Discussion Paper 13

Institute for Empirical Macroeconomics
Federal Reserve Bank of Minneapolis
250 Marquette Avenue

Minneapolis, Minnesota 55480

May 1989

THE RELATICNSHIP OF FIRM GROWTH AND Q WITH MULTIPLE CAPITAL GOODS:
THEORY AND EVIDENCE FROM PANEL DATA ON JAPANESE FIRMS

Fumio Hayashi Tohru Inoue
Institute for Empirical Department of Commerce
Macroeconcmics and Yokohama National University,
University of Pennsylvania Japan
ABSTRACT

We develop a Q model of investment with multiple capital goods that delivers a
one-to-one relation between the growth rate of the capital aggregate and the
atock market-based . We estimate the growth-Q relation using a panel of over
gix hundred Japanese manufacturing firms taking inte account the endogeneity
of Q. Identification is achieved by combining the theoretical structure of
the Q model and an assumed serial correlation structure of the technology
shock that comprises the error term in the growth-Q relation. The Q variable
is significantly related te firm growth. Much, but not all, of the apparent
explanatory power of cash flow disappears if its endogeneity is corrected
for. The estimated Q coefficient is not implausibly small if the growth rate
of the capital aggregate contains measurement error.
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1. INTRODUCTION AND SUMMARY

This paper uses a panel of several hundred Japanese manufacturing firms
to estimate the investment-Q relation. The investment-Q relation is a first-
order condition for the firm’s dynamic optimization with adjustment costs and
states that the marginal adjustment cost of investment be equal to the shadow
price of capital. For competitive firms under constant returns to scale, this
relation is operational because the unobservable shadow price ig directly linked
to the stock market valuation of existing capital {Lucas and Prescott {1971) and
Hayashi (1982)), which allows one to estimate the parameters that characterize
the adjusiment cost function. The estimated paramelers are structural in Lucas’s
gense: they are invariant to the structure of the environment faced by the firm
becausge it is fully captured by the shadow price.

Despite its considerable theoretical appeal, empirical performance of the
investuwent-Q relation has been disappointing. BStudies based on aggregate time-
series data include von Furstenberg (1377) and Summers {1981} for the US, Poierba
and Summers (1983) for the UK and Hayashi {1985) for Japan. Studies using micro
data are relatively few, probably because of the non~trivial nature of tax
adjustments to be applied to each individual firm. Most recent micro studies
{which are predated by the first draft of the paper) include Blundell, Bond,
Devereux and Schiantarelli {1987) for the UK and Fazzari, Hubbard and Pelersen
{1988) for small US firms and Hoshi and Kashyap (1987) for Japan. A consensus
result thut emerges from the existing empirical studies is that @ is at best one
of the few significant explanatory variables for investment. The Q coefficient
is implausibly small, while other variables like output, profits or cash flow

often proves to be more strongly associated with investment. We think that it




ig yet too early to discredit the model of dynamic optimization with adjustment
costs under perfect competition -- upon which the investment-Q relation is based
-~ for a couple of reasons. First, with a possible exception of Blundell et.
al. (1987), the existing studies do not seem to have carefully examined poseible
biasses due to the fact that @ is endogenous. As %e will argue in section 4 and
is summarized below, the Q model predicta that ordinary least squares ghould find
variables like cash flow and output to be significant if added to the investment
equation along with Q. Second, the @ model that has been estimated does not
explicitly incorporate multiple capital goods. There are as many shadow prices
as there are capital gocds. The stock market valuation of the firm is an average
of those shadow prices. Only under a set of very stringent assumption there
exists a relationship between the =zum of nominal investments and the stock
market-based @ which iz independent of the composition of investments.!

These two issues are fully addressed in the paper. Instead of assoclating
the sum of investments to @, we construct a2 @ model with multiple capital goods
in which adjustment costs are related not to individual investments but to the
growth rate of a scalar aggregate of multiple capital goods. This delivers a
one-~to-one relation between the growth rate of the capital aggregate and the
stock merket-based @. Furthermore, since no adjustment costg are incurred in
re-shuffling the composition of capital stocks holding constant the growth rate
of the capital aggregate, our @ model inherits a basic implication of the Jorgen-
sonian neoclassical investment theory without adjustment costs that the marginal

rate of substitution between different capital goods is the ratioc of their user

! The conditions derived by Wildasin {1984) include fixed prices of capital
goods over time and separable but identical adjustment cost functions across
capital goods.




costa of capital, which implies that the capital aggregsate in our Q model is
precisely the quantity index of capital inputs routinely calculated in the
literature on productivity growth {see Jorgenson (1984) for a review) using the
user costs of capital as weights.2

Our Q model with multiple capital goods is confronted by micro data on
geveral hundred Japanese mapufacturing firms listed on the Tokyo Stock Exchange
over & ten year period from 1977 to 1986. Our data set has g few distinctive
advantages. There is a breakdown of investment expenditure between several asset
types, which makes it possible for us to carry out an explicit index number
construction. Unlike most wegtern countries, mergers and acquisitions are quite
few in Japan. 1In 1977 there were 942 manufacturing firms listed on the Tokyo
Stock Exchange. Only 62 of them failed to be listed throughout the period due
to mergers and bankruptcies. Thus there is very little attrition bias. The
virtual lack of mergers and acguisitions also means that almost all the firms
in the sample grew at the same margin -- through internal expansion, not through
acquisitions. Furthermore, the unit of observation is a listed [irm defined by

! The @ model is arguably bhetter suited to this smaller

unconsolidated accounts.
unit than t¢ a whole of a collection of companies headed by a parent company.
The issue of endogeneity of @ is taken seriously in our estimation of the

firm growth-Q relation. The error term in the growth-Q relation is a shock to

the profit function, and this shock, besides its direct impact on output and cash

! 1n the productivity literature the eguality of the marginal productivity
of capital and the user cost of capital is used for the index number construc-
tion. To justify the index number, all that is necesgsary is that the marginal
productivity be proportional to the user cost of capital acrose capital goods,
the condition satisfied in our @ model.

3 For example, our sample includes Toshiba, Toshiba Machine, and Toshibsa
Kokan. There are eight Hitachi’s and thirteen Mitsubishi’s in the sample.
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flow, would affect a wide range of variables pertaining to the firm including
Q. This consideration rules out the use of "extraneous" instruments. We achieve
identification by combining the structure of the @ model and an assumed serial
correlation structure of the error term. We eliminate the permanent component
of the error term by taking first differences of the growth-@ relation, while
correlation of the temporary component with @ is circumvented by the use of
lagged (and for some cases future) endogenous variables as instruments.

Our empirical results are on the whole favorable to the Q@ model. The @
variable is significant in the estimated growth-on-Q equation that passes our
diagnostic checking, If cash flow is included in the eguation, it is significant
but less so than the @ coefficient and accounts for a much smaller fraction of
the crosg section variation of the firm growth than Q does. The only puzzling
feature of our estimated Q model is that the estimated Q coefficient is so small
that the firm growth generates 2 large variation in the level of adjustment
costs which on average is far higher than the size of cash flow. However, much
of the variation can be due to measurement error in the growth rate of the
capital aggregate., Indeed, if we attribute all the temporary component of the
disturbance to the growth-Q relation to measurement error in the growth rate,
about two-thirds of the cross section variance of the growth rate is due to
measurenent error. But it still is the case that the @ coefficient is too small
because the level of adjustment costs attributable to the true value of the firm
growth rate is on average slightly higher than cash flow.

The organization of the paper is as follows. BSection 2 is a theoretical
section where ocur @ model with multiple capital goods is presented. Measurement
and econometric issues are discussed in sections 3 and 4, respectively. Section

D reports our empirical results.




2. A Q@ MODEL WITH MULTIPLE CAPITAL CGCOoOODS

We consider a standard discrete-time, stochastic model of the firm'’s value
maximization with adjustment costs. It is well known that for the casgse of single
capital good there is a one-to-one relation between investment and "average Q"
(Hayashi {1982)). Here we generalize it to the case of n capital goods. The

firm ie assumed to maximize its value Vﬁ

«©
(2.1} Vi =E{ T By, ¥ L {1~y ) [OPy ¥R By +Nyy o Ny o By o By ) = DEPyy]
J..-..
n
- I PK; ¥ gt 3
i=1
Bubject tO Ki’t{_‘]‘*l = (1_6i)*(Ki't+j + Ii1§+j) (i=1gnu,n),

where K; = (KR""KM) is an n-vector of capital stocks, Ntis an n-vector of net
investments, OP, is the price of the firm’s output, PK;; is the price of the i-
th capital good, p, is a vector of real factor prices, I;, is gross investment in
the i-th capital good, &; is the physical depreciation rate for capital gocd i,
T is the corporate tax rate, DEP is depreciation write—offs for tax purposes on
past investments, E, is the expectations operator conditional on the time t
information set, and th is the {possibly stochastic and time-varying)} discount
factor applicable in period t to j-period-ahead payoffs with Bho = 1 and th =
Bhl*"'*ﬁﬁidJ' The profit function F does not explicitly involve variable inputs

(energy, labor, material inputs)} becauwse they are already maximized out.! The

! Let L be the vector of variable factor inputs and G{K+N,L,N} be the
production function defined over the capital stock, variable factor inputs, and
net investment. Then nominal profits equal (1-t)*0P*[G(E+N,L,N)-pL]. The profit
function F is the maximized value of the expression in brackets over choices of
L. The maximized value F depends on real factor prices which is given to the
firm.




vector of net investments ¥, enters F with negative partial derivatives to
represent adjustment cost in changing the capital stocks. The term u represents
a technology shock to the profit function. Note the timing convention adopted
here. Current investment without any lags starts contributing to current produc-
tion {which is indicated by the fact that production in period t depends on Kig
= K + Nt)’ albeit with adjustment costs.’ Current investment also starts
depreciating immediately as they are emploved in production, so that the

relationship between net investment N; and gross investment I is:
(2-2) Nlt = Iit - 61*(Ilt + Klt) or Iif‘. = (Nit + slﬁlt)/(l“&[).

Ag noted in Hayashi (1982) the expression for the value of the firm can

be broken down to two parts:
(2-3) Vt = th + At,

where A is the expected present value of tax savings due to depreciation
allowance yet to be claimed on past investments, and W, is the value of the firm
evaluated at tax-adjusted capital goods prices:

o0
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 As shown below, this timing specification implies that current investment
is related to the beginning of the periocd Q. On the other hand if there ig a
one-period lag between investment and production, current investment is related
to the end of the period Q. In our data current investment is much more strongly
correlated with the beginning of the period @ than to the end of the period Q.
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where Zi¢ is the expected present value of tax savings due to depreciation
allowances on one dollar of investment in the i-th capital good in period t.
Since A; is given to the firm in period t, the value maximization amounts to
maximizing W, subject to the capital accumulation constraint K = B + Ni. The
current state consisis of the vector of initial capital stocks ¥; and a first-
order Markov process {Bt} such that all prices and shocks (OP;, PK;, p,, Bt—l,l’ Tis
Zi, ut) are functions of s,. This vector s; is exogenous in that the firm, being
competitive, has no control over it. The current decision is the n-vector Ni.
The maximized value of W, is a function of the state (Kt,st).
Bellman’s equation associated with maximization of W, is:

n
(2-5} W(Kt,st) = max {(l-tt)*OPt*F(Kti-Ng,Nt,pt,ut} - .E (l—zlt)*PKiL*Ilt
£ i=1

t ELBy Wy (Ky+N dis 1)

Two sets of the first-order conditions can be derived. The first set is the
first-order conditions for maximization of the term in braces in (2.5} with
respect to Ni. The second set can be obtained from differentiating both sides
of {2.5) with reepect to K and using the envelope theorem. Let Q4 be defined
as

Wi (Rypm) - (1-2g )¥PK;,

(2.6) @y = (i=1,..,n),

where Wy; is the partial derivative of W{K,s) with respect to K;» Noting K, =

K, + Ny, we can write the two sets of first-order conditions as:

(2.7)  Fyy (R Npoppowy) + Fyy (Ko Npapyyuy = Iy + B(Bp 4@ pisy) = 0 (i=1,..,n0),




(2.8) @ = F{BypNoppw) — Iy + E(By oyQ; g1 8;) (i=1,..,n),

where Fy; is the partial derivative of F(KHI’Nt’pt’ut} with respect to KLtH and Fy;
is the partial derivative with respect to N;; (holding Ky = K; + N, constant),
and J;; is the Jorgensonian user cost of capital

(1~g;; )¥PK;y/(1-8;) = ELBy 1*(1-2; ¢y J¥PE; 47181

{(2.8) Jit = {(i=1,..,n},
(1‘ft)*OPt

and B&tﬂ is the one-period real discount factor:
(2- 10} ﬂE,“‘l = Bt,l*(l—rtﬂ)*OPL%I/[(l'-tt)*OPt}‘

Equation (2.8) says that Q;y is the present discounted value of the gap between
marginal productivity of capital and the user cost of capital. Subtracting {2.7)

from (2.8) we obtain:
(2.11} —Fsi(Km,Nt,pﬁ,ut) = QI. (i=1,..,n}.

This is 2 key egunation stating that the marginal adjustment cost be equal the
shadow price. Thus conditional on the initial capital stocks K;, real factor
prices p;, and the technology shock u;, there is a one-to-one relation between
net investments Ny and the shadow prices {Qn,..,Qn). Current investment is
related to the beginning-of-~the-period shadow prices because current investment
is supposed %o contribute to current profite which are reflected in the
beginning-of-the-period firm value.

If we assume constant returns to scale in production, so that
F(Kgﬁ%,ﬁt,ptn%) are linearly homogeneous in (K;,N;}, then it can be shown that

(see Hayashi (1982) for the single good case and Chirinko (1983) and Wildasin




(1984) for the multiple capital goods case}:G

n
n n i=1
(2.12) W(K{,sat} = .E Wﬁi(KﬂBt)Kﬁ, or ‘E QK = :
i=1 i=1 (l—tt)*OPt.

This says that an aggregate of unobservable individual Q“’s weighted by capital
stocks is linked to the financial market valuation W; of the firm. To make the
theory operational, then, we look for a set of restrictions on technology under
which there exists a one-to-one relation between this aggregate Q and some index
of firm growth. More specifically, assume that there exists a (linear homogeneo-

us) capital aggregator ®(K;} such that

(2.13) F(KHI:Ng:Pt)ut) = a(YL:Pt:ut)*q’(K“.I):
where
{Kyy) - (KD B(Kyyy) - @Ky -N;)
(2.14) y, = -
® (i) B(Kyyy)

is the growth rate of the capital aggregate.? Thus there are no adjustment costs

in substituting one capltal good for ancther given the growth of the firm size.

b 1o prove this, multiply both sides of (2.7) by N;; and aggregate over i,
and multiply both sides of (2.8) by i 14 and aggregate over i. Add them wp and
use the linear homogeneity of F. Theh use the capital accumulation constraint
Kyy = K; + N& and (2.58), (2.9) and (2.10) to show that the W, given by (2.12)
satisfies Bellman’s equation.

! Since K, = Kiyp - Ny ¥ is a function of Ky and N,. Another natural
definition of the growth rate is log(¢(KH1)) ~ log(®(K.)). Then the growth-Q
relation (2.15) below becones '“y(yt’pt’u Yexp(y) = Q. {n the empirical part of
the paper we will parameterize’ the le%t hand side of the growth-Q relation
{2.15). Our choice (2.14) for y gives the cleanest expression of the left hand
side as a function of y. As long ag o is written as a function of (R ) /(K,),
the results below go through.




We are now ready to state our main theoretical results.

PROPCSITION 1l: If the firm is competitive and if capital stocks enter the linear
homogeneous profit function through a capital aggregator &(.) as indicated in
(2.13), then there is a one-to-one relation between the firm growth v and a

scalar aggregate index Q:
{2.15) 'C‘T{Ytapt,ut) = Qt:

where a, iz the partial derivative of o with respect to ¥ (the negative of the

marginal adjustment cost)} and

n
RILTSE W = B (1-zj3 J*PR Ky
i=1 . i=1

(2.16) Q = = :

Furthermore, the marginal rate of subgtitution in the capital aggregate between
any two capital goods equals the ratio of their unser costs of capital, which in
turn is equal to the ratio of their @;'s:

& (%) 93,441 Q4
(2.17) -

& (K, ) Iir g Q¢

"

(i,i’=1, .s gn),

where @;(K;} ie the partial derivative of ®(K;) with respect to Kif»
PROOF: Under the assumed technology {(2.13), equation {2.11) becomes
(2.117) _Gy(yt.’ut)@i(Kt) = @ (i=1,..,n},

which, combined with (2.12} and the homogeneity property of the aggregator

function ®(.), implies (2.15). To show (2.17) we note that (2.7) becomes
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(2.77) lalyppw) + Cly(ytspt,ut)(I‘Yg)]q’i(Ktﬂ) - dy E(BR,E’:lQi,Hl:St) =0
{i=l,...,n}.

Shift time forward by one period in (2.11°) and substitute it into (2.7') to

obtain

(2.18)} Lalyspuy) + oy pyHuy ) (1-3) 195 (Kyyy)

= T3 = BIBp 1410 (Fps1oPrysugy) 18 1¥0; (K ) = 0 (i=1,..,n),

which implies the first equality in (2.17). The second equality is implied by

(2.11°}. | Q.E.D.

REMARK 1: ©Using (2.3} the scalar index defined in (2.16) is perhaps more

conveniently rewritten as

Py
{(2.19) Qt = (Qt -1k ——,
(l—tt)*OPg

where g, is the so-called (tax-adjusted) Ichin's g:

Vi - A
(2-20) qt = s

(1-2;; Y¥PK; ¥K;
1

LI . =)

i
and Py is the implicit price index for the capital aggregate defined by

n
(2.21) Py *®(K;) = ,fi(l"zit)*PKit*Kit'

We will refer to the asset-aggregated @ defined by (2.16) or (2.19) as the tax-

adjusted Q.
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REMARK 2: The second part of Proposition 1 is what makes the result operational.
Under some standard assumption about the next period’s capital good prices, the
user cost of capital is observable. Equation (2.17) implies that the marginal
productivity of capital is some factor times the user cost of capital and that
factor is common to all capital goods. Thus we can employ the standard theory
of index numbers to construct using the user costs of capital as weights a
discrete time series that closely approximates the capital aggregate &(K;)
without knowing the functional form for the capital aggregator &(.). The series
thus constructed is exactly the guantity index of capital inputs which is the

nzin variable in the literature on productivity growth.

The following result about the asset~aggregated @ will be of some relevance

in the estimation of the investment-@ relation (2.15).

PROPOSITION 2: The asset-aggregated @, is independent of the initiasl capital

stocks: @ = Q(st), where 8; is the exogenous state of the world.

PROOF: Multiply both sides of {(2.7°) by KLtH’ aggregate over i, and divide both
sides by ®(K,,)} = Z:Qi{KHI)KLLH’ and nuse (2.16) to obtain

n

RIRIDSRS]

i=1
(2.22} [ﬂ(Yﬁ:DLsut) + qy(YtsPtﬂ&)(l“yg)] - E(BLtHde:Bt) = 0.

@(Kyy)

Since by (2.15) ¥ is a function of Q, p;, and y;, the expression in brackets in
(2.22) is a function of Q, py, and w. Since &(.} is linear homogeneous by

definition and since ¢1(Kﬁi)/@U(KHI) = JH/Ji% by (2.17), the ratio term after the

bracketed expression ig a function of (JR’°'=JM) alone. Therefore, equation
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(2.22) is a first-order difference equation for @ in which the forcing variables

are all functions of 8y . Q.E.D.

3. MEASUREMENT

Measurement of the asset-aggregated, tax-adjusted @ as defined by (2.16)
requires several steps. First, all financial assets are netted out against
liabilities, becanse the [inancial market valuation of the equity component of
the firm reflects those assets. This requires us to evaluate all the asset and
liability items of the firm’s balance sheet at market prices. Second, the
capital stock K;; is constructed for each capital good. Third, tax parameters
are incorporated in order to calculate the tax—adjusted prices of capital goods
(1~2;; }*PK;; and outpnt (1-1,}*0OP, and the present value of tax saving yet to be
claimed on past investments (4; in (2.3)).B Finally, an index of the capital
aggregate ® is constructed.

We carried out thegse steps for individual Japanese manufacturing firms.
A complete documentation of our data set is in the Appendix. Here, we briefly

describe its main features.

Capital Stocks Our data on the company financial statements compiled by the
Japan Development Bank are detailed enough to provide a breakdown of gross
investment between seven capital goods: (1) nonresidential buildings, (2) stru-
ctures, (3} machinery, {4) transportation equipments, (5) instruments & tools,

{6} land, and (7) inventories. Thus we were able to apply different physical

¥ ror Japan, the treaztment of tax parameters iz somewhat complicated because
of an implicit interest-free loan granted to corporations through "tax~free
reserves” and "special depreciation"”. See the Appendix for details.

-1~




depreciation rates to construct the capital stock by the perpetual inventory
pethod for each capital good. For capital goods (3}, (4) and (5), which are
internationally tradable, we use Hulten and Wykoff’s {(1981) physical depreciaticn
rates. For those firms that existed before 1962 their 1962 (end of 1961) book
value of capital is used as the benchmark for the perpetual inventory method.
For others that were established after 1962, the benchmark is the first year’s
book value. Gross investment equals the change in the book value of net capital
stock plus accounting depreciation. Prior to 1977, accounting depreciation is
not available by assets, making it necessary to do some imputations. Afterwards
2 complete breakdown of gross investment into the seven asset types is available.
For this reason we take the sample period for estimation to be 1977-1986. Thus
for estimation purposes we will wutilize only the recent part of the data
construction period {1962-1986). Thisg alsoc serves to minimize the effect of the

1962 benchmark on the calculated capital stock in the estimation period.

The Capital Aggregate To construct the capital aggregate @ we use the familiar
Divisia index:
o(Kyy) - @(K,)

n
(3.1) = X .
®(KHI) i=

Strictly speaking the user cost of capital J;; defined by {2.9) is unobservable
because it depends on the expectations about the next period’s real capital goods
prices. The expression (2.9} can be rewritten as

(I_Zit}*PKii‘. 1 1

(3.2) Jit = { - ) {i=1,..,n},

~14-




where

(1-2 ) *PK;y
(3.3) liry, = 1 (i=1,..,n)
(L2, 1y J¥PR; 1%y,

ieg the agget 1 specific real rate of return. Using the gross short term interest
rate for 1/Bh1' we calculated for each firm the time mean of the real rate of
return for each asset. We used this mean real rate to calculate the user cost
of capital.g The Divisia index is normalized so that its implicit price index
Py (see (2.19)-(2.21}) equals the tax-adjusted output price (1-t;)* OP, in 1980.

Thus Q =q -~ 1 for 1980,

Entity of the "Fipm" The firm can grow at several margins: expansion of

existing establishments, building new factories, and acquiring other firms. The
model of optimal capital accumulation of section 2 is most probably applicable
at the establishment level. If sc, the entity of the firm in our sample should
be close to an establishment, or at least they should grow at the same margin.
In this respect our data on Japanese firms are close to being ideal: the mtocks
listed on the Tokyo Stock Exchange correspond exactly to ypconsolidated accounts
on which our calculation is based, and only 42 of our sample of 656 firmsg were
an acqguirer during the sample period. It might appear that our use of uncon-
solidated financial statementg is unwarranted because the theory may not apply
to 2 {listed) subsidiary whose investment decision is done by the parent company.

However, ii seems obvious that value maximigation for the parent cowmpany callse

} We also did the index number calculation under perfect foresight about the
next period’s prices. It however produced a great deal of cross section
variation in the growth rate and @. Results under prefect foresight is mentioned
in footnote 18.
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for value maximization for its subsidiaries as well. An adjustment cost shock
to a subgidiary will be reflected in the value of its shares owned by the parent
company, but it is exactly offset by the parent company’s share prices, leaving
the parent company’s @ unaffected by the shock to its subsidiaries. Thus, the
theory should apply with equal force to all the firms in the sasmple (except for
the acquirera)} provided that, as done in our calculation of @, stocks of
affiliates (subsidiaries and parent companies) held by the firm are valued at

market prices.

Sample Selection As explained above, the nature of raw data determined the
sample period for estimation to be a ten-year period 1977-86 (or to be more
precise, from the fiscal year that ends between April 1977 and March 1978 to the
fiscal year that ends between April 1986 and March 1987). Of 942 manufacturing
firme listed on the Tokyo Stock Exchange in 1977, 62 firms failed to be listed
throughout the sample period (1977-86). We then eliminate 142 firms that changed
the fiscal year during the data construction period (1962-86}, and 81 firms whose
stock prices cannot be found in our stock prices file. This leaves 857 firms.
One of them is a very clear outlier in terms of the growth rate of capital due

to a masgive divestment in 1986, Thus the final sample size is 658.

As a by-product of our calculation of @, Table I displaye our estimate of
the market value of balance sheet items which may be of some independent
interegt., To make the numbers comparable to the parameter estimates to be
reported in section 5, we excluded 42 firms who were engaged in mergers and
acquisitions. The numbers in the Table are averages -~ for the 614 non-acquiring
firms whose fiscal year ends between April of the galendar year and March of the

next calendar year -— of the individual firm’s corresponding entries valued at
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the beginning of the fiscal year of the firm. The Table indicates that the debt-
equity ratioc is far lower than commonly thought: the gross debt-equity ratio
defined ag the ratio of gross debt to equity is less than one for 1986. Another
notable feature is the large value of financial assets., This must be largely
due to the fact that financisl =statements are unconscolidated. Since parent
companies and/or subsidiaries of manufacturing firme in our sample may noi be
in manufacturing, we cannct simply net out financial assets and stocks of
affiliates against liabilities to arrive at the debt-equity ratio for the
Japanese corporate sector as a whole that would have obtained from consolidated
balance sheets. But Table I at least suggests that the debt-equity ratic on the
consolidated basis could be far less than unity. The last two rows report the
tax~adjusted Tobin's q defined in the formula (2.20) calculated in two different
ways. The g in the first line is obtained by plugging the averages reported in
the Table into the formula. Thus it is the ratio of averages. The second line
is the average of g ratios calculated for each individual firm. The two g’s

differ subgtantially in levels, although they tend to move togeiher over time.

4. EBECONOMETRIC ISSUBRS

In this section we discuss some econcmetric issues regarding the estimation
of the investment-@ relation in micro data on firms. At this stage we introduce
firm subscript "f".

We parameterize the a function in {2.13) as a quadratic function: !

(4.1)  =a(¥p,proup) = gylppouy) + lalpy) + uplyy 4 (32/2)*(Y“)2: o > 0,

10 The intercept term a; can depend on technology shocks that are distinct
from Ugy .
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80 that the investment-Q@ relation is written asIi

(4.2) vy = ~aq(pp) /ey + (1/2)%Qy - up/ay.

As is clear from the discussion in section 2, the asset-aggregate Q is
a (generally nonlinear) function of {among other things) the technology shock
uy, that comprises the error term in (4.2). Thus Q is in general correlated
with the error term in cross section: firms experiencing a technology shock that
raises their marginal adjustment cost high relative to other firms would tend
to have lower Q. This also means that it would be difficult to find some
"external” instruments that have cross-sectional variation and that are
uncorrelated with v s #ince any variable connected to production or to adj-
ustment costs are potentially affected by u;;. This point about econcmetric
endogeneity of Q is illustrated by the OLS (ordinary least squares) estimates
on the sample pooled across years shown in Table II. There ¥ is regressed on
@ and the cash flow rate PAI where PAI is the ratic of the firm’s gross after—
tax profits {(earnings plus accounting depreciation less income tax) to the value
of capital aggregate (l-tﬂ)*OPﬁ*é(Kntﬂ). Thig PAI is an empirical counterpart
of a(yﬂ,pn,uﬁ). The @ variable ig significant in the regression of y on @. But
the explanatory power of the regression greatly increases when PA] is added to
the regression. This, however, is not inconsistent with the theory because PAI
itselfl is endogenous. Indeed, if the same equation is estimated by OLS in first

differences, the strength of PAI is drastically reduced while the estimated g

1 The term ai(p“) in (4.2) differs across firms because real factor prices
py; depend on output price (l—tt)*OPn. However, outpuit price is common to all
firms in the same industry. We therefore represent aI(Pn) by industry dummies.
See equations (4.3) and (4.4).
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coefficient is steble across specificalions, suggesting that PAI in the level
equation is picking up the firm-specific component of the error term.n

Under these circumstancesg, identification of the parameters can nore
plausibly be achieved by scme g priorji restrictions on the serial correlation
structure of the error term. We assume that the error term (the technology shock
for firm ) at time t can be decomposed into two parts. The first component is
a macro shock m; common to 2ll the firms in the population but can vary over
time, while the second component wy is idiosyncratic to the firm. Now if our
sanple were a random sample, the idiogyncratic component mn; = (nﬂ,...,nﬂ) {where
T is the length of the panel) is a random drawing from a sample path space common
to all f. However, unless the process of getting listed on the Tokyc Stock
Exchange is random, cur sample of about six hundred [irms is 2 universe. Here
we follow the usual but often implicit assumption that the correlation between
firms in m is fully captured by the industiry dummies, so that the remaining
component (nﬂ minus industry dummies) can be thought of as 2 random drawing from
a common sample path space. Furthermore, we assume that remaining component can
be written as a sum of a permanent component and a temporary component, Vi + W,
where wy is serially uncorrelated and v; is independent of (wﬂ,...,wﬁ).n Thus,

the error term can be written as:

1t The regressions in the Table do not uge industry dummies. Inclugion or
exclusion of ten industry dummies made little difference for the level specifica-
tion and virtually no difference for the first difference specification.

13 Precisely what we pean by "gerially uncorrelated" will be discussed
momentarily.
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where INDp is an industry dummy for industry k which takes the value of one if
f belonge to industry k.“ We will use ten industry dummies in the estimation
(k = 1,2,..,10).” As we will see, this standard assumption about the error term
will prove to be consistent with the data.

The firm-specific component v;, being a part of Ugy 5 is correlated with Q.

We eliminate this by taking first differences of (4.2) to obtain T-1 equations:
(4.4) v - vy = z (B, g4 = by ¥INDy
+ (1/8'2)*(Qf’t+1 - th) + (wfit,}l - Wﬁ-‘) (t=1g¢0-,T-1)o

Here, we have submerged the a;{p;)/e) term in {4.2) with industry dummies because
real factor prices pyy is common to 8ll the firms in the same industry. The
first difference in @ in equation (4.4) is still endogenous, so we have to find
instruments. To this end we strengthen the serial correlation property of wy.

We consider two cases:

(i) {wy} is serially independent.

(ii) {wy} is a martingale difference sequence.

The theory of the firm in section 2 implies that for each f yy, Qpy > and PAIy are

functions of w;. Under either (i) or (ii), wy ie uncorrelated with functions

i6

of its past values. Thus we can use pagt values of ¥, @ and PAl as instru-

U Here mthas been submerged to the industry dummies whose coefficients can
be time-dependent.

i gee the Appendix for definition of the ten industries.
1§ Thie is not true if {wﬁ} ig merely serially uncorrelated. If X is

uncorrelated with ¥, it does not necessarily mean that X is uwncorrelated with
a function of Y.
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ments. Under (i} but not under (ii), the variance of wp conditional on
functions of itg past values does not depend on the conditioning factor. Thus
under {ii) we have to ugse the conditional heteroskedasticity-robust instrumental
variables technique (Hansen (1982) and White (1982)). Furthermore, under (i)
we can use fyture values of y, @ and PAI ag instruments. To see this we note
from Proposition 2 that @, and hence y and PAI, do not depend on the initial
caplital stocks. Thus current Weiy while affecting current Yiio Qp and PAlp and
hence future capital stocks, does not affect y;, Q and PAL, (s > t). This is
not true uvnder {ii), because wy can change the second and higher moments of the
distribution of w; (8 > t) and thus affect yp, @, and PAly which are nonlinear
functions of wy,.

Therefore, under (i}, the t-th equation (4.4) can be estimated by the
standard 28L8 (two-stage least squares) with a set of instrumente of past gand
future endogenous variables that do not overlap the time periods over which the

first difference is taken, plus ten industry dummies:

(4.5) I TRREN AR NN YRRET T E IR/ TFRERE (RN (R TRRRER /L
PAI“, [ ’PAIf,t“l’PAIf,H'E’ s ,PAIET; IND“,. e ’INDHU)'

Under {ii), we can use only past values of instruments and have to allow for
conditional heteroskedasticity, so that the t-th equation in (4.4} must be
egtimated by the heteroskedasticity-robust instrumental variables technique with

a set of instruments of:
(418) (Qfl’-oo,Qf1t_I; yfl""’yf|t'1; PAIfI,I-l,PAIf’t_I; INDII,‘-.’INDIIQ)-
Thus identification is achieved by the combination of the gstructure of the theory

{summarized in Proposition 2} and the assumption about the temporal structure
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of the error term. Since the set of instruments differs across eguations, the
usual 3818 {three-stage least squares) cannot be nsed to estimate the rysten of
T-1 equations ({4.4) for t=1,...,T-1}. Ve use Hansen’s {1982) GMM (generalized
methods of moments) estimator to carry out efficient "systen" estimation that
exploits the across-equation error correlation with or without conditional

homoskedasticity.

5. RESULTS

Means and standard deviations of y (growth rate of the capital aggregate),
Q {asset-aggregated tax-adjusted @), and PAI {cash flow rate, corresponds to a
in mection 2) for the sample of 612 non-acquiring firms are reported in Table
II1. The ¢ross-section variation of y is much smaller than that of @, but the
fact that it is larger than that of PAl suggests that measurement error may be
more serious In the growth rate of the capital aggregate than in the level. That
v and Q tend to move together over time is illustrated in Figure I which plots
the mean of y against the mean of Q. Two notable exceptions are 1979-80 and
1585-86, 1In the 1879-80 period, when the real price of oil went up, y went up
while @ declined. The opposite took place for the 1385-88 period when the real
price of o0il plummeted. This pattern is consistent with our parameterization
of the growth-@ relation. If energy and capital are substitutes in that higher
energy prices raise the demand for investment, then the intercept term & in

(4.2) is an increasing function of energy prices.17

1 The capltal-energy complementarity issue has recently been reviewed by
Solow (1987).
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We first carry out the gingle-eguation estimation of {4.4) for t = 1977,
«ses 1985 under the serial correlstion assumption (i) or (ii) of secticn 4. For
each equation we calculate the Chi-square Hansen-Sargan J statistic for the set
of over—-identifying restrictions that there are more valid instruments than there

are parameters to be estimated. For 28L3, it eguals:
(5.1) Thono = WROMH oy M Cxppxgy ) T Cxppey)

where N here is the sample size, scalar ey is the residual for firm f in year
t (which equals Wntﬂ‘wn}’ o is the standard deviation of the residual, x; is a
column vector of instruments given by (4.5), and M({.) stands for the sample mean
of its argument over f {= 1,...,N). For heteroskedasticity-robust 2SL3, it

equals:
(5.2) Theters = WM Cerxyy” W (xpgeyy)

where xy now is a column vector of instruments given by (4.6), and V is the
sample mean of the product of the residual and x;. To calculate V, which is an
input to the calculation of the heteroskedagticity-robust 2818, we used the
residual from 28L3. Our findings are the following. (1) Except for 1981-82 and
1985-86, the get of over—identifying restriction is strongly rejected under
homoskedagticity with instruments (4.5}, If future endogenous variables are
dropped from the list of instruments, the marginal significance under homoskedas-
ticity is legs than 3% for 1979-80, 1982-83, and 19583-84. (2) Under heteros-
kedagticity with instruments (4.6), we can easily accept the over-identifyving
restrictions except for 1979-80 where the marginal significance is 4%. (3) With
instruments (4.6) we carried out the test of homoskedasticity suggested by White

(1982, footnote 2) and corrected by Runkle (1989). The Chi-square test-
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gtatistic, which examines the correlation between the square of the error ternm
and the cross products of fitted values of the right hand side variables, is
guaranteed to be non-negative definite, but the weighting matrix turned out to
be nearly singular in our data. (4) The heteroskedasticity-robust estimate of
the Q coefficient with instruments {(4.6) is significant for 1982-83 and 1985-88
at 1%, (If industry dummies are net included, the Q coefficient is significant
at 5% for 1581-82 and 1984-85 also.} (5) If PAI is included in the equation
(4.4} as the additional right hand side variable, the above results are not
affected by much. Under heteroskedasticity and the instrument set (4.6), the
PAI coefficient is significant at 5% only for 1982-83. If industry dummies are
not included, the PAI coefficient is not significant for any period at 5%. ({8)
Industry dummies are for the most part ingignificant and do not affect in any
important way the parameter estimate of the @ and PAI coefficients except for
the facts noted in (4} and (5).

Since the serial independence assumption (i) of section 4 is strongly
rejected by the single-equation J statistic, we now focus on case (ii) (where
Wit ig a martingale difference sequence)} and carry cut the joint GMM estimation
under heteroskedasticity and with lagged instruments (4.6) where the @ coeffi-
cient im constrained to be the sape across equations {(years). We calculated the
J statistic for the joint emstimation, which also iz the objective function to

be minimized in the GMM {(Hansen {1882)). It is written as:
(5.3) Tjopay = N¥M(hy? )V M (),

where by’ = (eﬁxﬂ”""eLT4xh?ﬂ,} and V here is M{hth;’}. The residual necessary
for calculating V is taken from the heteroskedasticity-robust 28L8. For the

entire sample period, the set of over-identifying restrictions is strongly
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rejected, implying that the Q coefficient is not constant over time. The sharp
increase in real factor prices that occurred in the 1879-80 period may have

changed the second-order coefficient & as well as the first-order coefficient

2 in (4.1). Indeed, if we exclude this subperiod, there is no strong evidence
against the crose equation equality restriction that & is consant over time.
The longest successive years for which the J gtatistic marginally gignificant
at ahout 5% iz 1981-88. Tabhle IV reports parameter estimates for that period.
The §@ coefficient is fairly sharply estimated to be 0.02.18 If PAl is included,
ite coefficient is also significant, Thus in the formal statistical sense the
Q model can be rejected. The estimated PAI coefficient is about eight times as
large as the Q coefficient, but the standard deviation of @ is about twenty times
the standard deviation of PAI (see Table 1II}. Thus Q still explains a much
larger fraction of the cross section variation of the firm growth rate than PAI
does. Table IV also has the smerial correlation matrix of the residuals across
equations (years) for the specification that excludes PAI (the correlation matrix
for the specification with PAI in the equation is very similar). It accords with
our assumption that {wy} is serially uncorrelated and hence its first difference
is a moving average process of order 1. Also reported in Table IV ig the
parameter estimates for the “conventional™ specification where Q is g-1 and y

ia the ratio of the sum of nominal net investments to the sum of the end-of-

 The estimate is robust with respect to the cholice of instruments. We
obtained very similar estimates when only lagged @ and industry dummies are used
as instruments or when once lagged endogenous (yfti’thI’PAIftl) are dropped from
the set of instruments. If we use the capital 'aggregate with the user cost of
capital calculated under the assumption of perfect foresight about the next
period’s prices, the @ coefficient is ,0085 (standard error: .00084), and when
PAI is added to the equation the @ coefficient is .0078 (.00084) and the PAI
coefficient is -.027 (.015). 1In both specifications the marginal significance
for the J =statistic is .000.
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period capital stocks. The Q coefficient is now slightly higher,? but the set
of over-identifying restrictions is strongly rejected.

The results so far is by and large favorable to the @ model. However, we
obtained one apparently puzzling result which we now discuss. The parameter z

can alternatively be estipmated from the first-order condition:

(5.4) Q = aglpp) + vy + oy,

with ai(p“) represented by industry dummies. If the heteroskedasticity-robust
joint GMM estimation with the mame instrument set (4.6) is applied to (5.4), we

obtain the following estimate (with the standard error in parentheses):
(5.5) v coefficient = 1.08 (.31), marginal significance of J = .000.

The estimate of a, is far smaller than the estimate of a; of about 50 implied by
the @ coefficient reported in Table IV. The asymptoiics does not seem to be
working for us. This discrepancy may be explained by noting that the change in
v is much more difficult to be instrumented than the change in @ is. We
regressed the change in v, i 441" Fpga OR the instrument set (4.6) for each of the
five years (t = 1981,..,1985). The B on average is .09, while the ’! for the
change in Q regressions is .26 on average, Thus it seems that even with a fairly
large sample like ours the y coefficient igs hard to be estimated and that the

gsmall sample considerations would lead us to regard the reciprocal of the @

¥ Note that our index of the capital aggregate ¢ is normalized so that ocur
Q equals g-1 for 1980. Thus the difference in the @ coefficient between the two
specifications is not due to the difference in units., The Q coefficient in the
conventional specification reported in Table 1V is about seven times as large
as the Q coefficient in a previous version of the paper. The difference is due
to the fact that in the previoue version we did not include land and inventories
on the greund that adjustment costs may zero for land and inventories.
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coefficient to be a more relisble estimate of az.w
Is our estimate of 2y of about 50 implausibly large? Using the first order
condition (5.4) we obtain the following expression for the sum of the first and

gecond order terms of a:
{5.6) laj(py) + upylyy + (8'2/2)*(37&)2 = Qu*yy - (82/2)*(3’&)2-

The mean over firmas of this expression should not be foo large relative to the
mean of PAI which is the empirical counterpart of a. For 1981-86, the mean of
Q*y is about 0.0448 and the mean of y squared is about 0.0124. Thus if a is
anywhere near 50, the mean of the second order term is far greater than the mean
of PAI for 1981-86 of about .081.

To reconcile this with our belief that the reciprocal of the @ coefficient
is a reasonable way to estimate a), we consider the case in which gross invest-
ment is measured with serially uncorrelated error. This brings about serially
correlated measurement error in our capital stock measure, but since the capital
stock is a weighted average of the stream of gross investment, the fraction of
the cross section variation accounted for by measurement error is much smaller
for the capital stock than for investment. Thus measurement error in ¥, the
growth rate of the capital aggregate, will be dominated by the investment
measurement error, which by assumption ig serially uncorrelated, rather than by
the capital stock measurement error. In fact, if measurement error were serious
for the level of the capital aggregate, then cash flow rate PAI, whose denominat-
or is the capital aggregate, would have a much larger standard deviation than

ig reported in Table I1I. The capital stock measurement error alsoc contaminates

4l Available egtimates of the § coefficient is very similar to ours.
Blundell ef. al., (1987) reports the Q coefficient of about 0.015.
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Q. It getz magnified by the cross section variation in the true value of Q.
Since the standard deviation of @ is ten to twenty times as large as that of y,
measurenent error in @ due to mis-measurement in the capital stocks can be in
the same order of magnitude as the y measurement error. However, since the §
measurement error is further divided by a), the measurement error component of
the error term in the growth-@ equation would be dominated by the serially
uncorrelated y measurement error.

To get gsome idea about the size of the y measurement error, let us consgider
the case where the serially uncorrelated component of uy, Wy 1B entirely dune
to the y measurement error. The serial covariance of the first difference of
wy; has been reported in Table IV. If we assume that the variance of wyy 18
constant over time, one half of the average over 18581-86 of the variances
reported in the middle panel of Table 1V is a good estimate of the variance of
wpts» which is about 0.0082.Y So the measurement error in ¥ accountg for about
two-thirds of the cross section variation in y as measured by the mean of y
squared of 0.0124, implying that the mean of the second-order term in (5.6) we
calculated above must be divided by three. Even after this adjusiment, the mean
of the pecond-order term in (5.6) is still large relative to the mean of PAI,
but now they are in the same order of magnitude. We therefore conclude that the
estimated Q coefficient is still too small, but not as implansibly small as it

first appears.

2l The variance of the fixed effect v is sbout 0.0023. This is obtained as
follows. Using the Q coefficient reported in Table IV, we calculate y - Q/ay
which ie regressed on the ten industry dummies for each year. The regression
residual is an estimate of ve+w, . The average of the variance of the regression
residual over 1981-86 is about 0.0105. If one subiracts the variance of wy of
0.0082, one gets the estimate of the variance of vy of 0.0023.
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APPENDIX: DATA CONBTRUCTION

This appendix describes the calculation of the variables used in the
egtimation.

Dats Sourge There are three primary data sources. For company f{inancial
gtatements data we use the tape compiled by the Japan Development Bank. We
obtained share prices from the Nihon Keigai Shimbun's NEEDS database. The price
index for output and investment goods are taken from components of the WPI
{(wholesale price index}.

Companieg Selected We selected from the firancial statements file manufactur-
ing companies that are listed on the Tokyo Stock Exchange in 1877 and that have
continuous records until their 1986 fiscal year (the year ending between April
1986 and March 1988). This automatically eliminates companies that were acquired
or ceased to be listed. Companies which changed the date of their year were also
excluded. The data are then matched to the share price file, which yielded a
balanced panel of 657 manufacturing companies.

Oytput Price (QP} This eimply is the component of the WPI for the industry to
which the company belongs. No attempt was made to obtain the breakdown of sales
inte commodities. The price index is at the beginning of the fiscal year and
igs normalized to unity for 1980.

Pri it Assets (capital goods) are broken down into Eeven
types: (1) nonresidential buildings, (2) structures, (3) pachinery, {4)
transportation equipments, (5} instruments & tools, (6} land, and (7) inven-
tories. The price index for (1) and (2) is taken to be the construction material
component of the WPI. The machinery component of the WPI has several sub-
components. We use the capital formation matrix of the 1975 Input-Output table
by industry as the fixed weight to calculate the price index for machinery. The
same procedure is used to construct the price index for instruments & tools.
The transportation equipment component of the WPI is used as the price index for
transportation cguipments. We use the index of urban land prices compiled by
the Japan Real Estate Research Institute for the price of land. The seventh
asset, inventories, is further divided into {i) finished goods, (ii) goods in
process, and (iii) raw materials. For finished goods, its price ig 0P, For raw
naterials we use the raw paterial componenti of the WPI. For goods in process,
we use the simple average of the two. All the indexes are at the beginning of
the fiscal year and are normalized to unity for 1980.

Physical Deoreciation Rates (8) For each of asset (3) and (4} we use the
weighted average of the Hulten and Wykoff (1981) phwysical depreciation rates.
As in the construction of the price indexes for investment goods, the Fixed
weights are obtained from the 1975 Input-Output table, Thus the depreciation
rate for assets {3) and {(4) differs across industries. The average over
industries is 15.39% for machinery and 24.66% for transportation egquipments.
The depreciation rate for (5) is alszo taken from Hulten-Wykoff (1981) and equals
14.73%. For nonresidential buildings and structures, Dean, Darrow, and Neef
(1987) report several estimates of the physical depreciation rate based on
alternative aggregate invesiment series. We use the ones based on the Census
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on Manufacturing investment series. The depreciation rate for nonresidential
building is 4.7% and that for structures is 10.0¥%. For land and inventories,
the depreciation rate is zero.

Nomipal Investment For the first five assets, which are depreciable, calculation
of nominal investment is complicated. We first establish the notation.

KG@B; = book value of grosa capital stock at the beginning of year t,

KNB, = book value of net capital stock at the beginning of year t,

AD, = hook value of accumulated depreciation at the beginning of year t,
DEP; = accounting depreciation during year t,

ACQ; = acquisition of assets during year t,

SRE:= acquisition value of assets that are sold or retired during year t,

ADSE; =book value of accumulated depreciation for assets that are sold or
retired during year t,

NR; = SRy - ADSR;, remaining book value of asset scold or retired,

CNR; = our estimate of the replacement value of MNR;.

The items SR, and ADSE; require some explanation. Let T be the asset life for
tax purposes. Assets that were purchased T years ago "retire", 8R; is the
acquisition value {(with no allowance for depreciation) of those retiring assets
plus the acquisition value of assets that are sold during year t. ADSR, is the
accumulated depreciation on amsets whose acquisition value is counted in SR;.
There is one complicating fact here about depreciation accounting. Suppose there
is no sale of assets. For retiring assets that have been depreciated by the
straight line method, NR; is exactly zero. However, gince the declining balance
method leaves 10X of the acquisition value for the scrap value, for retiring
assets that have been depreciated by the declining balance method, NR, is 10%
of 8R;.

Asta matiter of accounting identity, we have, for each asset type,

(Al ) KGB“]. = KGBt + ACQ[; - SRt ’

The stendard definition of nominal investment (NOMI;) is

(A4)  NOMI, = KNB,, - KNB; + DEP,

KGBy,; - KGB, - (ADt+l - AD,) + DEP,  (by (A3))

KGB,,; - KGB; + ADSR, (by (42))

ACQ; - {SR; ~ ADSR;) = ACQ, - KR,. (by (A1})

This definition of nominal investment hag two problems. First, suppose there
is no sale of assets. What we think of investment then is ACQ . If all assets
have been depreciated by the straight line method, then NR; = SR;~ADSR; is zero
and NOMI, in fact equals ACQ,. But under the declining balance method SR -ADSE;
is 10% o% retiring assets. We can however expect this bias to be minor relative
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to ACQ especially when nominal investment is growing or (which is not the case
in our sample) when the declining balance method is not the predominant method
of depreciation. 8econd, if there ig sale of assets, the term NR; captures only
the book value of the remaining value of assets sold.

Because of data availability, we computed NOMI; in three different ways
depending on the sub-period of the data comstruction peried. (1) Until the
fizscal year ending September 1969, we only have KNB by assets and DEP aggregated
over the five assets. (2) From October 1989 until March 1977, we have in
addition KGB and AD by assets, and SR and ADSR aggregated over assets. (3) Since
April 1977 we have all the items (especially the breakdown of DEP into the five
assets) in (Ad).

(1) From the first two successive figcal years (which are after September 1969)
for which AD; is available, we can calculate the implied accounting
depreciation rate d = (ADy; - ADE}/KNBt for each assget. This is used asz
weights to distribute proportionately total depreciation between five
aggets. Until September 1969, NOMI, is calculated by the first line of
{ad).

(2) From October 1969 until March 1977, we use the third line of {a4) to
calculate NOMI, for each asset. To obtain a breakdown of total ADSR between
assets, we assume that the ratio of ADSR, to AD, is the same across assets.

(3) For the period since April 1977, we can address the two problems sbout NR
mentioned above. The question is how to estimate CNR. for each asset. I
GB is the accounting depreciation rate and D8(x,t) is the fraction of assetis

acquired at year t that gets sold off x years later, NR; and CNR; are written

as:
o«
(A5)  NR, = I PRy *D(x,t-x)¥NOMI (£-x)*%(1-8;)",
x=0
@
(A6)  CNR; = X PE*D(x,t-x)*NOMI(t-x)*(1-8)%.
x%=0

This agsumes that the declining balance method is used for depreciating all
agsetsa,. The sunmation does not stop at x = T (asset life for tax purposes},
to accommodate the 10X scrap value. If 8 = & and if D(x,t) does not depend
on t, then it can be easily shown that CNE; = NRt*PK‘L*Kt/KNBt, where K is the
reproduction cost of capital calculated by the perpetual inventory method
from the past gtream of nominal investments to be explained below. For each
aggel, we use the last line of {A4) with NR; replaced by CNR; .

For land and inventories, their nominal investment can more conveniently
explained in the next subsection.

We carry out the perpetual inventory calcula-

tion for each asget. Let K; = real capital stock at the beginnjng of year t, PR
= price index at the beginning of year t, 8 = physical depreciation rate. The
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perpetual inventory method is a recursion given by
(A?) PKH‘I*K’H’I = (1"6)*(}?}{{'*1‘% + NOMI?.)*(PKHI/PK*;)'

We initiated the perpetual inventory accounting in the base year of 1962 with

the benchmark value for PE;*K, being the book value of capital at the end of the

1961 fiscal year. For companies that were gtarted up after 1962, the base year

is the year following the starting year. During the process of perpetual

inventory accounting, we encountered negative K, for some assets. In that event
is get at the book value.

For inventories, we categorize three inventory valuation methoda: (1) FIFQ,
{2) Average method, (3) LIFO. Any other inventory valuation methods are forced
to fall into either one of the three methods. For the inventories in other
catedories we simply take the boock value to be the market value. The FIFD
requires no inflation adjustment. The average method uses an average price for
the inventories over the fiscal year to obtain the value at the end of the fiscal
year., Our estimate of the market value of inventories under (2} takes into
account the inflation during the fiscal year by applying to the book value the
inflation factor which ie the ratio of the price index at the end of the year
to the price index averaged over the fiscal year. ¥For the LIFO, we follow the
standard LIFO recursion:

PE*K;* (PK;, /PK;) + (KB - KB;) if KBy 2 KBy,
PK, *K ¥ (PK;, /PK,) + (KBy,; - KB)*(PKy, /PK;) if KBy, < KB,

where KB; is the book value at the beginning of year t. If a company uses more
than one accounting method, we take the simple average of the market valunes
calculated under the respective methods. This procedure is applied to finished
goods, goods in process and materials. For any inventory accounting method,
nominal investment is NOMI, = PE.*(K,

For land, we use the foliowing mod1¥1cat10n,of the perpetual inventory method:

(48) PRy ¥Kyyy =

(49) PRy ¥Ky = PRy*KpF(PKy /PKy) + (KByyy - KBy ¥ (PKy,/PRYy),

where PK’t ig equal to PE; if KBy, - KB, > 0 and to PK for the year when KB
increased moet recently prior to t éthis idea was borrowed from Hoshi and Kashyap
(1987)). The choice of the benchmark is very important for land because the
discrepancy between the market price and the acquisition price is great even in
as far back as 1960. To obtain a factor that converts the book value into the
market value, we look at the balance sheet for nonfinancial corporations in the
National Income Accounts and the corresponding balance sheet in the Cornoraie
Statigtics Anpbnal (Ministry of Finance). The former gives ap estimate of the
market value of land apd the latter its book value for nonfinancial corporations
as a whole. The earliest market value data in the National Income Accounts ie
at the end of 1969. The book-to~market value conversion factor is obtained by
dividing the market value of land in the National Accounts data for 1969 by the
book value in the Corporate Statistics Annual. The population of the nonfinan-
cial corporate sector in the National Accounts differs slightly from that in the
Corporate Statistice Annual. We use the difference in the book value of equity
between the two data sources to adjust for the difference in the population.
This adjusted conversion factor {which came out to be T.582446) is applied to
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the 1969 book value of land of each company to get the benchmark market value
of land. Nominal investment in land is NOMI, = PK,*(Ky; - K).

The Tax Rate (¢} There is a local corporate tax called the enterprise tax, whose
rate we denote as v;. Other corporate taxes include the national corporate tax,
whose statutory rate is the same across regions, and the local corporate tax,
whose rate depends on the company’s address. If u is the combined rate for the
corporate taxes other than the enterprise tax, it equals 1.207¥{statutory
national rate) if the company is located in specially designated regions and
1.173*%(statutory national rate) otherwise. The enterprise tax rate v, takes into
account the regional variation depending on the location of the company
headguarter. The enterprigse tax pald this vear is deductible from income next
vear. Thus the effective enterprise tax rate is lower than v;. If this is taken
into account, the "effective" corporate tax rate, 1y, under static expectations
about the interest rate and future tax rates iz t; = (uiwr)*(1+ )/(1+r-+vt),
where r; is a short term nominal interest rate. (See Hayashl (19&5] for more
details.)

g ay.i = ~ia 8 angd g Qur calcula-
tion of z and A for each asset type differs from the standard procedure in the
following respects. (1) We assume that companies can initiate write-offs in the
year of purchase. (2) There is a tax break called the special depreciation.
Companies can credit a2 certain fraction (s ) of new investment to a regerve
called the special depreciation reserve. Thls is a “tax-free reserve" in that
the amount credited is deductible from taxable income but that the same amount
must be added back to income over & certain number of years TS (which we take
to be ten years). This represents an implicit interest free loan granted by the
tax bureau: the stream of repayment on a loan of one yen is 1/TS over TS years.
Companies can also immediately write off a certain fraction (Su) of new
investnent and then apply the standard depre01atlon formula to the remaining
value of investment. The ratio of the increase in the special depreciation
reserves to ACQtis our estimate of s;;. The amount of the second kind of special
depreciation is identified as the excess of reported accounting depreciation
over allowable depreciation. This is divided by ACq; to obtain 8. If D{x,t)
is the formula for ordinary depreciation on asset of age x acquired in year t,
the depreciation formula D’{x,t) incorporating the special depreciation is

g3 + (1-8y )*D(x,t) + 8, for x = 0,
(a10) D'(x,t) = ~8;;/TS + (1l-sy)*D(x,t) for x = 1,...,T8,
{1-sy; )*¥D{x,t) for x > TS.

(8) To calculate A, we need to know the stream of nominal investment prior to
the start of the data construction period. Rather than "backcasting" the past
atream of investment, we truncate the stream of investment at the start of the
data construction period and at the same time substitute the book value of
capital stock for the value of nominal investment for the first year.

The asset life for tax purposes is tasken from Homma, Hayashi, Atoda and Hats
(1984). It is highly aggregated and assumes the same value for machinery,
transportation equipments, and instruments & tools. For z and A two values are
calculated for the two depreciation method, the straight line and the declining
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balance methods. Other reported depreciation accounting metheds are ignored.
If the company reportis both methods or neither methods, then the simple average
of the two values ie taken.

g al Assetg and Lis egs Except for stocks of affiliates held by the
company, we dld not try to convert book values into market values. Bank loans
are the dominant component of long term debt in Japan. For the firms in the
sample, we calculated the ratio of gross decreagse in long term loans to the
balance, Ite average over the sample period ranges from 0.19 to 0.36, implying
that the average maturity on long term loans is relatively short. Furthermore,
long term debts {including bank loans) are about one half of short term debts.
8o for debts the discrepancy between the book value and the market value should
not be important. The remaining issue is which balance sheet items should be
recognized as assets and liabilities and how the affiliates’s stocks should be
valued. Financial assets includes: investments in affiliates, construction in
progress, intangible fixed agssets and differed charges. SBome of the reserves
on the bzlance sheet should be regarded as retention, not debts. We include all
regerves except the so-called special reserves as part of gross debt.

Because the Japanese financial satatements are not consolidated, the market
value of affiliates’s stocks (8AM) is a major component of financial assets.
From the profit & loss statement we obtain the amount of dividend received from
the affiliates stocks., If it ie positive, then it is capitalized by the average
dividend price ratioc for all the dividend-paying stocks on the Tokyo Stock
Exchange, This also gives an average of the ratic of the market value teo the
book value of affiliates stocks for all companies recelving positive dividends
from affiliates. This ratio is used to convert the book value of affiliates
stocks into a market value for companies receiving zero dividends.

Market Value of Egujty This is simply the product of the share price and the
number of shares outstanding. To account for the fact dividends are paid at the

end of the fiscal year rather than at the start of the year, the equity value
at the beginning of the fiscal year is multiplied by 1+r; to arrive at the market
value of equity.

BiE 81 .38 er than Deprecigti ; ance Under the
Japanese tax law there are a whole host of “tax—free reserves . Let R he the
total amount credited to the tax-free reserves (other than the special deprecia-
tion reserve). This is the amount deducted from taxable income in the previous
year. The sasme amount must be added back to current taxable income. Thus the
tax-free reserves represenits an interest-free one year loan granted by the
government. BSome of the tax-free reserves are accruals and others are retention
in nature; but they all represent interest-free loans. 1t is not possible from
the financial statements provided in the Japan Development Bank file to identify
all the tax free reserves, because some of the minor tax-free reserves are merged
with non tax-free reserves on the balance sheet. We asgume that all the so~
called special reserves are tax-free reserves. Main components of B; other than
the gpecial reserves are the accrued employees’ geverance indemnities (retirement
reserve) and the allowance for bad debts. For most tax—~free reserves, as far
as we can tell from the tax code, the amount credited must be added back to the
next year’s income in full {the notable exception being the special depreciation
account, which represents a long term tax-free loan, as we noted above, and which
is already incorporated in A, through s;; in (A10}). We assume thet this is the

-84~




case for all tax-free reserves {except for the special depreciation reserves}.
Then t;*R; represents the amount owed to the government in year t. On the other
hand, since the amount of enterprise tax paid in the previous year (ENT)) is
deductible from income, there is an invisible claim of T{*ENT,. The market value
of implicit claims, mentioned in Table I, equals tT%(ENT; - R;). For more
conceptual details, see Hayashi (1983).

ngtry agsification The ten manufacturing industries underlying the
vy dummies are the following: (1) food, (2) textile, (3) paper, (4)
chemical, (5) primary metal, (6) metal products, (7) machinery, (8) electrical
appliances, (9) transportation equipments, and (10} other. This classification
is the one adopted in Homma, Hayashi, Hata and Atoda (1984).
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TABLE I

MARKET VALUE OF BALANCE SHEET ITEHSE'

item 77 78 78 80 81 82 83 84 85 86
Asgelg
tin. assets excluding 47679 48491 507650 356246 55815 B4521 56110 T1416 76724 T6487

stocks of affiliates

stocks of affiliates 8600 12076 14220 17535 19797 22896 127514 36625 45513 352983
nonresidential bldg.b 7382 7245 7680 9425 8010 8939 9041 9455 9207 9127
structuresh 1778 1816 1806 2317 2129 2043 2001 1937 1888 1754
machinaryb 7731 7308 7082 TT82 7722 8054 8420 8491 9044 8017
transp. equipmentsh 80 388 B9 28 96 102 99 95 a7 92
instruments & tools; 1269 1254 1385 1884 1797 18938 2097 2260 2530 2705
land 22079 22773 23500 26129 28761 31120 32926 34388 35664 37152
inventory 17618 16496 16249 21150 21813 23699 23008 22850 24182 21294
present value of tax 3175 3260 3042 2764 3231 3782 4238 5002 5534 6266
savings due to dep-
reciation®
Lisbilitias

gross debt (book value) 70176 7T07B9 71362 78175 82502 883156 80068 894180 §3880 97464

equity 35338 36662 44866 49182 61673 65051 76234 101672 197720 118281

tax-adjusted Tobin’s q# 0.795 0.766 0.827 0.739 0.572 (.820 0.831 1,047 0.85%¢ 0.998
tax~adjusted Tobin’s qg 1.019 1.012 1.270 1.007 1.15@ 0.967 1,036 1.563 1.580 1.830

Averages over 614 Japanese non-acguiring manufacturing firms, in million yen.

These are valued at tax-adjusted prices {1-z)*PK. PFor land and inventories, z = 0.

This item corresponds to the Ay in equation (2.3)., It also includes the merket value of implicit
loans granted by the governmeni through the “special depreciation' and “iax-free reserves®
provizions of the Japanese tax code.

The tax-adjusted Tobin’s q is defined by (2.20). This is the ratic of sverages.

The average of individual tax-adjusted Tobin’s g ratios.
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Table II

POOLED OLS ESTIMATE OF THE GROWTH-Q RELATION?

constant Q PAL B.€.T, R? sample Bige
0.017 0.015 ————— 0.108 0.037 6140
{0.0014) (0.00096)
-06.018 0.00679 0.37 0.104 g.101 5140
{0.0022) {0.00093) {0.018)
IN FIRST DIFFERENCES

constant Q-Q PAI-PAI s.e.r. R2 samnple size
0.0014 0.018 ——=e——- 0.133 0.014 5526
(0.0018) {0.0018)

0.0012 0.016 (.066 0.133 0.014 5526
{(0.0018) {0.0019) {0.037)

' The panel of 614 non-acquiring firms are pooled across years.

in parenth

eses.,

TABLE I LI

Standard errors

MEANS AND STANDARD DEVIATIONS (SAMPLE SIZE IS 614)

¥ 1%} PAT
year
mean std. dev. mean std., dev, mean  std. dev.
1977 -0.0114 0.109 0.0231 8.755 0.0742 0.078
1978 ~0.0016 0.121 0.0030 0.793 0.0912 0.074
1979 0.0128 0.116 0.2468 1.007 0.1129 0.079
1880 0.0215 0.097 0.0066 0.828 0.1033 0.073
1981 0.0242 0.113 0.1400 1.058 0.0%98 0.085
1982 0.0147 0.117 -0.0482 0.998 0.083% 0.083
1983 0.0362 0.108 ¢.0106 1.319 0.09881 0.081
1984 0.0512 0.106 0.5553 1.964 0.1127 3.082
1985 0.0421 0.091 0.5833 2.111 0.1068 0.077
1986 0.0110 0.103 0.6451 2.153 0.1025 0.081
...39..




TABIL.E IV

JOINT ESTIMATION, 1981-88%

coefficient egtimate for marginal significance
Q PAI of Jjoint
.020 —————— .048
{.0035)
.020 .16 .090
{.0035) {.064)

crogs—-equation correlation of residualsb

81-82 82-83 83-84 84-85 85-86 variance
81-82 1.00 0.02112
82-83 -.54 1.00 0.02068
83-84 .01 -.46 1.c0 0.01634
84-85 .02 -.06 -.45 1.00 0.01422
85-86 -.01 -.05 -.08 -.21 1.00 0.00969

"conventional® specification®

coefficient estimate for marginal significance
Q PAL of Jjﬂint
027 —meme- .000
{.0026)
.Q26 .18 .Q00
(.0027) (.059)

! gample size is 614. Coefficients of industry dummies are not reported.
Standard errors in parentheses.

' calculated from the gpecification that excludes PAI.
¢ v here is the ratio of the sum of nominal net investments to the sum of the

end-of-pericd capital stocks, and Q@ iz q-1 where g is Tebin’'s tax-adjusted g
defined in (2.20).

-4~




&1:

DEPR:
e:

[l B |
s en wn

o] L]
[~ LI ]
]
LX)

[

OB BZE2 RS
- RO TR

b

£ o
R B
o o

%0
.

P,
..

4 4% 48 w»

TAENGMADISE S0 3008

e .
T

. =

t:iQ-‘-il;QlOo

“ e

Limt of svmbols

present value of depreciation allowances on assets already scguired {see
(2.3))

intercept in the profit function a {4.1)

first-order coefficient in the profit function (4.1)
gecond-order coefficient in the profit function (4.1)
industry dummy coefficients {4.3)

accounting depreciation (2.1)

generic notation for the error term used in section 5
profit function (2.1)

index for firms

product of the residvual and instruments (5.3)

gross invesiment (2.1)

index for capital gocds

industry dummies {4.3)

user cost of capital (2.9)

initial capital stock (2.1)

sanmple mean (5.1)

net investment ({2.1) or {2.2})

macro component of the error term (4.3)

number of capital goods

output price (2.1)

real price of variable factor inputs (2.1)

: cash flow rate, ratio of cash flow (earnings plus accounting depreciation

legs income taxes} to (1“tt)*0¥1*¢(ﬁﬂi)’ equals o of section 2
implicit price index of the capital aggregate {2.21)

price of investment goods (2.1}

asgset-aggregated tax-adjusted Q ((2.18) or (2.19))
asset-gpecific shadow price (2.8)

tax-adjusted Tobin’s ¢ {2.20)

real rate of return on asset i (3.3)

state of the world

length of the panel

ghock to the profit function {2.1)

value of the firm (2.1)

firm-specific component of the error term (4.3)

value of the firm at tax-adjusted prices {{2.3) or {2.4))
serially uncorrelated component of the error term (4.3)
generic notation for the vector of instruments used in section 5
growth rate of the capital aggregate (2.14)

present value of accounting depreciation on a dollar of investment (2.4)
profits per unit of the capital aggregate (2.13)

discounting factor for a j-period ahead pavoff at t (2.1}
one~period real discount factor {2.10)

physical rate of depreciation of asset i (2.1)

caplital aggregate (2.13)

idiosyncratic component of the error term in (4.2)

standard deviation of the residual

"effective” tax rate {2.1)
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