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Abstract

The vaue of U.S. corporate equity in the first haf of 2000 was close to 1.8
times U.S. gross nationad product (GNP). Some stockmarket andyss have
argued that the market is overvalued at this level. We use a growth mode with
an explicit corporate sector and find that the market is correctly vaued. In
theory, the market vaue of equity plus debt liabilities should equa the vaue of
productive assets plus debt assets. Since the net vaue of debt is currently low,
the market value of equity should be approximately equa to the market vaue
of productive assets. We find that the market value of productive assats, in-
cluding both tangible and intangible assets and assets used outside the country
by U.S. subgdiaries, is currently about 1.8 times GNP, the same as the market
value of equity.

The views expressed herein are those of the authors and not necessarily those of the Federal
Reserve Bank of Minneapolis or the Federal Reserve System.



As the 20th century drew to a close, the U.S. stock marketompanies, for example, can only be ffistl by their in-
boomed. Between 1994 and 2000, the value of corporatangible capital, particularly human capita significant
equity relative to gross national income, or equivalently,fraction of the value of drug companies must be assigned
gross national product (GNP), nearly doubled. Inftte  to the value of the patents that they own. And as Bond and
half of 2000, the value of all U.S corporate equity wasCummins (2000) point out, brand names suctCesa-
close to 1.8 times GNPA ratio of 1.8 is high by histori-  Cola account for much of the value of many companies.
cal standards. The previous pasbrld War Il peak was To estimate the value of assets of U.S. corpordtions
1.0, which occurred in 1968. Over the 1948 period, foreign subsidiaries, we use fiits of these subsidiaries di-
the value of corporate equity averaged only 0.67 of GNPvided by an estimate of the return on tangible capital in the
(See the accompanying graph.) Thus, at 1.8, the current rbhited States. Our estimate of these assets is close to 0.4
tio is two and a half times the rataverage in the post- of GNP.

war period. Summing the values of corporate tangible assets located

Is the current stock market value too high? Glassmain the United States, corporate intangible assets, and assets
and Hassett (1999) have argued that it is not. In fact, thepf foreign subsidiaries gives us a total value of productive
have said that the market is undervalued by a factor oéssets in the U.S. corporate sector of 1.8 times-Ghife
three. But others have expressed concern that the mark&ime as the current value of corporate equity. This equality
is, indeed, overvalued. Federal Reserve Chairman Alais just what economic theory predicts. According to stan-
Greenspan (1996), for example, has suggested that the @ard economic theory, therefore, the stock market today is
cent high value of the market mayflext“irrational ex-  correctly valued.
uberance among investors. Shiller (2000) has reiterated Although our focus here is on the value of corporate
this concern and said that a 50 percent drop in the valuequity, our work has implications for real returns on debt
is plausible. General concern about an overvalued markeind equity. With our estimates of productive assets, theory
is fueled by the experience of Japan in the 1990s. The vapredicts that returns on both debt and equity should av-
ue of Japals corporate equity fell 60 percent in 1990, anderage about 4 percent, as long as there are no important
its economy subsequently stagnated. policy changes that sidintantly affect the pricing ofi-

We use standard theory to value U.S. corporate equitpancial assets. This prediction appears to be accurate so
andfind that the current value of 1.8 times GNP is justi-far: interest rates on U.S. Treasur§iation-protected se-
fied. An implication of the theory is that the value of cor- curities with various maturities are currently around 4 per-
porate equity should equal the value of productive assetent.
in the corporate sector, if net indebtedness is small (as jfheory

has been recently)Our basic method is to estimate the L .
current value of corporatiohproductive assets and com- Our method of estimating the value of corporate assets in-
pare that value to the current value of corporate equi YOI.VeS. c?nstructlng a standard gfom_’th m°d¢' and quan-
This is not as easy as it may seem. tifying it.” The growth model we use is established aggre-
Productive assets inclutingible assets-ike factories, gate economic th_eory and is fast becoming the textbook
office buildings, and machi ndintangible assets— model m_mtermedlate an_d advanced under_graduate macro-
like patents bra,n d names |ﬁ.|es| E_ls edic human capital. €conomic courses. In this section, we derive formulas for
P : ’ P pital. Hle values of corporate equity and asset returns. In the next

And a good measure of the value of these assets must isection we use data from the Commerce Department and
clude not only those used by U.S. corporations in the Unit; ’ P

ed States itself, but also those used outside the country, é&gtgsegﬂﬁ:e;e\slglr&/:ﬁgﬂfeodr?itg\éeé?g,:sto derive esti-
U.S. corporatiorisforeign subsidiaries. )

Estimates of the value of some of these assets are re- Our model economy includes two sectors, a corporate

ported by the U.S. government. The Commerce Dep areector and a noncorporate sector. Since our focus is on the

ments Bureau of Economic Analysis (BEA) estimates th evalue of domestic corporations, output from the corporate

value of tangible corporate assets located in the Uniteaef;grl'f;irtf dgrSOtheiorgift'ﬁtp(;??hugtrg::grpoor?;tgn:;gg:tg?
States. In the 1990s, the estimate is slightly above 1.9 : P P

GNP. However, the BEA does not estimate the value OPurmodeI is the r?]mal_mnlgdprodﬁctr?fu.sh C?é\IbP Qurnon—
intangible assets in the corporate sector or the value rpﬁrate sector thus inclu ?}St € nouseno bus_mess Sec-
assets of U.S. corporate foreign subsidiaries. Therefore, an, the dgﬁvernme?t se(I:(';or,t € noncorporate business sec-
must construct estimates of these values ourselves. Or, and the rest-of-world sector.

To estimate the value of corporate intangible assets, wi/illingness to Substitute
use data on corporate fiits and tangible assets and an Our model economy is inhabited byfiinitely lived house-
estimate of the return on capital used in the corporate setiolds with preferences ordered by the expected value of
tor. We find that corporate pfits are larger than can be .
justified with tangible assets alone. By redoing the U.S(1) Y _ B(GI")*/(1-0)IN,
national income and product accounts (NIPA) with intan- -
gible assets included, we can derive formulas that allow us/heret indexes timeg, is per capita consumptiohjs the
to residually determine the value of these assets. The kdyaction of productive time allocated to nonmarket activi-
assumption is that the after-tax returns on tangible and irties such as leisure, arld is the number of household
tangible capital are equal. Vilad that the value of intan- members. The fraction of productive time allocated by
gible capital is roughly 0.4 of GNP. households to market activities is denotedrby 1 —I.

That value may seem large. We think it is reasonabléhe size of a household is assumed to grow at the rate of
in light of direct evidence. The value of high-technology population growthpy. The curvature parameter on con-



sumption, o = 0, measures how risk averse ahousehold is.
The larger this parameter’s vaue, the more risk averse is
the household. The parameter 0 < 3 < 1 measures impa
tience to consume, with a smdler vaue implying more
impatience. The parameter Y measures the relative impor-
tance of leisure and consumption to the household. The
larger | is, the more important is leisure.

Ability to Transform
The model economy has two intermediate good sectors—
a corporate sector, denoted by 1, and a noncorporate sec-
tor, denoted by 2. These provide the inputs to produce the
economy’s final good.

The noncorporate production technology is smple:

@ Yp< (k2,t)e(zt nz,t)l_e-

Herey, is sector output, k, is capital services, n, is labor
sarvices, z is a sochadtic technology parameter, and 6 is
the capitd share parameter, 0< 0 < 1.

For our purposes, the corporate sector is the important
sector, and it ismore complicated. It has both tangible and
intangible assets. U.S. corporations make large invest-
ments in such things as on-the-job training, research and
development (R&D), organization building, advertisng,
and firm-specific learning by doing. Theseinvestmentsare
large, and the stock of intangible assets hasimportant con-
sequences for the pricing of corporate assets. So we as-
sume that production in the corporate sector requires both
tangible assats, which are measured, k;,,, and intangible
assets, which are unmeasured, Ky, In addition to capitd,
labor services n, are required. The aggregate production
function for the corporate sector is

3 Vi S (K™ (kg ) M(zny )

where @, and ¢, are the random capital shares for mea-
sured and unmeasured capitd, respectively. In order to
capture variations in profit shares over the business cycle,
we make the nonstandard assumption that capitd shares
vary. Variations in profit shares affect the equity risk pre-
mium, which we want to estimate.

The three per capita capitd stocks in this economy—
corporate tangible and intangible capital and noncorporate
capitad—depreciate geometricaly and evolve according to

4 Kt = [(1-0)k, + Xi,r]/(l"'n)

wherei = 1m, 1u, or 2; & is the rate of depreciation for
capital of type i; and X, is gross investment of typei in
period t. The right Side of the capital accumulation equa:
tions (4) is divided by the growth in population (1+n) be-
cause k and x; arein per capita units.

The modd dso has a find good sector, which com-
bines the intermediate inputs from the corporate and non-
corporate sectors to produce a composite output good that
can be used for consumption and investment. This produc-
tion function is

B GFGF Xy + Xy F %oy
SH%= A[U(Yl,t)p + (1_U)(y2,t)p] v

where g is government consumption, 0 < u< lisapa
rameter that determines the relative sizes of the corporate
and noncorporate sectors, p < 1isaparameter that governs
the subtitutability of corporate and noncorporate goods,
and A > O isascde parameter.

Government production is assumed to be included in
noncorporate production. However, the government plays
aspecid role in the economy: it taxes various activities to
finance government purchases and transfers. In particular,
the government taxes consumption, labor income, proper-
ty, and profits. Taxes are proportiona in our modd econ-
omy.

Equilibrium

There are two ways to decentrdize our model economy,
and they lead to the same equilibrium outcome. One way
is to assume that firms hire workers, make investment
decisons, pay taxes directly to the government, and pay
dividends to the households. Because of the investment
decison, thefirms problem, in thisdecentraization, isdy-
namic. The other way to decentraize is to assume that
firms rent capital and labor from households. Households
make the investment decisions and pay taxes to the gov-
ernment. Inthisdecentralization, thefirms' problemissim-
ple and datic. The rdevant equilibrium outcomes are the
same in the two decentralizations because the households
effectively own the capitd in both cases. Here we describe
an equilibrium for the second type of economy. We find
this economy easier to work with because we can consoli-
date dl of the interesting transactions for a particular pe-
riod into the household's budget constraint.

The household budget congtraint in period tis

6)  (HT )G+ Xy + Xy + %o
= Ny Kame + FagKaug +1oKo + WM,
= TyerKamg = TariKo = To Wy
= Ty [ (P =Oum)Kamg + FaueKaug
X~ le,tklm,J
- T2,t[(r2,t_52)k2,t ~ Tkt k2,t] + T

Households rent tangible and intangible capital to corpora-
tions at rental retesr,,, and r,,, respectively. Households
also rent capital to noncorporate firms at arental rate of r,,.
Wage income iswn, where n = n, + n, is total labor ser-
vices. Taxes are paid on consumption expenditures, wage
income, property, and profits. Thetax rate on consumption
isT; that on wage income is T,,; tax rates on property in
the corporate and noncorporate sectors are 1, and T,,; and
the rate on corporate profits is 1,. Note that corporations
can subtract depreciation and property taxes when they
compute their corporate profits tax. Note aso that unmea:
sured investment, for things like R& D, is untaxed. It, too,
issubtracted fromincome when taxableincomeis comput-
ed. Noncorporate profits are taxed at arate 1,. Again, de-
preciation and property taxes are subtracted when taxable
income is computed. Findly, transfers from the govern-
ment to households are denoted by 1t

Now consider equilibrium in thiseconomy. Households
maximize their expected utility (1) subject to the sequence
of budget congraints (6) and the capitad accumulation
equations (4). Households take as given initid capitd
stocks as well as current and future prices and tax rates.



Firmsinal sectorsbehave competitively and solvesmple,
static optimization problems. The intermediate good firms
choose capital and labor to maximize profits subject to the
congtraint on their production, namely, functions (3) or (2).
Thus, wages and renta rates in the corporate and noncor-
porate sectors are equa to their margina vaue products.
The find good firms choose the intermediate inputs to
maximize y — py; — p,Y,, where p, is the price of the
intermediate goods of sector i. Maximization is done sub-
ject to the production function (5). If households and firms
choose dlocations optimally, then equilibrium prices are
set 0 that markets for goods, |abor, and capitd servicesal
clesr.

In this economy, the value of corporate equity is equa
to the value of the end-of-period stock of capital used in
the corporate sector. If we use the price of output as the
unit of account, then the value is given by

@ V= [knea + @ T Ky el Nosa-

This follows from the facts that the cost, on margin, of a
unit of measured capita is 1 and the cost, on margin, of a
unit of unmeasured capitd is 1 minusthe corporateincome
tax rate. Expenditures on unmeasured investment are ex-
pensed and reduce taxabl e corporate income. [ Seethe bud-
get congtraint (6).]

The return on corporate equity is given by

® r‘te,t+1 = (Vt+1 + dt+1Nt+1Nt) -1

where {d} is the stream of payments to the shareholders
of the corporation (that is, the households). Payments to
shareholders are given by

© 0 = Py = Weh = TueeKimg
- Tl,t[(rlm,t_élm_le,t)klm,t + 1Ky~ Xlu,T]

= Ximt = Xt

This represents what the corporation has left over after
workers have been paid, taxes on property and profits have
been paid, and new investments have been made.

The return on a one-period bond, which we refer to as
the risk-free rate, is given by

10) r ={BE[c;oIYE U o]} -1

where ¢ 1% js the margind utility of consumption.
The vaue, or price, of the bond is smply the inverse of
1+r.

Findings

We can use the formulas for the asset vaues and returns
just described to assess whether our mode is consistent
with U.S. observations. It is. To demondirate thet, we first
abdtract from uncertainty and price corporate equity and
risk-free debt using a deterministic version of the model.
Without uncertainty, calculations of the relevant quantities
aretrivia. Wethen establish that, for dl practica purposes,
the results are the same in the deterministic and stochastic
versons of the modd when we introduce uncertainty con-
sigtent with the behavior of the U.S. economy.®

Without Uncertainty

Again, we work first with the steady stete of a determin-
igtic verson of the modd. We derive an estimate for the
return on capital using data from the U.S. noncorporate
sector. We then derive an estimate for the size of the in-
tangible capitd stock. We choose the leve of intangible
capitd so that the returns on capita in the corporate and
noncorporate sectors are equated. With the estimate for in-
tangible capital and dataon measured corporate capitd and
taxes paid in the corporate sector, we can esimate the
vaue of the stock market.

[J The Return on Capital

With no uncertainty, the after-tax return on corporate eg-
uity and the after-tax return on abond that pays 1 for sure
in the following period are both equa to the after-tax in-
terest rate, which we denote by i and define to be

(1) i=[@+y7p] -1

wherey isthe growth of the technology parameter z,. This
follows directly from the first-order conditions of the
household. Infact, if thereis no uncertainty, then the after-
tax return on each type of capital isalso givenby i, andthe
following istrue:

(12) 1= (1-1)(ryy 01Ty
=l = 6lu

= (I-1)(r;=0,- 1)

Assuming that the U.S. economy isroughly in a steady
gate, we can estimate i usng NIPA data. In Table 1, we
report average values for income, product, and capitd
stocks of the United States during 1990-99. Thetablelists
the accounting concepts used for the NIPA data and their
average vaues over the period 1990-99 relative to GNP,
We make adjustments to these val ues as theory requiires, in
order to make the accounts consistent with our model. The
table aso describes and quantifiesthe adjustmentsand lists
the find, adjusted averages. (In Appendix C, we provide
details about the calculations made for Table 1.) In Table
2, the adjusted averages are matched up with their model
counterparts.

Our estimate of the return on capital comes from non-
corporate data because we observe the relevant quantities
neededtoinfer (1-1,)(r,~8,—T,). However, beforewe can
congtruct an estimate of the return on capitd in the noncor-
porate sector, we need to condder severd of the adjust-
ments made to the NIPA data. Two sets of adjusments are
relevant: thoseto noncorporate profits and thoseto capita.

Consder first noncorporate profits. We make two ad-
justments to this item. One is to reduce the net interest
payments of the sector by an estimate of the sector’s pur-
chases of intermediate financia services. We estimate that
of the 0.042 of GNP of this sector’s net interest payments,
0.022 should be trested asintermediate service purchases.
So we reduce GNP 2.2 percent, with the reduction on the
product side being in consumption of financia services
and that ontheincome side, inimputed net interest income
of households. Mogt of this adjustment is smply the dif-
ference in interest paid by people with home mortgages



and the interest received by households who lend to the
financid indtitutions that issue the mortgages.

Theimputed net interest income that remainsis 0.02 of
GNP, which we see as a reasonable number. Some of this
isforgoneinterest of peoplewho hold currency and check-
ing accounts that pay less than the short-term interest rate.
Some of it is the reduction in insurance premiums that is
possible because the insurance company earns interest on
premiums for a period prior to making clams. In these
cases, the househaold is recelving services for forgone in-
terest, and there should be an imputation to income and
product.

The other adjustment that we make to noncorporate
profits is the addition of imputed capita services to gov-
ernment capital and to consumer durables. The BEA uses
a zero percent interest rate when imputing services to
government capita. We instead use the average return on
capitd in the noncorporate sector. So that income equals
product, we add imputed services both to profits in the
noncorporate sector and to government consumption. In
the NIPA data, consumer durables are treated as consump-
tion. We treat them ingtead as investment and impute
sarvices to these durables. These imputed capita services
are added to profits in the noncorporate sector and to pri-
vate consumption.

We must make one addition to the capita stock of the
noncorporate sector. Capital stocks reported by the BEA
include only capitd located in the United States. But our
measure of noncorporate profits includes profits of U.S.
foreign subsidiaries equd to 0.012 of GNP, To estimate
the capital stock used to generate these profits, we divide
0.012 by our estimate of the return on capitd i.

We are now ready to compute the after-tax return
on capitd in the noncorporate sector (which is equa to

(I-T)(r;=0,-1,,) and to i):

(13) i = (Accounting Returns + Imputed Returns)
+ (Noncorporate Capital
+ Capita of Foreign Subdidiaries)

(14)  =[0.064 + (0.592 + 0.287)i]/[2.153 + (0.012/1)]

where 0.064 of GNP is noncorporate profits plus net in-
terest lessintermediate financial services, 0.592 is the net
stock of government capitd; 0.287 is the net stock of con-
sumer durables; 2.153 isthe sum of stocks of government
capita, consumer durables, and noncorporate business; and
0.012 is net profits from foreign subsidiaries. We have as-
sumed that T, is O because the main categories of non-
corporate income—namely, services of owner-occupied
housing, government capital, and consumer durables—are
untaxed. The value of i that satisfies (14) is 4.08 percent.
Therefore, our estimate of the imputed services to capita
is0.036, and our estimate of the capital associated with the
net profits of 1.2 percent is 0.294.

o, theory predicts that, on average, the return on cap-
ital in the noncorporate sector should be 4.08 percent. This
is close to the average vaues of the risk-free rate on in-
flation-protected bonds issued by the U.S. Treasury. Inthe
first quarter of 2000, the average return on 5-year inflation-
protected bonds was 3.99 percent, and the average return
on 30-year inflation-protected bonds was 4.19 percent.

[J The Value of Corporate Equity

We turn next to the vaue of domestic corporate equity. To
compute our estimate, we need the value of measured tan-
giblecapitd, the corporateincometax rate, and an estimate
of the value of unmeasured intangible capital. [See equa
tion (7).]

In Table 1, measured tangible capitd as reported by the
BEA (U.S. Commerce 2000) is listed as 0.821 of GNP,
However, this measure does not include inventories or
land. Inventories are, however, available in the NIPA data
(U.S. Commerce, various dates), so we add them (0.161 of
GNP). Land is not included in the NIPA data, but it isin
the data collected and published by the Federd Reserve
Board (FR Board, various dates). The difference between
real estate values reported by the Fed and nonresidentia
structures reported by the BEA is 0.06 of GNP, Thus, our
edtimate of measured capital, with land and inventoriesin-
cluded, is 1.042 times GNP,

In Table 1, the corporate profits tax liahility islisted as
0.026 of GNP, and before-tax corporate profits are 0.073
of GNP. The tax rate istaken to be the average tax and is,
therefore, equa to 0.356.

The next step is obtaining an estimate for unmeasured
capitd in the corporate sector. In the determinigtic verson
of our modd, the after-tax returns for the three types of
capita must be equal, and this requirement ties down the
size of unmeasured corporate capitd . Above we computed
one of these after-tax returns, namely, the return on non-
corporate capital. We can use this as our estimate of both
My — Oy 80d (1-T)(r 1 0,— Ty ). We can aso use the fact
that profits in the model economy’s corporate sector are
equa to the NIPA vaue of corporate profits plus unmea:
sured investment. Therefore,

(15 (ryp 0Ty Ky + ryky, = NIPA Profits + Xy,
Replacing r,,, — &, — 1y, by i/(1-T,) in (15) and rearrang-
ing, we have

(16) i = (1-T,)(NIPA Profits + X, = 1, K., Ky
= (1-t){ NIPA Profits
+ [(l+l’])(1+Y) - 1] klu - iklu} /klm

where we have used the fact that x,, is proportional to k;,,
on the deady-state growth path. The only unknown in
equation (16) is intangible capitd. Rearranging (16) and
plugging into it the U.S. averages from Tables 1 and 2, we
get

(17)  0.0408 =[1 - (0.026/0.073)]
x (0.073 + 0.03k,, — 0.0408k,,)/1.042

where 0.026 of GNP isthetax paid on domestic corporate
profits, 0.073 is NIPA prafits, 0.03 is the growth rate of
GNP and 0.03k,,, isthe value of unmeasured net intangible
investment in the steady state. The solutionto thisequation
is k,, = 0.645. Therefore, unmessured intangible invest-
ment is equa to 0.019 of GNP,

With our estimate for unmeasured capital, we can now
compute the modd’s market value of domestic corporate
equity using formula (7). If thetime period is not long, the
tota vaue—that is, N times the per capitavaue—is



(18)  V=[Ky,+ (1-T.)k,]N = 1.457N

where 1, = 0.356 (which is the value of corporate income
taxes divided by the vaue of taxable corporate income).

To compare this estimate to the data's market val ue of
U.S. corporate equity, we need to add in the market value
of U.S. foreign subsidiaries. Profitsfrom U.S. foreign sub-
sdiaries averaged 1.56 percent of GNP over the period
1990-99.” Using an interest rate of 4.08 percent, we es-
timate that capital of U.S. foreign subsidiaries has avdue
of 0.382 of GNP, Let V, 5 be the market vaue of U.S. cor-
porate equity. Then,

(19) Vyg=V+0.382N = 1.84N = 1.84 times GNP,

We write this in terms of GNP because per capita GNP is
normalized to 1, and total GNP is, therefore, N.

According to the Fed's data, the market value of do-
mestic corporate equity at the end of the first quarter of
2000 was 1.83 times GNP in that quarter (FR Board, var-
ious dates). In the second quarter of 2000, the corporate
equity market value was 1.71 times GNP, So far in 2000,
therefore, the quarterly average valueis 1.77. Thisis very
close to what our model predicts (1.84).

We did not mode corporate debt because it has been
quite small recently. So far in 2000, it has been roughly 7
percent of GNP, This implies that the totd value of U.S.
corporations—equity plus debt—is 1.84 times GNP. Ac-
cording to our estimates, thisvalueis equal to the vaue of
productive assets.

Thusfar, we have assumed that the premium for taking
on nondiversifidble risk is small.

With Uncertainty

Now we work out the implications of a stochagtic verson
of themode. With uncertainty, we expect that risky assets,
like corporate equity, would be paid a risk premium. So
here we quantify this premium. We find that, in fact, the
premium is very smal. Thus, the results of the stochastic
version of the modd are essentidly those of the determin-
igic version.

Ul Calibration

To determine the implications of the stochastic version of
the moddl, we mugt first cdibrate the modd. We do this
in three steps. Fird, we compute a steady dtate for the
model that is cong stent with the adjusted accounting mea:
sures in Table 1. Second, we choose parameters for the
model—including means of stochastic parameters—that
are consstent with these steady-dtate values. Third, we
choose stochastic processes for shocks in the mode that
lead to fluctuations in the key variables that are compara:
ble to their U.S. counterparts. The key variables for asset
pricing are output, consumption, labor, and after-tax cor-
porate profits.

Steady State. To compute a steady state for the model
we need to make some further adjustments to the NIPA
data so that they are consistent with the model concepts.
The adjustments that we have discussed so far are the ad-
dition of unmeasured investment; the subtraction of in-
termediate financia services; the imputation of consumer
durable and government capital services; and adjustments
to the capita stocks. The fina adjustments needed are ad-
justments for saes and excise taxes, for depreciation of

consumer durables, and adjustments for foreign subsidiary
capitd.

The NIPA data include sdes taxes in the measure of
private consumption. In our model, we treat consumption
as pretax. Therefore, we must subtract sales taxes from
NIPA private consumption. Consumer durables are treated
asprivate consumption inthe NIPA dataand asinvestment
in our modd. Therefore, we add the depreciation of con-
sumer durables to noncorporate depreciation and to con-
sumption. Finaly, because profits of foreign subsidiaries
are included in the NIPA's national income (and therefore
in noncorporate profits), we add an estimate of investment
and depreciation for foreign subsidiaries. To do this, we
usethe samerate of depreciation asfor other noncorporate
capitd in the United States.

The adjusted vaues for income, product, and capitd
stocks are treated as a Seady Stete for the model. These
values are reported in Table 2 aong with the relevant ex-
pressions for the modd!.

Also in this table are values and expressions for hours
worked, growth rates, and tax rates. In the United States,
hours worked per person are roughly one-quarter of dis-
cretionary time. The growth ratesin the table are averages
over 1990-99 of tota factor productivity and population.
With the exception of the labor tax rate, we use NIPA
values reported in Table 1 to caculate tax rates. The cor-
porate and noncorporate profit tax rates—which we used
in earlier caculations—are set equd to 0.356 and O, re-
spectively. Consumption and property taxes are the two
parts of indirect business taxes. Consumption taxes are
0.047 of GNP, and property taxes are 0.032 of GNP. The
table's tax rate of 0.086 for consumption is found by
dividing the total tax of 0.047 by the vaue of private con-
sumption, which is equd to 0.544. Our tax rates on prop-
erty are found by dividing tota property taxes by the cap-
ital stocksin the respective sectors. For corporate property,
therateis0.02/1.042, or 0.019. For noncorporate property,
therate is 0.012/2.447, or 0.005.

Thelabor tax rate is more difficult to estimate since the
U.S. income tax is progressive, while taxes in our model
economy are proportiond. Households in the federd tax
bracket of 28 percent or higher pay nearly al of the in-
cometax. However, because of fringe benefits and before-
tax contributionsto retirement plans, the margina tax rates
of these households are effectively lower than 28 percent.
Therefore, we choose the tax rate on labor incometo be 25
percent. But our andysisis not sengtive to the exact rate
used. Thedifference between tax revenuesand government
expenditures is alump-sum transfer.

Parameters. In Table 3, we derive depreciation rates,
capitd shares, and parameters for the find good technolo-
gy and the utility function. Mogt of these parameters can
be pinned down by steady-state values.

There are two exceptions: the dadticity of substitution
of corporate and noncorporate goods 1/(1-p) and the cur-
vature parameter on consumption o, which measures the
degree of risk aversion. For these parameters, we experi-
ment with different valuesin such away asto get reason-
able predictions for the variability of consumption relive
to GNP and the variability of corporate share rlaive to
product. Our basdinevauesarec = 1.5and p = -2,

Stochastic Shock Processes. The find choices nec-
essary for the stochadtic version of the modd are the sto-



chastic processes. We assume that the technology parame-
ter z, is stochastic, with the process given by

(20) logz,, =logz +log(l+y) + €,y

where €, is an independent and identically distributed
(i.i.d.) norma random variablewith amean of zero. Notice
that z, grows at rate 'y, as do other nongtationary variables
in this economy. We choose the variance of €, 0 that the
standard deviation of U.S. GNP and our modd’s output are
roughly the same once we log the series and run them
through the Hodrick-Prescott filter. The standard deviation
of U.S. GNP is 1.74 percent for the postwar period.

In our baseline economy, we assume that the only
shocks hitting the economy are technology shocks. We do
this for two reasons. First, technology shocks in the post-
war period aresgnificant sourcesof aggregatefluctuations.
Second, correctly identifying the shocks matters little for
the size of the equity premium, provided the model has
been cdibrated to the steady-state observations and pro-
vided the modd’s variances and covariances of consump-
tion and corporate profits match their empirical counter-
parts.

Table 4 summarizes the parameters for the basdine
economy. One parameter included in this table that has
not yet been discussed is that for the adjustment cost b.
Because the cydlica variation of consumption is crucid
for asset pricing, we include adjustment cogs on all types
of capita of the form ¢(x/k) = (b/2)(x/k-5)%k, where &
=&+ y + n.2 We do this to ensure that the relative vola-
tility of consumption and output in the mode is approxi-
mately equa to the observed relative volatility.

O Simulation

Given the parameter vaues, we compute an equilibrium
for the economy, smulate time series, and compute asset
vaues and returns. Following Jermann (1998), we com-
pute a linear approximation to the decision rules for capi-
tal. All other varidbles, including equity returns, can be
determined in a nonlinear way once we have vaues for
the capital stocks and the stochastic shocks. (Table 5 dis-
plays the predictions of dl the versions of the model.)

Shocks Only to Technology. With no other shocks but
shocks to technology, we find that the retio of the value of
corporate equity to GNP is 1.85, about what we found in
the deterministic version of our model; the return on equity
is4.10; and the return on debt is 4.07. (See Table 5.) The
equity risk premium in this economy is smdll, only 0.03
percentage point, which is close to the determinigtic ver-
son’'s 0 equity premium.

In this economy with only technology shocks, hours of
work are too smooth relative to U.S. data, and corporate
earnings are too voldile. We need to get the right varia
tionsin hours as well as consumption since both are argu-
ments of margina utility; movements in marginal utility
arewhat is rdlevant for asset pricing. We aso need to get
the right variation and covariation in corporate earnings
since this is relevant for stock returns and the equity pre-
mium paid to stocks. Thus, we consider severd variations
on our baseline economy that should move the model to-
ward greater volatility in hours and less voldtility in cor-
porate earnings. The parameters used in these variations
are summarized in Table 4.

Shocks Also to Labor Taxes. To get more volatility in
hours and leisure, we assume that |abor tax rates are so-
chagtic. Assume, for example, thet T,,, is an autoregressve
process with

(21) Tt = (1—pn)fn Pl + Entaa

where T, is the mean of the processand €, isan i.i.d. nor-
mal shock with amean of zero. We st T, equd t0 0.25. In
order to get a high vaue for the autocorrelation of hours,
asisobsarved in U.S. data, we set p, equdl to 0.95. The
variances of €, and €, are chosen to make the standard de-
viations of GNP and hoursin the modd match thoseinthe
U.S. data(which are 1.74 percent and 1.52 percent, respec-
tively, for the postwar period). The adjustment cost pa
rameter is set so that the rdlative volatility of consumption
and output is roughly 0.5, asin the data.

In Table 5, we report the results of this experiment. No-
tice that little has changed from the economy with only
technology shocks. The average ratio of the stock valueto
GNP is the same, and the equity and debt returns are not
much different from the baseline economy’s. Notea so that
the variation in tax rates actualy leadsto afal in the pre-
mium, from 0.03 to 0.01 percentage point. This happens
because the greater variation in hours reduces the correla
tion between consumption and earnings. But with shocks
to technology and labor tax rates, the variaion in corporate
earnings and the corrdation between consumption and
earnings are gill high rative to the variation in the U.S.
data

Shocks Also to Corporate Capital Share. So now we
try a shock to a variable that has a significant effect on
consumption and corporate earnings. the share of corporate
profits in income. We assume here, as with the labor tax
rate, that this variable follows an autoregressive process,
with

(22 Q= (1_p<p)(ﬁ‘n * PP + Egrat

where @, is the mean of the process and €, isi.i.d. nor-
mal with a mean of zero. If we choose p,, and the vari-
ance of ¢, to replicate the variability in U.S. corporate
shares, then the results show little difference from the
benchmark economy. In fact, with shocks to both the la
bor tax rate and the corporate profits share, we find that
we are effectively back to the deterministic version of the
model, with the equity premium equd to zero.

We tried some other experiments to see if we could
generate a large risk premium. Introducing random cor-
porate profit tax rates leads to counterfactualy high vari-
ation in corporate earnings. With larger vaues of o, we
find the volatility of consumption too high and the volatili-
ty of hours too low. Different vaues of p, the parameter
which affects the substitutability of corporate and noncor-
porate goods, change the results little.

Effects of More Rapid Growth. If we increase the
growth rate of technology, we get a higher risk-free rate
but asmilar risk premium. The mediahave suggested that
higher future growth justifies higher equity values. Wefind
that this is not so. There are two consequences of higher
growth for the value of the stock market. Oneis that with
more rapid growth, future corporate payouts are larger. If
market discount factors remain fixed, then these higher



payouts imply higher stock market vaues. But higher
growth aso leads to greater discounting of future payouts,
which reduces the current value of these future payouts.
Wefind that these two consequences of more rapid growth
for the value of corporate equity roughly offset each other.
The expectation of more rapid economic growth does not
judtify higher equity values relative to GNP,

A change that would justify higher equity values rd-
ative to nationd income is an increase in the corporate
after-tax profits share of income. Thiswe seeashighly un-
likely because of the historic sability of thisvariable, once
it is corrected for business cycle variation.

Conclusions

Some stock market andysts have argued that corporate
equity is currently overvaued. But such an argument re-
quiresapoint of reference: overvalued rdaiveto what? In
this study, we use as our reference point the predictions of
the basic growth mode that is the standard model used by
macroeconomists today. We match up al the variablesin
our model with the U.S. nationa income and product ac-
count data.

Wefind that corporate equity is not overvaued. Theory
predicts that if net indebtedness is small, the value of cor-
porate equity should equal the value of productive assets.
We show that it does; both vaues are today near 1.8 times
the value of GNP. With our estimates of productive assets,
theory aso predictsthat the red returns on debt and equity
should both be near 4 percent. Therefore, barring any in-
dtitutional changes, we predict a small equity premium in
the future.

*The authors thank Urban Jermann, Narayana Kocherlakota, and Art Rolnick for
their valuable comments. Prescott thanks the National Science Foundation for financial
support.
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1Because of dataavailability, our calcul ations are based on datafor all corporations,
not just those which have their shares traded in the mgjor stock exchanges. At the end
of 1999, the value of corporations traded on the New York Stock Exchange, the Amer-
ican Stock Exchange, and the Nasdag Stock Market was 84 percent of the total cor-
porate value.

Most of the data used in this study are from two sources: the U.S. Department of
Commerce's national income and product accounts and the Board of Governors of the
Federd Reserve System’sflow of funds accounts of the United States (U.S. Commerce
2000, various dates, FR Board, various dates).

zTheoreticalIy, the market value of equity plus the market value of debt liabilities
should equal the market value of debt assets plus the value of productive assets. Since
net indebtedness of corporations is currently small, we ignore corporate debt holdings
and liabilities when modeling the U.S. economy.

SInfact, Hall (2000) arguesthat “e-capital,” whichishuman capital created by com-
bining skilled Iabor and computers, isan important factor behind therecent risein equity
prices.

“To justify some of the assumptions of our model, we provide evidence on U.S.
household asset holdingsin Appendix A. For readers unfamiliar with the basic concepts
underlying standard asset pricing, we provide a primer in Appendix B.

SMuchwork inthe asset pricing literature abstracts from production and stops short
of matching variablesin the theory with national income and product data. Notable ex-
ceptions include the work of Cochrane (1991) and Mehra (1998).

6Readers familiar with the literature on the equity premium puzzle launched by
Mehra and Prescott (1985) should not be surprised by this finding. See Kocherlakota
1996 for anice survey of the literature. For estimates of the current equity premium, see
aso the work of Jagannathan, McGrattan, and Scherbina (in thisissue of the Quarterly
Review).

7Ab0ve, we used net profits, which subtracts factor payments sent abroad. Thisis
the relevant figure for computing GNP. To caculate the value of U.S. domestic cor-
porations, we want to use gross profits from U.S. foreign subsidiaries.

8with adjustment costs, we need to modify our formulafor the equity value asfol-
ows: V = {kyn/[1 = ' Oy Korn)] + (1= Tk, /11 = /(6 Ry YIEN.

Appendix A
Some Financial Facts

In this appendix, we report some facts about U.S. household as-
st holdings that guided the sdlection of the model that we used
in the preceding text to determine whether the U.S. stock market
is currently overvalued.

We assumed that individualsin our model are not on corners
with respect to their asset choices. There is some evidence that
most are not. Households hold alot of both debt and equity. In
Table A1, we report the balance sheet of U.S. households in
1999 and on average for the 1946-99 period, al relativeto gross
nationa product. In 1999, households holding of debt is 1.46
times GNP. Some of this debt is held for liquidity purposes, but
the tota holding is significantly above what financia planners
typically recommend for emergenciesand unforeseen contingen-
cies.

In our model, we ignored transaction costs. The data suggest
that these costs are quite small. Of the nonliquid assets held by
households, approximately 50 percent are currently inretirement
accounts. In Table A2, we report holdings in retirement ac-
countsin 1999—by type of account and by type of asset. These
pension fund assets are roughly split between debt and equity.
The holdings can cheaply be shifted by pension managersor, in
many cases, by individuals themselves.

Survey data find that many people do, in fact, shift between
debt and equity. (See Vissing-Jargensen 2000.) The accompany-
ing chart captures this shifting in agraphic manner. The chartis
a scatter plot of the fraction of financial assets in equity in two
different yearsfor a sample of people. Each plot depicts the po-
sitions of a person in the sample in 1989 and in 1994. The plot
for a person with the same equity sharein the two yearsfdlson
the 45-degree line. The large number of plots that are far from
that line establishes that between these two years, many people
made large changes in the share of their portfolio in equity.

We assumed that tax rates on dividends and interest were ef-
fectively zero. Corporations do pay taxes on capita income. But
taxes on dividends and redlized capitd gains from the sale of
corporate equity are not taxes on corporate capital income. Peo-
ple can avoid taxes on dividends and capital gains by managing
their portfolios in such away that gains are unrealized capitd
gains. Dividends paid to pension funds, which now own half of
corporate equity, are not subject to the persond income tax.
Similarly, pension funds' redlized capitd gains from the sae of
corporate equity are not taxed. There are dso tax-managed mu-
tual funds, introduced in the mid-1990s, which are used to mini-
mize taxes and financia fees while alowing people to hold
well-diversified portfolios*

Appendix B
A Primer on Asset Pricing Under Uncertainty

Herewereview the conceptsthat underlie standard asset pricing
theory. A key idea is that consumption today and consumption
in some future period are treated as different goods. Relative
prices of these different goods are equal to people’s willingness
to substitute between these goods and businesses' ahility totrans-
form these goods into each other. In this gppendix, we work
through three smple examples to illustrate this point.

We begin with asimple environment with neither capital ac-
cumulation nor uncertainty (Example 1). There is only firm-
specific uncertainty that averages out over the economy and con-



sequently introduces no aggregate uncertainty. In this economy,
thevaue of firm equity equal sthe present value of expected firm
payouts, and all assets have the same expected return.

Next, we add economywide uncertainty that givesriseto un-
certainty inconsumption (Example2). Now expected returnsdif-
fer across assets. An asset that makes releively large payments
when consumption is high will have a higher expected return
than one that has relatively large payouts when consumption is
low.

Finally, we add capital accumulation opportunities by adding
a storage technology that can transform the period t consump-
tion good into the period t + 1 consumption good one-for-one
(Example 3). This technology specifies the ability of people to
transform goods in some period into goods in some other pe-
riod. The addition of this storage technology has mgjor conse-
quences for the value of firm equity and for average returns. An
implication of this is that when we derive the implications of
theory for the pricing of assets and determine the behavior of
asst returns, we must explicitly model the ability of people to
subdtitute as well as their willingness to do so.

Willingness to Substitute

Established theory describes the willingness of people to sub-
stitute consumption goods across periods in the following way.
The economy has a large number of households that maximize
expected discounted utility,

(B u(c) +Bu(cy) +Bu(c) + ... + BTu(G) + ..

where u is a function determining the level of utility, c is con-
sumption, and the parameter 3 is positive and lessthan one. The
parameter (3 describeshow impatient householdsareto consume.
If B issmall, people are highly impatient, with a strong prefer-
ence for consumption now versus consumption in the future.
These households live forever, which implicitly means that the
utility of parents depends on the utility of their children. In the
redl world, thisistrue for some people and not for others. How-
ever, economies with both types of people—those who care
about their children’s utility and those who do not—have es-
sentidly the same implications for asset prices and returns.*
Thus, we use this smple abstraction to build quantitative eco-
nomic intuition about what the returns on equity and debt should
be. The function u(c) is increasing [U'(c) > O], but at an ever-
decreasing rate [u”(c) < Q].

In empirica work, constant relative risk averson istypicaly
assumed. This means that if a household will accept a gamble,
then that household will accept that gambleif both itswealth and
the gamble amount are scaled by a positive factor. For our pur-
poses here, we use u(c) = log(c), which empirically is not abad
representation of people’s aggregate willingness to substitute.
With this utility function, an individud is indifferent between a
gamble that provides a 50-50 chance of either $10,000 per year
consumption or $20,000 per year consumption and acertainty of
consumption of $14,142. Thisindifference can be expressed as

(B2)  0.5l0g(10,000) + 0.510g(20,000) = log(14,142).

Since the logarithmic utility function displays constant relative
risk aversion, this equaity holdsif the three consumption levels
are scaled by any factor.

Three Examples

ExampLE 1. No Aggregate Uncertainty and
No Ability to Transform Goods

Assume firgt that the economy has one firm for every ten
households. Each firm produces 100 units of output with prob-
ability 0.5 and 0 units with probability 0.5. These outcomes are
randomly distributed across both firms and time. With a large
number of firms, then, output per firm in every period is 50, and
output per person is 5. With the assumed utility function, the

wesdlth distribution does not matter for the pricing of assets, so
for amplicity, assume that everyone owns an equal share of ev-
ery firm.

Equilibrium consumption of every household is5 unitsevery
period. Consumptionsin different periodsare different commod-
itiesand have different prices. In any particular period, the equi-
librium price of the consumption good ¢, is

(B3) p,=pB.

Because of household impatience, consumption in the future has
alower price than consumption today.

These prices can be used to vaue a firm. With no aggregate
uncertainty, the ex-dividend value of afirm for this economy is
the present value of its expected payouts. Note that firm-specific
randomness does not matter; just the expected distribution mat-
ters. If afirm has a digtribution of 1,000 with probability 0.05
and adigtribution of O with probability 0.95, then this firm has
the same value as afirm with a certainty distribution of 50. The
reason thisis so is that households can diversify away firm risk
by holding a smal share of alarge number of firms. Thus, the
value of afirmis

(B4) v, =50p, +50p, + 50p; + ... = 50B/(1-P).

If Bis0.95, then afirm’'s vaue is 950. The return on equity is
the expected dividend per firm, 50, divided by a firm's vaue.
Conseguently, the real return on equity is 5.26 percent.

The one-period red interest rate in this economy isr, =
P/Pr+1 — 1, or 5.26 percent. Thus, in this economy with no ag-
gregate uncertainty, returns on debt and equity are equd.

EXAMPLE 2. Aggregate Uncertainty and
No Ability to Transform Goods

Now assume that the economy has some aggregate uncertainty,
enough to make the premium for holding equity about 5 per-
centage points. In order to introduce this aggregate uncertainty,
assume that the probability of good times is 0.5 and so is the
probability of bad times. These probabilities are independent
over time. The Situation is just as if each period a fair coin is
tossed, and if it comes up heads, there are good times,; if it
comes up tails, there are bad times. In good times, the probabili-
ty of afirm producing 100 units of the consumption good is
two-thirds, and the probability of O output is one-third. In bad
times, these probabilities are reversed. In good times, output per
household is 6.67, and in bad times, it is 3.33. Since good and
bad times are equally likely, expected output per household in
future periods is 5 units, as in the previous example.

However, for this example, aricher class of commodities is
needed. Consumption in period t has a different price if times
are good than if times are bad. In bad times, consumption is
lower, and people value an additiona unit of consumption more.

So consumption must be indexed by period and by the na-
ture of the times. Consumption in period t is ¢y if times are
good and ¢ if times are bad. With prices given, the value of
the firm in period t, conditional on the sates=Dbor g, is

(B9 vy= Eim[p@ﬁ (Expected Payout Given ¢)
+ Py, (Expected Payout Given b)]/p.

Now the ex-dividend vaue of a firm in period O if the state is

sis

(B6) Vg = [Py66.7 + Py 333 + pyp6.7 + pp33.3 + ...] /g,
But what is the appropriate set of equilibrium prices? The

price of consumption will be higher in bad times than in good
times. With the assumed utility function, the prices are

(B7)  py =P andpy = P2



These price relaions are obtained by equating margina rates of
substitution to the corresponding goods' price ratio.

The ex-dividend values of a firm in terms of that period's
consumption good are v, = 633 and v, = 1,267. The effect of
adding aggregate uncertainty, then, is to raise the vadue of the
firmin good timesand lower it in bad times. The average return
on equiity is now 11.67 percent, which is more than double the
return with no aggregate uncertainty.

We turn now to the return on debt. The price of ared hill
if the dateissis

(B8  as=B(py*ny)/(2py).
Thus, the risk-free interest rates are
(B9 r,=1lg, -1

From these equations, the risk-free interest rates are ry, = r, =
40.35 percent and ry, = r, = —29.82 percent. The average risk-
free interest rate is —0.76 percent, which is far less than the
average return on equity. In this economy, the average equity
premium, that is, the difference between the average returns on
debt and equity, isover 12 percentage points. Without aggregate
uncertainty, the equity premium is 0.

ExaMPLE 3. Aggregate Uncertainty and

the Ability to Transform Goods
Now add to Example 2 the feature that goods can be stored. By
storage, one unit of the period t good can be transformed into
one unit of the period t + 1 good. Negative storage is not fea-
sible. The ability to intertempordly transform goods dramati-
cdly reduces the premium for holding equity.

For this economy, equilibrium values of assetsand consump-
tion depend not only on whether times are good or bad, but aso
on the stock of stored goods. With this complication, computing
the average returns on debt and equity requires the use of a
computer. But we can sketch the intuition behind the calcula
tion.

In this economy, people save in good times and draw on
savingsin bad timesin order to smooth consumption over time.
As aresult, returns on both debt and equity are lower than they
would be otherwise. In fact, the average returns over long pe-
riods of time are 3.62 percent for debt and 5.28 percent for eg-
uity. For this economy with a storage technology, the average
return on debt isactualy higher than that for the economy with-
out the storage technology, and the average return on equity is
lower. This example establishes that any theory of debt and eg-
uity returns must model people’s ability to transform consump-
tion over time as well as people’s willingness to substitute con-
sumption over time.

The finance approach to asset pricing could be gpplied to
this economy. Then the first step in determining the value of the
stock market isto determine an appropriate list of commodities,
the second step is to find payments of each of these commodi-
tiesby firms; and the third is to find the prices of the commodi-
ties.

The needed list of commoditiesis asfollows. Thefirst three
commodities—namely, contracts to deliver the period O con-
sumption good, the period 1 consumption good if times are
good, and the period 1 consumption good if times are bad—are
the same as when the economy has no storage technology.
However, in period 2, there are four, not two, event-contingent
commodities. Thisis because people on the margin value a unit
of consumption in period 2 differently if times were bad in pe-
riod 1 than if they were good in period 1. This is true because
the equilibrium consumption levelsare different. A consequence
of this fact is that the period 2 commodities must be jointly
indexed by the nature of the timesin period 1 and the nature of
times in period 2. In generd, period t commodities must be
indexed by the nature of the timesin periods 1 through t. Con-

sequently, there are 2' period commodities. With this expanded
commodity space, the present value calculations work just as
they did for the Smpler environment considered previoudly.
For this set of commodities, the problem is to find the pe-
riod- and event-contingent consumptions and prices for which
al markets clear. The smplest way to find these quantitiesisto
exploit theinvisible hand result that the competitive equilibrium
consumptions maximize welfare. We use standard computation-
a methods to find consumption as a function of inventories x
and the current gtate s, which is either g or b. This function is
denoted c,,; = c(X,9). Next period’s stock of inventoriesis, then,

(B10) Xy = h(Xu1,8) = X, — CX.8) + §-

If the current state of the economy is (x,s), then the interet rate
is given by

(B11) r(x,9 = Box,9)/c(hx,9) — 1.

Standard computational methods can be used to find the value
of the stock market as a function of the state or position of the
economy, V(x,s). Thefunction v satisfies the functional equation

(B12) v(x,9 = c(x,9{0.53[v(X,b) + c(x'b)]/c(x',b)}
+ c(x9{ 0.58[v(x,g) + c(x .g)]/c(x )}

where X' = h(x,9) is next period's inventory stock.

Again, the introduction of a storage technology reduces the
average return on equity from 11.67 to 5.28 percent, while its
introduction increases the return on debt from —0.76 percent to
3.62 percent. (See the accompanying table for asummary of the
results)) This establishes that the nature of the technology—that
is, the ability to transform goods into each other—matters for
vauing assets and determining their returns.

Appendix C
Adjustments to the NIPA Data

In this appendix, we describe in detail the adjustments that we
meade to the data from the U.S. Department of Commerce be-
fore we compared these data to our model’s estimates. These
adjustments are reported in Table 1.

The Data
On the left sSide of Table 1, we report average values for in-
come, product, and capital stocks of the United States during
1990-99. The table firgt lists the accounting concepts of the na-
tiona income and product account (NIPA) data. For each con-
cept, we report average values reltive to GNP, Thus, GNP is
normaized to 1. Notice also that the sum of the value added for
the corporate and noncorporate sectors is equa to GNP,

Corporate income is domestic income of corporations with
operations in the United States. (See U.S. Commerce, various
dates, NIPA Table 1.15.) Noncor porate income isthe difference
between gross nationa income (NIPA Table 1.14) and corpo-
rate income. Thus, noncorporate income includes income of
households, the government, noncorporate business, and foreign
subsidiaries. For compensation in the noncorporate sector, we
include total employee compensation and 80 percent of pro-
prietors income. Profits of the noncorporate sector include prof-
its of foreign subsidiaries, renta income, and 20 percent of pro-
prietors income.

Total product isthe sum of private consumption, public con-
sumption, and investment (NIPA Table 1.1). Investment in-
cludes fixed investment and the change in private inventories.



Totd investment is the sum of investment in the three types of
capital—measured corporate, unmeasured corporate, and non-
corporate. We include net exports in noncorporate investment
since production in the rest of the world is included in our
mode’s notion of noncorporate production.

Capital stocks are midyear stocks of corporate capital, mea-
sured and unmeasured, and noncorporatecapital. (SeeU.S. Com-
merce, various dates, Fixed Asset Tables 7 and 9.) These stocks
correspond to the investments listed in the product section of
Table 1.

Adjustments

Ontheright Sde of Table 1, we provide descriptions and val ues
of the adjustments that we made to the data in order to make
them consistent with our theory. We now describe each adjust-
ment.

The NIPA datainclude sales taxesin the measure of private
consumption. In our mode, wetreat consumption as pretax, and
therefore, we subtract sales taxes from both the income and the
product sides of the accounts. On the income side, the NIPA
data include sales and excise taxes in indirect business taxes,
0.57 of GNP in corporate income and 0.022 in noncorporate
income. We estimate that of the 0.079 of GNP that istota in-
direct business taxes, 0.047 of GNP is sdes or excise taxes—
0.037 in the corporate sector and 0.010 in the noncorporate sec-
tor. We attribute the remainder to property taxes. These property
taxes appear in the column of adjusted average values.

The NIPA data do not include a measure of intangible in-
vestment because this type of investment is expensed. We es-
timate it to be 0.019 of GNP. We include an estimate of in-
tangible investment in our notion of GNP because it raises both
after-tax corporate profitsand unmeasured corporateinvestment.

We make an adjustment to net interest in both the corporate
and noncorporate sectors. We subtract the part of financia ser-
vices purchased by businesses that we estimate consigts of in-
termediate financial goods. The U.S. system of nationa income
and product accounting treats net interest of financia intermedi-
aries as purchases of services by the lender, typicaly, the house-
hold. The United Nations system of accounting treatsit, instead,
as purchases of services by the borrower. Thus, inthe U.N. sys-
tem, no entry for imputed interest is made, o imputed interest
and consumption services are lower. Here, we compute lenders
(borrowers') purchases of financia services as the product of
the short-term interest rate less interest received and the amount
loaned (borrowed).

We assume that al of the NIPA net interest in the corporate
sector, totding 0.015 of GNP is intermediate services, and we
subtract it. We assume that only part of the net interest in the
noncorporate sector is intermediate. Net interest in the noncor-
porate sector is equa to 0.042 of GNP, Of this vaue, we esti-
mate that 0.022 of GNP is intermediate, and we subtract that
from noncorporate income. The remainder of noncorporate net
interest isincluded in noncorporate profits. Most of the 0.022 of
GNP adjustment is for services implicitly purchased by home-
owners with mortgages. It is the difference in interest paid by
people with mortgages and the interest received by households
lending to those financia inditutions issuing mortgages. The
adjustment that we make on the product side is to lower con-
sumption services. We lower it by the sum of the adjustments
to the corporate and noncorporate sectors on the income side
(0.015 and 0.022 of GNP), which is 0.037 of GNP,

Consumer durables are trested as private consumption in the
NIPA data and as invesment in our model. Therefore, we add
to the NIPA data the depreciation of consumer durables. For the
199099 period, the average depreciation of consumer durables
was equd to 0.063 of GNP. We add this depreciation to non-
corporate capital consumption on theincome side and to private
consumption services on the product side. Thisisthe procedure
used for housing services which are included in the NIPA data.

Because profits of foreign subsidiaries are part of rest-of-
world profits, and therefore noncorporate profits, we add an es-
timate of the capitd of these foreign subsidiaries to noncorpo-
rate capital. Our estimate of the capitd in foreign subsidiaries
is 0.294. To make the depreciation and investment of the non-
corporate sector comparable to the capita stock, we add in de-
preciation and net investment for the foreign subsidiaries. De-
preciation is added to noncorporate capital consumption on the
income side and to noncorporate investment on the product side.
Net investment is added to noncorporate investment and sub-
tracted from private consumption, so that the total product does
not change. Our estimate of the depreciation of foreign subsid-
iary capitd is 0.016 of GNP, Our estimate of net investment is
0.009 of GNP, In making these estimates, we assume that de-
preciation rates and growth rates are the same a home and
abroad.

We add to noncorporate profits our estimates of the vaue of
imputed capital servicesto government capita and to consumer
durables. For the NIPA data, a zero percent interest rate is used
to impute services to government capital. We instead use the av-
erage return on capital in the noncorporate sector. Our estimate
of thisreturn is 4.08 percent. Thus, our estimate of imputed ser-
vices is this rate times the net stock of government capita
(0.592 of GNP) plus the net stock of consumer durables (0.287
of GNP). Imputed services, therefore, are equa to 0.024 of
GNP for government capital and 0.012 of GNP for consumer
durables, or a total of 0.036 of GNP. So that income equas
product, we add the value of imputed services to government
capita both to profits in the noncorporate sector and to govern-
ment consumption. In the NIPA data, consumer durables are
treated as consumption. We instead treat them as investment
and impute services to these durables. These imputed consumer
durable services are added to prdfits in the noncorporate sector
and to private consumption.

Wemake severa adjustmentsto the capital stocks. Thevaue
of measured capital is0.821 of GNP, Thisvauedoesnot include
the vaue of inventories or land. A vaue for inventories is,
however, available in the NIPA data (Table 5.12). The vadue of
inventoriesis0.161 of GNP, Thevaue of land isnot included in
the NIPA data, but it is available from the Federa Reserve
Board of Governors for land owned by nonfinancial corporate
businesses (FR Board, various dates). The difference between
red estate values reported by the Fed and in the NIPA datais
0.060 of GNP. Thus, our estimate for the value of corporate
capitd, including inventories and land, is 1.042 times GNP,

We make one more adjustment to the corporate capitd
stock: Weinclude an estimate of the unmeasured intangible cap-
ital. That estimate is 0.645 of GNP,

Appendix A

*For an ingghtful discussion of taxes and how they can be avoided, see Miller
1977.

Appendix B

*Which environment one uses sometimes matters for the average returns. Baby
boomers' saving for retirement, for example, may lower expected returns on al finan-
cial securities, but it haslittle effect on differences in average returns on debt and eg-
uity (Congtantinides, Donaldson, and Mehra 1998).
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The Value of U.S. Corporate Equity

Ratio of Corporate Equity to Gross National Product
Annually, 1946-51; Quarterly, 1952—2nd Quarter 2000
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Table 1
Adjustments to the NIPA Data
Ratio of Each Item With Gross National Product, 1990—99

Average Adjusted
NIPA Concept Value Adjustment (and Its Value) Average Value
Income  Corporate Sector
Compensation 378 378
Indirect Business Tax 057 — Sales & Excise Taxes (0.037) 020
Capital Consumption .069 .069
Profits
After-Tax Profits 047 + Unmeasured Intangible Investment (0.019) .066
Profits Tax 026 026
Net Interest 015 = Intermediate Financial Services (0.015) .000
Value Added 592 559
Noncorporate Sector
Compensation 246 246
Indirect Business Tax 022 — Sales & Excise Taxes (0.010) 012
Capital Consumption 054 + Depreciation of Consumer Durables (0.063) 133
+ Depreciation of Foreign Subsidiary Capital (0.016)
Profits 044 + Net Interest (0.042) 100
= Intermediate Financial Services (0.022)
+ Imputed Capital Services (0.036)
Net Interest 042 — Net Interest (0.042) .000
Value Added .408 491
Total Income 1.000 1.050

Product  Consumption
Private 588 — Sales & Excise Taxes (0.047) 570
+ Depreciation of Consumer Durables (0.063)
+ Imputed Capital Services (0.012)
= Intermediate Financial Services (0.037)
= Net Investment of Foreign Subsidiaries (0.009)

Government 156 + Imputed Capital Services (0.024) 180
Investment
Corporate 100 100
Noncorporate 156 + Depreciation of Foreign Subsidiaries (0.016) 181
+ Net Investment of Foreign Subsidiaries (0.009)
Unmeasured Corporate 000 + Unmeasured Intangible Investment (0.019) 019
Total Product (GNP) 1.000 1.050
Capital
Stocks*  Corporate
Measured 821 + Inventories (0.161) 1.042
+ Land (0.060)
Unmeasured .000 + Unmeasured Capital (0.645) 645
Noncorporate 2.153 + Net Capital of Foreign Subsidiaries (0.294) 2447
Total Capital Stocks 2.974 4134

*Stocks are midyear.
Sources: U.S. Commerce 2000, various dates; FR Board, various dates




Table 2
Steady-State Values for the Model
Ratio With GNP, Except Where Noted Otherwise

Category Value Formula
Income Corporate Sector
Compensation 378 wn,
Indirect Business Tax 020 Tokin
Capital Consumption 069 S,k
Profits 092 (M8 T + 1K,
Value Added 559 DY
Noncorporate Sector
Compensation 246 wn,
Indirect Business Tax 012 Tk,
Capital Consumption 133 3,k
Profits 100 (r=8,~T,)k
Value Added 491 DY,
Total Income 1.050
Product Consumption
Private* 544 c
Government 180 g
Investment
Corporate 100 Xim
Noncorporate* 207 X,
Unmeasured Corporate 019 Xy
Total Product (GNP) 1.050 C+Xpt+ X+ X, + 0
Capital Stocks Corporate
Measured 1.042 k.,
Unmeasured 645 k,
Noncorporate 2447 k,
Total Capital Stocks 4134
Total Hours Worked (% Productive Time)t 25.0 n+ 0,
Growth Rates (%)t Technology 20 v
Population 1.0 mn
Tax Rates (%)t Profits
Corporate 356 T,
Noncorporate 0 T,
Property
Corporate 1.9 Ti
Noncorporate 5 Ty
Consumption 8.6 T,
Labor 25.0 T

*In a steady state of the model, gross investment is equal to depreciation plus the change in capital.
To make noncorporate investment consistent with the observed stock and depreciation of the non-
corporate sector, we increased it slightly (from 0.181 to 0.207). In order to leave GNP unchanged,

we lowered private consumption by an equal amount (from 0.570 to 0.544)
1The values used in the model are these percentages divided by 100.




Table 3
Derivation of Parameters From the Steady State

Parameter Derivation Value
Depreciation Rates
Corporate
Measured 3., = X, /K, — [(1+y)(14m) — 1] 066
Unmeasured 3., = X, /K, — [(1+y)(14m) — 1] .000
Noncorporate 8, = %,/k — [(1+y)(1+n) — 1] 055
Capital Shares
Corporate
Measured &, =1,k /(D)) 217
Unmeasured &, = nk, (0, 5) 047
Noncorporate 0 = r,k/(D.y,) 499
Final Good Technology
Elasticity of Substitution* 1/(1-p) 333
Relative Weights /(=) = Dy oDy, ) 223
Scale Factor A= ylwyr+ (1—p)y,e1% 1.418
Utility Function
Risk Aversion* o 1.500
Discount Factor B = (1+y)7/(1+) 1990
Weight on Leisure Y = (1=, )w(-n-n,)/[(1+7,)cl 2377

*These parameters are not pinned down by steady-state values.




Table 4
Stochastic Model Parameter Values

Economy Parameter Value
Baseline Preferences o =15 =099 =2377
With Only
Technology Shocks Technology p=-2pn=0182
Depreciation Rates d,,=0.066, 8,,=0, 8,=0.055
Capital Shares b,=0.277, &,=0.047, 0 = 0.499
Growth Rates v=0.03,m=0.01
Average Tax Rates 7,=0.356, 7,=0

7= 0019, 7,,= 0.005
7,=0.086, 7,= 0.25

Technology Shocks Ee,=0, Ee2=0.013
Adjustment Cost b=012
With Other Shocks Shacks to Technology and
As Well* Labor Tax Ee2=0.01
p,=0.95, Fe? = 0.01?
b=015
Corporate Capital Share Ee2=0.011°
p,=0.95, Fe?, = 0.006¢
b=31

Labor Tax and
Corporate Capital Share Ee2=10.007

p,=095, Fe’=0.01°
p,=0.95, Fe,= 0,006
b=31

*All innovations have a zero mean.




Table 5
Predictions of the Model

Average Returns

Average Ratio of Premium
Corporate Equity Equity (%) Debt (%) (% points)
Model Version to GNP (1) ) 1)-()
Deterministic Version 1.84 4.08 4.08 0
Stochastic Versions With Shocks to
Technology Only 1.85 410 407 03
Technology and
Labor Tax 1.85 4.09 4.08 01
Corporate Capital Share 1.85 4,08 4.07 01
Labor Tax and Corporate Capital Share 1.85 407 4.07 0




Table A1
Balance Sheet of U.S. Households

Ratio of Each Item to GNP

Item Average 1946-99 1999
Assets 3.96 5.29
Tangible Assets 210 1.99
Corporate Equity 69 1.84
Debt 1.17 1.46
Liabilities 46 74
Net Worth 3.50 4.55

Source: FR Board, various dates




Table A2
Financial Assets of Pension Funds
Ratio of Each Category With GNP in 1999

Category Ratio
Total Pension Fundst 1.47
By Type of Plan
Defined Contribution* b4
Defined-Benefits 52
Public Defined-Benefits A
By Type of Asset**
Equity .63
Debt 57

tWe consolidate pension fund reserves and life
insurance reserves.
*This figure includes IRA and Keogh assets.
**These figures do not include IRA and Keogh assets.
Source: FR Board, various dates




Evidence of Portfolio Shifting

Percentage of Individual Financial Wealth Held as Stocks
by a Sample of U.S. Investors in 1989 and 1994
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Source: Vissing-Jargensen 2000




Average Asset Returns for Examples

Economy With Uncertainty and

Economy With
No Uncertainty ~ Without Storage With Storage
Type of Return (Example 1) (Example 2) (Example 3)
Average Return (%) on
Equity 5.26 11.67 5.28
Debt 5.26 —.76 3.62

Equity Premium (% points) 0 12.43 1.66




