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ABSTRACT

In a stochastic econony with overl apping generations, fiscal policy
affects the allocation of aggregate risks. The paper shows how to compute
the welfare effects of marginal policy changes that shift risk across
cohorts, in general and for an application to social security equity
investments. | estimate the relevant correlations between nmacroeconomn c
shocks and equity returns from 1874-1996 U.S. data, calibrate the nodel,
and find positive welfare effects for equity investnents. Since stock
returns are positively correlated with social security's wage-indexed
benefit obligations, equity investments would also help to stabilize the

payroll tax rate.



1. Introduction

The recent proposals by the Social Security Advisory Council (1997) to
i nvest social security reserves in the stock nmarket have triggered a lively
debate about the nerits of such investnents; see Bohn (1997), Dotsey
(1997), Snetters (1997). This paper exanmines the investnent policy of the
social security trust fund in the context of a sinple stochastic growh
nodel wi th overl appi ng generations.

The theoretical framework is a stochastic Dianmond (1965) style
econony with two-period lived agents.l The old receive capital income and
social security transfers, consune, and pay taxes. The young receive wage
income, pay regular and social security taxes, consune, nake capital
i nvestments, and buy government bonds. The governnment sector includes real
spendi ng, regular taxes, and safe debt as well as a social security system
with trust fund. Social security pronises a fixed replacenent rate, i.e.,
benefits indexed to wages at a fixed ratio.

W thout governnment intervention, both generations share the risk of
uncertain productivity growh, but only the old bear the risk of
fluctuations in the value of old capital. The latter, which | call the

valuation risk, provides the risk-sharing argunent for trust fund equity

investnments. Since risks should generally be shared across generations
(Bohn 1998), an allocation in which only the old bear valuation risk is

inefficient. The trust fund is a device to share this risk.?2

1 in terms of econonic theory, the paper draws on the OG literature studying
i ntergenerational risk sharing, e.g., Enders and Lapan (1982), Gordon and Varian (1988),
Gal e (1990), and Bohn (1998).

2 There are of course other devices that coul d be used to share such risk, e. g., state-
contingent taxes (see Bohn 1998). Trust fund equity i nvestnents stand out, however, as a
practically feasible policy tool that directly addresses val uation risk.



For given defined benefits to retirees, the risks and returns of
alternative social security investnments are borne by future generations of
tax payers. In an OG setting, unborn future generations are naturally
excluded from financial narkets. They cannot insure thenselves against
fluctuations in future taxes. Because of this inconplete access to
financi al mar ket s, gover nient policy influences the allocation of
nmacr oecononi ¢ risks across generations.

Specifically, if the trust fund shifts fromdebt to equity (clains to
capital), the conposition of private savings wll shift from capita
investnment to fixed income investnments. Individuals release equity to the
trust fund and instead hold governnent debt. Net governnent debt rises as
less of the gross Treasury debt is held by the social security system
Since future generations are inplicitly responsible for Kkeeping socia
security solvent, future payroll taxes will vary inversely with the equity
returns of the trust fund portfolio. Hence, future generations bear part of
the valuation risk. This is unanbi guously wel fare-inproving.

Trust fund equity investnents have two additional risk sharing
i mplications, however, that nust be addressed because they are likely
negative. First, in practice, the trust fund will have to purchase specific
securities, presunably a portfolio of corporate stocks. If the portfolio
return is inperfectly correlated with the return on the aggregate capita
stock, the idiosyncratic conmponent of the portfolio return raises the
i ncone of the young but reduces the inconme of the old, i.e., it creates new

generation-specific risk. I will call this the relative return risk. It is

an enpirical question if the better sharing of valuation risk outwei ghs the

wel fare-loss fromcreating relative return risk



Second, the increase in net government debt inplied by trust fund

equity investnents alters the allocation of productivity risk, the

uncertainty about future productivity growh. If governnment debt is safe in
real ternms (here, a worst case scenario), the additional debt forces future
young cohorts to pay a fixed debt service (through taxes) out of an
uncertain wage incone, which increases their exposure to productivity risk.
The old, on the other hand, wll hold nore safe debt and bear |ess
productivity risk. Bohn (1998) has argued theoretically that the governnent
already supplies too many safe clains to the old, suggesting that an
i ncreased public debt has a negative welfare effect. Note that the type of
debt matters for the magnitude of this effect. Increased debt would inply a
smal ler shift in productivity risk, for exanmple, if the debt were nonina
and if inflation covaried negatively with wage i ncone. To prevent a bias in
favor of trust fund equity investnents (and for sinplicity), | assune safe
real debt and leave a discussion of alternatives to the sensitivity
anal ysi s.

Overall, the case for trust fund equity investnents depends on the
trade-offs between an inproved sharing of valuation risk against the
creation of new idiosyncratic risk (when trust fund returns and aggregate
capital returns diverge) and against the potentially negative risk-sharing
i mpact of nobre governnent debt.

The enpirical part of the paper exam nes these trade-offs
quantitatively. | use VAR and error-corrections techniques to estimate the
rel evant long-run correl ations between U S. wages, capital incone, GDP, and
stock returns. The enpirical correlations are then conbined with calibrated
macr oecononic and policy data to estimate the net welfare effect of trust

fund equity investnents. Wiile the relative return risk turns out to be



small, the shifting of productivity risk through safe debt has a
substantial negative welfare effect--1arge enough to cancel out nuch of the
benefits from an inproved sharing of valuation risk. Nonetheless, for a
nunber of different specifications, | find that a shift to equity
investnments would be welfare-inproving. For nobst specifications, the
optinmal portfolio consists of 100% equity.

The calibration can al so be used to conpute efficiency gains in terms
of consunption equivalents. But the values depend significantly on the
assuned relative risk aversion, a controversial paranmeter. If the entire
trust fund was invested in clains on corporate capital (unlevered) and if
one assumes a relative risk aversion of about 25 to match the historica
equity premium the estinmated welfare gain is about 0.2% of lifetine
consunption. Wth a lower risk aversion, the values would be much smaller
however; e.g., only 0.012%for log-utility.

Efficiency does not inply that governnent equity holdings are
politically desirable, of course. The paper takes a strict welfare approach
and does not address, e.g., issues of corporate control or tinme-
consi stency. Such issues are undoubtedly inportant for policy nakers, but
beyond the scope of this paper. In addition, the nunerical results should
be interpreted cautiously because they are based on a quite sinple
macr oecononic nodel and on covariance estinates that are subject to
substantial specification uncertainty. In the policy experinent above, for
exanple, alternative estimates of the long-run covariance nmatrix vyield
wel fare gains that range fromO0.1%to nore than 2.5% of consunption (versus
0.2% in the benchnark case).

Separately, the paper provides a sinple finance argunment for trust

fund equity investnents. Nanmely, since social security benefits are |inked



to aggregate wages and since aggregate wages, capital incone, and equity
returns are correlated, equity investnents can help to stabilize future
payroll tax rates. My tinme-series estimates inply that a trust fund equity
share of 50-70% would mnimze the variance of payroll tax rates. From a
ri sk-sharing perspective, however, variations in payroll tax rates are
desirable if they are correlated with valuation risk. Hence, the welfare-
maxi m zing equity share generally differs fromthe tax-stabilizing share.
The paper is organized as follows. Section 2 lays out the nodel.
Section 3 derives the equilibrium allocation and exam nes theoretically
under what conditions a debt-for-equity swap in the trust fund is welfare-
i mprovi ng. In Section 4, I estinmate the relevant conponents  of
macroeconomic risk and | calibrate the OG nodel. Section 5 conbines the
theoretical nodel with the estimated risk structure to conpute welfare

effects. Section 6 concl udes.

2. The Model

The nodel is a standard two-period OG economy. Generation t consists of N

i ndi viduals who work in period t (one unit of |abor, supplied inelasticly)
and are retired in period t+1. Wrkers earn a wage wi, pay payroll taxes at
the rate g, and pay other taxes tl;.3 The disposable income wX1-q)-tl is
ei ther consuned (cl{) or saved,

cly = wxl-q) - tl - st (1)
Savings st are invested in a portfolio of financial assets consisting of

capital assets and governnent bonds.

3 The distorti onary effect of taxationareignored for sinplicity. Retirenment savings are
assunmed untaxed, inplicitly assum ng that such savings takes place (at |east on the
mar gi n) throughtax-shelteredinstrunents|ike pensionplans, variable annuities, or I RA
account s.



In practice, clains on capital are represented by shares of corporate
stocks, corporate bonds, and various other capital assets, e.g., clains to
smal l er, privately-held conpanies, or real estate. Al proposals to invest
social security trust fund in equities assune passively-managed equity
investnments in well-established, exchange-traded corporations, i.e., in a
subset of the capital stock. Hence, the return on trust fund holdings wll
almost inevitably differ from the return on aggregate capital. To
di stinguish these returns, let RXi41 be the return on the total capita
stock K; (between periods t and t+1), let RS 4+ be the total return on the
equity portfolio suitable for trust fund investments, and let RPt4; be the
return on bonds. For simplicity, corporate bonds are considered equivalent
to government bonds. Generically, returns are denoted by R4 for ill,
where | = {e,b,k} is a list of relevant investnents. Note that the return
on the assets not held by social security (a long position in RK conbined
with a short position in Re and/or RP) is spanned by (RX RP Re).

| ndi vi dual savings are allocated over different investnents sit, st =

o

&7, s't. In period t+1, the old receive a return 8;7, Rt+1>s't on savings,
they receive wage-indexed social security benefits at fixed replacenent
rate b (assuming a defined-benefits systen), and they pay taxes t2 4+1. Their
consunption is

c2t41 = é_iﬂ Rit+1>5it + by +1 - t2¢ 41. (2)
Preferences are CRRA with risk aversion h,

U = ﬁ{(clt)“‘ + DR [(c2t+1) 1N}, (3)

where r is the rate of time preference.# |ndividual savings and investnent

choices are then characterized by the optimality conditions

4 CrRRA implies a tight link between the risk-aversion h and the elasticity of

intertenporal substitutionl/h. If his calibrated to match the equity prem um this may
i mpose undue restrictions on savi ngs behavior. To avoid this |inkage, an earlier version
of this paper consi dered Epstein-Zin (1989) preferences. Sincetheenpirical findingsare



Eelrcli/c2s) MR taa] =1 il (4)
For production, | assune that aggregate output is produced from
aggregate capital K and labor N according to a Cobb-Douglas technol ogy
with capital coefficient a,
Yo = K@ Aoy ) 1-2. (5)
Total factor productivity A is stochastic with i.i.d. growth rate a;.® The
total resources avail able for consunption and new capital investment are Yi
+ viX¥;, where vy is the value of old capital.

The margi nal products of |abor and aggregate capital are then
Kt

w o= (1-a) Ak -a = (1-6\)>$°~t>(m)a (6)
k
R = ake @ I AN 18 + v = 61’(m)a'1 + Vi (7

where ki = K¢/ (A-1N-1) is the conponent of the effective capital-Iabor
ratio known at tine t-1, 1l+a;=A/A-1 is the stochastic productivity growth
rate, and 1+n=N;/N;.1 i s the popul ation growmh rate, assumed constant.

Thus, the return on capital depends in part on capital incone and in
part on the value of capital, v{. For Cobb-Douglas production, the capital
income part is perfectly correlated with output and wages.® The value v is
assuned to be stochastic, i.i.d., to allow the total return on capital to
vary somewhat independently fromthe wage rate. One may interpret (1-v{) as

a stochastic depreciation rate, but | wll interpret the randommess in v

sinmlar for both specifications (see Table VI11 below), the exposition here focuses onthe
si npl er CRRA case.

S| assume i.i.d. noise t hroughout the paper because even hi ghly autocorrel ated annual
time series are close to i.i.d. at generational frequencies. The i ssue of unit root growth
versus deterministictrendis discussedin Bohn (1998). Briefly, trend breaks cannot be
i gnored at generational frequencies, andif trend breaks are possi bl e, uncertainty about
future productivity rises with the forecast horizon; this is best captured by a unit root
process. In the data (see below), a unit root for real GDP cannot be rejected.

6 Empirically, the capital and |abor shares in GDP show sone short-run variability
(Shiller, 1993; Gonmme and Greenwood, 1995) suggesting slight deviations fromthe Cobb-
Dougl as assunption. But capital and | abor shares are so highly correl ated at generati onal
frequenci es (see bel ow) that a tinme-varying capital share woul d be nore distractingthan
i nsi ghtful.



nore broadly as representing all shocks that make the nmarket return on
capi tal assets uncertain.’

The governnent sector is nodeled in a way that focuses on social
security. A sinple representation of other governnment activities is needed,
however, to capture the risk sharing inplications of other policy
i nstrunments--notably, government debt. Government debt D is assuned
stationary relative to trend productivity growh, Dr =dx Ay Nt ) and
governnent spending is a constant fraction of GDP, G = gx;. The taxes on
ol d and young nust satisfy the budget equation

G + R = Nothe + Nept? + Dy (8)
For the calibrations, | assune that t%=x2%;/N is a constant share of per-
capita i ncome, which leaves tl; to be determined by (8).

Social security provides wage-indexed benefits bx to the old that
are financed by payroll taxes g and by a trust fund. To obtain bal anced
growth, | assume that new investnents in the trust fund TR are
proportional to the growth trend with proportionality factor s, TR =
s >A;. A share i® is invested in an equity portfolio with return R4+, the
remai nder in bonds, iP=1-i®&. To mintain the trust fund balance at the
specified | evel, payroll taxes nust be

Gow = b + A - (ReOISHRPP) s 31/ (1+n). (9)
That is, the level of payroll taxes depends on productivity growh and on

the investnent performance of the trust fund.

7 The assunption t hat RK depends only on “fundanmental s” i s conservative inthiscontext.
If thereis excess volatility in stock prices--meaning existingcapital trades at prices
different fromfundanmental --the return on capital would co-vary with the “gap” between
price and fundanental that the young nust pay to buy up the capital stock. Since such a
gap woul d ceteris paribus reduce the consunption opportunities of the young, it would
create an el enent of negative correl ation between the effective resources of old and
young. Here | will show that variations returns that do NOT affect the young are
sufficient to provide a rationale for trust fund equity. A negative correlation would
strengthen the rationale for sharing valuation risk across generati ons.



The distinction between R4 and RKi4q is inportant because any
idiosyncratic risk in the trust fund would weaken the case for equity
investnment. To nodel R& 41 parsinoniously, | assune that the firns in the
trust fund portfolio have a Cobb-Douglas technology with the same capital
coefficient a as the aggregate production function. Hence, they operate at
the same capital-labor ratio. I wll, however, allow their productivity
level to diverge from the aggregate and | wll allow for |everage. (The

specific assunptions are notivated by the enpirical work below ) Let
k
f. = ai-— L ya-l *
R't a >((1+at)>(l+n)) ’(1"'”1) +Vt>(1+mt) (10)

be the total return on the firms' capital (equity and debt), where n is an
i.i.d. shock to the firms capital incone relative to aggregate capital
income and mt is a shock to the firms relative value. Assuming values are
driven by earnings, | let nmt be a deterninistic function of m, In(1+nit) =
pymt N(1+m), where pyn$0 is a constant elasticity coefficient. Finally, the
return on equity is

Rets1 = IR 4 - (1-1)RPraq, (11)
where I>1 is the ratio of firmcapital to equity (= 1 + debt-equity ratio).
Note that the trust fund could hold an unlevered claimon firm capital by
setting i€=1/1 (»74% for the S&P500); but the portfolio return would stil
depend on the relative return shock nt.

Overall, the accounting for inconme is as follows. The young earn a
wage i ncome that depends on the productivity shock a;. The old receive the
aggregate capital incone that depends on a; and on the valuation shock vi,
plus a wage-indexed social security incone that depends on a;, plus safe
debt. Wthout trust fund equity holdings, the return on equity relative to
aggregate capital is irrelevant, because the old hold the entire capita

st ock.



Wth trust fund equity hol dings, the defined-benefit nature of social
security inplies that future generations of taxpayers bear the risk of
fluctuations in the value of the trust fund.8 They effectively own the
trust fund because their payroll taxes nust rise whenever the trust fund
earns a low return, and vice versa. Since RS 41 depends positively on at,
vi, and m, the next young cohort obtains a positive exposure to vi and m
shocks and an increased exposure to a; shocks. In equilibrium the old hold
t he aggregate capital stock except for the trust fund portfolio. Hence, for
i€>0, their incone depends negatively on the relative return shock m, and
their pre-existing exposure to a; and vi{ shocks is reduced.

Intuitively, the sharing of wvaluation risk vt should be welfare-
i mproving. The m-shocks are generally wel fare-reduci ng because they affect
old and young in opposite directions. And the re-allocation of productivity
risk may have a positive or negative welfare-effect, depending on how
efficiently this risk is allocated initially. To determine if the positive
or the negative welfare effects dominate, one has to examne the

equilibriumallocation of risk and its dependence on policy.

3. General Equilibrium and Welfare Analysis
This section exanmines the equilibrium allocation of risk and the welfare

i mplications of alternative policies.

3.1. General Equilibrium
For any given set of policy rules, the equilibriumallocation is determ ned

by successive generation’s savings decisions. Each period, the initial

8 Note the key role of defined benefitsinthis argunent. If retiree benefits were nade a
function of trust fund returns, the old woul d bear investnent risk. Less risk would be
shifted across generations. The defined benefit nature of social security explains why t he
trust fund has fundanentally different risk sharing inplications than, say, private
pensi on funds or “privatized” social security accounts. The |l atter woul d be irrel evant
here because they do not shift risk across generations (see Bohn 1997).

10



capital-labor ratio ki and the three shocks (ai,vi,m) deternine the
resources available to the old and to the young. The old consune their
income and assets. The young divide their disposable incone between
consunption and savi ngs. Aggregate savings then determ ne the next period' s
initial capital labor ratio. Since total factor productivity is grow ng,
per-capita incones and consunption |levels are non-stationary. However, the
ratios of capital to labor, wage to productivity, and consunption to
productivity ~converge to a stochastic steady state. In terms of
productivity ratios, the econony is a Markov process with state variables
(ke, at, v, m).°

For realistic policies and preferences, the dynamics are sufficiently

non-linear that the individual decision problens have no closed form

solution. Hence, | follow the business cycle and finance literature and
|l og-linearize constraints and the first order conditions. However, in
contrast to nmuch of the literature, | derive analytical fornulas for the

|l og-linearized solutions. The resulting elasticity coefficients describe
the novenents of consunption and capital investnment as functions of the
shocks for any set of policy paranmeters, and they can be used to determ ne
the approxi mate wel fare effects of arbitrary policy changes. 10

I consider two versions of the log-linearization. The nost
straightforward approach is to linearize around the deterninistic steady

state, as is common in the business cycle literature (e.g., King-Plosser-

9 As usual, an equilibriumis defined as sequence of savings choices such that (i)
i ndi vidual s satisfy the Eul er equati ons and budget constraints for given wages, return
di stributions, and policy rul es (as expl ai ned above); (ii) firms maximze profits; (iii)
i ndi vi dual and firmchoi ces are consi stent with the aggregate constraints. Throughout, |
assune that the scal e of intergenerational redistributionis such that the econony is
dynamcally efficient.

1011 contrast, calibration usuall y provi des nunerical solutions for only a few di screte
paraneter settings. Though I will also present discrete policy conparisons |later, ny
anal ytical approach yields derivativesw threspect topolicyvariables, i.e., it allows
an anal ysis of marginal policy changes and the resulting marginal cost/benefit tradeoffs.

11



Rebel o, 1988). For asset pricing issues, it is nmore instructive, however
to log-linearize only the budget equations and to assune |log-normality. The
stochastic Euler equations can then be evaluated exactly, wi thout further
approxi mation. This approach is notivated by recent work in finance
(Canpbell and Viceira, 1996). Both approxinmations yield the sane slope
coefficients for the decision rules, but the stochastic Euler equations
yield additional intercept terms that capture the “displacenent” of the
stochastic fromthe determnistic steady state. Since the intercept terns
are inessential for nany results (and conplicated), | conpute the intercept
terns only when they are conceptually inportant (e.g., for the equity
prem um and ot herw se use the King-Pl osser-Rebel o approach

For either nethod, |et Qt = In(xt)-In(x) denote the | og-deviation of a
variable x¢ fromits steady state x (w thout subscript). The log-linearized
| aws of notion can then be witten as

A A A A A

Xt = Px0 * PxkXt * Pxy¥t + Pxmiflt + Pxadt, (12)
for all relevant variables (e.g., x=cl,c2 ki+1).11 The coefficients pys can
be interpreted as the elasticities of the endogenous variable x; wth
respect to the state variables (s=k,v,ma). The elasticity coefficients are
fixed for given policy paraneters (d,s,i®), but they change when policy is
al tered.

Applied to the nodel of Section 2, the fornulas for the elasticity
coefficients essentially confirm the intuition presented above (a list of
formulas is therefore omtted, but available from the author): Wthout
trust fund equity investments (at i€=0), the young carry substantia

exposure to productivity risk through their wage incone, which is nagnified

11 The intercept terns pxot are always formally included, but set zero in the King-
Pl osser- Rebel o approxi nati on. For consunption, the coefficients pc1s and pc2s refer to the

stationarity-induci ngtransformations xt:clt//it_l and xt:czt/At_l, but this does not
change the econom c interpretation.

12



by governnent debt (pg1a>0), but they do not bear valuation risk (pc1v=0).
The old bear productivity and valuation risk, pcoy>0, pc2a>0. For i€=0, the
relative return risk is irrelevant, pcinFPconF0. But if the trust fund
invests in equity (i®>0), valuation, productivity, and relative return risk

is shifted fromthe old to the young:

dpc1y/ di€>0, dpeia/ di€>0, dpeind di€>0
wher eas dpcay/ di€<0, dpgoa/ di€<0, dpcind di€<0.

For i€>0, the young are therefore positively exposed to relative return risk

whereas the old are negatively exposed (pc1n0>pcom -

3.2. Wlfare Analysis
For any generation, the effect of any policy change on expected utility can
be determi ned by taking the derivative of the utility function (3) at the
consunption path inplied by the equilibrium allocation. Oten, the effects
will be positive for sonme generations and negative for others, due to
transition effects. Hence, to focus on efficiency wthout getting
distracted by distributional conplications, | wll use a social planning
appr oach.

The social planner’s problemis to naximze a weighted average of all

generation's utilities,
¥

W = Eo[ & w(t)t], (13)

t =0
where w(t)>0. The question if a policy change is welfare-inproving can be
answered by differentiating (13) subj ect to t he | og-linearized
macr oecononi ¢ dynamics. The derivative-taking involves sone technical
subtleties that are discussed in a technical appendix available from the

author. Briefly, | focus on marginal, one-tine variations in a single

13



policy paranmeter x (e.g., x=i®y in the trust fund application);12 | assune
that the welfare weights are consistent with bal anced growth, which inmplies
wei ghts of the form w(t)=[w"/(1+a)1-h]t for a fixed w*1(0,1); and | take
the welfare-derivative at a point where the Ilevel of intergenerational
redi stribution matches the planners wel fare weights.

The latter assunption inplies that small deterministic transfers
across generations have a zero welfare effect on the margin. Therefore,
whenever a policy change reallocates risk in a way that the welfare
function strictly increases on the margin, there exist conpensating
transfers such that the overall change is Pareto-inproving. Mreover, if a
policy change is efficiency-inmproving in the sense of increasing the
wel fare function, the derivatives of individual utilities with respect to
the change will reveal which generations (if any) would have to receive the
conmpensating transfers. Overall, this approach separates efficiency and
redi stributional considerations and prevents the analysis of risk-sharing
from bei ng contam nated by distributional side-effects.

Using |l og-linear approxinmations, the derivative of W) with respect to
any policy paranmeter x can be witten as a linear conbination of two
quadratic forns involving the stochastic shocks and the elasticity

coefficients, nanely

d B
I = hi x{ GFORML - W peak-Pozi) * QFORVR} (14)
wher e
- ’ dpc2, s, .
QFORML = (pc1s-Pc2s)s *xCOVs X( dx )s; and
) d
QFORMVR = (pks)s’ XOOVs X(~oo9)ss.

12 p principle, welfare could be maxi m zed over a variety of policy instrunments,either
chosen period-by-period or fixed for all tines. |I focus onone-di nensional, one-period
changes because t he question of social security equity investnents is one-dinensional and
because nul ti-period or pernmanent changes coul d al ways be i nterpreted as a successi on of
one-period changes. The one-period case al so hel ps to enphasi ze t hat even one-ti me changes
have | ong-lasting effects.

14



Here, COVs is the 3°3 covariance matrix of the shocks s (s=a,v,n), the

(dpx s
dx

)s are 31 vectors of derivatives with elenents dpy s/dx; (Pc1,s-

Pc2,s)s’ and (pk,s)s’ are transposed 3°1 vectors of elasticity coefficients;

- 1 w*
2 Lh g W = y Py1k
u=(c21) 1N/ Ap>0 and (C2A)(1+1)  1- W pp2

>0 are constants.

The intuition is as follows. For each of the shocks, pg¢is-pPec2s 1S
positive whenever the exposure of the young exceeds the exposure of the
old. Holding capital investnent constant, a policy change that reduces the
ri sk-exposure of the old (dpcps/ dx<0) will equally increase the exposure of
the young (dpcis/ dx>0). Hence, a policy change nakes a positive contribution
to QFORML if it shifts risk to the generation that is initially Iless
exposed to it, i.e., if it leads to a nore equal risk-sharing. If the
shocks are correlated or several shocks are involved, their inpact is
wei ghted by the covariance matri Xx.

The term proportional to (pcik-Pc2k) captures the inpact of a tine-
zero policy change on future generations through variations in the capital
stock. (Intuitively, this is the part omtted by “holding capital constant”
above.) If one were solving for the first-best optimal policy, this term
could be ignored, because p¢ik=pPc2k IS a necessary condition for a first-
best allocation of risk (Bohn 1998). But in a generic market allocation,
even if one optimzes over one policy variable, pgik and peok generally
differ. Hence, this “capital ternf cannot be omtted in an analysis of
mar gi nal policy changes (a second-best setting). It can be positive or
negative depending on the signs of pcik-pc2k and of QFORMR2. (A nore detail ed
interpretation is omtted because this term turns out to be small
enpirically; see Table VIII1 bel ow)

In general, to determne the sign and nmagnitude of dwW/dx for a

particular policy experinent, one needs an estimate of the covariance

15



matri x COVg and infornmation about the elasticity coefficients and constants
in (14).

In the application to trust fund equity investnents, sone properties
of the variables in (14) are already inplied by the theoretical nodel.
Not ably, since dpcp, s/ di®<0 "s, pcinFPconi0 at i€=0, and pcay>pc1v=0 at i€=0,
we know that at i€=0, the vi-conponent of QFORML nmkes a positive
contribution and the m-conponent is zero (and second-order for snall i€).
If there were no productivity risk, Q-FORML woul d be unanbi guously positive
at i®=0 and declining with i€ Hence, the theoretical analysis |eaves three
open questions that call for an enpirical exam nation. The question are (a)
about the inpact of non-zero productivity risk, (b) about the magnitude of
the (pcik-pc2k)-term and (c) how fast the nmargi nal welfare gain declines as
i€ rises above zero.

The data to answer these questions are assenbled in the next section.
Once the data are obtained, one nmay also address a fourth question, nanely

about the welfare effects of discrete shifts in the portfolio share i€ 13

13 Before novi ng on, note that even if a policy change raises W, it does not necessarily
raise the expected utility of every generation. One can showthat variations in x have an

d - d
approxi mate utility i nmpact of EO[T;b] = h>ux(pc2, s) sxOWVsx( - Pc2, s

If the covariance matrix COVg is donminated by the diagonal, this is positive for the
social security equity experiment: At i€=0, m is irrelevant (pg2nF0) while dpgog/ di€<0 and

)s on generation zero.

pc2s>0 for s=a,v, neking a positive contributionto the quadratic form Thus, generation
t=0 benefits. For generationst31, dU/dx may have either sign. But for large t, one can
show that the utility change is proportional to the quadratic form (1,0, 0)xCOVsX(-
dpks/ dx)s. If COVg is dominated by the diagonal, the sign is given by (-dpkg/ dx). For

x=i€p, dpka/ di®>0 inplies a negative welfare inpact on future generations. Hence,
conpensating transfers fromgeneration O to |later generations are likely required to
i mpl ement a Pareto-inproving policy change. (Intuitively, the future generationstaking
equity risk nmust receive nost of the equity premumresulting fromthe social security
debt -equity swap.) Such distributional issues are discussed in nore detail in Bohn (1997);
here | focus on efficiency questions.
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4. Estimation and Calibration

As discussed above, the welfare effects of alternative policies depend
importantly on the covariance matri x of macroecononi ¢ shocks (COVs) and the
elasticity coefficients pyxs in (14). This section explains how these
conmponents of (14) are obtained. In passing, | also estinate the trust fund

portfolio that would stabilize payroll tax rates.

4.1. Estimation of Long-Run Ri sks

This section examnes the time series of U'S. aggregate incone, wages,
equity prices, and corporate earnings to draw inferences about the rel evant
variances and correl ations at generational frequencies.

Since long-run variances and correlations are at issue, | focus on
long-run data, a 1871-1996 sanple and a 1929-96 sanple (as opposed to
simply using post-war data). The data sources are the National Incone
Accounts (NI PA) for post-1929 GDP and its conponents, Roner’'s (1989) data
for pre-1929 output, and Shiller’s (1989) data on equity prices, dividends,
and earnings as proxied by the S&P500, updated to 1996. The GDP conponents
necessary to conpute capital and |abor shares are, to ny know edge, only
available for 1929-96; this notivates the shorter sanple. Standard tine
series tests show that one cannot reject a unit root in real GDP and in
equity prices, while the capital and |abor shares, the price-earnings
ratio, and dividend-earnings ratio are stationary in all sanples. In
addition, the ratio of aggregate capital incone to S&P500 earnings is
trend-stationary, which will be inportant bel ow

A prelimnary issue is to verify the reasonabl eness of the Cobb-
Douglas specification wth its constant capital and |abor shares.

Enpirically, capital and |abor shares are not strictly constant, but their
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stationarity conbined with the non-stationarity of GDP and capital and
| abor incone inplies cointegration, i.e., an asynptotic unit correlation.

The relevant tinme horizon for the OG nodel is long but finite. To
estinate the relevant correlations of <capital and labor, | wuse two
alternative statistical nodels. First, | estimate a VAR with wage growh
and the log-capital share and infer the long run correlations from the
estinated VAR companion matrix. The VAR specification inposes the
cointegration restriction. Second, as a robustness check, | have run a VAR
with wage growth and capital incone growth and include the |agged capital-
| abor ratio as regressor, making it an error corrections nodel (ECM. This
specification allows the data to determine if the error-corrections term
has enmpirical relevance. The VAR-based correlations of capital and | abor
income (VAR with two lags for 1932-1996) are shown in Figure 1. The
correlations are clearly increasing with the tine horizon and are close to
one for 20-30 years, the tine scale relevant for the OG nodel. This
confirme simlar findings in Baxter and Jernann (1997). The ECM
correlations are simlar, too, and therefore not shown separately.

Since wage-growh and GDP-growth are virtually identical over
generational horizons, | wll use GP-growh as proxy for wage-growth in
the following analysis. This allows me to use the longer 1871-1996 sanple
for which explicit wage data are not available. The high correlation also
serves as justification not to include a tinme-varying capital share in the
t heoreti cal nodel above.

For the nmain task of estimating the correlation matrix of
productivity, valuation, and relative valuation shocks (COVs), the lack of
mar ket values for the aggregate capital stock is a significant obstacle.

Productivity shocks are identified in the data by innovations in wage
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i ncome (or as proxy, GDP). But variations in equity returns mght reflect
ei ther aggregate val uati on shocks (vt) or changes in the relative value (m)
of the sel ected conpani es.

My approach is to exploit time series data on S&P500 earnings for the
identification.14 If firmearnings are interpreted as capital income ninus
accounting depreciation, the relationship between firm earnings and
aggregate capital incone allows inferences about the relative performance
of the firms in the equity portfolio, i.e., about the m-shock. Nanely, one
can express the log-variations in firmearnings (Ef{) relative to GDP as an
approxi mately linear function of at and m, (ET/\/Y)t = (IE~1)>(1-a)>at + IE;Q
+ Et_l[(ETA/Y)t], where IE>1 is the steady state ratio of firm earnings to
aggregate capital income. (The Ei-1[]-term is wuninteresting here. A
derivation is available fromthe author.) The key identifying assunption is
that ordinary accounting earnings are unaffected by unexpected changes in
market prices (the wvi-shock). Since general productivity shocks are
identified by the innovations in GDP-growh, VYi-E-q1[Yi] = (1-a)>€1t, t he
earnings-incone ratio identifies the relative shock. G ven la\lt and /r;} t he
val uation shock Ot is identified by the equity return /I\?et, the 1og-

linearized version of (11). Since pym in (11) already paranetrizes the

interaction between relative earnings and aggregate values, a correlation

N N N N
estimate for m and vy wuld be redundant. Hence, | assume that vy and m
i i i i N N N N
are conditionally uncorrelated, conditional on a;. Then vi = pya@at+v® and
AN AN N .
m = pnpat+nPt can be deconposed into orthogonal conponents so that

14 The alternative woul d be to ignore the problemand to interpret a broad basket of
equi ties such as the S&P500 as an accurate neasure of aggregate asset values. But this
woul d not be adequate here, because it woul d assune away the m-shock and bias the anal ysis
in favor of social security equity investnments. Accounting data may i ncl ude measur ement
error in the sense that accounting and econom c concepts do not match; but such
measurenent error islikelyto inflate the estimted variance of m, i.e., to bias the
anal ysi s agai nst social security equity investments.
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(Cot,lr\rpt,/a\lt) has a diagonal covariance nmatrix. Overall, the covariance
matrix of innovations in (Y;, (Ef/Y):, R&) exactly identifies the six
par anet er s Var(la\lt), Var(oot), Var(/r}Pt), Pva: Pra: and pym

Thus, we are interested in the long-run covariance matrix of (Y,
(Ef/Y)t, R&). To be specific, | wll use T=30 years as generational tine
unit and focus on the 30-year ahead covariance matrix. Long run stock
returns are conveniently obtained as the sum of a dividend and a capital
gai ns conponent, using log-linear approximations as in Canpbell et al.
(1997). Hence, the times series analysis involves stock prices (P),
di vidends (DIV), earnings (Ef), and output (Y). The covariance matrix is
conputed fromeither (i) a VAR that inposes the appropriate unit root and
cointegration restrictions or (ii) an error-corrections nodel that lets the
data determ ne the relevance of the cointegrating rel ationships.

For the VAR specification, | exploit the trend-stationarity of the
earnings-output ratio and the stationarity of the price-earnings and
di vi dend-earnings ratios to estimate the system [DIin(Yj), In(E/Y);,
In(P®/ Ef);, In(DIVVE")j] with two lags, constant, and time trend. Table |
di splays the estinmates for the main 1874-1996 sanple (1871-1996 data m nus
lags). Unit root statistics are also provided to show that the unit root
properties suggested by the theoretical nodel are consistent with the data.
Table V, Colum 1, shows the inplied 30-year covariances and correl ations
of output, earnings, and returns. As specification check, | also estimate
the nodel for a shorter 1932-1996 sanple (1929-96 data mnus lags) and wth
wage incone instead of GDP. The results are sinmlar and shown in Tables I1I-
Il and Columms 2-3 of Table V.

For the error corrections specification, | estimate the system

DIn(Yj), DIn(Efj), DIn(P&), DIn(DIV) in first differences, also for 1874-
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1996. As regressors, | include two-lags, a constant, and a tinme trend as
wel | as the lagged values of the stationary variables In(Ef/Y)i, In(P/Ef);,
and In(DIV/Ef)j. Table IV shows that one or nore of the error corrections
terns are significant in all but the DIn(Y) equation. Mst inportantly, the
error-corrections effect linking aggregate output to corporate earnings
(and therefore indirectly to prices and dividends) is highly significant,
showi ng that the performance of equities is linked to the performance of
the macroeconony.15 Table V, Colum 4, shows that the error corrections
specification inplies sinilar structural paraneters as the VARs, except
that the estimted 30-year variance of equity returns is higher than in the
VAR estimates (to be discussed bel ow).

Separately from the welfare analysis, the above results have sone
direct inplications for social security investnent policy if the stability
of payroll tax rates is a policy objective. As an approxi nation, the | og-
variance of the payroll tax rate g+ depends on the “misalignment” between
wage growh and the return on equity,

VAR (In(ag+1)) » (S/ qwl A) VAR Yisp - 18841l .

The equity share in the mninmum variance portfolio is therefore
N N
COVt - 1[ Yt +1, ROt +1]

ie* » 2
VAR; - 1[ R8¢ +1]

(15)

This is positive if productivity and equity returns are positively
correlated, as they are in the data. Estimates for the variance-m nim zing
equity shares are displayed in Table V. They range from 49-72% depending

on the specification.1® In terns of financial nanagement, the intuition is

15 The error corrections terns are i nportant for obtaining the high30-year correl ations
bet ween output and stock returns shown in Table V. These regressors--which are
theoretically notivated and enpirically significant--explain why I obtain nuch higher
correl ati ons between macroeconom ¢ and stock narket data than Shiller (1993).

16 Note that actual U.S. social securi ty benefits are only wage i ndexed until retirenent
and i nfl ation indexed thereafter, sothat not all benefit obligations are wage i ndexed.
The nureri cal val ues shoul d therefore be interpreted cautiously.
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that the wage-indexed liabilities of the social security system are better
mat ched by equities than debt because equity returns and wage growh have a
simlar exposure to productivity risk. Note, however, that stabilizing the

payroll tax rate is not the same as naxim zing wel fare.

4.2. Calibration

Returning to the welfare analysis, this section derives calibrated val ues
for the policy coefficients pxz and other itens in the welfare condition
(14).

As a first step, a conversion of annual into generational quantities
is required to interpret standard nmacro data in the context of a two-period
OG nodel. To calibrate generational quantities, | assune that individuals
follow a stylized life-cycle pattern of a work/savings/asset-accurul ation
phase of T years (within generational period t) followed by a
retirenment/asset-decunul ati on phase (period t+1) of the same length. In
every year i of period t, working individuals have wage incone w = (1-
a)Xi/N. (Years are indexed by i; synbols are as in the OG nodel.) They pay
a cash flow amounting to CF (/(1+n)+G/N to the government, where CFj ¢
(defined below) is the per-capita cash flow that the old receive from the
governnment; 1+n=(1+n")T is the T-th power of the annual population growh
rate n". O the disposable income ylj (=w-(CF/(1+n)+G/N), a fraction (1-
s) :cliyt/yli .t is consuned. The reminder is invested in clains on capital.
Clains on capital have an annual return rK.  (Since the OG nodel is
linearized around a steady state, deternministic calculations are sufficient
here; time indices are omtted for sinmplicity.) Let ACGC be the individual
weal th accunul ati on over period t, discounted forwards and backwards to the

m dpoi nt of period t. If per-capita incomes grow at the annual rate a”,

o .
A = @iz (1T 20yl (= syl %
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where Y = é;rzl [(1+rK)/(1+a")] /21 is a conversion factor that translates

annual savi ngs into generational quantities. Moving forward one
generational period, the value of ACG in the mddle of period t+1 is
ACC RKt+1, where R&i41 = (1+rK)T is the T-th power of the annual return. The

anount ACCt>Rkt+1 can be converted back into an annual flow of retirenent

i ncome t hat enabl es t he old to consune c?; Ct+1
ACC R 41/ YA yLi t+1/ yiT2, t+1) + OFi t+1 = s¥Y t+0R 41/ (1+2) + CFi 41,

This stylized individual nodel can be enbedded in a production
economny by assuming that individual net accumulations are pooled into a
fund maki ng capital investments Ij. Wth annual depreciation dj, the capital
stock is Kj+1 = (1-dj)X¥ + lj. Returns are rki = axj/K - dj. The fraction
aWi/Ki/(1+rki) of the return is productivity-dependent, while the
remai nder, (1—di)/(1+rki), depends on the value of old capital. | therefore
equate v/RK with annual data on (1-dj)/(1+rK;) to calibrate the elasticity
of R with respect to vi.

In steady state, capital inconme plus the savings of the young mnust
finance gross investment plus the withdrawal s of the old,

axtp + syl = 1 + syl ORK/ (1+a) N/ (1+n).

The savings rate of the young can therefore be calibrated as

axyj-lij
yL N o RY/ (1+a) / (1+n)- 1]’

s = (16)

a function of observable annual variables. (If these calculations |ook
heroic, keep in mind that this is just to calibrate the steady state.)

The cash flow fromthe governnent to the old includes social security
benefits, other net transfers (deducting taxes), the interest on the
governnent debt, and principal paynents on the government debt such that

the debt is turned over to the next generation after T years. Assuming CFj ¢
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is proportional to Yj/N within a period, and the debt-GDP ratio is constant

in steady state, this inplies

CFi,t = bw - t2; +%>D*i/Ni.
Overall, this year-by-year interpretation of the life cycle nakes

explicit how exactly two-period OG nodel abstracts from infra-period
variations in econonmic activity. One can think of econonic activity as
taki ng place continuously along a balanced growh path (hence the assuned
proportionality to Yj/N) and then being tinme-aggregated into broad periods
for analytical purposes. For individuals, wuncertainty at generational
frequencies is effectively injected at the end of period t, when RKi4+; and
CFi t+1 my junp relative to the expected values. Note that the annual
steady state capital-output ratio Ki/Y; (the appropriate proxy for Ki/Yt in
the OG nodel) is not directly related to the individual wealth accurul ation
ACG. If capital nostly depreciates in less than T years, retirenent
savings require repeated rei nvestnent al ong the way.

For the calibration, | wuse average 1929-96 values to estimate the
technol ogi cal and behavioral paraneters, such as the capital share and the
depreciation and investnent rates. But to assess current policy
alternatives, | wuse nore recent values for policy paraneters and for
interest and growh rates. The nain paraneters and their sources are |isted
in Table VI, and sone features of the inplied steady state are shown in
Table VII. The npbst tenuous choice is probably the division of regular
taxes between old and young, the choice of t2. Lacking better data, |
all ocate net taxes (from N PA 1995, excluding OASDI and Medicare) to old
and young in proportion to their factor shares. Note that the assuned size
of the trust fund (s) is 7.2% of CGDP (the 1997 value). A fractional shift

in the trust fund’'s equity share i€ should be interpreted relative to this
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asset base; but the results could easily be re-scaled if one were
interested in welfare effects for other s values (say, for 2010 when s is
i kely higher).

Finally, the welfare assessment requires preference paraneters. The
risk aversion h is nost naturally identified by the equity premum A
fairly high risk aversion paraneter is needed, however, to rationalize the
historical data (here, h=24.6). This is the well-known equity premum
puzzle; see Mhra-Prescott (1985), Kocherlakota (1996). For any given h-
value, the tine preference paraneter r follows fromthe steady state Euler
equations, and the social planner’'s tinme preference can be inferred from
the steady state relationship w*=(1+a)x 1+n)/RK.

To understand which results are sensitive to the equity premum
puzzle, note that the paraneter h matters for the welfare analysis in two
ways. Most obviously, h enters as proportionality factor in (14). A high
risk aversion nmeans that better risk-sharing is very valuable in terns of
average consunption. Uncertainty about the true h-value inplies that the
quantitative value of risk sharing in terns of consunption equivalents will
necessarily be uncertain. Such uncertainty does not, however, affect the
sign of dWy dx.

Secondly, h natters because it influences the elasticity coefficients
Pcis and pks that appear in (14). This is because with CRRA utility, 1/h is
the elasticity of substitution, which governs savings behavior. This
I inkage between risk-aversion and substitution is not necessarily
appropriate in the asset pricing context (see Epstein-zZin, 1989; Wil
1989). To explore alternatives, | have also derived dW/dx for Epstein-Zin
(1989) preferences, which sever the |inkage between h and intertenporal

substitution. (This is a non-trivial extension because the derivative of
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the welfare function is nore conplicated than in the CRRA case when utility
is not tine-separable. Details are in a technical appendix available from
the author.) Because the specification of h is controversial, calibration
results will be presented for a range of risk-aversion and substitution

par anet ers.

5. Results

This section conbines the covariance estimates from Section 4.1 with the
calibrated elasticities fromSection 4.2 to evaluate the welfare effects of
trust fund equity investnents.

Table VII| shows the main results. As the benchmark, | use the macro
paraneters of Tables VI-VII, the covariances from Table V, Colum 1 (based
on the 1874-1996 VAR in Table I), and CRRA preferences with h calibrated to
the equity premium In all cases, the policy change (x) is a shift of trust
fund investnents from debt to equity for one generational period (30
years). Col.1 shows the marginal welfare effect dWy/ dx evaluated at i€=0,
when the trust fund holds debt; Col. 2 shows dW)/ dx evaluated at i®=1/1=74%
when the trust fund holds a balanced portfolio of stocks and bonds that
represents and unl evered claimon corporate capital; and Col. 3 shows dWy/ dx
eval uated at i€=100% if the trust fund is fully invested in S&P500 st ocks.

For each specification, Table VIII first shows the differences pc1s-
pPcos (for s=v,ma) that reveal to what extent the young are nore exposed to
risk than the old. Next, the table shows how the three shocks conmbine in
the quadratic form QFORML. Using the vector of orthogonalized innovations
(Oot,/r}pt,/e\lt), one can rewite QFORML as a sum of three conponents,

QFORML = (Ppe1v- Peav) VAR(VO;) { dpcay/ dx) (17)
+ (Petm Peam) MAR(MP) X dpeznf dx)

* * N *
+ (P cla- P c2a) WAR(ay) X dp c2qa/ dx),
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where the coefficients p*ya=pvaPxv+tPmaPxntPxa (x=cl,c2) absorb the off-
di agonal conponents of COVs. To avoid scale factors, the derivatives are
taken with respect to the normalized policy variable x=i€ypsg/ k, which can be
interpreted as the share of aggregate capital held by the trust fund. In
the table, the vO-, nP- and a-parts of QFORML refer to the corresponding
components in (17). Next, | show the Q-ORML total, the *“capital ternf
W- (pciv- Pe2y) XFORMR in (14), and their sum which equals (dwWw/dx)/(hw) in
(14). These (dwWy/ dx)/(hw) values are central to the welfare analysis of
this paper: They reveal the sign of dWy/dx, i.e., they show if the overall
wel fare effect of a marginal change in x is positive or negative.

Following the literature, | also display the approximate welfare
effects of a discrete policy change expressed in terms of consunption
equi val ents. Specifically, the “discrete shift” row shows the effect of
moving from all debt to a portfolio representing unlevered clains on
corporate capital (to i€=1/1»74% . As usual, the consunption equivalent is
the percentage increase in lifetinme consunption (here, of generation O0)
that woul d rai se expected utility by the sanme amobunt as the policy change.

The nunbers in Table WVIII reflect certain properties of the

theoretical nodel that one should keep in mind: First, since pcinFPc2nFPc1v=0
and pc2y>0 holds for i€=0, the table shows pciy-Pc2v<O and pcint Pcone0 for any
calibration with i®=0. Second, recall that dpcp s/dx<0 "s, since all forns
of risks are shifted fromold to young. Hence, the vO-conponent of QFORML
in (17) is necessarily positive at i€=0 and declining as i€ rises, while the
nP- conponent is zero at i®=0 and negative for i€>0.

Now we can answer the four enpirical questions posed at the end of
Section 3. First, Table VIII shows that the inpact of shifting productivity

risk is substantial and negative, but not enough to outweigh the positive
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effect of the inproved sharing of valuation risk. In the benchmark case
(Col.1), the productivity conponent (a-tern) of OQFORML is negative, but
snmal ler than the positive vO-term The a-termis negative because the young
bear nore productivity risk than the old (pc2a-pc1a<0), so that a further
shift of such risk from old to young is welfare reducing. Gven the
estinmated covariance matrix of shocks, the conbi ned inpact of valuation and
productivity risk is nonethel ess positive, QFORML>0.

Second, the “capital ternm in (14)--the welfare inpact on future
generations through capital accurmulation--is also negative, but snall
relative to the effects of valuation and productivity risk. Hence, if one
deducts the capital-term from Q-ORML, the net welfare effect renmins

positive: dWy/ dx>0. Thus, in the benchmark scenario, a marginal increase in

trust fund equity investnents has a positive welfare effect.

Third, a conparison across Colunmms 1-3 shows how fast the nmarginal
wel fare benefits from additional equity investments decline with i€ (ne
finds that the decline is slow enough that the narginal benefit remains
positive even at a 100% equity share. Interestingly, dwW/dx declines with i€
nostly because |pciv-Pe2vl falls, while VAR( /r}pt) smal |l enough that the
negative mtermis negligible even at i®=100% (The a-part of (17) becones
nore negative, too, but this not an independent change: it occurs largely
because the decline in | pciv-Pc2yl reduces the a-term through the covariance
component pyaPxy iN P'xa) The last line of Table VIII shows i® values at
which dwWy/ dx=0, i.e., the theoretically optinmal portfolio share. Values
above 100% nay well be practically unrealistic, but they provide another
perspective on how slowy dWy/ dx declines with i€,

Fourth, by integrating over the marginal effects, one can obtain the

wel fare inpact of discrete portfolio shifts. As an illustration, Table VIII
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di splays the welfare effects of shifting the social security trust fund
from bonds to clains on unlevered capital (i€=1/1). In the benchmark case,
such a shift has a consunption-equival ent value of 0.23% of a generation's
steady state consunption. The consunption-equivalents are, however,
sensitive to alternative assunptions about the risk aversion paraneter h
(as discussed above). This is illustrated in Colums 4-5, which show
wel fare results for CRRA preferences with h=5 and for log-utility (h=1). As
h is reduced, the consunption-equival ents decline about linearly, down to
0.012% for log-utility.17 Not surprisingly, the value of better risk-sharing
depends on the price of risk. Note, however, that the narginal welfare
effects dWy/ dx and the optinmal portfolios are quite robust to changes in
risk aversion and intertenporal substitution. To confirm that h serves
mainly as a proportionality factor, Col.6 shows welfare effects for
Epstein-Zin preferences with h=24.6 (as in Col.1) and unit elasticity of
substitution (as in Col.5). The resulting consunption equivalent of 0.25%
is simlar to Col. 1.

Returning to the benchmark setting, the analysis of QFORML suggests
that the main issue in assessing the optinal trust fund portfolio is the
trade-of f between val uation and productivity risk. The sensitivity analysis
bel ow therefore focuses on two itens that influence this tradeoff, safe
debt and the estinates of |ong-run uncertainty.

Saf e governnent debt contributes in two ways to the negative welfare
ef fect of shifting productivity risk fromold to young. First, productivity

risk enters negatively because a debt-to-equity swap increases the anount

17 These sl | per cent age val ues shoul d not be vi ewed as di sappoi nting, becauselifetine
consunption (the denonm nator) is large relative to the trust fund principal. The main
pur pose of the paper (and of the calibration) is to answer the qualitative question if
trust fund equity investnents are desirable (if dW/ dx>0). The consunpti on equi val ents are
provi ded because such neasures are standard in the calibrationliterature, but they shoul d
be interpreted cautiously. In Col.4-5 no attenpt is nmade to match the equity prem um
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of safe debt. The derivative dpc2 a/ dx<O would be smaller, if one assuned
instead that the return on government debt were contingent on economc
growt h. This applies, e.g., if debt is nomnal and if inflation and growh
are negatively correlated at long horizons. (See Bohn 1990 for enpirical
support.) Though nonetary policy and inflation are beyond the scope of this
paper, the effect of renbving the negative a-term can be illustrated
easily. Columm 7 shows the welfare effects that one would obtain if the new
governnent debt created by the trust fund' s debt-to-equity swap were as
producti vity-conti ngent as equity, i.e., i f dpc2, o/ dx=0, so that
productivity risk is not re-allocated. Then the welfare effects are
overwhel mingly positive and several times larger than in Col.1-6. One may
even argue that Col.7 should be considered the benchmark for evaluating
trust fund investnents: Since the negative dpc2 a/dx-term in the other
columms is due to safe debt, one may interpret this term as capturing the
cost of an inappropriate debt nanagenent policy, i.e., as a problem for the
Treasury that should not be attributed to social security. Col.1 remains
the appropriate benchnark, however, if one takes debt nanagenent (safe
debt) as given.

Secondly, safe debt is inportant because it explains in part why the
old bear less productivity risk than the young in the initial allocation,
why Pcila- Pc2a>0 at i€=0.18 To highlight this role of safe debt, Col.7 sets d-
s=0, i.e., assunes away the initial debt. Conpared to Col.1, the welfare
benefit of trust fund equity investnents is clearly increased. However,
Pcla- Pc2a renmmins positive, so that a debt-equity swap still re-allocates

productivity risk in the wong direction.

18 safe debt held by the ol d reduces their exposure to productivity risk, but increases
the ef fective exposure of future young generations, which have to fund the debt service
out of a productivity-contingent wage i ncone; see Bohn (1998).
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Table |X summarize the results wth alternative estimtes of
aggregate wuncertainty taken from Tables 1I1-1V. Throughout, | wuse the
benchnmark calibration, but with nodified h-values to match the equity
premium Wile the short-sanple VAR-estimates (Col.1-2) produce slightly
smal ler welfare gains than the benchnark case, the ECM estimate (Col.3)
inmplies drastically larger welfare benefits. Intuitively, the ECM estimte
implies a nuch higher long-run variance of equity returns (recall Table V)
and therefore gives a larger weight to the inproved allocation of valuation
risk relative to the negative effect from shifting productivity risk. The
VARs in Col.1-2, on the other hand, yield nuch smaller welfare benefits.
(Their sanple period, 1932-96, excludes nost of the G eat Depression.) They
are only scenarios for which dW/dx falls to zero for i®<1. The optina
portfolio nonethel ess includes about 68%equity.

Overall, the wide range of estinmates in Table |X suggests that our
know edge about the relevant long-run variances is highly inperfect. This
is perhaps not surprising, because if a generation is 30 years, even the
| ong, 123-year sanple of 1874-1996 covers just four data points. For this
reason, | have not even attenpted to provide standard errors: Al nunbers
are best interpreted as point estinates subject to potentially large
errors. Al estimates in Tables VIII and IX indicate, however, that the

mar gi nal benefits of trust fund equity investnents are positive.

6. Conclusions

The paper examnes the effects of alternative governnent policies on the
al l ocation of aggregate risks across generations. The main application is
to the question of social security trust fund investnents in the stock

market. | show that the welfare effects of such investnents depend
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significantly on the correlation structure of nmacroeconom c shocks, the
risk-characteristics of equities, and on individual preferences.

Overall, ny estimates suggest that trust fund equity investnments have
positive net benefits on the margin. These findings should be interpreted
cautiously, however: Qur know edge of the long-run sources of aggregate
risk is highly inmperfect, the analysis is based on a very stylized
macr oecononi ¢ nodel, the quantitative benefits in terns of consunption are
sensitive to the risk aversion paraneter, and the paper does not address
the political econonmy inplications of social security equity investnents.
While political econony issues are beyond the scope of this paper, the
finding that such investnents appear to have efficiency benefits suggests
that the issue deserves further study.

Separately, the enmpirical data inply that equity investnments would
help to reduce the variance of payroll taxes rates in a system with wage-
i ndexed benefits. Since equity returns are correlated with GDP and wages, a
trust fund portfolio with a mx of debt and equity securities provides a

better match for wage-indexed obligations than a pure debt portfolio.
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Table |I: VAR Estimates of Macroeconom c Uncertainty
Full Sample: 1874-1996
Equation for:
Regr essor DI n(Y)¢ I n(Ef/Y)¢ | n( PE) { | n(DIV/ Ef)¢
DIn(Y)t-1 0. 30 -0.42 -0.05 0.18
(3.04) (-1.13) (-0.10) (0. 42)
DIn(Y)¢-2 0.13 -0.33 0.23 -0.02
(1.31) (-0.91) (0. 48) (-0.05)
In(Ef/Y) i1 0.15 1.26 -0.75 -0.27
(3.31) (7.12) (-3.22) (-1.34)
In(Ef/ V)¢ o -0.13 -0.50 0. 80 0.34
(-3.10) (-3.06) (3.73) (1.84)
In(PE)¢-1 0.12 0.54 0. 35 -0.30
(4. 85) (5. 88) (2.88) (-2.88)
In(PE)t.2 -0.15 -0.39 0. 46 0. 32
(-5.21) (-3.63) (3. 26) (2. 60)
In(DIV/E)¢.q 0.03 -0.06 -0.23 0. 65
(0. 68) (-0. 36) (-1.08) (3.59)
In(DIV/Ef)i.o 0.03 -0.02 0.20 -0.07
(0.94) (-0.17) (1.10) (-0.42)
Ti me 0. 0006 -0. 0050 0. 0013 -0. 0002
(1.01) (-2.40) (0. 47) (-0.06)
R2 0. 269 0. 951 0. 530 0. 548
F-Tests to
excl ude:
DI n(Y) 0.1% 23. 8% 89. 3% 91. 4%
In(Ef/Y) 0.5% 0. 0% 0.1% 16. 1%
| n( PE) 0. 0% 0. 0% 0. 0% 1. 4%
| n(DI V/ Ef) 19. 6% 17. 8% 47.9% 0. 0%
Meno:  Uni t -3.096 - 4. 859 -4.916 -5. 870
root test @ (>10% (<19 (<199 (<199

Not es:

a T-val ues
time trend.

T-statistics are
significance |levels of the respective

in brackets.

in a Phillips-Perron unit
Rej ection probabilities are in brackets.
val ues are 10%3. 15, 1%3.73.

The F-test

r oot

t est

values are the

exclusion restrictions.

with constant and

The critical



significance |levels of the respective exclusion restrictions.

Table I1: VAR Estimates of Macroeconom c Uncertainty
Sampl e with NI PA data: 1932-1996
Equation for:
Regr essor DI n(Y)t In(ET/Y)¢ | n( PE) ¢ I n(DI VI Ef) ¢
DIn(Y)t-1 0.59 -0.77 -0.50 -0.07
(4.51) (-1.90) (-0.72) (-0.16)
DIn(Y)t-2 -0.10 -0.31 1. 40 0. 48
(-0.74) (-0.74) (1.92) (0.98)
In(Ef/Y) i1 0.10 1.04 -0.24 -0.01
(1.50) (5. 26) (-0.71) (-0.05)
In(E/Y)pz -0.04 -0.36 0.59 0.18
(-0.64) (-2.03) (1.91) (0. 85)
In(PE)t-1 0.10 0. 30 0. 43 -0.02
(3.25) (3.28) (2.78) (-0.24)
In(PE)t.2 -0.12 -0.10 0.11 -0.01
(- 3. 46) (-0.98) (0. 60) (-0.11)
In(DIV/IEf)¢.1 -0.02 -0.23 0. 14 0. 66
(-0. 46) (-1.37) (0. 49) (3.38)
In(DIV/Ef)i.o 0.07 -0.03 0.58 0.12
(1.49) (-0.17) (2. 25) (0.69)
Ti me 0. 0009 -0.0073 0.0125 0. 0014
(1.11) (-2.92) (2.94) (0. 49)
R2 0. 443 0.874 0. 658 0. 689
F-Tests to
excl ude:
DI n(Y) 0. 0% 2.6% 16. 0% 57. 1%
In(Ef/Y) 14. 9% 0. 0% 3. 6% 28. 8%
I n( PE) 0.2% 0. 3% 0. 0% 91. 4%
| n( DI V/ Ef) 31.6% 24. 3% 1.8% 0. 0%
Notes: T-statistics are in brackets. The F-test values are the



Table 111: VAR Estimates of Macroeconom ¢ Uncertainty

Usi ng | abor income, Sample 1932-1996

Equation for:

Regr essor DI n(w) ¢ I n(Ef/w)¢ | n( PE) ¢ I n(DIV/ Ef)¢
DIn(wt-1 0.58 -1.09 -0.35 0.25
(4.62) (-2.75) (-0.52) (0. 55)
DIn(wt-2 -0.09 -0.10 1.42 0.22
(-0.64) (-0.24) (1.94) (0. 45)
In(Ef/wWi.1 0. 09 1. 09 -0.22 -0.07
(1.52) (5.73) (-0.67) (-0.31)
In(Ef /w2 -0.02 -0.42 0. 60 0.23
(-0.41) (-2.41) (2.01) (1.16)
In(PE)¢-1 0.09 0. 30 0. 44 -0.02
(3.26) (3. 40) (2.86) (-0.23)
IN(PE)¢t-2 -0.12 -0.11 0. 10 0. 00
(-3.63) (-1.11) (0. 55) (-0.02)
In(DIV/Ef)¢.q -0. 04 -0.19 0.11 0. 63
(-0.69) (-1.13) (0. 40) (3.28)
In(DIV/Ef)i.5 0.09 -0.04 0.59 0.11
(1.95) (- 0. 26) (2.35) (0. 67)
Ti me 0. 0011 -0.0072 0.0132 0. 0013
(1. 44) (-2.99) (3.20) (0. 46)
R2 0. 482 0. 881 0. 669 0. 695
F-Tests to
excl ude:
DI n(w) 0. 0% 0.5% 13. 8% 59. 7%
I n(Ef/w) 7.1% 0. 0% 1.8% 21. 0%
| n( PE) 0. 2% 0. 2% 0. 0% 95. 9%
| n(DI V/ E) 14. 7% 32.5% 1.3% 0. 0%

Notes: T-statistics are in brackets. The F-test values are the
significance levels of the respective exclusion restrictions.



Table 1V: Error Correction Estimates

Full Sample: 1874-1996

Equation for:

Regr essor DI n(Y)t¢ DI n(Ef) ¢ DI n(P) ¢ DI n(Dl V) ¢
DIn(Y)¢-1 0.22 -0.23 0. 40 -0.09
(2.12) (-0.50) (0.92) (-0.37)
DIn(Y)¢-2 0.13 -0.07 0.01 -0.26
(1.24) (-0.17) (0.02) (-1.11)
DIn(Ef) .1 0. 02 -0.20 -0.09 0.14
(0.73) (-1.78) (- 0. 86) (2.28)
DI n(Ef)¢.» 0. 00 -0.29 -0.03 0.21
(-0.07) (-2.52) (-0.27) (3.43)
DIn(P)t.1 0.11 0. 65 0.03 0.37
(4. 41) (6.27) (0. 29) (6.81)
DIn(P)¢t.2 -0.10 -0.13 -0.23 0.16
(-3.36) (-0.98) (-1.85) (2.24)
DIn(DIV)¢.1 0. 06 0. 05 -0.23 -0. 41
(1.48) (0. 29) (-1.33) (-4.21)
DI n(DI V) t-2 0.01 -0.01 0.11 -0.39
(0. 19) (-0.07) (0. 64) (-3.91)
In(Ef/Y)¢.3 0.02 -0.28 -0.25 -0. 16
(0.93) (-2.72) (-2.58) (-3.02)
In(PE)¢-3 -0.01 0. 19 -0.02 0.12
(- 0. 69) (2.15) (-0.20) (2.70)
In(DIV/Ef)i.3 0.06 -0.06 -0.11 -0. 39
(1.68) (-0.38) (-0.70) (- 4.64)
Ti me 0. 0006 -0. 0056 -0. 0050 -0. 0047
(1.06) (-2.29) (-2.15) (-3.62)
R2 0. 341 0. 433 0.151 0. 492

Notes: T-statistics are in brackets. In this table, F-tests for
excluding variables would not neaningful because of the error
corrections terms.



Table V:

Long Run Variances and Correl ations

Esti mat es based on:

Tabl e | Table |1 Table 111 Table 1V
VAR VAR VAR 1932- 96 ECM
1874- 1996 1932- 1996 with wages 1874- 1996
Generational Variances:
Qut put Yy 0.124 0. 116 0. 107 0. 105
Ret urns R 0.141 0.161 0. 163 0.199
Ear ni ngs Efy 0.192 0.163 0. 159 0.188
Correl ati ons:
Yi & R 0.77 0. 80 0.79 0. 68
Yi & Ef¢ 0.76 0.85 0.84 0.76
Re; & Efy 0. 65 0. 69 0. 67 0.76
Vari ances of
Productivity at 0. 261 0. 245 0. 226 0.221
Val uation v; 0.134 0.117 0. 105 0.529
Rel . Risk m 0. 076 0. 067 0. 062 0. 062
Coefficients:
Pva 0. 60 0.55 0.52 1.46
Pra -0.52 -0.51 -0.51 -0.51
Pvm 0. 27 0. 05 -0. 06 1.85
Var. of Vot 0. 0410 0. 0431 0. 0443 0. 0576
Var. of nf; 0. 0053 0. 0030 0. 0031 0. 0052
M n. Vari ance
Portfolio i€ 0.72 0.68 0. 64 0.49

Not es:
cautiously,

1874-1996 sanpl e anobunts to only about four observations.
based on Canpbel

No standard errors are provided
because for variances at a horizon of T=30 years,

et al.’s (1997) log-linear approximation, using val ues for

1/ (1+exp{l og dividend yield}) of 0.9572 for 1874-1996 and 0.9614 for 1929-96

The numbers should be interpreted
even the |ong
Equity returns are



Tabl e VI:

Parameters for

the Calibration

Vari abl e Synbol Val ue Sour ce/ Met hod

Return on equity re 7.0%  Advisory Council (1997)3; Re=(1+r&)N

Return on safe bonds rb 2.3% Advisory Council (1997)& RP=(1+rb)N

Popul ation growth n* 1.0% Social security projections@

Wage growt h a" 1.0% Social security projections@

Capital Share a 0.311 Aver age from NI PA, D usi ng Cool ey-
Prescott (1995) nethod

Lever age I 1.351 Hal | &Hal I (1993): Debt/asset s=0.26

Depreci ation dj 4.84%  Average for private capital from N PA D
usi ng Cool ey-Prescott (1995) method

O d capital /Return vIRC 0.867 Average of (1-dj)/(ax\j+1-dj) in N PAD

I nvestment rate LilY; 0. 137 Average G oss private i nvest ment / GDPP

Soc. Sec. Benefits b 10.4%  Cost rate for OASD +H for 1997

Net Debt/GDP Ratio D'i/Y; 0.441 Publ i cly-hel d debt/GDP (CBO 1998)

Trust Fund/GDP Ratio TR/Y; 0.072 1997 Actuarial Report; Dec.1996 assets
di vi ded by 1997 CDP

Gov. Spendi ng/ GDP G/Yj 17.1%  Governnment consunption/ GDP, 1995 N PA

Taxes on the ol d/ GDP t2 5.3% NI PA 1995; taxes-transfers, excl. social
security, pro-rated by factor shares

a |
hi stori cal
mat ches the historical

popul ati on and wage growt h,

10-year ahead projecti

ons.

use recent val ues since safe interest
nmeans since about 1980. For equity,
average reported by Mehra-Prescott (1985).
the nunbers are close to the social

rates have been wel |

above their

the Advisory council’s val ue

For
security

b uUnl ess ot herwi se stated, all averages refer to annual 1929-1996 averages.



Table VII: Characteristics of the calibrated econony
Qut put Shares Val ues Par anet er s Val ues
1
Y-t [
I ncome of the RALS) 0. 501 Savings Rate of s 0.176
Young t the Young
1
Gonsunpti on of Y/ N 0.413 Conver si on Fact or Y 33.2
the Young t
2
. C4t
Consunption of SATY 0. 396 R sk aversion h 24.6
the ad (Vt/ )
ACG ' '
Wal th T Pl anner’s Tine *
(Ywoi/N)  2-926 W >

Accumul ati on

D scount (p.a.)




Table VIII: Welfare Effects

Col umm: (1) (2) (3) (4) (5) (6) (7 (8)
Speci fi cation: Benchrmark Benchmark Benchnark CRRA | og- Epstein M:o d-s=0
CRRA ie=1/1 ie=1 h=5  utility -Zin dx
R sk Aversion h 24. 6 24. 6 24. 6 5.0 1.0 24.6 24.6 24.6

Equity share i€ for

mar gi nal anal ysi s& 0 4% 100%
Pc1, v-Pc2, v -0.772 -0.732 -0.718
Pc1, nt Pc2, m 0.0 0.014 0. 019
Pc1,a Pc2,a 0.618 0. 622 0. 624 0.616 0.610 0. 615 0.618 0. 548
vO0-part of (17) 0.188 0.178 0.175
mP-part of (17) 0.0 -0.00022 -0.00030
a-part of (17) .0.143 -0.158 -0.163 -0.142 -0.137 -0.141  0b -0.091

Conbi ned ef fect of
shocks: QFCRML in

(14) & 17)

0. 044 0. 020 0.011 0.045 0.050 0.047 0.188 0. 097

Capital term

WX Pc 1k~ Pe2k) XQFCRVR
in (14)

-0. 006 -0. 005 -0.004 -0.006 -0.005 -0.006 -0.006 ~-0.007

Mar gi nal Wl fare
Ef f ect:
(dw/ dx) / (h xu)

0.038 0.015 0.007 0.040 0.045 0.041 0.182 0.090

Di screte Shift
fromi®=0 to i®=74%
(Gonsunpt i on- Val ue)

0.23% 0.05% 0.01% 0.25% 1.52% 0.67%

Optimal i®

(not shown if >2) 122% 125% 140% 131% >>200% >>200%

Notes: Enpty cells have the sane value as in Columm 1. Col.1 (benchnark) is based on the VAR
estimates in Tabl e | and the macroecononi ¢ paranmeters of Tables VI and VIII. Col.2-3 consider
different policy (i®) paraneters for the same calibration. Col.4-5 assunme CRRAwith | ower risk

aversion. Col.6 assunes Epstein-Zinutilitywithunit elasticity of substitution. Col.7 assunes
stat e-contingent debt that elinmnates the effects through dpg,s/ dx, and Col.8 assunes a zero

initial government debt. The “discrete gains” row shows the welfare effects in terns of

consunpt i on- equi val ents of moving fromzero equity to an unlevered portfolio of clains oncapital
(fromi®=0 to i®=1/1»74%.

@ | ndicates the i®-val ue at which (14), (17), and their conponents are eval uat ed.

b By assunption, as explained in the text.



Tabl e

| X: Welfare Effects with Alternative Data Sets

Col umn: (1) (2) (3)
Speci fication from Table |1 Table I11 Table IV
1932-95 i (1 vees ECM
R sk Aversion h 24. 45 24. 71 16. 45
Equity share i€ for 0 0 0

mar gi nal anal ysi s

Pc1,v-Pc2,v as in Table V111, Col.1
Pc1, ntPc2, m
Pc1,a Pc2,a
v0-part of (17) 0.197 0. 203 0. 264
m-part of (17) 0. 000 0. 000 0. 000
a-part of (17) -0. 168 -0.174 0. 249
Conbi ned effect of
shocks: QFGRVL in 0. 030 0. 029 0.513
(14) &(17)
Coprtal term 0. 005 0. 004 0. 044
WX Pe1k- Pe2k) XQFORMVE e e o
in (14)
Mar gi nal Wl fare
Ef f ect - 0.025 0.025 0.469
(dW/ dx) / (h xu)
Di screte Shift . . .
fromi€=0 to i®=74% 0.10% 0.10% 2.61%
( Gonsunpt i on- Val ue)
Optinmal i€
68% 68% >>200%

(not shown if >2)

Not es: Col .
one conbi nes
Tabl es 11

1-3 show wel fare results obtained when
the covariance estimates inplied by
to IV with the benchmark calibration.



Figure 1: The correlation of wage income and capital income.
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