Is the Japanese Capital Accumulation
“Balanced”?

Kiyohiko G. Nishimura and Morio Kuninori*

If there is no way to improve social welfare by diverting invest-
ment from one sector to another, then capital accumulation is sec-
torally balanced. We derive a necessary condition of the sectorally-
balanced growth, which can be called no arbitrage condition in
shadow prices (NACISP). Assuming perfect competition and con-
stant returns, the test of NACISP is applied to the Japanese data.
The result suggests sectorally-unbalanced growth in the Japanese
economy between 1960 and 1985. Strong evidence of sectoral-
unbalancedness is found in agriculture-forestry-fishery, mining,
construction, manufacturing, and real estate industries. (JEL
Classifications: E22, 041, 0O53)

I. Introduction

One of the most remarkable features of the twentieth-century eco-
nomic history is the phenomenal economic growth observed in the
north east Asia. In 1945, after the devastating war raged over the pacif-
ic ocean, Japan was just on the brink of starvation. Forty-eight years
later, she is among the most prosperous countries in the world. Korea
and Taiwan followed the lead of Japan, and now they are considered as
most fast-growing economies. Such phenomenal success of the three
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countries has naturally attracted attention on the process of their eco-
nomic growth.

There are, however, various signs and symptoms of “unbalanced” or
“distorted” sectoral development despite the high economic growth in
the three countries. Take Japan as an example. Housing conditions are
not as good as other OECD countries (Ito 1993). There are sizable sec-
tors (or sub-sectors) of seemingly low productivity such as retail and
wholesale trades, compared with highly productive export sectors
(Nishimura 1993). There is evidence that the productivity increase of
transportation industries has not kept up with that of the U.S. coun-
terpart (Nishimura 1993).

This paper focuses on Japan, and examines whether the Japanese
economic development is “unbalanced” or not. One may argue that
such seemingly distorted development may in fact be efficient one
achieved by the market, which is the result of inter-temporal allocation
of resources.! Thus, the first purpose of this paper is to clarify the idea
of “balanced” growth, or more precisely, “sectorally-balanced” growth.
Moreover, in order to put economic content on the discussion of the
sectorally-balanced growth, we must devise the empirical method to
“test” the balancedness of economic growth. The second purpose of
this paper is to develop such a test, and to apply it to the Japanese
economy after 1960.

The balancedness we adopt in this paper is based on the inter-tem-
poral resource allocation.? If the economic development of the economy
is consistent with the optimal inter-temporal resource allocation, we
call the development balanced. Since there are many sectors in the
economy, the balancedness we consider is the sectoral balancedness. If
there is no way to improve social welfare by diverting investment from
one sector to another, then the economic growth is sectorally balanced.

We derive a necessary condition of the sectorally-balanced growth,
which is expressed in shadow prices of output and capital goods, and

IThis line of argument is found in the recent debate over the “efficiency” of the
Japanese distribution system. See Nishimura (1993) for details.

2The balancedness considered here is closely related to the argument of
“dynamic inefficiecy.” See Abel, Mankiw, Summers, and Zeckhauser (1989). The
dynamic inefficiency argument is mostly concerned with the choice between
consumption and capital formulation, and asks whether the economy over-
invests (or equivalently under-consumes). In this paper, we are concerned most-
ly with sectoral over/under investment, and asks whether the economy can
improve social welfare by diverting investment from one sector to another.
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shadow rents of capital stocks. It should be noted that it is clearly not
always optimal to make all sectors grow at the same rate. (Thus, literal
“balanced” growth is not the balanced growth in our sense.) What is
relevant here is the “shadow rate of return” on capital stocks. On the
sectorally-balanced growth path, ex ante shadow rate of return must
be the same across sectors, since otherwise the economy is better off
by diverting investment from a low-rate industry to a high-rate indus-
try. In this paper, we call this condition no arbitrage condition in shad-
ow prices (NACISP).

The next step is to estimate the shadow prices and rents from eco-
nomic statistics. Here, we adopt the “dual approach” inferring shadow
prices from market prices, instead of “primary approach” which esti-
mates production technology directly and constructs shadow prices
using estimated production function. The advantage of the dual ap-
proach over the primary one is easily understood by considering com-
plexity of technological production frontier the Japanese economy
faces. Using market information, we can circumvent difficult problems
of gathering quantity data and estimating complex production func-
tion.

However, the dual approach is not without disadvantage. In order to
infer the shadow prices from market prices, we have to make assump-
tions on market structure and production technology. In this paper, we
assume that the Japanese market is competitive at least as the first
approximation. Also, we assume that production technology exhibits
constant returns to scale, and that there is no production externality.
Under these assumptions, we will show that it is possible to identify
shadow prices and rents from market information.

The organization of this paper is as follows. In section II, we develop
analytical framework of the sectorally-balanced economic growth.
Using the result of this section, we derive the no-arbitrage condition in
shadow prices in section III. Section IV shows the way shadow prices
and rents are inferred from market prices and returns. Section V
reports the test of whether the Japanese economic growth is sectorally-
balanced, under the assumption of the perfectly competitive economy.
Using the disaggregate data of thirty industries, we show that there is a
strong possibility that Japanese economic growth is not balanced.
Section VI concludes this paper with the assessment of the result and
the comments on future research.
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II. Analytical Framework

We consider the economy with many identical infinitely-lived house-
holds (“dynasties”), in which there are N production sectors. Each sec-
tor produces sector-specific products by using sector-specific capital
stocks and labor. The products are either consumed or used in capital
formation in production sectors.

In this paper, we are mostly concerned with sectoral capital accumu-
lation, that is, whether sectoral investment is “balanced” or not. To
focus on the issue, we take the intra-temporal as well as inter-temporal
allocation of labor as given. Thus, the optimal capital allocation ana-
lyzed in this paper is conditional on the actual allocation of labor force.
We make this assumption for analytic sharpness, and do not intend to
belittle the important issue of intra- and inter-temporal labor alloca-
tion, which is surely an important problem especially in developing
countries. Our strategy is tactical, and must not be misunderstood.

A. A Representative-Consumer Model with N Sectors

Let k, be the capital stock vector in period ¢, in which K is the capital
stock of the i-th sector. We hereafter use subscript t to denote the t-th
period, and superscript i to denote the i-th sector.

The production function is a function of labor inputs and capital
stocks such that

yi=F(L K %), (1)

where y} is the output of the i-th sector, and X is the technological
shock affecting the i-th sector. Let y, be the output vector consisting of
y., and x, be the technological-shock vector consisting of xX. It is
assumed that x; is observed at t. However, future x, . (s > 0) is not
observed at t.

We assume the allocation of labor inputs as given, so that the pro-
duction function has the form:

yi= Sl G x) = P K X, @

where f'is assumed to be differentiable in k.
The output is either consumed or used in capital formation. Let ¢, be
the representative consumer’s consumption vector in which ¢ is the
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consumption of the products of the i-th sector. The representative con-
sumer’s inter-temporal utility is

EqYu,lc)=E,Yu,lct,....cM),
{=0 t=0

where E, is the expectation operator conditional on information avail-
able at t = 0, and u, is the period-utility function. Period-utility function
u, is assumed to be differentiable with respect to c.. u, depends on time
t, which allows time preference. This formulation is general enough to
include not only the constant time preference but also time-varying
one.

Let vl,, be the gross investment-input vector of the i-th sector in peri—
od t which is used to form capital stock k., in period t + 1, where v %,
is the products of the j-th sector used in forming the i-th sector’'s capi-
tal stock k,,. That is,

ki = R (L ) + (1 -89 K,

where h'is the transformation function3, and ' is the rate of deprecia-
tion of the i-th sector’s capital stock.

Finally, the demand for and the supply of products must coincide, so
that we have

cl+ va = fi(t, ks xl).
J=1

B. Welfare Maximization

The socially optimal capital accumulation (dynamic sectoral efficien-
cy) is then determined by the following inter-temporal maximization of
the representative consumer’s utility:

Max EOZut(ct)- Max E(,Zu (cl,....e])

fefwf) t=0 feb i, t=0

subject to

c,+Zv[+1 = fl(t.kf;xt), ki, =hi(tvl,)+(1-8Yk!, and k, = k,.

3The transformation function may depend on labor inputs. However, since we
take allocation of labor as given, the transformation function can be expressed
as a function of investment-inputs alone. Here t in h' captures the effect of labor
inputs in the same way as t does in f".
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The last constraint is the initial condition.

In this paper, we assume (1) the existence and (2) the uniqueness of
the optimal accumulation path?, and that (3) Bellman's equation is a
necessary condition of this inter-temporal utility maximization.5 Let
the value function W, be such that

_ _ _ = N
W, (k) =W, (k!,.... k) = Max Et[Zut(f’(t+s,k}+s,x}+s)— Sovll
s=0 J=1

Vtss+l

N
N N N j.N
f {t+ svkt+s'xt+s)_ E]U[J+s+l ):l
j=

s.t. k!

t+5+1

=hi(t+s,vl,,)+(1-86)kl,, and k! =k/.
Then, Bellman’s equation is

W, (k,)= W,(Kk!,....k")

N . N .
u{fl(t,kl,x;)— Sl I ) sz;’YJ

A =

i
Dyl

+E,W,, (h'(t, v}, )+(1-8k},....h¥N({t,o],}+(1- 6V )kN)

I assume W, is differentiable in k.6

From the Bellman’'s equation, two fundamental necessary conditions
for the optimum are derived. First, the first-order condition of the right-
hand side of Bellman’s equation yields

du,(c,) -E oW, (k) Jh'(t,vi,)

" - — for all (i, j
dc{ ‘ ok, v %

or equivalently,

8Wt+l (kt+l )

uilc,)=E, Ik
t41

h(t,v;,), (3)
where u; denotes the derivative of u, with respect to the vector ¢;, and
ht" is defined analogously. This condition determines the optimum sec-

4For conditions ensuring the existence and uniqueness, see, for example,
Lucas and Stokey (1990).

5Under weak conditions, Bellman’s equation is actually necessary. See Lucas
and Stokey (1990).

6See Benveniste and Scheinkman (1979} for sufficient conditons of the differ-
entiability.
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toral investment-input vector vl,, for given ¢, and k,,,.
Second, differentiating Bellman’s equation and using the above enve-
lope relation, we have

oW, (k)
dk!

t+1

W, (i) _ du,lc,)

S e filt.ki x})+E,

(1-48Y) foralli. (4)
This equation governs the optimal accumulation, and can be called the
stochastic Euler equation.

III. No-Arbitrage Condition in Shadow Prices

A. Representation of the Stochastic Euler Equation by Shadow Prices

Let us define the shadow price g, of the i-th sector’s capital k! and its
shadow rent r|, and let us characterize the stochastic Euler equation
by them. In the following discussion, we take the first-sector product
as a numeraire product.

Consider the “cost minimization” problem such that

e, pe ki, - (1- 8)ki =Min pol,, s.t. ki, =hi(tv,,)+1- 8k,

¢
Vi1

where p, is taken as given. Here the “shadow output price vector” p, is
defined as

du,(c;) du,(c,)
act el

= 2 Ny=
p.=(Lp?,....pM)=|1, Ju(c) " Tu,(c)
ac! oc}
au,(c,)

or equivalently, 5 p. =uj(c,).
t

Then, the shadow price of the i-th sector’s capital is defined as

_ T ltpy Kty = (0= 8)kl)

@ aktiﬂ

From the envelope relation, we have

du,(c,)

P, =qth?(t,vi,;) or requivalently, uj(c,) = ol
<t

qh"(t.vy,).  (B)

Next, the shadow rent of the i-th sector’s capital is defined analogous-
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ly. Consider the following “profit maximization” problem with the “rent’
i
rion ik

Max piy;-riki  s.typ = flltksx),
t

where p! is taken as given. Then, the first-order condition is
ri=pifi (6 I x), 6)

which defines the shadow rent of the i-th sector’s capital r .
From (3) and (5), we have

du.le)

W, (k)
ool qt = E, 2 )

7
aktiﬂ [ )

Moreover, from (6) and the definition of p,, we have

du,(c,) o du,(c,

aot = ) fue it x). 8)

Consequently, the stochastic Euler equation (4) can be expressed as’

dule,) dug, (€y)

t=F y i 1-6! 9
Jcl q; t acl,, {r{a + qeal )}

B. No Arbitrage Condition in Shadow Prices (NACISP)

Let us define the “shadow rate of net return” on the i-th sector’s capi-
tal, ®!, such that

= rti-r-l + {(1 — 6l)q§+l - q;}
qi

In addition, let us simplify notation in the following way:

i
q)t+l

du,(c,)
u/(l)= =L,

==
Then, taking that g} is non-stochatic at period t, we have from the

7Taking one-period lead of (4), we have

W (k) _ dugyley) 1+ Lk, ALY {
tlo_tel” - il Lk, xi,,)+E,,, —t2 12 (1~ §').
ki, dery I e T Okl

Taking E, on both sides, and using the relations (7) and (8), we obtain this equa-
tion.
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stochastic Euler equation (9),
w (1) = E, [uf,, (1) (@, + 1}] = E, [, (1) {®),, + 1]] for all iand j. (10)

We hereafter call (10) the no arbitrage condition in shadow prices
(NACISP). This condition implies that the expected shadow rate of net
return must be the same for all capital stocks. This equation will be the
basis of the empirical analysis presented in section V.

Example
As an example, let us consider the familiar case of

t
u,(c,)= (ﬁ) Cy.-

Then the relation (10) implies

i _Sival
(1+p) = E {®i,, +1} or equivalently, p= Et{r‘“ it 6. )i — gy }

T

q;

which is the familiar no-arbitrage condition, though it is expressed in
shadow prices. Equation (10) is the general case of this simple no-arbi-
trage condition.

C. Test of NACISP: the Wealk-Form Efficiency Test

Let us consider testable implication of the no arbitrage condition in
shadow prices. In general, we have, from the property of the condition-
al expectation

uid) _

ul, (DL, +1)-u;(1) = €luy,, (1) or equivalently, @i +1- =
u{+1 (1)

t
te

where ¢, is the percentage expectation error in terms of the numeraire
good in period t + 1, which is orthogonal to information available at
period t.

Consequently, the pair-wise “excess returns in shadow prices” such
that

:H»l — W1 = glt - g"t (11)

must be serially uncorrelated. Equation (11) can be used to test whe-
ther the no-arbitrage condition in shadow prices is satisfied or not.

The test based on (11) is known as weak-form efficiency test in the
literature of finance. If the financial market is informationally efficient
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in the sense that there is no way to gain profits by using information
available in the market, then there must not be serial correlation in the
pair-wise excess rate of returns on assets. This is because, if there
were such correlation, it would be possible to gain positive (expected)
profits by taking advantage of the correlation. Since such “information-
al efficiency” is a necessary condition for the optimal capital accumula-
tion, it is no wonder that we have this weak-form efficiency as a neces-
sary condition for the optimum.

Equation (11) also shows that the necessary direction of adjustment
to improve social welfare if (11) is not satisfied with equality. If there is
a positive serial correlation in ®},; - ®7,,, then the i-th sector ceteris
paribus under-invests relative to the j-th sector, so that the i-th sec-
tor’s rate of return on capital is persistently higher than that of the j-th
sector. Thus, diverting investment from the j-th sector to the i-th in-
creases the social welfare.

IV. The Market Economy

A. Identifying Shadow Prices: The Competitive-Market-Economy
Assumption with Constant-Returns-to-Scale Technology without
Externality

Equation (11) in the previous section is a testable hypothesis if the
“excess returns in shadow prices” are observable. Then, the next task
is to identify them in the market or to infer from the market. Here, we
must make additional assumptions on market structure and technolo-
gy. We assume that (1) products are not rationed, (2) markets are per-
fectly competitive, and (3) there is no externality in production.

There are three types of shadow prices in this equation. First, we
must have information about pi, which is the marginal utility of the
i-th product in terms of the numeraire product, i.e.,

du,(c;)
(__ 9 2
Fo= du,(c,)’ (12)
ac}

This P ! is easily inferred from market prices. Let P ! be the market
price of the i-th product.8 Since it is natural to assume that the repre-

8This price is the actual price buyers pay, including indirect taxes.
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sentative consumer is a price taker, the consumer maximizes the fol-
lowing period-utility for given level of expenditure .

N
Max u(cf,....c') s.t. LPci=1I
¢ i=1

Therefore, we have

— Pti

B (13)
Igtl

Pti
so long as no product is rationed.®
Second, the shadow price of capital ¢ is the marginal cost of produc-
ing capital. Since (i) the firm minimizes the cost of capital formation in
such a way that

l\ﬂin Pui,, s.t. ki, =hi(t,vl,)+(1- 8K, (14)
t+1
and (i) the firm always has an option to buy the capital from the mar-
ket of capital stocks, the market replacement value (i.e., the price) @} of
the i-th sector capital stock satisfies P, = @} h'’ (t, v,,). Therefore, we
have from (5)

gl = %. (15)

Finally, the shadow rent r | is the marginal productivity of the i-th

sector, multiplied by the shadow price of the i-th sector product. Under

the assumption of perfect competition and no externality in produc-

ton, the optimal plan requires that the firm should maximize the fol-
lowing after-tax profits for given capital stocks

Max (1- 7l - GHPIF! (I 1 xt) - WiLl), (16)

where the original function form (1) of the production function is used,
7, is the corporate income tax in period t, ¢} it is the excise tax applied
to the i-th sector products in period t, W } is the wage rate. From the
first-order condition of optimality, we have

— Wt‘.
(1-oh)p!’

i

F, (17)

9Note that this relation holds even if prices are controlled by the government.
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where F | is the derivative of F ' with respect to labor input L

As for production technology, we make a standard neoclassical as-
sumption in which production technology exhibits constant returns to
scale and that there is no externality in production.10 Thus, function F'
is linear homogeneous, so that we have F' = F I + F! [. Therefore, we
obtain from the definition of f'

1 (- ol )P/ F - Wi
p} (1- oi)k}

rf = PLALE Kl xt) = T R Kt xi) = )
t

which can be inferred from the product-market prices, P, the observed

returns on capital (1 - ) P F'- Wil and the quantity of capital

stocks, k.

Thus, under the assumptions of perfect competition, constant re-
turns to scale, and no production externality, we can infer shadow
prices and shadow rents from observed market prices, returns on capi-
tal, and the quantity of capital stocks.

Let us now express (11) in observed prices and returns to capital.
The shadow rate of net return ®. can be re-written as

i _ riall-8YqL,, - qi)
t+1 i
q¢
Pltl (1_ 0{+1 )Pti:Fi _thi+ll;+1 + {(1_ 61) Pltl Qgﬂ _ Q”
Pt+1 (1 — O )kt+l Pt+1
o

Consequently, we can test whether ®.,, — ®),, is serially correlated or
not, which the weak-form efficiency test of the no-arbirage condition in
shadow prices, by using information about market prices P {, and Q §,
market returns on capital (including corporate income taxes} (1 - ¢ i)

L Fi—-Wi, L%, the rate of depreciation &', and the capital stock k.

B. Sources of Unbalanced Capital Accumulations

We are concerned with whether the actual Japanese economy has
been deviated from the optimal sectoral capital accumulation path, or
“balanced” capital accumulation path. It is well-known that if there is
no externality in production, no distrotionary taxes, no irrationality in

10Thus, we implicitly assume away increasing returns and production exter-
nality, which are emphasized in the recent literature of imperfect competition
and endogenous growth. We will discuss them later in section V1.
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investment, and no financial distortion,!! then the competitive econo-
my with the representative consumer can achieve the optimal sectoral
accumulation,!2 and the no-arbitrage condition in shadow prices is
satisfied (see Appendix A). This “neoclassical case” can be considered
as the reference point. Thus, if the no-arbitrage condition in shadow
prices (NACISP) is rejected by the data, this implies at least one of the
maintained assumptions of perfect competition, no production exter-
nality, no distortionary taxation, and no irrationality in investment
behavior, does not hold.

However, in order to identify the shadow prices and rents, we have
already assumed that perfect competition and no production externali-
ty. Thus, we have implicitly assumed that the sources of unbalanced
capital accumulation, if they exist, are tax distortion, irrational invest-
ment behavior, or financial distortion.

Distortionary financial markets may cause substantial distortion in
capital accumulation. If financial markets are not perfect, then there
are firms which might be liquidity-constrained. Such constraint gener-
ally causes inefficient capital accumulation. Moreover, if funds are
available only for a subset of firms, resulting investment may also be
inefficient. Then, even if product markets are perfectly competitive,
capital accumulation is not efficient nor sectorally balanced.

V. Sectoral Balancedness in the Japanese Capital Accumula-
tion: 1960-1985

In this section, we will examine whether the no-arbitrage condition in
shadow prices (NACISP) is satisfied in the post-war Japanese capital
accumulation between 1960 and 1985. This quarter of the twentieth
century 1960-85 has witnessed a dramatic change in the Japanese
economy. The starting year, 1960, is chosen since rapid economic
growth in the 1960s is at the heart of the Japanese economic “miracle”
(Ito 1992, p. 61).13 Chronic trade deficits plagued in the early years
after the Second World War were by and large disappeared around
1960. Hayato Ikeda became prime minister in July 1960, and his

11We are indebted to Professor Kyung-Soo Kim, who convinced us that this
factor is likely to play an important role in the Japanese economy under consid-
eration, namely, between 1960 and 1985.

12Gee, for example, Blanchard and Fischer (1989; Chapter 2).

13The choice of 1960 is partly due to the data availability. Kuroda (1993)'s
estimates of sectoral capital stocks and capital goods prices starts in 1960.
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ambitious “income-doubling plan,” which aimed to double real national
income in ten years, was adopted in December as the basic economic
plan of the government. From then, economic growth until 1974 was
just remarkable, in which the average growth rate was close to 10%
and real national income was doubled in seven years, not in ten years
as originally planned.

The two oil crises in the 1973 and 1978 transformed the Japanese
economy from the rapidly growing one to the steadily growing one. The
average growth rate between 1974 and 1985 was between 4% and 5%,
which was still decent but paled before the past history of rapid growth.
The choice of the ending year, 1985, is partly dictated by the data
availability (see below) and partly due to the fact that the driving force
of the Japanese economy after 1985 is different from that before 1985.
Most notably, the surge of asset prices and their following collapse lead
the long expansion and subsequent sharp decline after 1985, while
such dramatic movement in asset prices were not observed between
1960 and 1985. However, since the data is only partially available for
the recent period, we decided not to include this period in order to con-
centrate our analysis on rapid growth era and subsequent steady
growth one.

The primary data we use is the sectoral data of the quantity and the
price of capital stocks and returns on capital stocks, compiled by Pro-
fessor Masahiro Kuroda of Keio University (Kuroda 1993).14 The time
span is between 1960 and 1985, and thirty industries (plus one gov-
ernment service sector) are identified (see Table 1). The industry classi-
fication is based on the Input-Output Table, compiled by the Ministry
of International Trade and Industry. The brief account of the way
Kuroda’s (1993) data is compiled is presented in Appendix B.

Table 2 shows the annual growth rate of capital stocks by industry.
This table shows a remarkable slowdown in investment around 1973,
as well as the sectoral shift taken place at that time. During the rapid

14Kuroda (1993) goes further than simply compiles the data. He estimates the
private after-tax returns on capital stocks, meticulously taking into considera-
tion various forms of taxes that firms have to pay but that are often ignored in
the formal analysis, such as business property taxes, prefecture inhabitant
taxes, municipal inhabitant taxes, Motor Vehicle Tonnage Tax, and Automobile
Acquisition Tax, to name a few. He also imputes the private shadow price of ser-
vices from various types of capital stocks. These data reveal private incentive to
invest, so that they contain important information for the analysis of possible
source of bias in capital accumulation. This is, however, beyond the scope of the
present paper.
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TABLE 1
INDUSTRY CLASSIFICATION

No. Sector Name Abbreviation

1. Agriculture-Forestry-Fishery Agric.

2. Mining Mining

3. Construction Construct.

4. Food and Kindred Products Food

5. Textile Mill Products Textile

6. Apparel and Other Fabricated Textile Fab. Text.

7. Lumber and Wood Products (except Furniture) Lumber

8. Furniture and Fixture Furniture

9. Paper and Allied Products Paper
10. Printing, Publishing, and Allied Products Printing
11. Chemical and Allied Products Chemical
12. Petroleum Refinery and Related Products Petroleum
13. Rubber and Glass Products Rubber
14. Leather Products Leather
15. Stone Clay Products Stone clay
16. Iron and Steel Iron steel
17. Nonferrous Metal Products Nonferrous
18. Fabricated Metal Products Fab. Metal
19. Machinery Machinery
20. Electric Machinery Elec. Mach.
21. Motor Vehicles and Equipment Mot. Veh.
22. Transportation Equipment except Motor Vehicles Trsp. Equip.
23. Precision Instruments Prec. Inst.
24. Miscellaneous Manufacturing Misc. Mfg.
25. Transportation and Communication Trsp. Comm.
26. Electric Utility and Gas Supply Utilities
27. Wholesale and Retail Trade Trade
28. Finance and Insurance Finance
29. Real Estate Estate
30. Service Service
31. Government Service Gov. Service

Source: Kuroda (1993) Table 0.

growth era between 1960 and 1972, most manufacturing industries
show two-digit growth rates, while their growth rates exhibit dramatic
slowdown after 1972. Take Iron and Steel. The annual growth rate of
capital stocks in the Iron-and-Steel industry is above 14% in the rapid
growth era, while it goes down to less than one third in the steady
growth era. Some industries experience more severe slowdown, as
exemplified by the Leather Products industry (down to almost one
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TasLE 2
ANNUAL GROWTH RATE OF CAPITAL STOCKS BY INDUSTRY (%)

No. Sector Name 60-72 72-85

1. Agriculture-Forestry-Fishery 4.495 5.278

2. Mining 6.282 0.748

3. Construction 14.633 6.137

4. Food and Kindred Products 12.617 5.243

5. Textile Mill Products 6.275 3.305

6. Apparel and Other Fabricated Textile 10.936 2.736

7. Lumber and Wood Products {except Furniture) 5.217 3.356

8. Furniture and Fixture 9.901 5.093

9. Paper and Allied Products 11.822 5.613
10. Printing, Publishing, and Allied Products 9.982 7.037
11. Chemical and Allied Products 12.692 4.804
12. Petroleum Refinery and Related Products 15.063 5.228
13. Rubber and Glass Products 17.073 6.273
14. Leather Products 12.251 1.575
15. Stone Clay Products 14.045 5.718
16. Iron and Steel 14.061 3.311
17. Nonferrous Metal Products 10.853 7.262
18. Fabricated Metal Products 19.722 8.289
19. Machinery . 17.455 5.927
20. Electric Machinery 14.671 9.812
21. Motor Vehicles and Equipment 16.973 8.069
22. Transportation Equipment except Motor Vehicles 13.792 3.258
23. Precision Instruments 16.929 10.052
24. Miscellaneous Manufacturing 16.372 8.627
25. Transportation and Communication 6.357 3.064
26. Electric Utility and Gas Supply 6.473 10.996
27. Wholesale and Retail Trade 12.211 5.482
28. Finance and Insurance 10.327 3.875
29. Real Estate 4.841 4.399
30. Service 11.863 6.714

Source: Kuroda (1993) Table 14.

tenth).

By contrast, the Precision-Instrument industry fares much better
than other industries, keeping two-digit growth rates even in the
steady growth era. In addition, the Electric-Utility-and-Gas-Supply
industry steps up its investment from 6% to 11%. The Agriculture-
Forestry-Fishery industry also shows the steady pace of capital accu-
mulation.

Since the capital-stock growth in the rapid growth era is dramatic,
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and that the ensuing slowdown is drastic both in the overall trend and
in the sectoral shift, there might be inefficient adjustment in transition
periods. Moreover, the Japanese tax system imposes various complicat-
ed taxes on firms, which might result in inefficient capital accumula-
tion. We will examine whether the necessary condition of the sectorally-
balanced capital accumulation, that is, the no arbitrage condition in
shadow prices, is satisfied by the Japanese sectoral capital stock and
price data between 1960 and 1985.

Table 3 reports the result. Here we adopt the product of Agriculture-
Forestry-Fishery industry as numeraire. We use the value-added defla-
tor of this industry as its price series, which is taken from the System
of National Accounts. We also make two additional simplifying assump-
tions. First, we ignore the effect of excise tax. This assumption is gen-
erally not serious, since its effect is relatively small except possibly for
motor vehicles.!5 Second, we use the economic depreciation rate for
machinery reported in Kuroda (1993) as the representative of deprecia-
tion rates of depreciable assets in general.!6 In this table, in order to
save space, we only show the result based on the following six refer-
ence industries. They are the agriculture-forestry-fishery, textile, iron-
and-steel, machinery, precision-instrument, and wholesale-and-retail-
trade industries.

This table shows that the Japanese capital accumulation is generally
not sectorally balanced. This is particularly the case among agriculture-
forestry-fishery, mining, construction, manufacturing, and real estate.

Extremely high persistence of positive excess shadow rate of returns
of the real-estate industry seems to confirm the popular view that the
Japanese capital accumulation is biased toward the industrial base,

15During the period under consideration, there was no general commodity
tax. Commodity taxes were levied on luxury goods, such as fur coat, and most
non-luxury items are exempt from them, except liquor and automobile. How-
ever, the luxury goods are heavily taxed, and the commaodity-tax revenue is non-
negligible in the central government tax revenue (accounting for roughly four
percent).

The commodity-tax system changed dramatically in 1989, when the de facto
value-added tax called consumption tax was introduced and most commodity
taxes were abolished.

16To measure economic depreciation rate is in general very difficult. Kuroda
(1993) in fact attempted to measure it, but his estimate is still tentative. Thus,
we are obliged to have recourse to the second-best solution, in which we use the
relatively-reliable depreciation rate in the machinery industry as a representa-
tive depreciation rate.
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and thus leaves residents of Japan in poor living conditions compared
with the other OECD countries. Various institutional barriers affecting
real estate transactions and tax distortions are often cited as major
culprit of the bias.17

The biased accumulation is also found in agriculture-forestry-fishery.
The agriculture-forestry-fishery industry showed relatively high returns
on capital in the 1960s, but a sharp decline followed in the subsequent
years. Large serial correlation in the excess shadow returns on capital
shows that adjustment to changing economic conditions in the 1970s
and 80s is far less satisfactory. This also supports the view that agri-
cultural policy of the Japanese government is not effective in making
adjustment smooth. A similar and stronger persistent serial correlation
is found in mining, another declining and heavily subsidized industry.

Although not often discussed in the literature, the performance of
the Japanese construction industry is also rather disappointing. This
industry persistently shows positive excess shadow rate of returns,
which implies under-investment. This industry is well-known for its
complicated system of sub- and sub-sub contracting and the maze of
implicit as well as explicit regulations and administrative guidance,
which surely affect the industry’s ability to adjust itself to changing
economic and social conditions.

Nobody denies the post-war success of the Japanese economy is led
by the high rate of capital accumulation in manufacturing. However,
even in the manufacturing sector, there are signs of skewed accumula-
tion, though they are not as conspicuous as other sectors. For exam-
ple, the machinery and precision instrument industries show signifi-
cant serial-correlation coefficients for most reference industries we
consider, which alludes to inefficient capital accumulation.

V1. Concluding Remarks

In this paper, we have defined the “sectorally-balanced economic
growth”, and derived the no-arbitrage condition in shadow prices
(NACISP) as a necessary condition for the sectorally-balanced growth.
We also have developed the method to test NACISP using market prices

17See Ito (1993) for a concise survey of the “land problem” in Japan. A more
detailed analysis of the Japanese real estate market is found in Nishimura and
Sasaki (1994), where the agricultural land, residential land, and commercial
land are jointly analyzed.
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and-returns on capital. The test has been applied to the Japanese sec-
toral capital stock data between 1960 and 1985. It has shown that the
Japanese sectoral capital accumulation is in general not balanced in
the sense that diverting investment from one sector to another im-
proves social welfare.

However, there are caveats. First, the fundamental assumptions in
our empirical study, namely, perfect competition and constant returns
to scale without externality, are not without objections. There is now a
sizable literature to emphasize imperfect competition as a building
block of economic analysis (see Nishimura 1992, Chapter 1). Imperfect
competition makes market relative prices divergent from shadow rela-
tive prices, except for the unlikely case of the universal mark-up ratio.

Second, recent empirical studies about the technological progress
cast serious doubts on the standard neoclassical assumption of con-
stant-returns-to-scale technology with no externality. Hall (1991) em-
phasizes the importance of increasing returns to scale in understand-
ing the behavior of the Solow residual which is vehicle of the neoclassi-
cal theory of technological progress. Moreover, endogenous growth the-
ory points out that externality in production is one of the key elements
in growth. Increasing returns and production externality distort the
way we construct the shadow rent from market returns on capital.

Third, to consider thirty industries and to assume homogeneity with-
in them may be too naive. Thirty industry classifications may be too
coarse for policy purpose. Moreover, it is well-known that there are
many small and medium-size firms in Japan. They command roughly
four tenths of total production of the manufacturing corporate sector.
Thus, it may be appropriate to disaggregate further, industry-wise and
size-wise.

Appendix A

In this appendix, we examine the competitive market economy with-
out externality, distortionary tax, and no irrationality. In this case, the
market economy can achieve the optimal sectoral accumulation under
suitable weak assumptions. We show in this appendix that the econo-
my satisfies the no-arbitrage condition in shadow prices, (11J.

We assume that there are three kinds of economic agents. First,
there is a representative consumer having the inter-temporal utility (2).
The representative consumer owns capital stocks, lends them to
output-producing firms, buys output from them, and consumes the
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products. The consumer also saves in the form of buying capital goods
from capital-goods producing firms. The consumer owns stocks of the
firms, and receives dividends from them.

The representative output-producing firm in each sector rents capital
stocks, produces output to sell it to the consumer and the capital-
goods-producing firms. The capital-goods-producing firms buy output
from output-producing firms, produce capital goods, and sell them to
the consumer.

Let us take the representative consumer’s utility of period 0 as a nu-
meraire. This assumption is a bit unusual, but it reduces notational
complexity. Moreover, to convert the “utility” price into the standard
“commodity” price in terms of, say, the product of the first sector in
period O, is straightforward. (Note that this definition of P} is different
from that in the text, where P! is the commodity price. This difference
must be kept in mind.) Let P} be the (utility} price of the i-th sector’s
product at period t, @f be the (utility) price of the i-th sector’s capital
goods at period t, and R; be the (utility) rent of the i-th sector’s capital
stock.

The representative consumer solves the following maximization prob-
lem in the market economy:

W, (k,}=Max E, Y u,l(c,)
{ee} t=0

N .. N i N . " .
where Y Picl + ¥ @ik, — (1- 6Y)k!) = Y (Rik! + 2Pt + ).
i=1 i=1 i=1

As in the welfare maximization, we assume the existence, and the
uniqueness of the optimal path, and that Bellman’s equation is a nec-
essary condition. The representative consumer’s Bellman'’s equation is

W, (k) = {leix)[uz (e )+ EW,, ke )]

CeKeel

N ) X Lo ! X
s.t. P, + Qi = SUR +(1- 8)QiHK{ + nft + nf4),
i=1

where P, and @, are the vectors whose components are P ; and @}, res-
pectively. Then, the necessary conditions of the optimum of the right-
hand-side of Bellman’s Equation are

ui(c,)= AP EW/, (k. 1=1,Q, and

N ) o ! (A1)
Pe, + Ok = ZUR; +(1- 8NNkt + rP + nK).
i=1
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Equations (Al) determine the optimum consumption ¢, and optimum
capital accumulation k., as functions of existing capital stocks k..
Differentiating the inter-temporal budget constraint with respect to k;
and taking account of the fact that ¢, and k,,, are the function of k, we
have

c9ct

‘ak‘ Q[ f+1—R§+(1~6")Q;‘.

ok!

Differentiating Bellman's Equation and taking account of the above
envelope relation yield

T = MBI -9 T E AR +0- 5000 (2
From (A1), we have
A = 3“:(?t)i’: aut(?t)L=Et a"Vm.(km)_L
dci P} oc] P/ dki, O
=E, Wealleen) 1 for all i and j. a3

Il G
Rearranging terms in (A2) and (A3), we obtain the following market-

economy stochastic Euler equation:

oW, k) _ dule) 1 o, FE W, (k)
k! aci Pt ok{,

(1-48Y, (A4)

and the market-economy investment equation:

du,(c,) - E Wy (ki) i
dact Yook, @

(A5)
aWHl (kt+1 ) P_t

or equivalently, u{{c,)=E, kL, Q)

Next, consider firms. On the one hand, the representative i-th sector
output-producing firm’'s expected profit maximization is, where i, is the
market rate of interest and zit is its demand for capital (service).

Yy,

Eo 11

Zt t051+ls

where 7Pi=P,y. - Rzl and yi=f'(t, 2, x}.

The first-order condition of the optimum is
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Pifi(t. 2, x) - Ri= 0 (a6)
On the other hand, the representative i-th sector capital-goods-produc-

ing firm’s profit maximization is

Max E, i(]ﬁ[—l—_—]n’“,

ol t=0 s=1 1+
. i i i i
where #xi= Q' d.,, - P, v,,; and d.,, = hi (¢, v.,)).

The first-order condition of the optimum is then

QinRY(t,vl,;)- P, =0 or equivalently, h'(t,vi,,) = 5‘: (A7)
Finally, market equilibrium conditions are as follows.
The i-th output market: (C} + gvt{q (i)] =yl (A8)
J=1
The i-th capital-goods market: d.,, = i, - (1 - &) K (A9)
The rental market of capital goods: z = ki (A10)

We assume the existence and uniqueness of the market equilibrium.

It is straightforward to show that the optimum conditions (1) and (4)
are satisfied in the market economy. Equations (A8}, (A9) and (A10)
guarantee the feasibility. From (A6) and (A4), we have (4). From (A7)
and (A5), we have (3). Therefore, the market economy achieves the
dynamically optimal sectoral accumulation, or in orhter words, bal-
anced growth.

Appendex B

In this appendix, we briefly explain the way Kuroda's (1993) esti-
mates of sectoral capital stocks and their prices are obtained. The fol-
lowing step-by-step procedure is employed.

Step 1. Disaggregate capital stocks by owners and kinds of assests.
The following categories are used.
(1) Depreciable assets
(1.A) Corporate Sector/Private Enterprise
1. Residential building, 2. Non-residential building, 3. Other struc-
ture, 4. Machinery, 5. Water transport vessels, 6. Land and air
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transport vessels, 7. Tool and fixture
(1.B) Non-corporate Sector (Private Enterprise)
8. Residential building, 9. Non-residential depreciable assets
(1.C) Corporate Sector/Government Enterprise
10. Residential building
(2) Non-depreciable assets
(2.A) Corporate Sector/Private Enterprise
11. Land, 12. Inventory
(2.B) Non-corporate Sector (Private Enterprise)
13. Land, 14. Inventory

Step 2. To get the benchmark stock data of assets for each category.

The benchmark data are the Economic Planning Agency (EPA)'s Na-
tional Wealth Survey in 1955 and 1970. The method in the National
Wealth Survey to get the gross asset value is to multiply the historic
book value inclusive of depreciation by the rate of change in the price
between the acquisition year and the survey year. The net asset value
is then obtained by multiplying the gross value by the remaining-value
ratio which is the proportion of years elapsed since acquisition to life
time.

Step 3. To get constant-price investment series for each category of
depreciable assests.

(1) Total investment. Private Enterprises’ (both corporate and non-
corporate) total constant investment series are based on the EPA’s
Gross Capital Stock of Private Firms (CSPF). However, industry classifi-
cation of manufacturing in CSPF is coarse, so the manufacturing
investment data is further disaggregated using deflated gross invest-
ment series in the Census of Manufacturing, Reported by Industry,
with deflators which are the weighted average of appropriate commodi-
ty deflators. The weight is the value share of the commodity in the
industry’s capital formation vector reported in the Capital Formation
Matrix of Input-Output Table, 1975.

(2) Disaggregation into each asset category. Total investment is then
divided into different asset categories by relying on the shares of each
asset in the EPA’s Report on the Corporate Industry Investment Survey
(RCIS) until 1974 when the survey was curtailed. Since then balance-
sheet information of all firms whose stocks are traded three national
stock markets (Tokyo, Osaka and Nagoya) is used assuming that disag-
gregation of the total is the same as in this subgroup. {Agriculture-
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forestry-fishery, mining, and finance-insurance are exceptions. The
disaggregation is achieved in the three industries under the assump-
tion that 1974 RCIS proportions continue to hold after 1975)

(3) Government enterprises’ series are obtained from the published
balance sheet.

Step 4. To compute time series of the stock of depreciable assets of
each category by industry via perpetual inventory method.

Here, the economic rate of replacement is estimated from the data,
rather than using the approximation (the rate of replacement = 2/(the
average economic life)). The method is based on the computation of
zero of the polynomial, based on starting 1955 benchmark assets, end-
ing 1970 benchmark assets, and investment series between 1955 and
1970.

It should be noted here that there is important convention in this
kind of estimation. All residential buildings are regarded to be owned
by real estate industry. This procedure is consistent with the conven-
tion adopted by the System of National Account and the Input-Output
Table, where the imputed rent on residential building is included in the
value-added of real estate industry.

Step 5. To estimate the quantity and the value of total capital stocks.

The quantity of the total capital stock of an industry is the unweight-
ed sum over all categories of assets in the industry. The value of the
total capital stock is obtained by first multiplying the stock of assets of
each category by the corresponding deflator, and then summing them
up. The price of the total capital stock is obtained implicitly by dividing
the value by the quantity.

Step 6. To estimate the non-depreciable assets.

(1) Land. The benchmark is 1955 National Wealth Survey. It contains
corporate as well as non-corporate land holdings in terms of area by
industry. The increment to the holdings is estimated by using the Real
Estate Survey of the Ministry of Home Affairs and the Census of
Manufacturing, Report on Industrial Land and Water Use. The deflator
of land is taken from the Japan Real Estate Research Institute Land
Price indices.

(2) Inventory. The benchmark is 1970 National Wealth Survey, aug-
mented by information contained in the Census of Manufacturers,
Report on Industry. Inventory stocks are classified into finished goods
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and merchandise, semi-processed goods, and other inventories. The
inventory-investment series are obtained from the Census of Manufac-
turers, Report on Industry, for corporate manufacturing enterprise,
and the Annual Statistics of Corporate Enterprise, for corporate non-
manufacturing enterprise. For non-corporate sector, the nominal ag-
gregate estimate in SNA is distributed using the distribution ratio in
1970 National Wealth Survey. The deflator of inventory is assumed to
be the same as the deflator of the industry’'s products.
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Comment

Kyung-Soo Kim*

The issue of dynamic efficiency has concerned macroeconomists for
both theoretical and empirical aspects. There are two directions for
dealing with this issue: Whether optimal saving-investment can be
achieved by market economy (pioneered by Diamond (1965) and how
we can determine whether actual economics are dynamically efficient
(Abel 1989).

Professor Nishimura and his co-author Dr. Kuninori took the second
direction. Specifically, they examined whethor the Japanese economic
development is “sectorally” balanced. Rather than investigating the
choice between consumption and investment and ask whether the
Japanese economy over-invests Professor Nishimura and Dr. Kuninori
explored the balancedness of the Japanese industrial sectors. For this
they solved the intertemporal optimization problem with costs of instal-
lation of investment goods. Three shadow prices are considered:
Shadow output price, shadow capital price which is the marginal cost
of producing capital, and shadow rent representing the marginal pro-
ductivity of capital. From the set of the first order conditions the
authors derived no arbitrage condition which is a necessary condition
shown in equation (11) for the optimal capital accumulation. The no
arbitrage condition in shadow prices may be interpreted as follows:
Suppose the ownership of capital in various industries were alienable.
Then if the stock market is informationally efficient, there’s no way to
gain systematic profits through trading equities and, as a result, the
pairwise excess rate of returns on assets must not be serially correlat-
ed. Therefore, testing the no arbitrage condition in shadow prices
would be equivalent to testing stock market efficiency. Here, if there is
a systematic difference in excess returns in shadow prices between
and two industries, then diverting investment from industry with lower
rate of return on capital to industry with higher rate of return wiil
increase the social welfare.

Assuming perfectly competitive markets and neoclassical production
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function Professor Nishimura and Dr. Kuninori identified shadow
prices by observing the Japanese market eocnomy. Based on the data
from 1960-85 they shared the common sense view; The Japanese sec-
toral capital stock does not satisfy the no arbitrage condition in shadow
prices.

1 found the paper interesting and substantial. This paper, I think,
makes an important contribution to the literature of assessment of the
dynamic efficiency especially in the area of economic development. An
economy with export-led outward oriented growth is not necessarlly
dynamically effcient even though it could face the terms of trade deter-
mined by world market.

The common-sence view of the Japanese economy is that the export
sectors such as knowledge intensive industry and manufacturing
industry are extremely efficient. On the other hand, domestic sectors
such as construction industry and distribution industry are extremely
inefficient. Looking at Table 3 amoing six reference industries the pre-
cision instrument industry has 24 industries which significantly vio-
lates the no arbitrage condition in shadow prices. This is the largest
number. The machinery industry and the iron steel industry share the
second laregest number which is 18. Professor Nishimura and his co-
author confirmed the common sense.

I would very much like to identify more factors contributing to the
sectorally unbalancedness of the Japanese economy. They pointed out
the possibility of imperfect competition. Imperfect competition brings
up the problem of misidentification of the shadow prices. The externali-
ty in production may be another possibility. Also they briefly men-
tioned the potential problem of assuming homogeneity within indus-
tries under consideration. However, all of these possibilities are the log-
ical outcome.

In addition to tax distortion and/or irrational investment behavior
pointed out in the text, my guess is, the Japances financial system
could be another important source of the unbalanced growth. The
authors considered years between 1960 and 1985 prior to the rapid
liberalization and internationalization of the Japanese financial system
(although Hoshi et. (1990) identified 1983 as the first year in which the
effects of deregulation were fully felt). In addition to the investment
opportunitics explained by the theory of q informational asymmetries
could make firms face liquidity constraint. This lending view of mone-
tary policy transmission which has received rising attention in recent
years is especially convincing for the Japanese econnomy.
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At least during 1960-72 Japanese firms were heavily dependent on
bank lending. The Japanese financial system such as the main bank
system could play a significant role. (see Hoshi et.) Firms or an indus-
try as a whole with close bank relationship would not be liquidity con-
strained. However, firms without close bank relationship would be
severely liquidity constrained as well as investment opportunity.

Cross-share holding has prevented a large proportion of stocks from
being traded in the market. Secondary market for bonds were not well
developed until 1980s. In summary, the financial markets were not
competitive during the period under consideration, which would distort
the cost of capital among firms and possibly among industries.
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