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The purpose of this paper 1s %o develop and to estimate a learning

effect model agf investment and
Tebin'=s o, E=ztimation recultis

good., The model also justifies

r+

0

using Hayashi's I8

lternative interpratation of

A
-+
e
[1v)
Y
s
pos
2

i3
-3
m
3
(1]
=3
s

1
[
0y
-

data

ja

theoretically Tobin's assertion that the

investment rate is equal to the natural rate of growth of the economy and

that average g 1s equal to unity in the steady state.

We also discuszs the

role of g as a predictor of the future growth of the ecocromy, which the

iearning effect model suggests.
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secinrs of the econamy, 1S &R 1pCreasing

of the market value of s firm to its replacement costs and that the
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influence of financial markets on investmant can
value of a.

Recentliy, Abel [13, Yoshikawa [191. Havashi [381, and Summerz [141 have
attempted tc lay the microfoundations of g by arguing that it 1s equivalent
to the adjustment costs theory of investment developed by Lucas {113, Gould
(71, Uzawa [18]1, and Treadway [17}. They show that, fircst, the optimal
rate of investment derived from the adjustment costs theory is an
increasing function.of marginal g, namely, the ratio of the market value of
an additional unit of capital to its replacement costs, and that there

exists an exact correspondence between average g and marginal g under

certain conditions,
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Although their models are admirable for legical rigor, their ecti
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are far from satisfactory. Hayashi [31 and Summers [14] e
investment functicns for the U.5. economy by taking into account effects of
tax policies. The aordinary least sgquares (0L5) estimate, eguation (30) in

Havashi [8] is reproduced as follows:

Fa d 2
H=1) IOOﬂlfH}tZ = 9.80 + 4,27 Gy D.W, = 0,43 R "= 0,44
{(0,840)  10.712) 5.E. = 1,03
, S L : o .
where the numbers in the parentheses are standard errors and g is the tax

adyusted q.
First, as we will see in section 3 i{Equation H-II, Table 3}, lagged

capacity utlization rate (CU) has strong predictive power beyond that of

[pN]



the wvalidity of the model becsuse the model indicates that all the
information that is relevant to the investment decislon is zummarlized by g.
Second, the Durbin-Watszon statiztic {0.u,)indizatzs 3 strong gpositive
serial correlaticn 1n the error term, that 15 to sav, there exists
significant inertia in the itnvestment decician.
Third, their models suggest that the i1nvestment rate compatible with

g=! is egusl to zero, while, according to the 2stimate, invecsiment rat

(1]

when g 13 unity, is significantiv positive and even greater than tne
average rate of investment over the sample pericd.

The third point mentioned above is particularly worthy of attention in
connection with the alleged eguivalence between g theory and adjustment
costs theory. Tobin’'s assertion is that the investment rate is egual to
the natural rate of growth of the economy when g 15 unity, which is
different from that of adjustment costs theory (15, 168}, Of course, there

2
exists several ways of reconciliation between the twc.

Summers [141 attempts to solve it by assuming "that adjustment is

costiess until some normal level p+ investment is reached |
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This assumption, however, 13 guestionable. rFirst, the rate pf invecstment
becomes indeterminate when g is below unity, or toc put 1% another way, g is
never below unity., Second, what 1s meant by "normal level” 1s auite
amblguous. If we interpret i1t as a technical condition, it colncides with

the natural rate of growth only by accident, Perhaps the most appropriate
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interpretation is that adjustment 1s costiess as long as the current r

investment ic esgual to the average rate :n the past, 7The idea underlving

n

t is that the adjustment costs function shifts as the current rate of

investment moves, or the longer a3 firm expands at & constant rate, the less



costlv capital accumulation at that rate becomes as though there exlsts a

igarning effect in the nrocess of capitsal stock zdliustment: the firm learns

Row to invest efficzientiy., If this i3 the case and "normal levsl” 1:

determined endoagencusly, then we should incorporate the learning effect
iftly in the opiisizaticon of 3 fi7@

Our justifications #or a lzarning =+fect are minor modificaticons of

Lucas' f11] arguments. Concider a firm compcsed of two divisicns, a
sroduction and maintenance diwvision ard a nlanning division. The
oroduction and maintenance diwisicn uses labor and capital stock. whils the
planning activiiy needs scome managerial resources as well. Suppose that,

for any gross investment rate v, there exists an efficient lsvel of
managerial resources M{y). If Miv) 1s an increasing function of v, uwe lose
no generality by assuming that M(y)=y with appraopriate change of measure,.
Suppose that the firm invests at a higher rate » than y. This has two
different effects, an adjustment costs effect and a iearning effect. On
the one hand, planning reguires a withdrawal of labor and capital from the
production and maintenance division, reducing output or raising the
shvsical depreciation rate, This cost is represented by Gl(x—y) where GI=G
v G, 0 14 wiv, On the other hand, an increase in planning
activiiv contributes to the accumulation of managerial resources. sav,
dv/dt = &{w-v), by, for example, an-the-iob training, revisicns in work
procedures, i.e., the learning effect. This formula also implies that

in

]

there exists dislearning effzct in case af udy. ~rurthermore, the chang

the level of managerial resources causes the firm fo i1nrcur organizational

costs, G (dv/dt), whera G,(0) = G (0) = 0 and B"_» 0, Total effect car

thus be written as Bin=-y) = &5, (t=-v) + G (&{n-v)), A=z long z2s the firm has
13
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the foundation davy, tD, such that = {t) gt Ye can

chow fram dy/dt = &{z-v), that y is the ewpcrnentially weighted average of



the past ipvestment rates, i.2,, "normal levelof invesztimeni rate.

The preszent caper doszs not provide & rigorous thecry of the learning
process, Unforiunately, the lack of 3 theoretical model of learning 15 ih
stais of the art in fThe sxisasive liferature on IhE 1EArnNing Curve or
"euperience curve’ 1a the fieid of businesc e:mnomi:s.z Emoirizal

studies, however, provide undeniable evidences of the sxistence of tre

iearnlng process. Although these findings center on the =ffect of
accumuliated cutput on the production costce, we Can roaconably ct the

similar effect of investment in the past on the adjusimsnt costs, since ih

story of adjustment costs can be interpreted as that of multigroduct firam
in which the two products are "output” and "installation.
The purpose of this paper is to deveiop and 2stimatez a learning
effect model of investment and toc offer an alternative interpretation of
Tobin's g. In section 2, we will develop a learning efrect model of

investment and see how the standard adjustment costs model is modified by

introduction of a learning effect. It turns out that the model relates th

marka2t value of the firaw to the change in investment rate rather than to
the invesimant rate itseif and ifhat the long run slasticity of investment
is much greater than the short rum elasticity, In section 3, we wiil

gstimate the learning =ffect nmodel by OLS on annual data taken from Havash

ne behavioy of the invecstment rate derived from our model 15 &

]
[an)
L

{ also of lagoed o and lagged investmert ratsz.

The results are remartably cood and satisfv the constraints of cosfficient
the model suggestsz., 2 will also test the predictive power of lagged

capacity utilization rate (CU). The forward-lcocoking behavior of the firgm
that forms the bacis of the model suggests that lagged values of CU should

the change 1in investment rate onc
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g and lacoed o are included as independent wariablizs., Ths data susport
this wiew, Lagged CY has a slightly nega’ive coefficient, Lagged change
in U has 3 positive buf insignitizant coefficizat.

In section 4, we will show that our learning efrect model indicates,
unlike the standard adiustment costs modsl, that Tobin s g 2guals unity

while the investmant rats is =gual tc the natural rate of growth in the

role of
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dy-state equilibrium of the =2concany. We will
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predictor of the future growth of the econamy, which thes learning
etfect model suggests.

2. Adjustment Copsts and the Learning Effect

For the sake of simplicity, it is assumed that there is ng tawation

and that a firm issues neither debt nor new equity nor repurchases existing

shares. L2t the certalinty equivalent required rate of return be i Then
the firm's net present worth is:
o 5
Ly Vv, o= | C{F{K, y NY - w N -p x K 3 exp (- r dulds,
t dy 5. 5 5 8 "5 5 8§ Jy u

where K, N, %, w, and p are all functions of time and represent capital
stock, labor input, gross investment rate, wage rate and price of
investment goods in terms of product price respectively, and F is a
lingarly homogenecus production and satisfies £ (k) > O and f"{k} < ( where
ko= K/N and FOK,NY = §(k)IN,

Now we introduce adjustment costs with learning effect as indicated in

It 1s assumed that capital stock is accumulated as follows:

i
1¢)
mn
—+
.
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r3

= (2 - 3§ - gfu-y)Ik,

where the dot denotec the derivative with respect to time and I is the

w

chvsical depreciaticn rate 1ndependsnt of the gross investment rate and G
an adjustment costs function and saftisfies GO} = &G {(0) = 0 and G"» G,

Yy is the normal level of investment rate, or the index of the past

investment experience of the firm and we will specify:



3y, = # fexp \-aslds
t . t-¢
& 1s a goeitive constant and gnez interpretation of & 1s the decay rate of
the learrning effect. &y difrerentiating {3} with respect foc time, we have:
[
4 V,OT ST,
T

“hus, the firm can accumulate its ewperience of investment by &% ser unit
of time if the current investment rate is one percent higher than the

normal rate of investment.
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Three points should be mentioned here. Firs

D

. WE 2
returns to scale technology which i1s consistent with the obhserved
variability of firm size and independence of growth rate and firm size,
Second, by setting y and 5 egqual to zero, the model reduces to the standard
adiustment costs models. Third, we implicitly assume the separability
between production function and adjustment costs functiaon bv introducing
the latter in a similar way with Uzawa [181., If adjustment costs were
introduced in a non-separable form as Lucas [111, the optimal investment
function would depend on w/p as well as q.s.

The firm’'s ohjective at time zero is the maximize VD subject to the

'

censtraints (2}, {4) and KD and Yo The optimsl paths x, and Nt must
-

satisfy the following conditions:

(E‘a) n\*') - }'{ (P) = W,

(b p o= Wl1-G " {u-y)) + &5,

_ -

(5c) &= &{r + 5 + Glu-y) = ») = {n - pi,

= ’ - . .y .

{5d) w o= wlr + £ 4+ Gla-y)) - (x = phy = &&{n-y) - £ {k),

where » and & are the =hadow prices for the constraints (2} and (4}

t
;1
T2 P 1 \ —
{Ze} {1m 3 e (- r du) = 0
FIM b TP | '
o .t
15+ 11 s K oy, exp (- rodu) = 0,
- Py +Hor Tttt F l -
o}

~J
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For the average g we have:
{zal g, = » /2 ¢ o=y UK EAD"! roodulds
t Tt 5 '3 s 4, u !
t
and by different: substituting 1t 1nto (20,
- -
{863 5 = gir & 3 4 Gilu-vi - 5/3) - ig-lin-7 [{ki/g,

We can obtain the standard adjustment coste theorv of investment by

setting v and & egual to zero in the eguations (5} and (&), From (&a),

we have the investment
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o |
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—+
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oirncidas with margln
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[l

-1
{7y w = Iit-q "1,
where [ is the inverse function of G', therefore satisfies (0} = 0 and I°
e 7
o0, Clearly, investment is positive if and only if g is greater
than unity, GStandard adjustment costs theory of investment has a different

tharacteristic from that of Tobin's q theory of investment.

On the other hand, the existence of learning effect implies:

a3

=y + 1 {1-p/y + &5/},
Several points deserve emphasis. First, the market valuatian
correlates more with the change in investment rate than the investment rate

Secondiy, the long run elasticity of investment with respect to

1
ut
m
—
+-

m

the value of the firm i3 much greater than the short run zlasticity. Third,
we have no one-to-one correspondence between marginal g and average g in
spite of the constant returns to scale technology assumpticn. This is

because ths firm's nistory or experience of growth as well as the existing

1

capital stock are assets of the firm and average g contains information
about market valuations of bhoth, Therefore the functicnal relationship
betwesen the grose invesiment rate » and g is an spproximate one, not an
erxact one.

In order to obtain further characteristics of the learning effect



as

model, 1t 1g negessary to specify the eupected paths W Teo and By
will s=2e i1n section 4.
3. Scme Empirical Evidesncs
ble will estimate the 1‘495thent functisn derived from the learning
2f{ect model 1n this section. Tao do so, we show first the modified
investment function by taking into consideration the same tax system as
that ot Havashi {81, BRecause the derivation of the meodified eguaticn can
be done in a similar way as Hayashi [8], we do nct elaborats pn it here.
be the corporate tax rate, ITCt the rate of the investment tax
savings due to deprecation allowance an
the

credit, Iy the present value of tax

one unit of product value of capital installed at time t, and a,

present value of current and future tax deductions attributable to past
Then the investment equations are

investments divided by pth.B

modified as follows:
p{i-ITC-z) -8 )
1

(7)) x = + [{l -
Y N
ang:
F® s
(10) wt = - + & ¢ o=y K exp(- ‘ds,
(1) ;t qt at k l, es(>5 {5 Vse>pt Jtrudu ds
£ _ Pefy %
pFe e
itly e = 1 { (a2 -p (1-ITC -z ))K expi-| r dujds,
t g— dt 5 '5 5 s 5 Jt u
t
able to observemt/pt and ;t/kt
in order to ectimate the

Unfortunately, we are ncot
irievitably reguires approximation

separately,which
By denoting the third term on the right hand side of (10) as A _,
-1 ‘ as/p{g-al ]

1+R/ (g-2a)

equation,
{12y t - g{i-[7C-z)-az = | ~[1-17C=2 Ji1+A/{g-a)}
by g-a
It can be shown that A/f¢a-a) "=, O, and &/{q-a! "=, ¢ ip the vicinity of
the steady state. Therafore, we have approximately:
- pil-17C~-z}-a5 . el
I R T W N =, 1-0
e
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“Yence, (%) can fBe rewritten 3s:

, . -
4 o =, 0y o+ 14D =g T,
: i : h) poa :or L *1
The discrete-time analogues at (14} z3d (3! are, if we resrite [ ig) =

.., 1
iil-g i
{15y f = + T*I ) (+ 1= ipt SR

10! /\t T \qt‘! (T 15 an inieges

L St 1-1
(16l v, = . 5% {t - 5 A A
t =1 -1

, ¥ ¥ ~
(170 v, "=, o+ 1fa, v - (1= &1 (g, ).
t t_i |8 t—i

Finally, we specify the functional form of I* as follows:
(18} I {gy = a + bBllql = a + bi{g - 1}
which permits the model of firm tc be applied to aggregate data.9 I+
pur model is valid, a = 0, and B » 0., Estimations are to he done for the

follawing faorms:

(19? xt = cD + CIJ(qt ) o+ CEJ(qt-l ) o+ (1+c3)>:t_1 + Bt’
! - - - Py —'10
where c = a, c, = b, ¢, = -(1-&)b, and c, = 0.

The predictions should meet the following criteria:
(i) The intercept term, € should not be significantly different fraom
L
TErS.

{1i1) The coefficients of current and lagged g c, and c., should satisfy

t' T

significantly, c VI Chy € + ¢, »o0,

ns

t111) The coefficient of lagged investment rate should not be significantly

different from unity, or c. should not be significantly different +raom
-

cerc.

F.2
"
=
-
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In Table 1, we show four estimatzs, 1.e,, 2ui

-
or
m
o
o
+
o

which the conestraints ¢, ¢ and c, = 0 are 1mposed or not. are

iy

annual data for the pericd 1952-74 for the U.3. corporate sector from Table

{ in Hayashi {81. The figures in parentheses are t-values for the null

10
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INVESTHENT

DUATIONS
- [ o =
g B P ; G e
c c. l+c,” ¢ ° S T SE DH/DW"™ DF
1 Z 3 o 1 R
L-1 7.18 -5.7% 9,333 0.50 t.39 -0,045 0,35 -i.06% 20
(7.86%) (=-9,12) (7,381 006,33 (Z,00) {-0,39)
L-11 7.29 -6.05 0.3797 1.2 -4,0%  0.34 -1.04% 21
{3.55y {-7.8&8) 13,7, 12,82y (-0,210)
L=-110 7.30 -5,07 -0, 04 1.23 9,54 2,42 24
(8,25) (=7,460) =0,290 (2.3
L-1V 7,32 -5.03 1.29 0,33 2.40 22
18.83) (-7.8%) (2.77)
a

Data source is Hayashi [8 Table 1.  Dependent variables are 100 (I/K) %,
. . t
The figures in the parentheses are t-values,

Blanks in the third,fourth and sixth columns indicate the constraints ¢
= 0 c, =140, Euplanatory variables in the third column are also normalize

to 10B(TSEY .Y,
t-1
C ., . . .
Standard errors of regressioncs.
d

The figures with asterizks are Durbin‘'s h statistics and those without
them are Durbin-Watson statistics,

e . _— .
The final column indicates degrees of freedom.
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iearning effect model., MWe can also cailculate the decay rate of the
i2arning effect and ad usiment Costs from the estimatss szbhove. Calculation
results arz shown in Table 2. The figure in the left column represents &
AR A o | 2
= (c | +C :)/c - Thus, the annual rate of decav is about 0.#. The
L L

figure in the right cclumn 15 obtained by substitution of ¢, = b and X =
0,21 into the adjustment cost eguation in footnote 7. This indicates tha
the physical depreciation rate rises about 0.05% when the current gross

investment rate is one percent higher than the normal level.

TRABLE 2
DECAY RATE AND ADJUSTMENT COSTS

Investment eguations & g1

L-TV : 0.176 6.27 » 10

Finally, the predictive power of lagged capacity utilization rate (CW)

ntial predictive power bevond that 5f o

a

1s tested. If lagged CU has subst

and lagged g, thenm it would support the alternative views that the firms

13

~
-
m

use an ad hoc, nonoptimal criterion in investment decisions,
data support our model. ©Egquation L-Y in Table I presents regression of the

. NS . .
farm, », = ¥ + CIJ(E; ) o+ antqt_ testing the predictive

Yo+ o CU
t t-1 i 4CUt-

1 1!

power of CU Federal Reserve index of capacity utilization rate in

t ’

manufacturing. The coefficient of lagged CU have a slightly negative
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turns out that, among a variety of regression

e

value. I

predictive power of lagced CUs, lagged change in CU has the most

csubstantial predictive power., Table I also presents regression of the
nS ~J
| = { 1 - N = y -
form, KT Ry + ClJ(qt )+ ch\qt_1 ) o+ CE(“dt—l LUt-Z)' Eguation L-VI



shaws that the null hvpothesizs that lzggsd change in CU has no predictive
sower is not rejected at the significant lsvel of five per cent fone-tailed
tpstﬁ.j%

This 15 not thne case witfh Havaspl s investment =guyaticn.  Zguation H-

- )+ i + C
£ o TR T 5%y Sy

Il i1n Table I shows the regression of the form x
" CU, , and the coefficient on lagged CU is highly significant. Including a
CU wariable in regrezssion drastically increaces the predictability of

Havashi's investment eguatiocn.

14



TESTING THE FREDICTIVE POMER OF LAGECD CAPACITY UTILIZATION RATE

o Zs T4 ST, 5E DW DF
L=y 7.29 ~5.06 -0,04 1.24 .54 2.47 21

{8.364) {(=7.62) {(—-0,28) (2.29)
S S s St ko L S
L-VI 7.32 -4, 30 .84 1,04 0,51 2,71 21

(9.19) {-8,30) (1,85} (2.19)
_____ TSt B W
H-11 1,33 4,10 15.13 0.75 1.38 22

(0, 44) {5, 70) (4.41)

The capacity utilization rate is measured as Federal Reserve index of

capacity utilization rate in manufacturing. See also notes for Table !.

4, Agaoregate Investiment and Tobin's g in the Steady-state
and in the Business Cycie

In this section, we investigate the implications of the learning
effects model on Tobin's g in a macroeconomic framework. We ascsume a ane
commodity economy in & tawless world and 3 = 0 for simplicity. Then we

- ) ) .
have o, = 1 and po/p = 0 for all t. Therefore, the learning effect model is

t

described by the transversality conditicone and the following eguations:

o . o..d N « B
(204} FOE/NTY = (/N YF (KANTY =
(200 o= y+Iii-i1- @& /a0,
[ ]
120c) G o= glr+Gin-y) - x») - (x-1),

°
=

(20d) W= oalr+Gin-ydd - (x-1)w - &s80u-y)} - £ {E/N I,

{20e) % = qUr+Biu-y)i-lg=1)x-f" (k/N%)
q



. 3 f L oL .
whera M, reprecents the agogregate demand for labor at time t.
in order to investigate {further oroperties of the model, it 1= reguir
to specify the ewpected paths i and, what ic more Important, w_ . We
IS
assume perfect forasicht concerning the real wags with continucus labor
market clearing. Suppoze that labor supply 1= inelastic with respect to
5 N
the real wage and grows at the rate Ny namely, N+ = N %D (jo nudu).
R V e : : . : .
Keal wage 1s competitively determined by continuous market clearing Nt
= N tor all t., Then the model is described by the transversality
conditions and (Z0b} and:
R -

{21a) y = Alu-yl),

>
(21b) ko= fn-Glx-y)-nlk,

- N
i21ic) & = &lr+Bin-yi) - (3-1),

- :
{(21d) o oXr+Gin-yid - O-Da-f7 (k) - esix-y),

- - . ,
{21e) q = qgir+biu-y}) - (g-1tn=f (k).
Let ry =T and n,o= n{r >n » 0) in order to investigate the

steady state p

state value of

12Za) vk o=
(228) SE =
(22c) Q% =
(22d) £tk
which form str
wnich:

{23a) CE-0
{236 g¥ =
{23c) £ (k

Equations

roperties of the maodel.

15

If we indicate the steady

variables by asterisks, we have:
vk =

g* = 1,

U

¥) =T

1king contrast to the standard adjustment costs theory for

(n¥) = 7;
-1
{(1-G  (x*)) ¥ 1,
¥ —— * _—1 — *. ——
yos oo+ {1-G7{x )i (Gfw ) + {r=xw ) G {x )} > r.
(22} state that in the steady state in the learning effect

16



model, the rate of invesiment =zquals the natural rate of growth, average ¢
gguals unityy and the maraginal productiwiiy of swistlng cCapital stocl

T

zguals the rate of return on eguity, which is Tobin's assertion. This 1s

[\5)

We have g=! in the steady state partially due to the expectation that

+
—
m

there will be no change in the rate of 1nvestment, which 15 seldonm

case., Therszfore, it should oe kept 1n mind that thers 1s nothing surpgrisin
about the long run value of g, namely, the sample mean of average g, belng

significantly different from unity.

Qur model suggests the values of g in the business cycle are likely to
be higher {lower) than unity when the economic growth 1s expected to
accelerate (decelerate) and likely to be more volatile. When the
anticipations of the future economic growth is changed, q will respond
tully and instantaneously, while investment rate will not because it costs

firms to deviate from the normal leval of investment rate and this implies
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g displayvs a phase lead cver the investment rate seriecz.

To illustrate this, suppose that the economy is 1nlitially in the

steady state where S L and anticipations concerning the future

econamic growth of the ecaonomy are revised such that optimal investment
naths shifts downward to iy =8 ¢ n at time zero for some reascn, for

instance, o0il price sheocks. Since g « Yy for all t » ¢, the marginal

N

valuation of vy, & will plummet from zero and graduaily rise as vy, falls,

From (10} and f11), this implies that Gy © », ¢ L. Guppose now that this

newly anticipated course of the economy turns ocut to be correct. Then Yy
will eventually equal g and g will return to unity. This means that

plunging g will surge despite continuing pessimism, a phencmenon unigue to

g



the learning effect medel, Similar argument holds for anm upward revicion
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harbinger of recovery, ?

5. Concluding Femarks
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bave, our learning effect model of 1nvestment has great

standard adjustment costs theory of investment as an
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explanation of actual moevements in investment and firms’ wvalue and as the
microfoundation of Tobin's g theory. Moreover, we can claim that the
learning effect model offers a solution of a "problem for the student of
investment behavior, to construct a tractable abstraction which is
tonsistent with steady-state or average g being the same in both a high
investment anq a low investment economy and with g varying considerably in
the short run.(Prescott L13, pp. 96-971)," eveﬁ though what he has in mind
is not the learning effect, but the time to build 'cm:hm:ulc'gy.l‘g>
The analvsis of the steady state eguilibrium in section 4, however,

.t11l remains 1ncomolete as a model of market economy, in the sense that i1i

mn

Py

assumes the path of required rate of return be exogenously given, and does
not incorporate the product market equilibrium.

To make it complete, the aralysis of the consumption-savings decision
by households must te carried out just as Uzawa [181 and Abel-Elanchard [2]
do with the standard adjustment costs theorv, Obviously, one ct the major
differences from their results is that the steady state in case of learning

goiden ruleg where the net marginai
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product of the natural rate of growth plus the rate gf time
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preference.
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FOOTMOTES

¥ The author pwes many people for their helpful comments and d1= ussigns. He
is especially grateful toc A. Abel, F. Havashi, L. Summers, and H. Yoshikaw

who greatly sided the cuslity o5t 2wpositiaon in the paper. 9f course, all
TEMALINING Brrors arE Nis OWh.

{. In other words, Hayashi’'s [8] tas adjusted g i1s less than unity i1n many vears,
which is a striking contrast with Summers’ [14] tax adjusted g.

Utilizing average g as a proxy for marginal g, as well as assumptiaons of
homogeneous capitai, perfzct capital market and aggregation, iz sometimes
cited as a potential cause of the empirical difficultiess of the theory. ¥e
do not regard 1t az an attractive aporoach, however, to investigate the
relation betwesn investment and marcinal g. This is because, first, Abel-
Blanchard [31, which construct direct ecstimates of marginal g, did not find
significant differences between marginal g and average g, and secondly, 1f
average  is a poor proxy for marginal g, then g theory loses 1ts raison
d'etre, for Tobin’'s basic idea ig to explain investment by the
observable market valuation, instead of unobservable marginal efficiency of
investment and the cost of capital.

2., QOnce we recognize that the adjustment costs thecry deals with investment by
an individual firm while g theory is concerned with aggregate investment,
we hit upon the following two i1deas.

One is a stochastic gimmick, If g for firms are widely different across
the economy and the investment functions are convex, then aggregate
investment can be positive even when the average of g is unity. But this
does not assure the natural rate of growth of the capital stock.

The other 15 the case in which the increase in the aggregate capital stock
15 brought about by an increase in the number of rims, which necessitates a
new theory explicitly incorporating the costs of entrvy, as Lucas [1l, p.
3307 suggested, This is because the investment rate would be indeterminate
and g could not differ +from unity in the case of free entry,.

3. See lLisberman [10] for a survey of the literature.

4, The reason why we call 3§ the physical depreciation rate independent of
gross investment rate is as follows. Uzawa's [1B] original formulation of

- adjustment costs--i.e., the Penrgse effect--is kK = H¢(I,K) - ik, where I is
gross investment. By the assumption of linear homogeneity, we have £ o=
{hin) - ¢£3K where h(x) satisfies h(4} = 0, h'{0) = 1, h'(x) * 0 and h“(w) <
0, If we define G(x) = x-hi{x), then G satisfies the conditions and £ = fu-

-5(#) K, Although K i1in the Penrose function is the index of production
function and I is investment expenditure in Uzawa [181, we can reinterpret
it as saving that the actual depreciation rate is 3§ + G(x), i1.,e., dependent
on the gross investment rate, Obviously i ic the minimum depreciation
rate. In fact, it seems that tne rate of repiacement investment is

positively correlated with the rate of gross investment. GSee Feldstein-

7S

Foot [S, p. 34, fn 251,
5. Another slight different which the two formulations make i1s that, under the

existence of & corporate tax, adjustment costs in Lucas’ version are
deductible from taxable income while those in Uzawa’'s version are not.

= (g



&. We acsume the exicstence of the cptimal path and grice taking babavior.
7. HMentign chould oz made of the meaning of & g theoretic investmant function.
Equaticn {(7) as well as {(3) below reprecsents onlv the relaticnship between
the optimal investment and the value of a firm and tell us nothing about
the i1nvestment itself. To do so, we sust analvze the ootimal zZaths of
ftyand Nit) implicitiy stated by differential =guaticns with some
assumpticns on expected paths wit), r{ti, and p(t). This will te done in

3. For details, see Hayashi [81].

. This cholce of J corresponds to the tollowing soecification of the
adjustment costs function: G(X) = X-b log {1+{X/bi1},

i, Estimations in which the dependent variazble 1s the change 1n the gross
investment rate are daone by Malkiel, von Furstenberg and Watson [121.
Delivery lags are their justifications. But the linkage of the change in
the gross investment rate to g is not derived in an cptimization framework.

1. See Durbin [4] for Durbin’s h statistic. This is cnly a large sample test
but can be used for small samples as well.

For the estimates where the coefficient of lagged dependent variables are
not constrained to unity, t-test is not reliable. To the best of our
knowledge, however, appropriate tests have not been developed., MWe show
these results only for reference.

12, See footnote 4 for a justification of this interpretation.

12. 0f course, it does not contradict our model even if contemporanecus CU have
high explanatory value. Surprisingly, however, it turns out that it has no
.additional predictive power with t value -0.14.
P
/§j4i This assumption means that perfect foresight paths are cormstant, not static
expectations. The inequality 7 » 1 guarantees transversality
conditions.

—— e o

/5}51 The following gives us a rough idea of the size of the lead of g series
over the investment rate series. Let #x{t) = y{t) + bJ{q{t)} and suppose
J{g{t)i moves as sin Wt. Then 1t cap be_shown that »(t) = g + t+is/tn”
zin {t-h)3, where h is given as @ "tan " {(&/&. This allows us to
calculate the lag of x{t) aver J{agft)} faor anvy periodicity T = Zm/w. Far
example, h = 2.6 {(months) for T = 7{years) and & = 0.18 per vyear.

[§ 18, Fischer-Merton [6] provides some empirical evidences of the significance of
; the stock market as a predictor of the business cycle, They also discuss
i the excgeneity of stock prices.
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