constraints,

() o+ +s” =Ew (AT o)

(29) G =8¢ Lt ~(8 ~1a)T] +s° [L+1,) ',
where

(30) & +s¥ 20 2

Equation (30) enforcesthelegal restriction prohibiting borrowing agai nst second-period social

2 The capital income tax is modeled as proportional since the borrowing constrained don't face it anyway.
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security benefits. The first-order conditions are
u (Cé t+1) u' (CIZ t+1) =i
(31) BEI—'.1+|’+ :BEI—'_:|_+e[+ =
u'(c) (i) u'(c,) (L) | =
where [l =1~ W ( - and )i istheLagrangianmultiplier for restriction (30). [' < 1 if equation
u t
(30) binds for agent i; otherwise, fI' =1 . Now interpreting stK asthe average per-capitasavingin
capital, §¢ = E;[KL +(1 —Z)stKH ,and §° astheaverage per-capitasaving in bonds, therest of the

formulae shown in Section |1, for the government sector and market clearing, remain the same.

Lemma 2. Let Q = {(EL,U L,r] L)‘E L<got <1n L > L} be the set of parameter tuples
(E “ot N L) generating wageinequality along with non-regressive wage taxes and non-regressive
social security benefits. Then, assuming homothetic preferences:

0) Let ﬁt = {0 DQ‘[th< ]} bethe subset of Q where, for each parameter tuple, the type-L
agent isendogenously borrowing constrained at timet. Then #ﬁt >0 (i.e., thesubsetisnot
empty) under the Inada condition Ici ma u(c)/dc= » andwith positive productivity, A> 0.

(i) T (0) =10d1 Q when ¢ =0, i.e, the type-H agent is not endogenously borrowing

constrained for any parameter vector in Q before the trust fund investsin equities .

Proof. [Part i] Note that for any value n- >1, ¢ - 0> c:lL,t — O under the borrowing
constraint showninequation (27) while CzL,t+1 isstrictly bounded above zero by the budget constraint
(29). Hence, I <1 by equation (28). [Part ii] Consider case in which © Dﬁt. Suppose
H"(0)<1and H"(0)<1. Then @ = 0= k = 0 by equation (15) = e — o by equation (11),
contradicting [I' <1 by equation (31). Now consider the case in which O 0Q°. Then

H"(0)<1= ‘(o) <1000 Q for homothetic preferences, contradicting O 0Q°. QED.

It followsthat type-L agents are borrowing constrained if the parameter vector, 0 [Q ,isin
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the non-empty set §~2t at timet, before social security investsin equities (parti). But type-H agents

will not be borrowing constrained (part ii). We now arrive at the following key theorem:

Theorem?2. Let s[K* =( EﬁK - + (1 —Z)stKH* equal the average per-capitalevel of capital saving
and let w; = ijvtL* +(1 —Z)th* equal the average wage rate at time t after the trust fund is
invested in equities. If type-L agents are endogenously borrowing constrained (O Dﬁt) or not
(o Dﬁtc ), thetrust fund policy to invest in equities can bereplicated by instead increasing thevalue

of the capital income tax fromits current value to the value shown in equation (19) of Theorem 1.

Discussion

The proof for Theorem 2 is same as that for Theorem 1 along with our interpretation of
relevant lowercase variables as representing their per-capita average values. For a choice of the
parameter vector 0 U f~2tc , Neither agent i sborrowing constrained and so nothing of substance changes
relative to Theorem 1. For O [ ﬁt , however, type-L agents are borrowing constrained before the
trust fund isinvested in equities and type-H agentsare not constrained. Y et policy equivaency holds.

Itissurprising that policy equivalency (but not neutrality) holds even when type-L agentsare
constrained. Under the centralized policy toinvest thetrust fundin equities, some payroll tax revenue
coming from type-L agentsisinvested into equities. However, under the equivalent decentralized
capital income tax approach, type-L agents are constrained and have no private investment income.
A capital income tax, therefore, cannot be used to shift their own portfolio toward more equities.

To understand how policy equivalency holds even when type-L agents hold no private assets,
consider first the equivalency of asset marketsunder both policies. Inorder to generateidentical total
demandsfor stocksand bonds, the policy-equival ent capital incometax hasto bechosento get type-H

agents alone to clear the asset markets. Since type-H agents are being asked to carry the entire
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weight, it might seem, at first, that the equivalent capital income tax shown in Theorem 1 must be a
function of thefraction of type-H agentsin the economy, (1— Z) . However, that isnot the case since
the per-capita variablesin Theorem 1 are, by definition, averaged across both types of agents.

Consider thefollowing example. Supposethat theinitial capital incometax rateiszero, type-
L agents are borrowing constrained, and the aggregate holding of equities by type-H agentsis $100.
The government decides that it wants to invest the trust fund in equities by selling $100 worth of
bonds and then buy $100 of equities. A capital income tax of 50 percent could replicate this open-
market operation in a decentralized fashion: by Lemma 1, type-H agents would double their equity
holdings to $200 and sell $100 worth of debt. Notice that the share of type-H agents, (1— Z) ,is
irrelevant for equivalency. To besure, if thevalue of (1— Z) islower, each type-H agent holdsmore
wealth for a given aggregate value of wealth (or, equivaently, for agiven cross-sectional average).
But only the aggregate value of wealth matters for computing the capital income tax rate that
generates the same total demand for stocks and bonds under both fiscal policies.

Now let’ sdiscussthe equivalency of the wage tax policy functions under both fiscal policies.
Although constrained type-L agents hold no wealth, they do pay taxes on their first-period wage
income. The two fiscal policies are equivaent because, for each agent, the wage tax rates are the
same under both policies in each state of the world. Returning to last example, under the
government’ sbudget constraint (14), the same amount of risk is passed to the wage base whether the
trust fund hol ds $100 more of equities or whether type-H agentsholdsit. Of course, exactly how that
wage base risk is distributed between both types of agents depends on the parameter yt, which
determinesthe progressivity of the wagetax rates. But provided that y* isnot changed between the
experiments, the state-contingent progressivity of wage taxes are the same under both policies. In

other words, the wage taxes faced by type-L agents might differ from type-H agents in every state,

-27 -



but those differences are the same under both fiscal policies.

In sum, increasing the capital incometax generatesthe same pre-tax and post-tax income and
wealth distributions asinvesting the trust fund in equities. Thesetwo policiesarefully equivalent —
and not just equivalent for an “average” agent — despite the fact that type-L agents don’t hold assets.

Indeed, the equivalence of trust fund investment in equities and capital income taxesisquite
general. It doesnot matter if @ [ ﬁt and o [ E)tcﬂ , 1.e., If type-L agentsare borrowing constrained
at timet and not constrained at timet+1. In other words, the equivalency result does not require that
the economy move along some mean path, or even be inside a stochastic steady state.

Moreover, the borrowing constraint shown in equation (30) does not rule out that type-L
agents might want to hold no equities, or even ashort position in equities, aong with along position
in bonds— provided that the total value of assetsisnon-negative. A type-L agent might want to hold
a non-positive amount of stocks in the presence of productivity shocks which cause their wage-
indexed socia security benefits to be correlated with stock returns. This correlation has not been

captured in previous models, which have instead relied on large ad-hoc fixed costs or equivalent

mechanisms to limit market participation.?

Simulation Results

Type-L agents are assumed to compose half of the economy: { = Y. For most parameter
vector choicesin the stationary set o) . aong the mean path, including type-L agents into the model
had littleimpact on thenumerical calculations. Intuitively, theimportance of including type-L agents
approaches zero astheir wage share, &, approaches zero. To establish an upper bound on therole

of type-L agents, the parameter & ", therefore, was chosen equal to unity (i.e., equal wages between

2 Thefixed cost approach will result in different macroeconomic outcomes. Thereasonisthat with largefixed
investment and utility costs (asin Abel, 2001), trust fund investment in equities generates wealth effects. These wealth
effects do not occur when agents freely choose no stock holdings due to a correlation with other retirement resources.
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the agent types), the maximum value possible before the type-L agent switches pre-tax resource
rankings with the type-H agent. The parameters L “and N " werealso st at unity, their maximum
possiblevalues before type-L and type-H agents switch rankings on apost-fisc basis(i.e., after taxes
and transfers). These parameter choices maximize the relevancy of type-L agents but, with
homothetic preferences, also imply that type-L agents are not borrowing constrained unlessthey are
less patient than type-H agents. To force type-L agents to be endogenously borrowing constrained
throughout the transition, their time preferenceis set higher than that of type-H agent.

Calibrating to the same macro economy as before requirestype-H agentsto hold more of both
assetsin order for the economy to achieve the same capital -labor ratio as before and, hence, the same
average per-capita saving, as averaged across both types of agents. The inclusion of borrowing
constrained type-L agents addsto the size of thelabor force without aproportional increaseinthesize
of the capital stock, and so type-H agents must each save morein order to get the same capital-labor
ratio as before. The re-calibrated value of 3 (for type-H agents) increased slightly while the re-
calibrated valueof y decreased sightly (Appendix). Bothinitial economiesare otherwiseidentical.

Asshownin Table 2, the policy-equivalent capital incometax ratesreported in Section 1V do
not change much when type-L agents are added to the model, although the changes in the capital
stock, national income and risk-free rate are larger. The largest difference between the two model
versionsisinthe risk-freeratewhich increasesby 120 basis pointsin thelong run after the trust fund
isinvested in equities, versusby just 17 basis pointswith the previous single-agent model. Let’ sfirst
discuss the relative changes in the macro variables before discussing the tax rates.

The differencesin changes in macroeconomic variables between the two model s reflect that

% Although changing type-L’ stime preference rate is amechanical way of generating the maximum impact of
endogenously binding borrowing constraints, thisapproach also hasa priori merit. Indeed, one reason why some people
might be poor is due to their relative impatience in accumulating physical capital. Social security, therefore, plays a
tangible role herein by providing the poor with retirement income. | am grateful to Peter Diamond for thisinsight.
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the fact that constrained type-L agents have a non-trivial wageincomewhen & =1, but they hold
no capital. This equal wage assumption means that the same amount of debt is released by Social
Security in both models after the trust fund isinvested into equities. But, relative to the single-agent
model, unconstrained type-H agents now compose only half of the economy. Hence, they require a
larger increase in therisk-freerate in order to hold all the newly released debt. Their portfolio shift,
stemming from trust fund investment, does not crowd out as much of their capital saving either,
allowing for alarger net increase in aggregate capital. The capital stock isnow 8Y2 percent larger in
the long run versus just 4 percent in the single-agent model. National income, therefore, now
increases by 2% percent instead of by 1.2 percent.

A surprise emerges from Table 2. Wage tax rates increase over time despite a negative
subsidy (S< 0) aong the mean path from investing the trust fund in equities. In contrast, wage tax
rates decreased over timein the single-agent model. The reason that they now increaseis dueto the
sharp increase in interest rates, which, in turn, increases the government’ s cost of debt service.

Notice that the capital income tax rates that replicate investing the trust fund in equities are
amost identical in both the single-agent model and heterogenous-agent model. This result can be
understood via equation (19) which gives the policy-equivalent tax rate in both models, where the

wage and saving variables are interpreted as cross-sectional means. Rewrite equation (19) as,

K" 1_TK*] .
g [F i PR S 4

19' t+1 — K s .
e oo e

Noticethat thetax ratesdiffer between thetwo modelsonly if theratio of the average per-capitawage
divided by the average per-capitacapital saving differsmuch between thetwo models. Although these

variables differ individually a fair amount between the two models, their ratio is only dlightly
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different. In fact, with Cobb-Douglas production and homothetic preferences, the only reason that
the ratio differs at all between the two models is due to changes in prices, causing inter-temporal
substitution. A larger interest ratein the heterogenous-agent model generatesadlightly smaller wage-
saving ratio which, in turn, generates a sightly smaller equivalent capital income tax rate in the
heterogenous-agent model relativeto the single-agent model. Also, noticethat theequivalent tax rate
changes very little along the transition path, despite larger changes in other variables. The reason,

again, isthat the wage-saving ratio is not affected much by price changes along the transition path.

VI1I. Conclusions

This paper proves that the policy of investing some or all of a social security trust fund in
equities can be replicated with asimple linear tax on risky capital income. Thistax entices private
agentsto shift their equity-bond portfolios so that the total (public plus private) demand for equities
and bonds are the same under both policies. The policy equivalenceisvery general. It holdsin the
presence of pre-existing taxes and market distortions, including (i) anon-zero initial capital income
tax rate (whether or not the initial tax takes the same form as the new tax); (ii) missing markets
between generations; and (iii) borrowing constraints which may be endogenously binding for an
arbitrarily large share of the population, short of everyone. To the extent that investing thetrust fund
in equities improves risk sharing in the presence of missing and incomplete markets, the equivalent
tax rate can beinterpreted asalLindahl tax. Thistax generates a decentralized way of achieving the
same potential risk sharing opportunities as the command economy approach. The tax approach to
improving market efficiency might be more pal atabl e to those who fear direct government ownership
of assets. Future papers can examine the political economy aspects of taxation versus direct

government asset ownership.
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Appendix
Derivation of Equation (8)

BE{M[]--‘- e[+:L - (e[+1 _rt+1)TtK+1]} = 1:BE|:M(1+“+1):| by (7) and (8)

u'(cyy) u'(Cyy)
=> BE M[H € —(1+1,,) — (64 —rHl)rtKﬂ] =0
u (Cl,t)
_ U'(Cppiq) K _ -
=> BE{TCM)[Q Tih) & rt+1)]} =0
=> BE{“'(CZ"”) [a+e)- (1+rt+1)]} -
u (Cl,t)
=> BE{“ (Cova) g, %)} by (7).
u'(cy,)

Proof of Lemma 1

Theabsence of the capital incometax inthefirst-order conditionsimpliesthat thefirst-period
consumption andtheex-postsecond perlod consumptlon ebothinvariant to the capital income tax
rate, ie. SK = §¢ § =% -4 and (e, - (g, - naJrG] 57 (L) =
5 [1+ €, " q+l t+1 t+1] 1+rt+1) Combining these three equations gives Lemma 1.

Pr oof of equivalency with a general initial tax on capital income

Let €,, = €, ~ (et+1) denote the after-tax return to equities, where z(*) is an arbitrary

(possibly non-continuous) tax function. If, for example, Z(em) =1 (em) Emax(o, et+1) , for

some arbitrary function T K (D] , then the tax function is possibly non-linear and also does not allow

for either symmetry or for the non-taxation of the risk-free part of risky capital incomereturns. With
thistax in place, the consumer’ s budget constraints are straightforward and the FOCs become,

[E{u(cm)( . )]:1_

U'(Cy11) (1+ "t+1) e

(A1) S TN

The government’ s budget constraint now becomes

(AZ) wo_ Gt+l+ S+1 +(1+ rt+l) BE D—t+lkt+l - a l:Lt+2kt+2 _T:(+1 ma a " h +1) LtﬁK _(et 4 _é ﬂ)l—tStK

i Lt+l t+1

where T +1 1sthe Domar-Musgrave (DM) capital incometax that does allow for both symmetry and
the non- taxatl on of the risk-free part of capital income returns. However, the DM tax isnow levied
over the difference between the after-z-tax return to equities, &, ,, and therisk-freerate. Noticethe

T
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addition of therightmost term in the numerator of (A2), reflecting the tax revenue raised by the ztax.
Since the ztax is allowed to be quite general, we don’t explicitly need to consider a separate initial

value for the DM tax, that is, T, But the notion is kept general in order to reuse earlier resuilts.

Theorem. Theorem 1 continues to hold in the presence of the capital income tax function z( ).

Proof of Theorem. The sub-proofs demonstrating that the demand for capital and bonds are equal
under both policy options (that is, investing the trust fund in equities versus changing the capital
income tax rate to the value shown in Theorem 1) are very similar to the sub-proofs shown in
Theorem 1; in both cases, the DM tax does not enter the consumer’ sfirst-order conditions. However,
showing the equivalency of the government’ s budget constraint, (A2), requires more work.

Consider first the policy in which the government invests the fraction ¢ > 0 of the trust fund
in equities at timet. Then the government budget constraint becomes

(A4) - - . : _ :
W _ Gt+l+ S+1+ (1+ rt+1) m |:Lt+1kt+l_d [Lt+2kt+2 _TtK+1 mqa _rtﬂ)LtStK _(et& _q ﬂ)LtStK

t+1
\Nt+l

+1
where

00t w (6, 1)
~00TEL W (&, - 1) - 00T LW (8, - &)

S

Now suppose ¢ = O fraction of the trust fund invested isin equities, and that the capital income tax
rateisraised from TtK+1 tothevalueshowninequation (19). Then S,, = O and equation (A2) gives,

(A5) - - . .
™ = Gt+1 +(1+ rt+1) D) D‘[+1kt+1 -d D‘t+2kt+2 _TtK+1 mq a " +1) LtStK
t+1 L[+1\Nt+1
_ (e[+1 B §+1) LtsK
+1\Nt+1
= i SK* 1_ T K; - *
) C;t+1 + (1+ rt+1) m |:L[+1|'(t+1 - d |:Lt+2|'(t+2 _lil_swipq)'[tsts\]/-\i] [(e[ﬂ_ t+1)Lt($K * (p¢Tt$\Nt)
Lt+1Wt+1
(e @)L IS+ oorw)
Wi
- Gt+1 + S+1 + (1+ rt+1) Ea‘ |:I-t+1kt+1 B a [Lt+2kt 2 _TtK;1 maﬂ B rt+1) LtStK B (Q+1 B §+1)LISK*
Lt+1Wt+1
Notice that the last line in equation (A5) equals equation (A4). Q.E.D.
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Calibration

The economy at time O to be targeted has the following characteristics, with each period
representing 30 years. The expected annual depreciation equals 5 percent so that 79 percent of the
capital stock is expected to be depreciated by the end of the 30-year period. The capital share, «, is
set at 0.30. The arbitrary scaling parameter A, equals unity.

Based on Poterba (1998) and Ibbotson data, the annual pre-tax (social) real rate of return to
capital is8Y%2 percent per year, or 1,056 percent over 30 years, with a coefficient of variation equal to
0.87. The annual risk-free real return, r,, equals 3 percent, or 143 percent over 30 years, based on
returnsto long-term government securities during the last few decades. (Note: the 30-year expected
return to equities is about seven times that of bonds.) The annual expected rate of technological
progressis set at 3 percent per year, the average growth rate of the total salaries and wage base since
1929, based on Bureau of Economic Anaysisdata. The point-estimate correlation between wage and
stock returns at a 30-year frequency is about three-quarters.®® The defended debt-capital ratio, d ,
isset at 0.25, closeto the current ratio of government debt relative to the domestically-owned capital
stock as measured in the Federal Reserve Board's Flow of Funds Accounts.

Theinitial tax rate on the generation-0 agent’ s second-period capital income, TX ,is0.20,
following Auerbach (1996). Theinitial proportional tax rate on wage income, T‘(’)V, is0.15, which
generatesaplausiblelevel of tax revenuederived fromwages. Theworkforcesizerelativetoretirees,
averaged over the past decade and over projectionsfor the next two decades, is constant. The Social
Security payroll tax isset at 12 percent and the estimated ratio of contributionsto the Social Security
trust fund divided by benefits paid during the past and next few decades equals about 4 percent.

The calibrating vector needed to generate this baseline economy, { k,, A, 04, A, ¥, B, X, €, N,
@}, equas {.0056, 1.0, 0.79, 0.860, 0.857, 0.27, 0.61, 6.07, 0.0, 0.04}. The value p = 0.27
correspondsto an annual rate of time preference equal to 4.4 percent. Thevaueof y = 0.857 reflects
scaling the model to equity returns (rather than consumption) as well as both human capita
depreciation in the second period and the correl ation of wage-indexed pay-as-you-go Social Security
returns with stock returns. When the model was re-calibrated to include type-L agents, {3, v}
changed to {0.39, 0.67}.

This calibration generates additional plausible observable economic relationships. The
implied net national saving rate equals 4.4 percent. The non-Social Security part of government
spending equals 15.3 percent which is very close to the value of 15Y% percent that the CBO (1999)
reports for 1998. Capital income tax revenue equals 4.4 percent of GDP while wage income taxes,
not including Social Security payroll taxes, compose 102 percent of GDP.

% To be sure, this point estimate is associated with alarge standard error. However, the equivalent tax rates
estimated herein were fairly robust to changes in the correlation.
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Figure 1

The Distinction Between Equivalence and Neutrality:
The Case of Investing the Trust Fund in Equities
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Figure 2

The Distinction Between Equivalence and Neutrality:
The Case of Divesting the Trust Fund of Equities
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Tablel
Parameters and Implied Vaues along Mean Path in the Initial Stochastic Steady State
(I.e., Before the Social Security Trust Fund is Invested in Equities)

Variable Description Value

Exogenous Parameters (samein all simulations, unlessindicated otherwise)

Average annual depreciation rate, gamua, - %
Capital share, « 030
Arb'trarysca"”QOfthe'”'t'a'PrOdUC“V”yAo ,,,,,,,,,,, 100
Pre-tax 30-year return to equities on mean path, m 1,056 %
R
Coefficient of Variation, &,/ E(e,[k,) o8
Pre-tax 30-year risk-free real return on mean path, r 143 %
(Corresponding annual return) - (3%
Rate of 30-year |abor-augmenting tech. progress, A 143 %
(Corresponding annual return) - (B%)
Debepidiod %%
Tax rate on capital income, T 20 %
Socid Senuity pay-asyouoliabiliestaxrae, TS 115%
Social Security funded portion tax rate, Toy”  05%
Non-Social Security wage tax rate, T" - 15%
Implied Endogenous Variables (samein all simulations)
Netnaiond suingrae  44%
“On Budget” Spending as a fraction of GDP, G, /[ Ak{ ] 153%
Capitdl income tax revenue asafractionof GDP 0 48%
Non-Social Security wage income tax revenue as afraction of GDP 10.5%
Exogenous Parameter (only for the benchmark)
Correlation between capital income returns and wages 0.75
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Generation| Capital Pre-tax% Post-tax %National WageTax Rate = Equities Premium = Income Tax
Index? Stock ~ Wages Wages® Income | Rates (Annua) (Annual) (Annua)*  Rate®

Table2
Investing the Entire Social Security Trust Fund in Equities (¢ = 1) at Time O:

Changes in Macroeconomic Variables and Equivalent Capital Income Tax Rates
on the Mean Growth Path®

Percent Changes Levels (in percent)

: Expected Equivalent
'Risk-Free Returnto = Equity | Capital

Homogenous Agent Model (Section 1V)

0 0.0 0.0 0.1 0.0 14.9 3.0 8.4 54 24.19
1 4.2 1.2 2.3 1.2 14.3 35 8.4 49 24.23
2 4.4 13 2.8 12 13.9 3.2 8.4 5.2 24.23
3 4.4 13 2.9 1.2 13.8 3.2 8.4 5.2 24.23
4 4.4 13 2.9 1.2 13.8 3.2 8.4 5.2 24.23
5 4.4 13 2.9 12 13.8 3.2 8.4 5.2 24.23
Heterogenous Agent Model (Section V)
0 0.0 0.0 0.3 0.0 14.8 3.0 8.3 5.3 24.01
1 8.6 25 0.9 24 16.1 4.4 8.3 3.9 24.11
2 8.7 25 13 24 15.9 4.3 8.3 4.0 24.12
3 8.7 25 14 24 15.8 4.3 8.3 4.0 24.12
4 8.6 25 15 24 15.7 4.2 8.3 4.1 24.12
5 8.6 25 15 24 15.7 4.2 8.3 4.1 24.12

Notes:

1. l.e., state variables updated between generations are conditional on al shocks (both productivity and
depreciation) taking their mean values ex post.

2. Each generation represents 30 years. Generation 0 is the initial young at the time of the policy change. The
timing is such that the policy changeis announced before generation O optimizes. Hence, the equity premium
faced by generation-0 agents immediately changes. Generation (-1) agents represent the elderly at the time of
the reform whose saving and portfolio decisions and after-tax asset returns have already been determined by the
time of the policy change.

3. |.e., after federal and Social Security taxes (the latter don’'t change for these simulations).

4, The equity premium equals 5.5 percent (annual) along the constant growth path before the policy change,
reflecting a pre-reform expected return to equities of 8.5 percent (annual).

5. This is the capital income tax rate shown in Theorem 1 (homogenous-agent model) and Theorem 2

(heterogenous-agent model), applied at timet + 1 to generation-t’s second-period capital income, that would
exactly replicateinvesting the Social Security trust fund in equities. Thetax rate was 20 percent along the mean
growth path prior to the policy reform.
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