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The Market Value of Social Security

What discount rate should the government use to measure the financial status of
various government programs and the impact of potential policy changes? How, if at
all, should the discount rate take into account the risk of the underlying cash flows? We
examine these questions in the context of one of the largest components of the U.S.
budget: Social Security. Official measures of the U.S. Social Security system’s present
value funding shortfall are computed using the risk-free interest rate. Yet future Social
Security expenses and revenues are, by law, linked directly to future realizations of the
aggregate wage. We build a model in which consumption and wages are cointegrated
and recompute common measures of Social Security’s funding status using the model-
implied risk adjustment. We find that the risk-adjusted shortfall in Social Security is
between 18 and 68% less (depending on the measure) than indicated by the official
statistics.

We also examine three policy changes that have been proposed to bring the system
back into balance: increasing payroll taxes, decreasing benefits, and indexing benefits
to prices rather than wages. For the first, we find that even though adjusting for risk
reduces the present value shortfall, it actually increases the tax rate increase necessary
to bring the system back into balance. For the second proposal, risk adjustment has
ambiguous effects on the magnitude of benefit cuts. For the third proposal we find,
contrary to the results of models that ignore risk, that linking benefits to prices instead of
wages would increase the cost of Social Security benefits and thus increase the
shortfall.
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l. Introduction

What discount rate should the government use to measure the financial status of
various government programs and the impact of potential policy changes? In practice,
the government often uses a risk-free rate of interest to discount expected future
expenditures and revenues. But if the relevant cash flows are risky, then this approach
yields present values that are very different from those assigned by private actors in the
economy. The results can be inaccurate and misleading.

How should the discount rate be adjusted to incorporate risk? When government
programs consist of explicit or implicit holdings of securities that are actively traded in
financial markets, the appropriate discount rate (or term structure of rates) equals the
expected return(s) on these traded securities, and the corresponding present values are
estimates of the “market value” of the program’s cash flows.! When the cash flows are
not directly linked to market-traded securities, however, the best way to evaluate the
market value of programs and policies is less obvious.

We examine these questions in the context of one of the largest pieces of the
budget: the U.S. Social Security program. The cash flows in Social Security cannot be
tied to any currently traded financial security, but nevertheless contain substantial
market risk. We argue that risk adjustment is appropriate and we show how to compute
the appropriate risk-adjusted discount rate and the corresponding market value
estimates of the cash flows. We argue that the best way to incorporate a correction for
risk is to estimate what the market value would be if claims on these flows were traded
in financial markets. This concept corresponds to that of “fair value” in the accounting
literature.

While there are many sources of demographic and economic risk in future Social
Security cash flows, we focus on the source that we think is most important: wage risk.
Social Security system rules tie both benefits and tax revenue to future economy-wide
wages. We argue that in the long run, per capita wages, per capita consumption, and
the value of the stock market are likely to be tightly correlated, in which case financial
markets would add a risk-premium to the discount rate (or set of discount rates) used to

value wage-indexed streams, decreasing the present value of the cash flows relative to

' For example, see the analyses of mortgage guarantees and student loans in Lucas (2010).
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the “actuarial approach” that uses the risk-free rate for discounting. This adjustment
decreases the value of both future benefits and future tax revenues, relative to the
official estimates, and therefore the effect on the deficit depends on the net effect of the
two adjustments.

In order to quantify the importance of this required risk adjustment, we calibrate
two related models: 1) a structural stochastic real business cycle (RBC) model with
advance “news” about future productivity and 2) a simple reduced form model of the link
between stock prices and wages.

A key step in ascertaining the appropriate discount rate and estimating the
market value of future benefits and taxes is determining the market price and expected
return of a wage-linked security that we call a wage bond. We define a j-year wage
bond as a security that pays, in period t+j, the economy-wide average labor earnings in
that period. We use our models to compute the market yields on and prices of these
wage bonds. We then use these prices to estimate market value measures of Social
Security’s financial status and the costs of alternative policy reforms. We design these
models so that they are consistent with the observations that wage growth and stock
returns are essentially uncorrelated in the short run, but highly correlated over long
horizons. Our work builds on that of Jermann (1999), Lucas and Zeldes (2006),
Benzoni, Collin-Dufresne, and Goldstein (2007), and Geanakoplos and Zeldes (2010).

Our first model is based on a representative agent economy with Cobb-Douglas
production and within-period utility given by a non-separable, concave function of
consumption and leisure. In equilibrium, per capita wages and per capita consumption
are always proportional to each other. We allow for stochastic productivity growth that
augments labor and capital equally, and we calibrate stochastic output growth to match
the volatility of annual output growth in the United States over the period 1947-2008.

The distinctive feature of our simple general equilibrium (GE) model is that it
incorporates a “look ahead” component: we assume that agents receive news each
period about productivity growth in subsequent periods. We calibrate the degree of
look-ahead in the model by introducing a parameter (p) that measures how much
agents know about future productivity growth: we assume that knowledge about the
annual growth rate j periods into the future drops off at the rate 0.

We compute analytical expressions for equilibrium wages, asset prices (including
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the price of stocks and wage-bonds), and asset returns. News about the future can
bring large swings in asset prices, even though in the model uncertainty about
productivity and wages in period t is entirely resolved by period t-1. The
contemporaneous correlation between wage growth and stock returns is therefore zero,
despite the fact that the two are perfectly linked in the long run.

Next, we compare our risk-corrections to those generated by a general stochastic
process with cointegrated wages and stock prices, of the form considered and
estimated by Benzoni, Collin-Dufresne, and Goldstein (2007). Assuming that the
variation in wages that is uncorrelated with stock prices generates no additional risk-
premium, a standard application of modern financial tools (risk-neutral pricing) allows us
to price wage bonds, and thus Social Security cash flows, as derivatives on the stock
market. Previously, other authors have used processes like this to perform asset
pricing exercises, including Lucas and Zeldes (2006), who used a similar process to
value private defined-benefit pension liabilities when benefits are tied to the final salary
of the individual employees, and Geanakoplos and Zeldes (2010), who used this
process to estimate the market value of accrued Social Security benefits. Although this
model is quite different conceptually from the general equilibrium model, we show that
the set of risk corrections implied in this alternative model are identical to those implied
by an appropriately calibrated version of the look-ahead general equilibrium model.

We define the risk-adjustment, RA, (a.k.a the “mark-down ratio”) as the ratio of
the market (risk-adjusted) price of wage bonds to the actuarial (non-risk adjusted) price.
We derive a simple analytical expression for this ratio, valid in both models, that
depends only on the time horizon j, the parameter measuring the strength of the
relationship between wages and stocks, and the risk characteristics of the economy. A
convenient property of both models is that this mark-down ratio does not depend on
expected wage growth or the level of the risk-free rate.

From the RA(j), we derive the constant discount rate for each wage bond that, if
used, would correctly value that bond. This term structure of discount rates is the
appropriate one to use to discount future wage-linked cash flows. We show that the
RA(j)’s are less than one, and therefore that the discount rates are always greater than
the risk-free rate, i.e. they should include a positive risk premium to account for market

risk. In addition, we show that the risk premium is not constant, but instead increasing
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with the horizon of the bond, i.e. the annualized risk-premium built into the discount rate
is larger for long-horizon cash flows than for short-horizon cash flows. This is because
wages are much less correlated with market fundamentals in the near term than at
longer horizons.

We argue that several authors (e.g. Goetzmann, 2008, and Blocker, Kotlikoff,
and Ross, 2009) have erred in applying standard factor models of asset pricing to the
problem of valuing wage-linked benefits, because they assumed that the absence of
short-run correlation between stock returns and wage growth implied little market risk in
long-dated wage-indexed cash flows.? Because our models imply no short-run
correlation but a strong long-run correlation between wage growth and stock returns, we
show that applying their techniques to data generated by our model leads to inaccurate
conclusions.

Once we have derived the prices and implied discount rates for wage bonds, we
use these prices to estimate the market value of four measures of Social Security’s
financial status: 1) the immediate transition cost (ITC), equal to accrued benefits to date
minus the current value of the trust fund ®; 2) the closed group transition cost, which
adds in future tax contributions of current workers as well as the future benefits accrued
as a result of those contributions, 3) the open group unfunded obligation, which adds in
future taxes and benefits of all future workers (over, e.g., 75-year and infinite horizons)
and 4) a future transition cost (FTC) measure equal to the finite horizon (e.g. 75 years)
open group unfunded obligation plus the projected value of the transition cost at the end
of the finite horizon. To estimate the market value of these measures, we first convert
the tax and benefit cash flow projections used in the SSA Trustee’s Report into units of
wage bonds.* For taxes, this is relatively straightforward, because tax revenue in each
year depends directly on average wages in that year. For benefits, we incorporate the

fact that a person’s benefits in any future year depend on the average wages in the

2 See Geanakoplos and Zeldes (2010) for a more detailed critique of Blocker, Kotlikoff, and Ross (2009).
Koehler and Kotlikoff (2009) responded to this critique by estimating a separate regression for cash flows
at each horizon. We will argue that their revised approach does not adequately account for the risk in
long-dated wage-linked securities.

® The Social Security Office of the Chief Actuary refers to this measure as the “Maximum Transition Cost”
measure. See Wade et. al (2009).

“In doing so, we ignore any uncertainty in the number of workers and beneficiaries.
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economy in the year that the person reaches 60.

What are the effects of risk adjustment on the various measures? Because the
immediate transition cost includes future benefit payments only, the market value
shortfall must be less than actuarial value, and we estimate it to be 18% lower ($11.7
trillion versus $14.2 trillion). The situation is more subtle when it comes to valuing the
open and closed group measures that include both future benefits and future taxes, as
both are worth less as a result of risk adjustment. It turns out that the net effect is almost
always that the shortfalls are smaller. For example, we estimate that the closed group
shortfall is 41% smaller than the actuarial value ($8.1 trillion versus $13.7 trillion), and
the infinite-horizon open group shortfall is 68% smaller than the actuarial value ($6.4
trillion versus $19.9 trillion).

It is worth noting that these results are reversed, and measured shortfall actually
increases, for another prominent measure, the 75-year open group measure. We argue,
however, that this measure does not correspond to any relevant conceptual experiment,
and is therefore not particularly useful. Instead, we propose a new “future transition
cost” measure (described above) and show that the market value shortfall is 51%
smaller than the actuarial value ($6.4 trillion versus $13.1 trillion).

We next examine three policy experiments. The first involves raising tax rates by
a flat percentage amount sufficient to bring the system into balance. Even though the
present value of the shortfall is less under the market value approach, we find that
because the present value of taxes is also less, the tax increase necessary to balance
the system turns out to be greater than under the traditional actuarial approach. This is
true for every imbalance measure when we consider a permanent increase and for all
but one measure when we consider measure-specific payroll tax increases.

The second policy experiment is cutting benefits: we examine the percentage
reduction in benefits that would balance the system according to each measure. For
short-term measures the market adjustment works in the same direction as for the total
amount of the imbalance, with smaller deficits requiring smaller benefit cuts to balance.
The measures with longer horizons require more severe risk adjustments to the value of
benefits, and for these measures the necessary benefit reduction is greater under

market valuation even though the total imbalance is smaller.



The third policy experiment consists of shifting from the current system in which
benefits are indexed to aggregate wages to one in which benefits are indexed to prices.
The standard reasoning supporting this policy is that, since real wages have risen on
average historically and are expected to do so in the future, indexing to prices should
reduce future benefit outlays. While this is true on an expected value basis, on a risk-
adjusted basis we find the opposite: namely that linking benefits to a price index instead
of to a wage index raises the costs of future benefits and increases the shortfall. The
intuition is that there are some future states of the world in which real wages are
substantially lower in the future than they are today (i.e. wages will have risen less than
prices), and in those states resources are particularly scarce and valuable, making it
particularly costly for the government to pay out the higher price-indexed benefits. In our
model, this effect is strong enough to outweigh the fact that in most of the other states
wages will have risen more than prices.

While our paper focuses on Social Security, it has much broader public finance
implications. Specifically, our results suggest that all government programs with costs
and/or revenues tied to the performance of the macro-economy should be evaluated on
a risk-adjusted basis.

Our paper is structured as follows. In Section I, we describe our two models and
derive analytical solutions for the ratio of market to actuarial prices of wage bonds and
the corresponding risk-premia that should be incorporated into the term structure of
discount rates. We also summarize empirical evidence on the long-run relationships
between wages and other macro and financial variables, and describe how we calibrate
the model. In Section lll, we describe the Social Security rules on taxes and benefits,
show how to translate Social Security cash flows into units of wage bonds, and describe
how we compute the market value estimates of the measures of Social Security
unfunded obligations. Section IV presents our estimates of the market value of Social

Security. In Section V, we examine our policy experiments. Section VI concludes.

Il. Pricing wage bonds
Define a wage bond, WB(j), as a security that makes a single payment j-periods
from now equal to the average economy-wide wage in that period. There thus exists at

time t a (potential) wage bond for each future period t+1, t+2, ..., each of which has its
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own risk-profile, sequence of returns, and price. In this section, we present two models
for pricing wage bonds. The first is a simple general equilibrium macro model, and the
second is a reduced-form asset pricing model. In both cases, we model the relationship
between real variables and assume that inflation does not affect the relationship

between real wages and real dividends.

A. A simple general equilibrium model

In this sub-section, we present a simple general equilibrium macroeconomic
model in which productivity shocks represent the primary source of long-run
macroeconomic fluctuations (and augment capital and labor productivity equally), and in
which there is advance information (“news”) about future productivity changes that is not
reflected in current productivity.

In the standard neo-classical growth model (and similarly in basic New
Keynesian models), asset prices fully reflect agent’s expectations of future dividends
(and thus future productivity), while wages are determined by the current level of
productivity. The introduction of a significant “news” component generates fluctuations
in asset prices that are not related to the current realization of productivity, and thus are
also unrelated to current wages. When future productivity depends almost entirely on
news shocks, wages and stock prices become contemporaneously orthogonal, without
changing the long-run cointegration of the two that exists in the standard setup. In other
words, this model generates the results that i) there is a positive long-run correlation
between wages and stock prices, and ii) there is little or no short-run correlation

between wage growth and stock returns.
Assume a neoclassical production function, ¥ = 4 K“H™“, where K represents a
time-invariant capital stock, H represents hours per capita, and 4 equals total factor

productivity. Because capital is assume fixed, we can redefine 4, = 4 K“ and write the

production function asY, = 4 H,“. Assume firms own capital, produce, and sell output in
-y

(Ct(l_Ht)g) A

1=y

convenient feature of this utility function is that the disutility of labor is proportional to the

a perfectly competitive market. Let consumers have utility function



utility of current period consumption, which generates the result (shown below) that

labor supply is constant. Note that because there is no investment, Y, = C, . Since

markets are competitive, we can write the decentralized model as a social planner’s
problem. Necessary and suffcient equilbrium conditions can then be derived from the

following Lagrangian

-
(Ct+j(1_Ht+j)9) ’ A

1_7/ t+]

[A H™-C

t+ Lt t+j:|

Differentiating with respect to C; and H; yields (respectively) the following first order

conditions:
ﬂt:(cz(l_Hz)g)_y(l_Ht)e (1)
AA(1-e)H " =(C,(1-H,)") " Co(1-H,)" (2)

Combining these equations with the constraint that C, = 4 H,"* gives the result that

(I-o)

oil ,Vt . Call this this value H . Using equation (1) and the the fact that, under
+1-o

t

a competitive decentralization, the wage equals the marginal product of labor, we have
W,=4(1-a)H™* (3)
A= A*?’H*V(lfa)(l_H)ﬁ(I*?) (4)
All of the endogenous variables are thus defined in terms of the generic exogenous
process 4.

We now proceed to price a variety of assets, which need not, in general, trade in
equilbrium. First, define the value of the firm as the present value of future rents

accruing to capital owners (firm owners) discounted using the stochastic discount factor

A,
VLS
B

4

o A
V;ﬁ”” =F, Z 5’ ﬂ(YH/‘ _W;+th+j) N
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Second, consider a zero-coupon bond that pays one unit of the consumption

good in period t+j. This j-period ahead “risk-free” bond is priced as

A (A4
o, -wielf el [%) »

which implies the j-period bond yield of (8)
1

At+j Ty
ﬂEf[fA,J ]

Third, consider a ; -period-ahead “rental bond” that pays an amount equal to the rent

R/ =

1]

on capital in period t+j only. The price of this bond is equal to:

ﬂ lI-o
Eﬁl /t{j R ﬁl ol EtAtl+]7 (9)

(2

Similarly, we can price a j-period-ahead wage bond that pays an amount equal to the

wage in period t+j only.

A l-a)H™
SETE SN ES

With these expressions, and an arbitrary process for 4, we can derive closed-form

E A" (10)

expressions for the asset prices.
Our goal is to find a constant discount rate that can be used to value obligations
linked to wages at time t+j. To do this, we define the internal rate of return of the wage

or rental bonds as the discount rate that gives the wage (or rental) bond an expected

present value equal to its price. This is given by the RZV], that satisfies the equation

Ve =EW, ) (R

In contrast, the actuarial price of the wage bond is given by the expected value of

wages at time t+j discounted to the present by the risk-free rate
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The key quantity required for computing the market’s valuation of wage-linked

obligations is the ratio of these prices. This ratio, which we call RA, is given by

J
RA = vaj — (Rff/ ]
AN

Solving for this value (it is the same for both rental and wage bonds) yields

J

RWZL El(At+j) :RRV

1,J ,B At ‘ -y LJ
E||l 2| 4.
t At +)

From this, we can now compute the (annualized) wage bond risk premium:

AH—‘ At+’ 7
R” 4, 4,

e (12)

f -y
Rr’j E @
t At

1/j

Let Aa, = log(i} be the log of productivity growth. Suppose for now that cumulative

1-1
productivity growth between periods t and t+j is log-normally distributed, conditional on

the information available to agents at time t. That is, assume that

j:lAam =Aa,,,  ~ N(E,Aat,,ﬂ,of’mj). Using standard formulas, the log of expression

1+

(12) (the log-risk premium) can be written as

(1+y)
272 O-az,t,t+j - (1 - 7)EtAat,t+j -

r—rl = [(1— VEAa,,  +

l (1_7)2 2 — 70-5,t,t+j
i 2

a,tt+j .
J
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The ratio of the risk-corrected to the actuarial prices for the wage bond is therfore given
by

RA=explj(r), — 1)} =exp{-307,,.,}

For future reference, we also compute the 1-period equity risk premium in the model.
The one period return on stock is given by

-y
t+1 [1 +Et+12ﬂj ( e j J
t+1

H—l 1-
v, = (4.
AEDY B (1’4“ j

t

D +V,

Re t+1 t+

The equity premium is given by

E, [Am(l + E,+1iﬁj (A“Hj ) i H
E R 4, =4, K jy]
T+l ﬂE 1+1

o -y
R At+j
At

t+1 E[zﬂ/(
j=1
In this subsection, we describe a “news” process for A, in which agents have

t

A “News” Process for A

information about future productivity that is not captured by the observed history of
productivity. Recently, such models have been widely explored in the macroeconomics
literature, including prominent studies by Beaudry and Portier (2004), Schmitt-Grohé
and Uribe(2010), and Jaimovich and Rebelo (2009).

We suppose that in each period ¢, agents get “news” about future productivity

growth in all subsequent periods. That is, in each period t they observe an infinite

t+1 t+2 t+3

sequence of i.i.d shocks ¢, = {¢ €

.6 ,€¢ € ,..}. These shocks represent news that
arrives in period t about productivity in periods t, t+1, t+2, etc. Now, assume that
producitivty growth in period t is given by the sum of the news shocks regarding period t
that are realized in period t and all previous periods. Period t producitivty growth is then
given by the infinite sum
Aa, =g+Z(;6f_j (14)
=

11



where the subscript denotes the period in which the shock is learned by agents, and the
superscript denotes the period in which the shock realizes; that is, the period in which it
affects productivity growth. The parameter g measure the drift in the technology
process, and therefore average wage growth, but will have no impact on the risk-
correction implied by the model.

Many assumptions about the importance of news at different horizons are
possible, so long as the variance of the combined shocks is finite. For simplicity, and to
better match the asset pricing model we present in the next session, we assume that
producitivity in period t is completely predetermined, but that news shocks for future

periods have exponentially decaying variances. The sequence of variances for the

shocks e, is therefore given by by s, ={0,0°, po’, p’c’, p’c?,...}.

€ € €

Because of the simple structure of our model and the process for technology, we

can derive a closed-form solutions for all of the relevant variables. Let o*

au+i - vaL (ACIH_[)
be the variance of the growth rate of productivity between periods t+i-1 and t+i,
conditional on the information available in period t. Then, from the process in (14), we

have

o, t+l =E [(6::11)2] =0

0. =El(€)V 1+ El(€5)]1=0+0]

(16)

m+3 =E[(€)V T+ EER 1+ E(e)1=0+0" + po’ (15)
2 _grlop”
9 l_p

To compute the risk-premium (and corresponding risk adjustment) we need

o, ... But, since all shocks are i.i.d, this is just the sum of the per-period shock

a,tt+j

variances:

] .
T = 200 2 =9 (1= p)

I=pia (17)

This implies that the log risk premium on wage bonds is given by:
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I-p J (18)
To compute the risk-adjustment in the news model, we substitute the wage bond risk

premium from equation (18) into the expression for RA to get

o .
=2 1-p"
1-p'5

RA(]? P>, O-e) = CXp{—}/

Finally, the expression for the equity premium can be simplified using the fact that
technology growth between periods t and t+1 is known in time t, We get an expression

for the equity premium as well

-y

1 + Et iﬂj (Aat+l,t+l+j )

ER; - =

= Ploa) —

£Y.A (8a,,)
=1

l-y

ﬂ(Aa[,t+l )1_7 + Et iﬂjﬂ (Aat,t+l+j )

J=1

Etilgj (Aat,t+j )l_y
j=l

=1

The one-period equity premium is nil.

B. A reduced-form model of dividends and wages

As an alternative to our general equilibrium model, we next consider a reduced-
form model, which simply assumes a strong positive long-run relationship between
average economy-wide wages and dividends (and therefore stock prices), but a short-

run correlation that is zero.> Authors, such as Benzoni et al (2007), argue that it is an

® As mentioned above, this model was the basis of related work by Geanakoplos and Zeldes (2010). See
also Lucas and Zeldes (2006) for a similar model of wage-stock cointegration.
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empirically reasonable description of the link between the stock market and wage,
making it a good candidate for the risk-neutral pricing approach established by Cox,
Ross, and Rubenstein (1979). Fortunately, as we show, the two approaches can be
parameterized to yield identical results.

Log real dividends (d) are assumed to follow a geometric random walk:

2

o
d.,—d =(g, _Td)-'—o-dzd,tﬂ (19)
The dividend growth shock, z, ., , is assumed to be standard normal.® As in Benzoni, et.

al., we assume a pricing kernel with a constant price of risk, 4. This implies a constant
price-dividend ratio, and therefore a constant dividend yield, &.” The constant price-
dividend ratio implies that stock prices also will follow a geometric random walk that is
identical, up to a constant, to the process for dividends. In this model, the total realized

real stock return (r°) equals the dividend yield plus the growth in real dividends.®

2

, O
n,=0+(d, —d)=(g, +5—7d)+o-dzd,t+l (20)

We further assume a process for the log of real wages such that wages and
dividends are cointegrated; under our assumptions this also implies that wages and

stock prices are cointegrated. We adopt the key equation in Benzoni et al (2007) in

which wage growth is assumed to be a function of 1) deterministic wage growth (g, ), 2)
the current-period deviation from the long term average wage-dividend ratio

(w —d, —W) and 3) an i.i.d. wage growth shock (z,,,):

6 Equation (1) therefore implies a representation of dividend levels with log-normal shocks and expected
growth in the level of dividends equalto g, .

" We can see this from the present value relationship

P=EY (I1+r' +20,)"'D, =D, (1+r' +1c,)"(1+g,)" . Computing the sum, we have

t=0 t=0

i = 1 _ = 1 . In continuous time, the last statement is an exact
D, 1-(l+g)/(+r' +4c,) r' +lo,-g,
equality.

® One weakness of this model is that it yields the counter-factual result that stock returns and dividend
growth have the same volatility.
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2

o PR
Wt+l - Wt = (gw - 5 )_ K(Wt - dt - Wd) + Gwzw,tﬂ

The parameter x determines the rate at which the wage-dividend ratio “error

(21)

corrects” deviations from the long-term wage-dividend ration, wd. In general, we allow

g, to be different than g,, although we will assume they are equal when we calibrate the

model.’

To price risky wage bonds, we must link the risk in wage-bond returns to a risky
asset (stocks) already priced in the market. We use standard derivative pricing
methods, and derive an analytic expression for the value of wage bonds.'® Throughout,
we assume that the risk unrelated to the stock market is unpriced.

We begin by deriving the expected level of wages j periods ahead. Then the

process for the log deviation of the wage-dividend ratio from its long-run value can be

written as
— — o’ o
Wy —dy—wd =(1-Kx)(w,—d, —wd)+(g, _?_ g, t Td) +0,Z, 1= 04241

Iterating this forward, and solving for the wage level, we find an expression for realized

level of wages j-periods ahead, conditional on wages at time t.
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The price of the wage bond is the expected value of this expression (in levels)

discounted by the appropriate rate. Given i.i.d. shocks, it is straightforward to show that

2 2
; — o (o} (o} o}
E[VVHj] = W;exp{[(l— K)j _1](Wz _dt - Wd)+cj,w(gw _7w)+cj,d (gd _Td +7wcj,v _Tdcj,a

® Benzoni et al derive a similar process by directly positing a process for the deviation from steady-state
and then deriving the implied wage process. We generalize their model by allowing g, # g, and restrict
it by assuming the dividend shock, z,, is orthogonal to the wage process. Otherwise, these two
approaches are equivalent.

"% Lucas and Zeldes (2006) and Geanakoplos and Zeldes (2010) used a Monte Carlo approach to similar
problems, whereas here we are able to derive an analytic solution. The two approaches (analytic and
Monte Carlo) give identical results.
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where

_1=(-x)
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Actuarial versus market value
The actuarial value of a wage bond is simply the expected value of the average wage in
period j discounted to the present using the risk-free rate. In our model, therefore, the
actuarial (log) price of the wage bond linked to period j is given by
log(V,") = log(E,[W, D~ (r"+j)-

The approach we take to risk correction requires finding probabilities for the
model processes such that the returns on the risky asset (stocks) are equal in

expectation to risk-free returns, but variances are unchanged. Fortunately, this is easily

achieved by replacing the “drift” term in the dividend process with a value :gvd such that
g, +0 —%0‘5 =r/, so that the expected return on stocks equals the risk-free rate of

return. The result is again discounted by the risk-free rate, so that the risk-adjusted
price for the wage bond is given by log(@) = log(Et[WHj])—(rfoj), where E represent
expectations taken under the risk-neutral probabilities.
We show in Appendix A that ratio of the risk-corrected to the actuarial wage
bond price is given by
RA(j &, E[r"1=r") = exp{=c,,(E[’]-r")} (22)
Equation (22) says that the ratio of market to actuarial wage bond prices is a

linear function of the risk premium, with slope-coefficient -c; 4 that depends on the

strength of cointegration between wages and stocks. It is natural that wage growth
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does not appear in this expression, since the deterministic portion of wage growth is
unaffected by the shift to risk-neutral probabilities for stocks. Equation (4) captures the

full risk-adjustment implied by our model.

C. Estimation

Several papers have estimated the correlation between stock prices or returns
and wages or wage growth. We reiterate that a finding of small contemporaneous
correlations commonly obtained in papers using factor pricing methods may not convey
the full story because correlations may be small in the short run but large in the long
run. Jermann (1999) essentially finds no correlation between labor income growth and
stock returns at short horizons, but finds a strong correlation for horizons greater than
20 years. For 6-year periods and real per-full-time-equivalent worker wage growth,
Krueger and Kubler (2006) find a correlation of -0.38 using a CPI-deflated NYSE/AMEX
value-weighted portfolio, and Krueger and Kubler (2002) find a correlation of 0.418
when using the S&P500 and the NIPA deflator for total consumption expenditures.
Using historical data for the United Kingdom, Khorasanee (2009) obtains a negative
contemporaneous correlation between equity returns and wage growth but a positive
correlation between .26 and .4 when equity returns are lagged by one to three years.

If wages and dividends are cointegrated then they may exhibit little correlation in
the short run, but the difference in their levels will predict the growth rate of one or both.
To test for cointegration, Benzoni et al (2007) apply an augmented Dickey-Fuller test to
the demeaned log difference between the dividends and per capita compensation.
Looking solely at the post-World War Il period, they cannot reject the hypothesis of a
unit root in the process for this difference, but rejection is possible when including all
years from 1929 to 2004 and particularly strong when including lagged changes in the
difference to allow for serial correlation of the error term. The estimated coefficient on
the lagged difference in these same regressions yields x| the most important parameter
choice from the perspective of this paper. They estimate x to be between .05 and .2
and take 0.15 as their baseline value.

We follow an estimation strategy similar to that of Benzoni et. al. (2007).

Specifically, we construct monthly dividends from the Value-Weighted Return and Total
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Market Value series of the Center for Research in Security Prices, annualize these to
use in conjunction with the annual per-capita compensation data from the National
Income and Product Accounts (NIPA) from the Bureau of Economic Analysis, and
deflate both using the NIPA Personal Consumption Expenditures Deflator. For the
denominator of per-capita compensation (which corresponds to wages in the model) we
try both total population, which replicates the results in Benzoni et. al. (2007), and
employment. Using employment we get similar results from basic specifications, and in
regressions including lagged differences the use of employment increases the adjusted
R? from .22 to .31 and gives values of x above .3. Employment data is only available
from 1939 onward, so we also try using total population as the denominator over this
period and obtain estimates similar to those of Benzoni et. al. (2007) but with larger
adjusted R%. We therefore maintain .15 as the baseline value for x and then study

robustness to other values.

D. Calibration
With analytical expressions for each model, we can now compare the risk

adjustments from the two models.

. o’ I o
RAGj: p.7.0) = expl=y+ Ep dl-p
- i=1

(23)

RAGj, K, Bl 1-r") = expl( — L1} D[il ~ (15" j}

i=1
Inspecting the two formulae, we see that the summation terms in each expression are

equivalent if p=1-x. Picking p and x to statisfy this restriction, we can equilize the

2
€

two risk adjustments by selecting ¥ and o, so that the term 7/1 corresponds to the

equity premium in the asset pricing model. In our computations, we take the length of a
period to be one-quarter, although all parameters values are expressed in annualized
rates.

Computing the risk correction from the risk-neutral pricing model requires
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calibration of only two parameters: excess stock returns and the value of the
cointegration parameter, k. Using monthly S&P data from 1959 through 2008, we
compute an average annual equity premium (over three-month Treasury bills) of
approximately 5 percent. As described in the preceding section we take .15 as our
baseline value for x.

As demonstrated above, the GE news model can be calibrated so that the
corresponding risk correction is exactly equal to that derived from the reduced-form
pricing model. In the pricing model, the equity premium (parameterized at 5 percent)
determines the overall level of the risk correction, while x determines how the

correction varies for wage bonds of different horizons. Since the parameter p in the

expression for news model correction corresponds exactly to 1-x in the pricing model
expression, we choosep=1-«.

o;
I-p

When p=1-«k, setting = E[r’1-r' causes the risk-adjustment in the two

models to be identical. In order to identify particular values for the news variance and
risk aversion, we calibrate the model so that the unconditional volatility of output growth
in the model corresponds to that in the data. Recall that in the news model, output and

2
o
technology move one-for-one in percentage terms, so that O'j = 0'3 = ) — . Using data

from 1947 to 2008, we compute the standard deviation of real per-capita output growth

.05

to be 2.8 percent. From this we compute a value for y = 028 =~ 63.8. Finally, we find

that o = (1-p)o, =.15x.028 =.0042 .
The implied value for y above implies a degree of risk aversion that is greater

than is generally thought reasonable. This difficulty corresponds to the well-known
“equity premium puzzle” in economics: it is very hard to generate large equity premia in
models with standard preferences and reasonable volatility in consumption.

Although they imply the same risk-correction, these two models do not have
identical implications for all prices. In particular, the news model implies a time-varying
risk-free rate, which is assumed to be constant in the risk-neutral pricing model.

Excessive volatility in the risk-free rate is a second well-recognized asset pricing puzzle
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generated by other basic models. Fortunately we need not choose between these
alternatives because our goal is to price wage-indexed securities, and either approach

leads to the same conclusions, given our assumptions about productivity.

E. Wage bond prices: results

Figure 1 plots the term structure of risk premia that should be built in to the

discount rate for wage-linked claims, i.e. the difference between 7" rate and the risk-

J
free rate under market value and actuarial approaches. The actuarial approach simply
discounts using the risk-free rate in all periods, with no additional adjustment for risk.

Figure 1 reveals two important properties of the term structure of risk premia.
First, the risk premia are always positive, i.e. the appropriate discount rate is always
higher than the risk-free rate. Second, the risk premia are increasing with the horizon,
i.e. the term structure is upward sloping. This is because cointegration implies an
increasingly strong correlation between current stocks and future wages. As a result,
the risk premium built in to the discount rate goes from zero for wage bonds maturing in
the very near future to the equity premium on stocks for wage bonds maturing in the
distant future. This implies that correctly timing the resolution of wage uncertainty
associated with future Social Security cash flows will be crucial to determining the
proper risk-adjustment.

Figure 1b shows the sensitivity of these results to the choice of equity premium.
A lower assumed equity premium results in a lower term structure of risk-premia on

wage bonds.
Figure 2 plots the ratio RA(j)= f{vA(j) under the parameterization described

above. The risk-correction for wage bonds is increasing in j. There is no adjustment to
the price of wage bonds maturing in just one period. For a horizon of 20 years, the
adjustment is about 50%; and for wage bonds maturing at the end of a 75-years, risk

adjustment reduces prices by over 96%.

F. Other Aggregate Risks / Pricing Issues
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In this section, TBA, we will address the issues of 1) inflation risk, 2)
demographic risk, and 3) questions about marginal prices being applied to large

quantities.

G. Comparison to factor analysis approach

If our models that imply wage-stock market cointegration are true, then care must
be exercised when applying the standard factor analysis approach to pricing wage
bonds (as in Blocker et al., 2009 and Goetzmann, 2008.) In the factor-analysis
approach, the price of an asset (and thus the proper risk-correction) is determined by
regressing the asset’s returns on a set of “risk-factor” portfolios and, in essence, using
the corresponding “betas” to determine the proper discount rate. In pricing wage bonds,
it is tempting to regress the growth in wages on contemporaneous (or nearly
contemporaneous) stock returns. In general, however, this will give misleading results
because stock market returns and wage bond returns may both contain information
about future wage growth beyond what is contained in contemporaneous wage growth.

Using the reduced-form model, which assumes only one “market” risk factor, we
can derive the asymptotic regression coefficients for both the correct factor pricing
regression (wage bond returns on stock returns) and the potentially misleading
regression (wage growth on stock returns.) Consider first estimating the “correct”
relations between wage bond returns and stock returns, Alog(V”) = ' + ¢’ for the
wage bond linked to wages in year j. The cointegration of wages and stocks suggests
that wage bond prices should increase in response to an increase in the stock price.
Furthermore, at long horizons, the change in stock prices will be fully reflected in wage
levels (long-run correlation is one), implying a larger coefficient for bonds linked to far-
off wage levels. In fact, in Appendix B, we establish that for h=1 the coefficient of this
regression is 1—(1—-x)"™".

Now, consider estimating the contemporaneous relation Aw, = ¢r" +v,. Because
stock returns are i.i.d. and wage growth from period t to t+1 depends only on the

deviation of the period t wage-dividend level, the regression coefficient tends

asymptotically to zero. Under our model, naively substituting wage growth for the wage
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bond return would give no risk correction at all''’ Estimating the relation at one lag,

Aw,,, = @r’ +v,,, recovers the coefficient of cointegration, x, asymptotically, but the
implied risk-correction will still vastly understate the proper value for bonds at any
horizon greater than 1.

Figure 3 shows the implied discount rates under all three approaches to risk-
correction. Factor analysis allows for a risk-correction that makes the implied discount
rate greater than the risk-free rate. However, Blocker et. al. (2008) estimate market risk
from short-term correlations and assume this same adjustment applies at all horizons.
This is equivalent to applying the one-year wage bond discount rate to wage bonds of
all maturities, which fails to account for correlation that increases with maturity. Again,
wage bonds with distant maturities are riskier, and therefore should be discounted at a
higher rate.

The key issue here is that of predictability. If wage bond prices were a constant
multiple of the wage level, then the contemporaneous growth regression would be
appropriate. In any model where the current wage level is not a sufficient statistic for
the expectation of future wages, however, this regression will be misleading. In our
model, the current stock price predicts future wage growth, even after controlling for the
wage level, and this causes wage bond returns to be quite different than wage growth.
Substituting growth rates for returns may be plausible under other models, but clearly
gives misleading results in our environment.

In related work, Koehler and Kotlikoff (2009) advocate computing the market
value of Social Security flows. Their approach is similar to that of Blocker et. al. (2008),
but also addresses some of the concerns raised by Geanakoplos and Zeldes (2010).
For one set of calculations, they run a separate regression to estimate risk at each
horizon, which potentially corresponds to the horizon specific risk adjustment we
compute using our model. However, data limitations make it difficult to interpret their
results. First, their dataset has only 22 years of observations, requiring them to
extrapolate to longer horizons. They also use tax and benefit payments as their

dependent variables, rather than the wage growth that determines the levels of these

" This is an asymptotic result because this regression is biased in finite sample. Using data simulated
from our model, we generate an average coefficient (and downward bias) of -.035 from 100,000, 50-year
simulations.
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payments, which is likely to produce spurious correlations induced by historical changes
in program parameters like payroll tax rates and benefit formulas. Their procedure
leads to risk adjustments that increase the value of both taxes and benefits well above
the actuarial values reported by SSA, suggesting a negative correlation between market
securities and future program flows. Because of the limitations of the data, we find it
difficult to determine if these correlations are artifacts of the historical experience
(including policy changes) or a true correlation that can be extrapolated going forward.
We continue to believe that the weight of the evidence (empirical and theoretical) favors
a positive long-run correlation between real wages and risky assets, and therefore that

risk-adjustment should lead to a higher, not a lower, discount rate.

lll. Constructing market value measures of Social Security
In this section, we use the derived prices for the wage bonds to compute the

market value of Social Security’s assets and obligations.

A. Social Security program rules

Under current Social Security rules, workers and employers together contribute
12.4% of “covered earnings” (i.e. all labor income below the earnings cap, equal to
$106,800 in 2010). Note that this implies that aggregate contributions in any year will
be proportional to aggregate covered earnings.

Upon retirement, workers receive benefits that are linked to their history of
covered earnings. Geanakoplos and Zeldes (2009) show that because the system is
“‘wage indexed,” it can be described more easily and clearly by defining a set of
‘relative” variables that are equal to the dollar amounts divided by average economy-
wide earnings for the year. We define relative earnings for a worker in any year t as his
current covered earnings for that year divided by average economy-wide earnings, and
average relative earnings as the average of his highest 35 values of relative earnings.
Initial relative benefits are defined by a concave function of the individual’s average
relative earnings. A worker’s initial dollar benefits (also referred to as the Primary

Insurance Amount or PIA) equals initial relative benefits multiplied by average economy-
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wide earnings (the “average wage index” or AWI) in the year the worker turns 60."
Benefits in subsequent years are indexed to the CPI, so that individuals receive a
constant stream of real benefits for as long as they live. As we shall see, the fact that
benefits are directly related to the average economy-wide wage index in the
computation year leads directly to the risk adjustment that we perform when we

compute market valuations.

B. Defining measures of unfunded obligations

We start by examining the three most common measures of the actuarial status
of Social Security: the Immediate Transition Cost, the Closed Group Transition Cost,
and the Open Group Unfunded Obligation. The OACT publishes a recurring actuarial
note (Wade et. al. 2009) that presents these measures for various horizons. The
published measures are for the entire OASDI program, which includes spouses,
survivors, and disability claimants. To simplify our analysis (and make the risk
adjustment as clear as possible), we focus instead on the OAI portion of benefits (i.e.
we exclude disability, spouse, and survivor payments) and treat all benefits as being
paid to retired workers. We scale these benefits up to correspond with the OACT’s
OASI tax revenue estimates (that include a portion related to survivors that we cannot
back out), but we refer to our measures as OAlI measures because we perform risk
adjustments according to the distribution of OAIl benefits. In addition to the 75-year
horizon the OACT uses for the Open Group Unfunded Obligation, we also calculate the
value of this measure for a 500-year horizon to approximate the imbalance for the
infinite horizon. We also present a new Future Transition Cost measure that includes all
cash flows for the 75-year Open Group measure plus all benefits beyond 75 years that
will have been accrued as of 75 years from now. We view this as a more appropriate
measure: unlike the 75-year Open Group measure, the FTC measure pays all accrued
benefits associated with collected taxes. Note that the FTC could easily be calculated
for any horizon to determine the cost of running the program until that date and then

shutting down. Details of the construction of these measures can be found in Appendix

'2 Workers who start collecting benefits at the Normal Retirement Age (65 for workers born before 1938,
increasing to 67 for workers born after 1959) receive the PIA as their benefit. Benefits are lower for those
who start collecting at a younger age and higher for those who start collecting at an older age.
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The Immediate Transition Cost measures only benefits accrued to date, thus
ignoring any future accruals. Calculated by taking the difference between benefits
accrued to date and Trust Fund assets, the Maximum Transition Cost is the unfunded
obligation measure that corresponds most closely to the status measures used for
private pensions. As of January 2009 the SSA actuarial value of this shortfall stood at
$18.9 trillion for the entire OASDI program.

The Closed Group Unfunded Transition Cost is a 100-year measure of the
difference between all benefits that will be paid to individuals that are already of working
age and the taxes that will be paid by these workers. The closed group measure differs
from the Immediate Transition Cost because it includes the future tax payments and
future accruals of current Social Security participants. Workers are assumed to
contribute and draw benefits according to the current formulas for the remainder of their
lives. By this measure, the program’s total unfunded obligation over the next 100 years
is $16.3 trillion.

The Open Group Unfunded Obligation considers all prospective flows, including
taxes and benefits for those not yet in the workforce, and is reported for both a 75-year
horizon and the infinite horizon. For the 75-year period the open group number is
significantly smaller than the closed group figure because it includes new workers who
enter the system late enough that their tax payments fall within the 75-year forecast
horizon, but the benefits they will receive do not. The 75-year OASDI open group
obligation currently stands at $5.3 trillion, while the OASDI unfunded obligation for the
infinite horizon is estimated at $15.1 trillion."™

Figure 4 depicts projected real cash flows for our OAI version of each of the three
published measures. Yellow bars represent benefits that have accrued to-date and are
thus included in the Immediate Transition Cost. Green bars give the cash flows from
current participants included in the Closed Group measure, but not in the ITC. Finally,
blue bars represent cash flows from future participants, which are added to the Closed
Group measure to derive the Open Group measure. Because workers pay taxes early

in life and receive benefits later in life, the majority of benefit payments over the horizon

'3 For more details on these measures, see Goss (1999) and Wade, Schultz, and Goss (2009).

25



in the figure go to current workers, while the majority of tax payments come from future
workers. This difference will be critical to the size and the direction of risk-adjustment.
Figure 5 presents the same cash flows, but with the values representing actuarial
present values rather than constant dollars. This figure, therefore, represents the
actuarial perspective on the relative value of the various social security cash flows.
Lastly, Figure 6 extends Figure 5 to show the first 100 years of the Open Group cash
flows for our infinite horizon projection. After the initial 75-year period for which we have
data we project that real tax revenues continue to grow at 1.48% annually and real
benefits grow by 1.87% annually, as they do over the last 5 years of the 75-year

horizon.

C. Translating cash flows into wage bonds

To price these cash flows using the results from the pricing models, we need to
construct the portfolio of wage bonds that will match the projected cash flows of the
system. Because Social Security taxes are essentially a flat percentage of current
income, the government’s long position in wage bonds (i.e. the number of wage bonds it
owns) with maturity j is equal to the taxes to be paid j years in the future measured in
units of period j wages. The value as of today of period j taxes will then equal the
number of period j wage bonds held multiplied by the price today of a period-j wage
bond.

Valuing benefits is slightly more complicated because the risk-adjustment applied
to benefit payments in a given year depends on which cohort receives them.
Specifically, since benefits paid to a particular cohort are proportional to the average
wage when that cohort reaches age 60 (excluding the special benefits mentioned
above), the government’s short position in wage bonds maturing in year j is equal to the
annuity value of benefits paid to the cohort turning 60 j periods from today. Appendix C
describes how we allocate projected annual cash flows across the different cohorts.

Figure 7 depicts the actuarial present value of gross wage bond assets and
liabilities by year of maturity (and by this we mean the year in which uncertainty about
the cash flow is resolved). Because future tax flows are linked to wages in the same
year, the pattern of long positions (positive bars) is unchanged from Figure 5. On the

other hand, benefit payments typically occur long after their associated wage-risk is
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resolved. Thus, represented in terms of their wage-bond maturity date, benefit cash
flows are shifted significantly towards the present. Indeed, the amount of riskless “O-
year” wage bonds (corresponding to the benefits of individuals who reached age 60 by
2008) is by far the largest position held by the government.

Net wage bond holdings (taxes less benefits) are shown in Figure 8 for the
published measures of the system’s financial status. For both the Immediate Transition
Cost and the Closed Group these net holdings are negative at all horizons. For the 75-
Year Open Group, which includes taxes from future workers whose benefits lie outside
the 75-year window, net holdings of wage bonds with long maturities are positive. Our
estimate of Social Security’s actuarial deficits is computed by (equivalently) summing up
the present values in either Figure 5 or Figure 7 and subtracting the current $2.4 trillion
value of OASDI Trust Fund.

E. Defining market value measures of financial status

Our goal in this paper is to emphasize the importance of risk-correction, holding
constant other aspects of the current actuarial procedure. We showed above that the
ratio of market to actuarial wage bond prices is a function only of the time-horizon and
the risk-premium earned by stocks. To obtain the market value of each of the three
measures of unfunded obligations we need only multiply that measure’s net holdings of
wage bonds maturing in each year t+j by the ratio of market to actuarial prices for j-year
wage bonds. The sum of these risk-adjusted wage bond holdings (less the value of the
Trust Fund) is the market value of the unfunded obligation. Incorporating the risk-
adjustment suggested by our model into the traditional actuarial approach is remarkably

simple and only requires estimates of & and the (real) equity risk-premium.
IV. Estimates of the market value of Social Security
Here we examine the effects of risk adjustment on the four measures of financial

status defined above.

A. Immediate Transition Cost

¥ We set h equal to 1/100th of a year, but in practice the choice of h has minimal effects. Setting h as
large as a full year changes none of our results by more than .5%.
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Figure 9a compares the market and the actuarial valuations of wage bonds
included in the Immediate Transition Cost. Note that the risk-adjustment reduces the
value of the liability for all cohorts under age 60. Since this measure includes no taxes,
the gross and net positions are the same and always negative. In this case, risk-
correction can only work to reduce the shortfall. Table 1 presents the summary results.
Properly accounting for risk reduces the amount of the Immediate Transition Cost by

$2.6 trillion, an 18% reduction.

B. Closed Group

Figure 9b shows the market and actuarial valuations of Closed Group wage bond
holdings. The adjustment is even more important for the Closed Group Transition Cost
than it is for the Immediate Transition Cost. Table 1 indicates that the risk adjustment
dramatically reduces our estimate of the closed group deficit, from $13.7 trillion to $8.1
trillion, a 41% reduction.

Why is this effect so strong? To see why, consider any currently-working cohort
(recall that benefits are already fixed for retired workers). From the perspective of that
cohort, earnings always come prior to benefits; therefore cohort earnings are less risky.
Because benefits for each cohort are relatively more risky, they will be
disproportionately impacted by the risk adjustment — and the present value of the
imbalance from the perspective of that cohort will be reduced. In the closed group,
every non-retired cohort works in this direction.

Another way of seeing why risk adjustment is particularly “beneficial” for the
Closed Group measure is to compare the timing of its flows to those of the Immediate
Transition Cost. The value of wage bonds under the Maximum Transition Cost
measure is most negative at the shortest maturities corresponding to older workers who
have already accrued the maijority of their benefits. Holdings become less negative as
maturity increases. The Closed Group, though, is short the most wage bonds in
maturities around 35-45 years, when the youngest workers of today will finish paying
taxes and begin collecting benefits. Risk correction is quite strong for such maturities,
with market-to-actuarial ratios of 25% and lower. The total adjustment to the Closed

Group measure is therefore quite large.
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C. Open Group

Figure 9c shows the value of wage bonds included in the 75-year Open Group
measure. In contrast to the other measures, in this case the risk-adjustment gives a
larger shortfall than the corresponding actuarial measure. The reason is easy to see in
the figure. This measure includes as an asset the taxes of many future workers who
receive no benefits within the 75 year window of the Open Group measure. Market
valuation discounts these late-maturing wage bonds most heavily, eliminating the vast
majority of their value. In contrast, the negative net holdings of wage bonds with earlier
maturities are discounted less heavily, making the overall total more negative (i.e.
showing a larger deficit) under market valuation.

Figure 9d shows the first 150 years of our infinite horizon measure. Unlike the
75-year measure, which includes tax payments of future generations with little or no
offsetting benefits paid to these cohorts, the more forward-looking measure contains
wage bonds with negative net actuarial values at all horizons. As a result, the risk
adjustment shrinks these debts towards zero and makes the total unfunded obligation
less negative. Table 1 also shows the size and direction of the adjustment for Open
Group measures of three different lengths. As discussed previously, the risk adjustment
increases the size of the 75-year Open Group Unfunded Obligation by 40%. In
contrast, a 100-year measure is shrunk to 92% of its actuarial value, and a 500-year
measure (which includes over 99% of tax and benefit flows for the infinite horizon) to
just 32% of its nearly $20 trillion actuarial value. Furthermore, the first two columns of
Table 1 show that cash flows beyond the 100-year horizon add almost nothing to the
market value of either tax revenues or benefit obligations because of the strong effect of
the compounded risk correction.

Understanding the impact of the risk adjustment requires distinguishing between
two competing effects. The first effect, which tends to increase the measured shortfall,
can be seen by considering the risk adjustment to cash flows in a particular future
calendar year t+j. All benefits (outflows) being paid that year will be determined prior to
t+j, and on average, much sooner. In contrast, all cash inflows come from labor income
taxes, which depend on the wage level realized in period t+j exactly. Since the tax
revenues are tied to wages further in the future, they are more risky and are therefore

subject to a larger risk correction. This effect always works to increase the measured
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shortfall in the system.

The second effect stems from the fact that the risk correction reduces the
magnitude of both taxes and benefits. The price of any asset or liability is reduced
towards zero if it is risky. Therefore, unlike the first effect, the direction of this effect
depends on the starting point. If the system were in surplus, this effect of risk
adjustment would shrink the surplus. However, since our system is currently in deficit,
this second effect shrinks the deficit and thus works in the opposite direction of the first
effect. For the 75-year measure, the first effect dominates, causing risk-adjustment to
increase the magnitude of the shortfall, whereas for the infinite horizon measure the

second effect dominates, causing the shortfall to decrease.

D. Future Transition Cost

Figure 9e shows the value of wage bonds included in the Future Transition Cost
measure. We compute this new measure as an additional alternative to the standard
Open Group measure that contemplates paying all accrued obligations at the end of the
75-year period rather than taxing future workers and giving them little or no benefits. As
with all other measures besides the 75-year Open Group, the risk-adjusted value of the
Future Transition Cost gives a smaller shortfall than the corresponding actuarial
measure. The actuarial value of this measure is $13.1 trillion. At $6.4 trillion, the
market value of the measure is 49% of actuarial value. Accounting for benefits accrued
by the end of the period eliminates the large positive net holdings of the 75-year Open
Group Unfunded Obligation and causes the risk correction for the Future Transition

Cost to work in the same direction as for the other measures.

V. Policy Implications

In this section, we examine two policy implications of our findings about risk adjustment.

A. How large an adjustment is necessary to balance Social Security?

The OACT publishes each imbalance measure in level form and also as a percentage
of projected taxable payroll and GDP. For the full OASDI program as of January 1,
2009 the 75-year Open Group Unfunded Obligation was 1.9% of 75-year payroll and

0.7% of GDP over that period, the infinite horizon Open Group Unfunded Obligation was
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3.4% of all future payroll and 1.2% of all future GDP, the Closed Group Transition Cost
was 5.8% of payroll and 2.1% of GDP, both over the next 75 years, and the Maximum
Transition Cost was 6.7% of payroll and 2.4% of GDP over the next 75 years. These
ratios facilitate year-to-year comparisons and indicate the level of additional taxation
that would be needed to rebalance the system if behavioral responses were small. In
this section we compare the percentage increases in taxes necessary to balance the
system under the actuarial and market value approaches. We will also consider the
required percentage decreases in benefits.

To determine the necessary payroll tax increase we divide the amount of the
actuarial imbalance for a particular measure by the present value of the relevant
projected payroll for that measure.' The market value of each measure’s payroll is
simply the actuarial value scaled down using the markdown series derived from our
preferred parameter values.

Table 3 presents the changes required to rebalance the system according to
each measure. The first column of numbers shows the actuarial and market values of
the imbalance measures reported in the previous tables. The second column of
numbers shows the unfunded obligations as a percentage of the present value of all
future payroll based on the OASI payroll tax flows and a payroll tax rate of 12.4%.
Based on actuarial estimates it would require a permanent increase in payroll taxes of
around 4 percentage points to balance the Closed Group and Transition Cost
measures, 1.2 percentage points to balance the 75-Year Open Group measure, and 5.6
percentage points to balance the 500-year Open Group measure. Although the market
value of all but the 75-year Open Group measures is less negative than the actuarial
value, we find that adjusting for wage risk requires a larger payroll tax under all the
measures. The reason is that the additional revenue raised by the tax increase is itself
subject to wage risk and hence worth significantly less when subject to the market risk
correction.

The next column of Table 3 presents the results of a slightly different percent-of-

payroll calculation, using only the payroll relevant for that imbalance measure. This

'* To obtain covered payroll over the next 75 years we divide projected payroll taxes for each measure by
.124, the current payroll tax rate. Beyond the 75-year window we assume the present value of taxes (and
hence payroll) changes at the annual rate of .986 as it does over each of the last five years in the data.
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obviously makes no difference for the 500-year Open Group measure, but for the
Closed Group it implies raising taxes only on the cohorts who remain part of the system,
and for the Immediate Transition Cost this measure cannot be calculated because there
is no payroll to tax. Using actuarial value, the switch from 500-year payroll to relevant
payroll increases the required tax hike by about 50% for the 75-Year Open Group and
Future Transition Cost, and for the Closed Group it would be necessary to increase the
tax by 12.3 percentage points, effectively doubling the payroll tax. Using market value,
on the other hand, putting relevant payroll in the denominator does not increase the
necessary tax by very much relative to the 500-year payroll calculation because the
market value of uncertain revenue received in more than 75 years is negligible. The
Closed Group measure does increase from 8.6% to 11.2% because so much of the
Closed Group tax revenue is received in the very near future, but note that this 11.2% is
smaller than the 12.3% actuarial value for this measure because the market adjustment
shrinks the total imbalance by more than it shrinks this near-term tax revenue.

The final column of Table 3 displays the percentage reduction in benefits that
would balance the system according to each measure. To determine the necessary
benefit reduction for each measure we find x such that for that measure (1-x)*(present
value of benefits) = (present value of taxes) + (trust fund). Under the actuarial approach
the required benefit cut is 85.5% for the Immediate Transition Cost, which has no
offsetting revenue and only the assets of the Trust Fund, which are about 15% of the
shortfall. Continuing with the actuarial approach, benefits must be cut 45.7% for the
Closed Group, 12.4% for the 75-year Open Group, and about 30% foor the 500-year
Open Group and Future Transition Cost. For the Closed Group and Open Group the
market adjustment works in the same direction as for the total amount of the imbalance,
with larger deficits requiring larger benefit cuts to balance. On the other hand, while the
total imbalance under the 500-year Open Group and Future Transaction Cost measures
looks better using market value, in both cases market valuation calls for a slightly larger
benefit cut than actuarial value. These long-term measures both anticipate paying a
considerable amount of benefits after 75 years, as can be seen by comparing the
present values of their benefits in the earlier tables to that of the 75-Open Group
measure. Market valuation takes a heavy toll on the value of benefits for these long-

term measures, whereas benefits under the other measures eventually decline with the
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number of surviving cohorts, so the risk adjustment reduces benefits by a smaller
percentage.

Market valuation has fairly straightforward effects on actuarial (im)balance
measures, generally making them closer to zero, but the policy implications for
balancing the system can be more complicated. If taxes are increased then the
additional revenue will be subject to risk adjustment, and if benefits are decreased the
same risk adjustment can cause this reduction to have a less-than-proportional effect on
present value. Whether policy reforms must be more or less severe under market
valuation depends on the timing of cash flows to be affected and hence on the choice of

imbalance measure.

B. Would shifting from wage-indexing to price-indexing save costs?

One policy question that often arises is whether benefits should be linked to
wages (as they are through age 60 under the current program) or instead linked to the
overall price index. Some authors have suggested that the cost of providing retirement
benefits could be reduced by price indexing (linking future benefits to future inflation)
rather than wage-indexing (linking future benefits to future aggregate wages). From the
actuarial perspective, this is true: real wages are expected to grow by about 1.1% per
year, meaning that, at 30 years, one dollar in benefits today would be expected to grow

to equal about 1.01%

= 1.39 times what the benefit would be if it were only inflation
indexed.

Our analysis reaches the opposite conclusion: at market prices, under our
parameterization, wage-indexed benefits cost substantially /ess than inflation-indexed
benefits. Consider a dollar wage- or price-indexed benefit earned today. As described
above, in real terms, these streams correspond to a wage and risk-free bond,
respectively. Figure 10 compares the present value of wage- and price-indexed cash
flows at different horizons. In the very near term, there is indeed a higher price for a
wage-indexed cash flow than for a price-indexed cash flow. However, by the fourth
year, the riskiness of wages means that they are discounted at a rate that more than
compensates for their higher expected value. At longer horizons, the wedge between
the two grows larger so that, at the 30 year horizon, a wage-indexed benefit has a

market value that is 59% less than that of the same price-indexed benefit, in contrast to
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the actuarial approach that indicates that the wage-indexed benefit costs 39% more. In
terms of market prices, the risk-correction overwhelms the higher expected growth rate
of wages.

The intuition for this result is as follows. The risk correction of wage bonds
accounts for the (small) probability that at some future date, wages (and productivity)
will be extremely low. In this state, paying an inflation-indexed bond will be quite painful,
whereas the wage-linked obligation will be much smaller.'® The conclusions here are
the same in both of the models that we consider. However, they depend crucially on
assumptions about real wage growth and the equity premium. If real wages were
assumed to growth at a faster rate on average, or if the equity premium were less than
we assumed, then the costs of wage indexing would be increased relative to price
indexing.

Our result above depends crucially on the existence of realizations of the
economy in which real wages many periods in the future are lower than they are today.
To shed light on how likely these realizations might be in practice, we examine data on
real wage growth in the U.S. and a number of other countries.

Evidence shows that U.S. workers have avoided the misfortune of sustained real
wage declines, at least over the past 70 years. NIPA real per-employee compensation
has declined in 3 of the 66 5-year periods in the data, but not in any 10-year periods,
and the Social Security Administration’s Average Wage Index has had no 5-year
periods of real decline since 1951. However, the U.S. appears to be the exception in
this regard. We perform similar calculations for 29 countries using data from the
OECD.StatExtracts provided by the Organization for Economic Co-operation and
Development. This includes compensation of employees, total labor force, and a
consumer price index for each country, allowing us to calculate real per-employee wage
growth." Our findings on negative real wage growth are summarized by country and

observation in Table 4. The results for the U.S. are comparable to estimates described

'® As noted above, we have assumed there is no inflation risk in the economy. In practice, the true price
of inflation risk is hard measure, with even its sign in some dispute. It seems unlikely that adjusting for
inflation risk would change the basic result that wage-indexed benefits are less expensive than price-
indexed benefits.

' The documentation indicates that “In all cases a lot of effort has been made to ensure that the data are
internationally comparable across all countries presented and that all the subjects have good historical
time-series’ data to aid with analysis.”
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above, with no long periods of real wage decline. However, for the entire set of
countries, we find that fully 10% of the observed 20-year wage growth rates are
negative. Germany, Mexico, the Netherlands, and New Zealand all experienced
periods of real wage decline lasting 30 years or more. These results suggest that long-
term declines in real wages are a possibility, providing some additional credence to our

result that wage indexing is less expensive than price indexing.

VI. Conclusions

We argue that market value is the appropriate way to measure both assets and
liabilities of the Social Security system, and we estimate the appropriate rates for
discounting future risky Social Security flows. We show that the proper discount rate is
not the risk-free rate, as used by the Social Security actuaries. Nor is it based on the
expected returns of the financial assets held by the plan, as has been common actuarial
practice with state and local pensions.'® Instead, the appropriate rate for discounting
cash flows depends on the risk embedded in those cash flows. We show that
implementing the appropriate risk-adjustment can be done in a relatively straightforward
way, conditional on agreeing on an underlying economic specification of the long-run
risks of wages.

Adjusting for risk alters all of the SSA measures of imbalance, reducing the
deficit as measured by the Immediate Transition Cost, Closed Group Unfunded
Obligation, and the infinite horizon Open Group Unfunded Obligation by between 18%
and 68%.

We study three policy proposals: increasing payroll taxes, cutting benefits, and
indexing benefits to prices rather than wages. For the first proposal, we find that,
despite the smaller measured shortfall, the tax necessary to bring the system back into

balance is actually greater when measured with proper risk adjustment. For the second

18 Among pension actuaries dealing with public pension plans, common practice has been to select a
discount rate based on the expected return of the plan’s assets. For example, based on GASB
recommendation, state and local pension funds typically invest 60-70% of assets in stocks and use a
discount rate for liabilities that reflects the higher expected return on this portfolio of assets. (The discount
rates used are fairly tightly clustered around 8 percent; see Lucas and Zeldes, 2009, and Novy-Marks and
Rauh, 2010.) The Social Security Trust Fund is invested in riskless Treasury bonds. It is therefore difficult
to tell whether the SSA’s use of a riskless rate to discount cash flows is based on the view that cash flows
should be always be discounted using a risk-free rate or whether it is based on the view that cash flows
should be discounted using the expected rate of return on the assets in the fund.
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proposal, we find mixed results. For the third proposal, we find that on a risk-adjusted
basis linking benefits to prices (instead of wages) would actually increase the cost of
Social Security benefits and thus increase the shortfall.

Our results highlight the importance of risk-adjustment for government
calculations. In future work, we hope to expand the analysis to examine overall

government revenues and expenditures.
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APPENDIX

In this appendix, we describe some additional details about our methodology.

A. The ratio of market-to-actuarial, analytical solution

Plis the market price of a wage bond that matures in period t + j, and
Ptj is the actuarial price of a wage bond that matures in period t + j.

TNy
2 2

o. o; , o,
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We further assume that g, —g,, =0, so Ciw (f;w _gw) =0.

2
We calibrate the model so that g, = E[rs]—5+%. Similarly, for risk corrected,

2
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So g, g, =r" —E[r*]and the risk correction ratio is
log(f’tj)—log(Ptj) =Cjq (rf —E[rs]) = —cj’d(E[rs]—rf).
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B. Comparison to factor analysis

Regression 1: Aw, , on Ad,,
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We therefore have « cov(dt,cdzg) =K cov(cdza, Gdzg) =« var(d,)
K var (d,)

d =
and so B var(d, )

Regression 3: APtj+1 on AS,,, (the one-year return on a wage bond of maturity j)
2 2
- . — . . c,, oy .
Inlogs, P = ((I_K)J _1)(Wt —d, ‘Wd) * [Cj,w 8w TCi 4841 Cs, 7+CJ¥% 7d _Jr)
The terms in the second set of parentheses do not depend on w; or d;, so returns are
P —Pj= const +((1=1)"" =1} (W, —d,,y )= (A=) =1)(w,—d,).
cov (Pg:l1 - P/ Adm) = cov(((l— )™ _1)(Wt+l —dm)—((l— K)] —1)(Wt -d,), const + o zfj“)

But w,,,, w,, d, are all orthogonal to 6,z}", so we have ((1— ) —1) cov(dm, o, zfi“)

= ((I—K)jf1 —1) Var( Gdszl)
= B=(1-%""-1)

C. Measuring actuarial imbalance using future taxes and benefit flows

To compute both the actuarial and market value of the unfunded obligation
measures we must determine the tax and benefit cash flows associated with each
cohort. From the perspective of an individual retiree, Social Security benefits are a life
annuity whose magnitude depends on her history of wages (relative to the average
wage in the economy), the date at which she retires, and most importantly for us, the
aggregate wage when she reaches age 60. Expressing benefits as wage bonds thus
requires attributing benefits to each cohort separately. We use data from the Office of
the Chief Actuary (OACT) of the Social Security Administration to assign cash flows to
each year and cohort as needed to determine when the uncertainty of payments is
resolved.

The OACT has provided us the following 2009 Trustees Report projections for
each of the next 75 years: 1) OASI payroll taxes and taxes on benefits for the Open
Group, Closed Group, and Maximum Transition Cost; 2) the number of retired workers
by cohort and claiming age; and 3) the average retired worker’s benefit by cohort and
claiming age. These projections from the 2009 Trustees Report (which the OACT
derives from a microsimulation using detailed demographic, economic and program

data) offer the best prediction of the future cash flows of the Social Security system. In
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addition we have received the OACT estimates of the three measures of unfunded
obligations related specifically to OASI (whereas only OASDI estimates appear in
regularly published actuarial notes). We use this data to construct actuarial measures
for retired workers receiving benefits based on their own earnings record, the population
that accounts for the vast majority of Social Security benefits and for whom benefits are
clearly tied to average wages at age 60. Each measure is the difference between the
present value of the relevant benefit payments and tax revenues for that measure minus
the $2.4 trillion Social Security Trust Fund.

In constructing all three of our measures we take OASI payroll tax revenue flows
for that measure as given. It is unnecessary to allocate these annual tax flows to
particular cohorts because they are related to wages in the year they are paid. Up to an
income cap, payroll tax flows in any future year will be proportional to aggregate income
below that cap. Wage bond prices will capture all priced risk in these flows, so long as
we assume the proportion of wages below the cap is constant (or that variation in that
proportion is not associated with any market priced risk) and the size of the working
population is orthogonal to market-priced risk. For the infinite horizon we project tax
revenue growth at a constant real rate of 1.5%, the growth rate in years 70 to 75 of the
OACT data. We ignore taxation of benefits, which depends on an individual’s current
income as well as benefits paid to the individual, and hence depends on wages in
multiple years. These taxes are projected to grow slowly from 3.6% to 5.3% of benefits
paid to the OASI Open Group.

For Open Group benefits we follow a three-step procedure. First, for each future
year we multiply the OACT projections for number of retired workers in each cohort by
the average benefit per worker in the cohort to obtain that year’s total projected benefits
by cohort. We do this separately for men and women and then combine the two.
Second, we obtain present values by discounting the nominal flows using Social
Security projections for the Consumer Price Index and an annual real discount rate of
2.9%. Third, we scale up these benefits from what is essentially an OAl figure to one
that is more consistent with our OASI tax revenues. The difference represents benefits
paid to auxiliary beneficiaries like survivors and spouses based on the earnings record
of the (“primary beneficiary”) worker. We do this by simply increasing all flows by the

percentage needed to equate the present value of our Open Group actuarial imbalance
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measure to the value the OACT gave us for OASI (discounted by half a year to match
the timing implied by our discount series), and this scale-up factor turns out to be about
9.2%. This gives us benefits by cohort for the Open Group, and for the infinite horizon
we project growth in total real benefits of 1.8%, the growth rate over years 70 to 75,
distributed between age cohorts by the average of the distributions over these years.

The final step is to determine which benefits to attribute to the more restrictive
Closed Group and Transition Cost measures. For the Closed Group we simply exclude
benefits paid to cohorts with ages below 18 at the time of valuation, in keeping with the
procedure followed by the OACT (Wade et. al. 2009). A more complicated adjustment
is needed to calculate the Transition Costs, which require an estimate of what benefits
each cohort has accrued as of the transition date. Potential accrual rules for this
measure are described in detail in Geanakoplos and Zeldes (2010). We obtain an
estimate of the percentage of benefits each cohort has accrued using the Social
Security Public Use (SSPU) dataset, a 1% sample of current retirees' benefits and
income histories. For each observation in the data we calculate a benefit based on the
worker's average earnings to-date in a particular year and then multiply the resulting
benefit by the fraction (current age - 18) / (62 - 18). We then compute an accrual
percentage for each age that represents the average ratio of benefits accrued by that
age to the total amount accrued by cohorts that have reached age 62. Implicitly, we are
assuming the profile of accruals is similar across cohorts. For the Immediate Transition
Cost we multiply each Closed Group cohort’s benefits by the relevant percentage for its
age in a particular year to obtain the amount of its benefits the cohort has earned as of
the immediate valuation date of December 31, 2008. For the Future Transition Cost we
start from the infinite-horizon Open Group benefits and then apply our accrual
percentages to the benefits received more than 75 years in the future by the cohorts
that have reached age 18 by the future valuation date of December 31, 2083.

In the end our actuarial estimates do not quite match the OACT estimates for the
three published measures of unfunded obligations related to OASI. Our Open Group
measure matches by construction, but we obtain unfunded obligations of $13.7 trillion
(compared to $14.7) for the Closed Group and $14.2 trillion (vs. $16.5) for the Maximum
Transaction Cost. In part this reflects our use of a constant real discount rate equal to

the Trustees Report intermediate cost assumption about the interest rate in all years
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from 2018 onward, rather than the (unpublished) projected returns on the Trust Fund
that OACT uses. There also may be variation between years or cohorts in the
percentage of OASI benefits paid to workers based on their own earnings histories, i.e.
our proportional increase in OAIl benefits may not be appropriate for all three measures.
Presumably with more information we could match the actuarial measures exactly, but
this is not our intent. Our goal is to show how the cointegration risk adjustment affects
these measures, and this effect appears consistent across alternative procedures we
have used (Geanakoplos and Zeldes 2010).
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Figure 1: Discount rate for wage bonds — risk-free rate:
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Figure 1b: Discount rate for wage bonds — risk-free rate:
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Figure 2: Ratio of Market to Actuarial Wage Bond Prices
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Figure 4: Real Cash Flows
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Figure 5: Annual Cash Flows, Actuarial PV

Current Workers’ Taxes

Future
Workers’
d XIS
]
)08 2013 2018 2023 2028 2033 2038 2043 2048 2 2075 !!r! !!:3
Year
Current Workers’
Benefits Accrued
To-Date
--..."""""“ Future
]
Current Workers’ Worke_rs
Benefits

Benefits Accrued
in the Future



Figure 6: Real Cash Flows, Infinite Horizon
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Figure 7: Value of Wage Bonds, Actuarial PV
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Figure 8: Net Value of Wage Bonds, Actuarial PV
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Figure 9a: Net Value of Wage Bonds,
Market vs. Actuarial PV, Maximum Transition Cost
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Figure 9b: Net Value of Wage Bonds,
Market vs. Actuarial PV, Closed Group
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Figure 9c: Net Value of Wage Bonds,

- Market vs. Actuarial PV, 75-Year Open Group
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Figure 9d: Net Value of Wage Bonds,
Market vs. Actuarial PV, Infinite Horizon Open Group
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Figure 9e: Net Value of Wage Bonds,
Market vs. Actuarial PV, Future Transition Cost
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Present Value of a $1 Indexed Cash

Figure 10: Present values of

wage-indexed vs price-indexed cash flows
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Table 1: Market vs. Actuarial Solvency Estimates ($ trillion)

Tax Net Total
Revenue | Benefits Surplus

Immediate Transition Cost
Actuarial - 16.7 -14.2
Market - 14.1 -11.7
Market - Actuarial - -2.6 2.6
Market/Actuarial - 0.85 0.82
Closed Group
Actuarial 13.8 30.0 -13.7
Market 9.0 19.5 -8.1
Market - Actuarial -4.8 -10.4 5.6
Market/Actuarial 0.65 0.65 0.59
500-Year Open Group
Actuarial 44.0 66.4 -19.9
Market 11.7 20.4 -6.4
Market - Actuarial -32.4 -45.9 13.5
Market/Actuarial 0.26 0.31 0.32

Note: Total surplus = Tax revenue — Net benefits — 2.5 trillion (TF)




Table 2: Market vs. Actuarial Solvency Estimates ($ trillion)

Tax Net Total
Revenue | Benefits | Surplus

75-Year Open Group
Actuarial 28.2 35.0 -4.3
Market 11.5 20.0 -6.1
Market - 16.7 15.0 A7
Actuarial
Market/Actuarial 0.41 0.57 1.39
Future Transition Cost
Actuarial 28.2 43.7 -13.1
Market 11.5 204 -6.4
Market - 16.7 23.3 6.7
Actuarial
Market/Actuarial 0.41 0.47 0.49

Note: Total surplus = Tax revenue — Net benefits — 2.5 trillion (TF)




Table 3: Policy Experiments

Tax on

Tax on

Ureizl 500-Year | Relevant Benef_lt
Surplus Reduction
Payroli Payroll

Immediate Transition Cost
Actuarial -14.2 4.0% 85.5%
Market -11.7 12.4% 82.8%
Closed Group
Actuarial -13.7 3.9% 12.3% 45.7%
Market -8.1 8.6% 11.2% 41.6%
500-Year Open Group
Actuarial -19.9 5.6% 5.6% 30.0%
Market -6.4 6.8% 6.8% 31.2%
75-Year Open Group
Actuarial -4.3 1.2% 1.9% 12.4%
Market -6.1 6.5% 6.5% 30.3%
Future Transition Cost
Actuarial -13.1 3.7% 5.7% 29.9%
Market -6.4 6.8% 6.9% 31.5%




Table 4: Countries With Negative Real Wage Growth

of
Countries

Horizon ith # of Times % of Times
Years Negatives | Negative | Negative

1 29 256 25%

5 26 174 20%

10 14 100 13%

20 6 46 10%

30 4 20 8%

Note: 29 countries in total




