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CHAPTER I
INTRODUCTION

The attempt of this study is to appraise the importance of scme
factors which explain the difference in productivity of the Japanese
and U.S. economies. The explanation is attempted in fairly nerrow
economic terms; that is, the historical snd institutional patterns
lying behind the economic situstion are not discussed except inciden=-
tally. Rather we picture the output of Japen and of the United States
as being the result of employment of different factors of produetion
available. In particular we are interested in distinguishing the agri-
oultural end noneagricsultural contributions to differences in inecumes,
and in mssessing for eash sector, the importance of materials, laber,
and capital equipment in causing the differences in observable incomes.
Naturally we have hot finished this task, but some steps have been taken.

Suppose then we picture the output of Japsn as composed of agricul=-
tural output and noneagricultural mtpﬁt, each being produced by labor,
capital equipment, and rew materiels. We plieture the output of the United
States in the same way. What is the importsnce of eaeh of the three fac=-
tors within the two broad seetors in determining the relative output of
the two eountries? It is essumed for the purpose of this study that
economies of scale, technologiocal knowledge, enterprise, and willingness
of laborers to work herd are not explanations of the difference in per

oapita production, These assumptions ere no doubt false. It is presumed



however, that progress in understending all forces in operation will
best be made by soncentrating on & few, Thus this study is concerned
only with output and the three fastors of production mentioned,

The plan of the study is this. In the first part of this study
the existing studies of others on productivity will be considered. In
the second chapter some general characteristies of postwar Jip-n'l
economy in comparison with that of the United States are presented.
Eocnomie growth, i.e., output growth, per capita income growth, the
structural chenge of industry end the structure of foreign trade will
be dealt with mainly. In chapter III, production levels and factors
employed in the agricultural sectors of the United Stetes and Jupan will
be considered. In chapter IV, production levels and raw materials used
in non-agricultural sectors of the United States and Japan in 1951 will
be discussed. In cheapter V, the role of eash factors of preduetion, in=

eluding eepital equipment will be summariged.

Ihe Production Function Approssh

In order to reduce the problem to mensgeable propertions, the
assumption has been made that in each of the twoc seetors in each country,
we can write a produstion funection in the form

Output ® funetion (labor, capital equipment, resources);

and that the nature of the fumction in the two sountries for each
sector is the seme. Provisionally, however, that is in Chapter II1 and
IV we eliminate capital equipment, and assume that natural resources
alone explain the difference in output per worker. This mekes it possible
to deal with only two factors, and to study the effect of resourees in

isolation. In particulsr, we seek to determine how far diminishing



returns explain the observable differences in productivity of labor.

The basiec method used (whioh will be explained mcre fully later)

18 to use prioe and income deta to obtain equilibrium values, which
will determine the shape of the production funoticns. It is then pos=
sible to assign importance to the role of resources, if the proportions
of factors were eltered to be the ssme in the twe countries. Thus the
basic problem encowntered, after meking the psrtioular assumptions ebout
the nature of the production funotion just menticned, was to state the
producticn funotion in & form which permitted the uses of the statistie
cal date available. This wes done differently in the two seotors,

In the agricultural sector, it was possible to obtein more sensible
estimates of aggregete incomes of the twoc sectors, than of price per
wait of land and lebor, Thus it was desirable tc assume a form of pro=
duoticn funotion whiech gave values of shares of income of feotors of
produoticn, This oculd be done by the Cobb-Douglas production funotion,

=b Ky 1=k
where P is output, b occnstent, k constent, X and Y factors. The total
income of factor X is then k.P and for ¥ is (1-k).P. In terms of iso~

quents, that is relation of X end Y when P constant we have
1
k-1

2Y_ = constant.X

X
This slope of isoquant expression is nct readily usable however, because
price data are nct evailable, The slope of the isoquant in the ocase
k £ 1/2, is readily seen to be such that the slope of marginal rate of
teohnical substitution changee with X roughly in the manner of the

rectangular hyperbola,



In the case of the non~agricultural sector, the slope of the iso-

gquent itself has been assumed, that is

2Y zaXib
X
This mey be considered a linear approximetion of the slope of the iso=

quant of Cobb-Douglae producticn or any other produetion function.

Qther Studies

Two major concepts regarding measurements of productive efficiency
are developed in existing economic theories. One is partial measurement
of productive efficiency, and the other is total measurement of produe=-
tive effiociency. Ire partial measurement is defined as the to'al output
divided by quantities of each input; such as labor, land, materials,
mechine end buildings. Above all, the ooncept of labor productivity
has been used as a measurement of productive efficiency for a long time.
The concept of total productivity is defined es net value of total output,
divided by total inputs; i.e., the summation of value of labor input end
capitel input, In this methed, the total output and the value of inputs
must be obteined by using weights of & base country. Jhe results are
called indices of efficiency. A diffioulty in this approach is to run
into the troubles of price indexes. In order to awid this defect of
indices of efficiency, the total inputs ccefficients approach as the
concept of total productive efficiency was developed. The concept of
input ococefficients is defined in terms of preduction isoquants of esono=
mis theory. That is, productive efficiency is determined by maximum
output with the least input, Total meeasurement of productive effioiency

is a recent development of productivity study. The indices of efficiency



have been developed in National Bureau of Economiec Research since the
end of the World War II. The input coefficients approach was used by
Ferrel, 1957,

L. Rostes, C;:lin Clark, and Mervin Frankel have made internaticnal
comparative studies of productivity by using the method of partial mea=-
surement, Rostes mede & compariscn of output and employment in thirty-
one industries of the United States and England in the prewar pericds,
1935-1939, Comparisons were made in terms of physical output per worker
and per man~hour. Rostas distinguished the different eoncepts between
physical output per mén and per man~hour &s follows:!

When measuring changes in productivity of laboer in the

purely technical sense or measuring costs of produstion, the

output per men~hour coneept is the relevant one. For meny other

purposes, e.g., estimating men-power requirements, or future

national incomes, comparing real incomes in different countries,
ete., t he output per men concept is more appropriate.
His nonurmfnts were ooncentrated in the average labor productivity and
expressed in terms of the physical output per man and man-hour.

Colin Clark made broad studies of internationel cemparative produce
tivity in order to estimate the trend of economic growth over a long-
range period in the different countries in his book entitled, The Con-

ditions of Eoonomic Progress. In chapter V of this book, he indicates

the various measurements of productivity in primary industry such as
output per men, output per man~hour and output per acre. He also paid
attention to the "diminishing returns” relation in primary industry by

calouleting the everage labor productivity. He expresses the labor

lRostas, L., Comparative Productivity in British end Americen
Industry, Cembridge, Egﬂ:h University Press, 1948, p. 25



productivity at national produst level in terms of the international

monetary wmit in symbols as followss !

-ﬁ‘ M2 I«E=V)3E' -1
umber of Workers in lear

where M represents national inocme at market prices in national currenoy,
ineluding an allowance for imputation, V (which may be negative repre-
sents net investment ineome received from ebroad, E end I represent ex-
ports and imports in national eurrenoy end E' and I' exports and imports
measured in the international monetary umit: p represents purchasing
power of one wnit of national currenoy per international monetary wunit
(1,U). He eomputed the lebor produetivity st national product level

in terms of I.U. for the various eountries. His defense of labor pro=-
duetivity expressed in terms of money value is worth while notioingz'

We can only assume that money values give an adequate

measure of the trend of real values if we know that the

goods ere sold in the seme market, which is not often the

case when we are comparing industries in different coun=~

tries. Even if we are comparing different firms within one

industry in one cowntry at cne time, & certain amount of

caution is still neeessary. The market may be imperfeet,

and the same goods may in feet be being sold at lower prices by

the more suecessful firms, end at higher prices by the less

successful,

Not only the different national currency but also the different
market system in the different commtries give rise to difficulties for
the international comparative study of produstivity in terms of money
value, This is the main problem with which the student of international

comparative study is feoed. This problem is dealt with in later in this

lchrk, Colins The Conditions of Economic Progress, London, Mac~
millen Co., 1957, p. 89.

21bid., p. 86.



chapter in greater detail.
Marvin Frankel studied the international comparative labor produes

tivity in the menufacturing industry of England and the United States.
fiis measurements of labor productivity are expressed by the value of
output per msn~hour between two countries. The value of output is ex=
pressed in terms of dollars by using the exchenge rate (or the offieial
fixed excheuge rate), He applied this method of measurement of laber
productivity in his artiele entitled "Anglo=Americen Productivity Dife
ferences: Their Magnitude end Some Causes”,} and in his book entitled,

British and Americen Manufeeturing Productivity, A Comparison end Inter-

mutim.z He further states the necessity of measurement of labor

produstivity by & formula sush as V/L, where V denotes value added and

L, number of workers, in his resent articles®

It is 2 ocommon and plausible notion that the propore
tions in whieh productive factors are combined depend,
given the limits of prevailing techmology, on relative fac=
tor prices: A corcllary of this notion is that should the
price of cme factor rise, its use will be econcmized and
other fectors substituted for it. Since the development
process typieally is assceiated with rising incomes and
wage rates, it is remsonable to expect this process to be
accompenied by rising output per worker snd by en observa=
ble relationship between the movement of output per worker
and the movement of the wage rate.

lprankel, Marvint “Anglo-Ameriecsn Productivity Differences: Their
Magnitude snd Some Causes” American Eoonomic Review, May, 1965.

2Fpenkel, Marvint Eritish and Americen Hanututuriné Productivity,
A Comparison snd Interpretelion, University o ois, .

5Frmhl, Marvin: "Methodology For en International Comparisen of
Productivity Levels and Wage Rates" lemorandum Number C~9, Department
of Boonomics, Stanford University, August 1968, p. 1.




He thinks the measurement, value added divided by number of workers, is
desirable. In the economic development process, we eannot ignore the
relative factor priees because, it affeets substitution for factors and
productive effieienoy.

As for measurements of total produetivity, we have not had eny
statistieal works based upon an international eomparison. However, as
far as the idea of indices of efficiencies is conscerned, it has been
developed in the intertemporal comparative basis within & eountry by
Jaeob Soluooklor.l George %ighr.' Solomon Fabrieant® and John Kendrick?*
since the end of World Wer II., John Kendrick has computed the total
national productivity over the longerenge periods. Labor input is
measured by men~hours worked, by type, weighted by base perieds average
hourly earnings; ead input of eapital (ineluding natural resources)
is measured in terms of the real net stocks employed in the various in-
dustries weighted by the base period of rates of return. His total pro=-

ductivity is expressed in the fermuls as follows:

OQutput
Tabor input & Cepitel input =

He further eonstructed a model for the purpese of interspatial comparisen

13ehmookler, Jacob: "The Changing Effieiency of the Americen Econ=
omy," 1869-1938, Review of Eoonomics eand Statisties, Vol. XXXIV, August,
1962,

‘%i.glor, George: fTrends in Output end Employment, New York, National
Bureau of Boonomic Research, 1947, pp. 42~43.
SFabrieant, Solomon: Summary of Proceedings of Conferense on Produce=

um%, Bulletin No. 913 (Weshington: Government Printing Office, 1 #
U.S, eparitment of m‘!" PP 2«3,

4Kendrick, Jom: The Mel.niaﬁ end Measurement of National Producti=
vity, Dissertation, The George Washingten University, June O, .



of national productivity. He has chosen two hypothetical countries, Y
end Zj anéd obtained the homogeneous products weighted by country Y or
country Z., He divided lebor imput inte the skilled lebor and unskilled
lebor end obtained the hourly wage rate weighted by eountry Y or Z., He
found that the wage compensation of each skilled snd wnskilled laber
could be measured by way of multiplying the weighted hourly wage rete
Stook of capitel and rate of return are alsc weighted by country Y or Z
Compensation of capitel is obtained by multiplying stock of eapitel and
the rate of return weighted by covmtry Y or Z. Total productivity is
obtained from the value of homogeneous products divided by the summe=
tion of labor input eompensation and capital input Qeuponutim.l Al-
though he made the model for the interspatial comparative study of
productivity, he did not apply it in practiee.

Finally, the input coefficients approsch by Farrell? is introduced
below: He examines the agriculturel productivity in the forty-eight
Stetes of the United States: Denoting output as (8), he takes cash
receipts from farming plus values of home cconsumption in millions of
dollars. Denoting land as (b), he tekes land in farms minus woodland
and other land not pestured, in thousands of acres. Denoting labor as
(e); he takes men on farms, including fermers, farm menagers, and un=-
peid femily workers. Denoting materials as (d), he takes expenditure on
feed, livestook and seed purchased in thousands of dollars. Denoting

cepital as (e), value of implements and machinery on farms in 1960 in

lgendriek, John: Op. @it., ps 126,

3Fl.rr 11, Jo o2 "The Measurement of Productive Efficiens

Journal of RoE_l Statistieal Sesiety, Series A (General) Veol. IIO' Part
8. w‘m‘ .
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thousands of dollars, then, four input coefficients are expressed as
followss

b/e (Land)

ey ¢

xp = ¢/a (Labor)
x3 = d/a (Materials)

x4 = e/a (Capital)

For the convenience of illustration, two input coefficients are
assumed, land input coefficient and lebor input coefficient. If we
teke lend input coefiicients on vertical line, Y axis, ead labor input
coefficient on horizontal line, X axis, then we cen obtain 48 points
(or P «e..P48) which represents the points of combination of two input
coefficients for forty-eight States. We will be able to find the
closest points to OX and OY, then we will link together these closest
points; we can cell this line the highest efficient isoquant observable,
say, 100 per cent of efficiency. The efficiency of the rest of points
will be calculated from the standpoint of 100 per cent of efficiency.

This is illustrated geometrically as follows:

Land

Labor
Chart I



i1

Four States, Py, Py, Pg, end P, have the highest efficiemey, 100
per cent of efficiency. The rest of States will be estimated in rela-
tion to 100 percent of efficiency, i. e., using isoquent 5 = 8'. The
points which belong to the bowmdary line, I and II will be based upen
Py = Pg, the points which belong to the boundary line II and III will
be based upon Py and Pg, and points which beleng to the boundary line,
I1I and IV will be based upon Pg and P, for the estimate of relative
effieiency, Algebraically, the effieciency of the rest of States, 44
States, is expressed as follows:

1
N IR

where D\ stands for sealar multiple of veetor P,) In case of four
variables, the efficiency can be expressed as followss

1
N1 222 3Ns 3 N4

A1, N2, N3, and N4 will be solved by the determinants as followss

Ns ! . Nz = ...(.fi'....
) | 4]
sl e L

la) |a]

where A stands for the determinants of coefficient matrix.

Farrell's new method of measurement of produstive efficiency is
teehnically excellent. However, prices of factors of production are
conpletely ignored for the estimate of produstive efficieney, Although

he may be able to estimate the technical efficiency, he cannot estimate



iz

the economic efficiency, In the application of isoquants, the relative
price of production factor is a key to determine the economic effisciency,
i.e., the iso-cost and isoquant determines the maximum economic efficiency.
As in the oase of Kendriock's total productivity approach, the role of each
factor of production is not explicitly expressed because of the process

of aggregation. The total productivity appresch is inadequate for the
present study, because it only states that a country's per ospita income
is low because of low productive efficiency. Our main concern here is

to seek the causes of low productivity due to the role of each factor

of produstion. Therefore, we will apply the partial measurement of pro=-
ductive efficiency.

As was shown, the development of partial measurement of produetive
efficiency in the international oomparison was very slow. No one has
worked out the role of scarcity of resource factor in the productivity
of other factors of production empirically using the marginel produc=
tivity concept. Unless we measure the msrginal preductivity of factors
of production, we will not be able to explain the prineiple of "dimine
ishing returns® in country A relative to that of Country B

For the purpose of measuring the relative diminishing returns of
factor of production in & country A to that of & country B, we need the
relative prices of factors of production. Even in Farrell's total inmput
coefficient approach, we cannot eliminate the value concept, e.g., value
of output, expenditure of feed, livestook and seed purchased, and value
of implements and machinery. This problem leeds one to convert the

naticnal currency into the seme denominator, such as the U.S. dollar

for the sake of the internetional comparative s tudy.
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Measuring the value of output in various countries, as estimated
in terms of national eurrency, into & common currency unit, usually the
dollar, by means of prevailing exchange rates has been done by several
students. The international comparison’ of national products are in
eonstant need for some quantitative messure of the relative economic
strength of countries., However, Gilbert and Krav131 pointed out that
international comparison of income based on conversions by exchenge
retes must be suspect end improbable, Meny ressons which they raised
are summarized as follows:

(a) In view of the severity of present day exchange controls
and the existence of quantitative restrictions to trade, it would be
necessery for & leng~term equilibrium in exchenge rates Lo exist. dn
attempt is often made to overeome this difficulty by starting with the
exchange rate in & period which appesrs closer te a free market equilie
brium snd computing the purchasing power parity to the period required
on the basis of relative changes in the price indexes of the cowntries
being compared, However, it does not help to establish the appropriate
purchasing power relationship of curreneles owing to the more fundemental
objections indicated below.

(b) The equivalence, still for internatiomally traded goods,
between the relationship of internal prices and exchange rates, is pre=-
vented by barriers to trade in the form of tariffs and transportation

costs.

lgilbert, Milton and Kravis, B, Irving, An International cggéum
Of National Products and the Purchasing Power of Currencies. A study
the U.S.A., the Unite gdom, C8, rmany an taly, 0.3-2:.6., 1964.

pp. 165-16.



14

(e) Even if the relation of prices of internatiecnally traded goods
were approximately the same as exchange rates, the finel prices to domes=
tie buyers would certainly differ widely because of differences in the
margin added for net indirect taxes, demestic processing, intemal trense
portation and distribution costss For a comparison of final products,
it is only the price of quentities purehased by the consumer that is
significant for the purpose of eonverting the naticnal produet of one
comtry to the eurrency units of the other.

(d) '™is difficulty is considerably magnified by the fact that the
bulk of the final goods end serviees included in the gross national pro=
ducts ere not traded internationally, end that the relatiomship of the
prices of such goods to exchange rates become very tenuous. Henece, to
convert the value of this domestieally produced and consumed bulk of
the naticnal produst by exchange rates introduces sericus distortions
in the comparisons of the total national products.

{e) Since coumtries differ in the relative amounts of goods and
services of different kinds that they utilize, and since their relative
internal price structures differ, there need not in fact be a wnique
answer such as exchenge rates.

Thus, in compering the national products of the United States and
Japen, the quantities of the various goods snd services utilized in the
two countries can be combined either on the besis of the United States
prices or Japenese prices. 4s in ocustomary index number formulation, the

following two expressions are available for this purpose.
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Where P and Q indicate respectively for retail prices and quanti-
ties, and W equals P,Q. J and U stand for Japan end U,S. equation.
(1) indicates the Pasche index formula and (2) the Laspeyeres ocne.

There must be two answers wunless there is great similarity in the
relative price structures. An average of these two results will be used
for the practieel purpose. Watanabe and Knmiyul made prioe ccmparisons
for 1962 between Japan and U.S. by method similar tothat which Gilbert
and Kravis made for Burcpeen countries, the United Kingdom, France,
Germeny and Italy, comparing their prices with the United States in 1950.
The results of Watanabe end Komiya will be adjusted for particular years

by using the impliecit price deflators for the gross national pm'»d\ustl.8

]Iatnnuba. T., Komiya, R., "Findings From Price Comparisons Frin-
eipally Japen VS, The United States”, Memorsndum Number C-5, Department
of Beonomies, Stanford, September, 1957. ographed Report was Pube
lished in Japenese in 1965 by the Ministry of Finanee, Japan.

23¢e¢ Appendix p. 177 for the estimated exchange rate adjusted for
the postwar periods by this writer.



CHAPTER II

SOME GEWERAL CHARACTERISTICS OF THE POSTWAR JAPAN'S
ECONOMY IN COMPARISON WITH THE UNITED STATES
As is well knovm,l the greater scarcity of natural resources rela=
tive to populetion is a fundemental characteristie of the Japanese
economy in comparison with the United States., Other differences are
in emounts of capital, foreign trade snd industrial structure. Some
of the differences will become more clear if we examine the Japanese
postwar eeconomy., The following topios will be considered.
i, Output growth in postwer decade.
11, Per cepita inocome &s compared to other countries.
III, Industrial breskdown in comparism with the U.S.4.
IV, Structure of foreign trade compared to the U.S.A.
Although the topics listed above caunot cover everything regarding
the important oharscteristies of her econecmy, the reader will be able
to understand the most ilmportant general characteristios of the Japanese
economy which are the prerequisite of understanding the camparative
produstivity in the agriocultural sectors and nen-agricultural sectors

for the U,S.,A, and Japan,

I. Output Growth in The Postwar Japan

This seotion deals with the nature of the gross national products,
net netional products end national income in the U.S8,A. and Japan, rate
of growth of real products in comparison with other sountries. and proakdown

of the gross national products smong consumption, investment and government
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in Japan compared with the United States. The main reasons for Japan's

high rete of output growth will be considered also.

Measurements of Income
The Japsnese Eoonomie Planning Boerd in the pestwar period has used

concepts of gross national produst, net naticnal product and naticnal
inoome exsetly the same as the concepts which the United States Depart-
ment of Commerce nploya.l Thus in general strueture, the national
acecounts for the two countries are the sume.

Gross national product is the value of all production in a nation
in & time peried, Hational inecme is the cost incurred in producing this
output. The former is the product approach end the latter is the income
approsoh, Valustion basis for gross naticnal products is meinly the
present market prices snd for national income the cost of fastors of pro=
duotion, The relation between the gross naticnal product and naticnal
inccme is given as gross national produsts, less capital consumption
ellowances, less indirect business taxes and related lisbilities, less
business transfer payments plus subsidies, less current surplus of
government enterprises equals national income. Hatiocnal inoome is the
identity of the net naticnal produu.a

The constantedollar or Yen gross national product is e comprehensive

measure of the real volume of naticnal produstiocn, ineluding not only the

1Rolonky, Henry, "Stetistical Measurement of Japenese Economie
Growth", % ononio Development and Cultural Chenge, Vol. VII, No. 1.
OﬂtObﬁr‘. B i

28impson, Paul, "Approsches to National Output Measurement."
Journal of the Ameriean Statisticel Asscciation, Vol. 53, Dec. 1958,
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manufseturing industries, but alsc the extrastive 1ndui“t£s{ioa. construce
tien, distribution, services, and government. The but’_u;huro of the
output growth is obtained from the net national produet .‘m Qenstmt
priou.l The constant=dollar or = Yen net natienal produe*m iro obtained
from the implieit price deflator for gross national proﬁwtm\ %o
plieit price deflator for gross naticnal products is derived . fm ‘the
weighting process of applying & price indexes for the *wm's.mxlL oodsmor
goods, pra&mcr'p goods and export goods. The implicit price ‘do\f:hben
for gross naticnal products in the United States and Japan are gtﬁn in

Appendix of this thesis.?

Measurements of Rate of Real Income Growth in Postwar Japen, 194655
The growth rates of real produots are defined as the relative

change of real output in the time period 2 to the real output in the
time period 1, The rete of growth of real output is expressed in sym=

bols as tollm:‘

(1) s B " Yy-1

a1
where G stands for the growth rate of real income, Y stands for the real

nationel inoome, or the net national products in constant prices, and

lgohen, B. Jereme, Japan's Postwar Economy, Indiana University,
1958, p. 43.

2300 Appendix p.177, This Thesis.

S7suru, S. end Ohkewa, K., "Conoept of Growth Bate and Its Applica-
t.im to the Jepanese Hoonomy" Analysis of the J ‘s Boon Hihon Kei

: eki), Tokyo, Keiso=Shobc, 19863. p. 6.
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subseriptions i snd i=1 respectively indicate i th of year and base year.

The real output growth in the postwar Japan can be computed by the
equation (1), Statistieal results of real output growth from 1946 to
1965 in base years, 19341936, are shown in Table I.

TABLE I
Output Growth in can;mt Price, 1946-1966, Japen

(1934-1936 = 100)
(Unit:s Billions of Yen)

(1) (2) (s) (4) (s)
Resl Output Cheange of Chenge of Rate of Rate of
(= 1) Real Output Real Output  Growth  Growth

relative to Relative to to pre= to Year

Previous year of 1946, vious ot)}ﬂs

Year. 5)/ Y1946
P 9T 4

( ¥4 ¥500) (i) ({2 /Y%z) (g )%

1984=-36 14.4

1946 8.2

1947 8.7 0.5 0.5 6.1 6.1
1948 10,2 1.6 2,0 17,2 24,4
1949 11.8 1.6 5.1 16,7 57,9
1950 13,9 201 X 17.8 69,6
1951 15,2 1.3 7.0 9.4 85.5
1952 16.8 1.6 8.6 10,8 106.0
1953 18.1 1.3 9.9 7.6 110.0
1964 18.6 0.5 10.4 2.7 127.0
1955 20.2 1.6 10 7.9 146.5

Souree: lational Ineome and National Economic Accowunts of Japan, 1930=
1985, National Income Seection, Research Division, Eoonomic

Plenning Board, Tokyo, November, 1956.



The above table shows that the recovery in Japanese income end
output in the pestwar decade has been impressive. Continuous and remarke=
able output growth has been achieved from 1946 to 1966, National income
or net naticnal products rose from 1946 to 1985 by 140,6%, 4 rough
annual everage rate of output growth was 10.1 per cent over nine years,
although the rate varied considerably from year to year. By the end of
1965, real national income was 40.2% higher than the 1832-36 average end

46,6 per cent higher then for 1980.

International Comparisens of the Rate of Output Growth
The repid output growth of the postwar Japenese economy will be

more clearly visualized if we present an internationel comparison of
the rate of output growth. This comperison hes been made by Economie
Planning Ageney, Japsnese Government, in Economic Survey of Japan,
1967«868.1 The everage snnuel rates of output growth from 1960 to 1987
in Netherlands, West Germany, France, the United Kingdom, the United
States end Japan are shown in Chart 2, Chart 2 shows that Japen led the
world by & lerge mergin in the rate of output growth eand it was much
higher then thet of West Germeny. This wes termed a "niracle™ of the
world economy, and comparec favorably with those of aooi_.alut countries.?
The snnual average rates of output grewth in Jepan over this period was
roughly 11 per cent, for Vest Germany roughly 9.7 per cent, for France

6.6 per cent, for Netherlands 5.5 per cent, for the United States 4.6

lgconomic Plenning Ageney, Economic Survey of Japen, 195758,
Japanese Government, Tokye, 1968, pp. 42-43.

2Ib1d¢, P 43,
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per cent, and for the United Kingdom 2.8 per cent.

CHART 2

POSTWAR OUTPUT GROWTH RATES, 1960-857
(Percent per Year)
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Remarks: Based on National Income Statistics Compiled by Economiec
Plenning Ageney, Japsnese Government.

The nature of the output growth is best seen by comparing the
breskdown of the gross national products (ineluding such components as
perscnal consumption, gross private domestic investment, net exports of
goods and services and government purchese of goods and services) of

Japan with that of the United States in the postwar periods.

c risons of Breakdown of the Gross National Products for the United
States and Jepen in Lhe Postwar Periods

The breakdown of gross national product by relative importence of

components for the United States end Japen from 1946 to 1966 is shown in
Table II. We notice that the ratios of econsumption to the gross nation=
el products in Japan are relatively gmall compared to those for the

United States in the postwar periods, except in 1946, On the other hand,

the ratio of investment to the gress national product in Japen was much
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TAHLE II
Conparisons of Ratio of Component of Gross
§atimﬁ Produots for Usb, end 3n2$

Consunption Investment Het Exports Gov't Purehase

1946

Us 8, €9,8 13.4 2.9 14.5
Japan 70.3 16.0 -4, 1 17.8
1947

Us Se 70.6 18.4 (8.9 12,1
Japan 69.9 16.2 ~del 19.0
1948

Us 8y €8.7 16.6 1.8 13.8
Japan 65.3 18.5 4,1 20.8
1949

UeBs 70.20 1z.8 1.5 15,8
Jepen 67,0 15.8 5.8 20,8
1950

UeBe 68.5 17.86 0.2 18.7
Japan 61.6 20.1 2,6 16.7
1951

UeSe 63.8 17.1 0.7 is.4
Jlm 56,4 24.8 3.0 16.0
1962

U.8, 63.3 14.4 0.4 21.9
Jepan 59,8 19,3 2.3 18.8
1963

a8 68,7 13.8 0.1 22.7
anln 61.7 19.6 0.2 18.6
1964

U8, 65.6 13.5 0.3 20.7
Japan 63,4 17,0 1.0 18.6
1966

U.8. 64.6 16.1 0.3 19,0
Japan 62.1 16.5 1.7 19,5

Sourcess (1) U,8. Income and Output, A Supplement to the Survey of

Current 88, ted States Department of Commerce,
Office of business Eeonomics, 1968,




greater compered Lo that of the United States In the postwar period,
As for the ratio of met exports to the gross neticnel product, Japen's
figures were much greater than these of the United States of 1980.
This means that Japan exported ecapital after 1960 several times more
than did the United States.

The higher rates of output groewith in the posw Japan compered
to those of the United States were, indeed, dependent upon the Japan's
higher ratios of the private domestie investment end the favorable world
trade right after the Korean Wer for Japan, The reasons of Jepan's
high growth rate in the postwar periods will be elaborsted in detail
below,
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%%o Main Reasons For Japan's High Rate of Output Growth in the Postwar
riods

a) Investment

First, the privete domestie investment is one of most important
fastors in growth. Output growth rate roquiiru more capital investment
and the edditional investment requires personal and business savings.
Further, inereesed sevings require higher produetivity, i.e., higher
real income. In order tb‘cxprona this relation in s imple terms, let

us denote the marginal capital coefficients by b and the rate of savings

by as then,
s Sg— (where K stends for the stock of Gross Private

i-1 Domestie Investment.)

= .ﬁ%}g~__.
i=1

(3) ve Ki7Ki
Ty=Ya1

IV R
DY

Divide (2) by (3), we can cbtain the equation (1) in page 18.

(¢) 6= ol o &
a1 b

i.e., the rate of output growth is a funetion of the rate of savings
and the marginal capital eooffioionta.l The higher rate of savings and
lower marginal capital soefficients cause the higher rate of output

growth, The rate of savings and merginal investment coefficients for

lgarrod, R, F., Towsrds a Dynemic Economics, London, Masmillan Co.,
195‘, Pe 80,




the U.S.A. and Japan in the postwar periods are shown in Table III,

TABLE IIX
Com sons of rate of sa a) and merginal investment
e elents (b) for U,5. and Japan, 965
(1) (2) (3)
Rate of Savings Marginal Investment Rate of Oute
(a) % - Coefficients (b) % pm(: Grv)nr;h
G
(a) / (¥)
1947
Japen 1.2% 20.% 6o
UsBe "0008“ 450.’ - 9.00#
J/u 37.5 4.4%
1948
Us 8, 0. 294% 76.8% 0. 88%
/v 30.9 65. 1%
1949
Japan w2 “ - 14. u
U8, ~0. 386% 2,826.% «0,013%
J/fu 7.7 0. 7%
1950
Jtptn 8. Bﬂ m 17. 7’
UsSe Qs 594’ 68, ‘% 0. a"%
Jfu 14.8 70, 0%
1951
Japen 7. 9% 85.0% 9. 2%
Us 8o -0,088% «12 % 0. 7%
Jfu 90, 700 %
1962
Japsn -3, 9% -358 % 10. 2%
UeBe «-0,214% -82 % 0. 34%
/v
1953
U- s. 0. m 10 ” 0. ‘6’
Jfu 500, 2023 %
1964
Japan -2.8% =100 % 2.8%
UeSe 010‘“ =28, B% «Qs 1“
J/u
19565
Japan 1.1% 18 % 8.4%
Ue Se 0.375% 45, 9% 0.08%
Jfu 2.9 28, 3%

Sourcess: The same as Table 1I.



The above table seens to support the hypothesis which we made.

The rates of savings in the postwar Japen were much higher than those
of the U.S,As and the marginal investment ccefficients in the postwar
Japan were lower than those of the United States exoept in the yeers of
1961, 1958 and 1954, It should be noted that the rates of output growth
in years of 1951, 1968 end 1964 for Japan were lower then the rates of
output growth in the postwar Japan generallys however, Japan's higher
rates of savings mede her rates of output growth higher then the rates
of output growth in these years in the United States.

Extremely high rates of savings in the postwar Japan may be ex=
plained by the high corporation savings, end the high rate of corpora=
tion profits owing to lower wage rates relative to the U.S.A. The lower
marginel investment ccefficients in the pestwar Japen may be explained
by the teschnological improvements, based on the desire to modernize
Jepan's outdated industrial equipment. The technological improvements
caused the higher efficiescy in Japan's industries, which oreated the

lower marginal investment coefficients.

b) Foreign Trade and the U.S. Aids
Private domestic investment in Japan depends upon the import costs

because of her scarce natural resources., The increased volume of imports
need an expansion of exports. Thisis a significant problem with which
she was faced not only in the postwar pericd but alsc in the prewar period.

Although this problem will be dealt with in later seotion, we will point
up the faverable world trade and the U.S. aids for cne of the important

reascns of her high rates of output growth in the postwar period.
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This period was & decade of expanding world recovery and prosperity
cheracterized by & high end rapidly growing level of world trade. The
volume of world exporis rose only 1,4 per cent between 1938 and 1948.

It inereased 77 per cent between 1948 and 1957, That Japan was able
to share and benefit from this trade growth is not surprising.

Further, the six billion dollars of U.8, funds poured inte Japan
during the postwar decade® were important. This injeetion of dollars
helped to rehabilitete industry, control inflatien, balance Japan's
peyments for the decade, oreate purchasing power, and build a foreign
exchenge reserve, This was very helpful, because services in Japen
were exchanged for foreign funds which could be used to buy raw ma=-
terials,

When the U.S. eid and the increased volume of imports owing to the
favorable world traede climate were given to Japan, investment, consumption,
employment and productivity levels were boosted owing to "supply multie-
plier effects. *3 We must consider theoretically the import effect of
the rew materials under the wemployment situation due to shortage of
raw materials., Of the manufactured goods of the first stage, s ome
will be directly eonsumed for the immediste consumpticn goeds, other
will be exported, end the remaining part will be utilized in the next

stoge of produstion as intermediary goods, thereby, labor and other

ICohcn, B, Jerome, Op., eit., p. 19.
21‘&1&., pe 18,

S&muu, Kename, "The Theory of Supply-iultiplier, In Reference
to the Postwar Boonomic Situation in Japan." Annals of the Hitosubashi
Academy. No. 1. October, 1950,




factors are again employed to produce some more complicated manufac=

tured goods. This process is repeated in the second stage of produc-
tion induced by production as intermediary goods. This process can be
depicted as follows: We indicate the original import rew materials as

Py, successive intermediary products es Pg, P3, P4go « « +» 8nd part of

the products which disappear as direct consumption goods as Cy, Cg. .
and those whieh disappear as export goods as Ej, Eg. . »

o |

L

R Cz

2 Cq

N
~

Py
The above illustration suggests thaet the import raw meterials

Py will increase the gross national product by more than that of the

pre~import period., Keynes' multiplier theory indicates overprcduction

in the advanced countries under the partieular eonditions, while under=

production owing to the shortage of rawsmeterials in the under-developed

countries may be called the "supply multiplier theory", as shown in the

present illustretion.l This is one of the peculiarities of the

econemy of Japen whieh was due to the fundemental characteristic

of her economy, i.e., the scarcity ef natural resources relative to

lAlmuttu, Kaneme, Op. eit., pps 5=7,
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population,

6) The Level of Consumption snd Distributics of Income.

A feature of the Jepsnese soonomy during the postwar pericd was the
inerease of the inocume of masses of paople as & share of total inecome.
It is clear that the inorease of personal income creates the additional
eonsumption, whioh favors output growih in a demsnd end markel sense,
though mtorfcrring perhaps with high savings ratio. The wage sarners’
share of distributed national income rose from & prewar average of 38
per cent to 48 per cent in recent ycm'l.1 The liberation of tenant
lands sharply decreased land rentals from the very high rate of prewar
days, which then smounted to 30 per eent of the totel agrarien spending,
to less than one per cent.? Such land reform may not have decroased
total land ineomes but it eertainly dispersed themmore widely.

As a result of democratization polieies in the postwer Jepen,
namely the dissolution of the "Zaibatsu" (the glent finencial family
groups in the prewar Japan), land reform, and the enccuragement of the
trade union movement; & redistribution of national preducte, adverse
to the high-income, loweconsumption, monied groups, and fevorable to
the low=ineome, highwconsumpticn, wagewearning and farm groups, with
their heightened propensity to spend on oonsumer goods, hes enormously
increased the absorptive eapaeity of the demestie market in Japan.®

The marked rise in consumer's purchasing peower is shown in the

lgsonomie Planning Ageney, Nationel Inecme White Peper, Tokyo,
1987.

“Zeonomic Survey of Japan, 1958, p. 45.

3Cchon, B. Jerome, Op. eit., p. 22,
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contents of consumption changed together with the improvement of the
consumption level. In the immediste postwar period, foodstuff purchases
comprised the largest proportion, but with an inerease in incomes, the
purchasing power shifted from focdstuff to textiles. Recently the
trend has boen from textiles to housing, durable consumer goods and
service demand.

If we compare the change of eonsumer's pattern together with
increase of ccmpensation of employees in the posiwar Japan with that
of the U.S.A., the characteristie of consumption level will beccme
much more elear inm her pestwar period. The statistical results are

shown in Table IV.



1954=-36
Japan
Uo 8'
19486
Japan
UsSe
1947
Japean
UeSe
1948
Japan
UeBe
1949
Jepan
UeSs
1960
Japan
UC s.
19561
Japan
Ue8s
1952
Japan
UeSe
1968
Japan
UeSe
1964
Japan
UsBe
1966
Japan
“0 s.

Sources:

(1) The Ratio of Compensation (2) The Ratio of Foods
of Employees to¢ National Income Cousumption to Personal
Consumption Expenditures

% %

32,9 40,0

67, 31.

80.8 70.38

68 35

52,6 69.9

65 36

42.2 66.3

63 34

4l1.8 67.0

65 32

42.4 , 61.6

64 30.6

42,5 56.4

64 32

46.1 59.8

87 32

46.7 61.7

68 30

48,2 63.4

69 80

47.6 62.1

68 28,

(1) Business Statisties, 1969 Edition, A Supplement %o
Survey of Current Business, U.S. Department of Commerce,
Office of Dbusiness Economios.

{(2) The same sources as Table II,
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The above table shows that & ratio of food consumption to personal
scnsumption expenditures in Japan have decreased from 70.3 per cent in
1946 to 56.4 per cent in 1951 while the ratic of compensations of em=
ployees to national inocme have increased from 30.8 per ecent in 1946
to 48,2 per oent in 1954 and that the U.S. ratios of foods consumption
to personal consumption expenditures have decressed slightly from 35
per cent in 1946 to 28 per cent while the ratio of compensations of
employees to netional income have been almost stable between about
63 per cent in 1948 to 69 per cent in 1954, Comparing the U.S. ratio
of eompensations of employees to national inocome with those of Japan,
we find that the U.S, figures were greater by a factor as lerge as two
in 1946 and 1947, end by lower factors in other years, as low as l.4
in 1954 and 1966. 4As for the ratio of foods consumption to personal
consumption expenditures, the Japanese figures were consistently two
times those of the United States.

The sharp decrease in the ratio of food consumption in postwar
Jepan compared to that of the U.8.A. indicates the rapid change of
consumer's pattern away from foods to olothing, housing, consumers'
durable goods and services., Accordingly, the expension rate of pro=-
duction of dureble consumer goods in the postwaer Japan was e surprising
factor in the Japanese output growth in the post war period as compared
to that of the U.8.A, A oomparison of rates of growth in the produe-
tion of duraeble consumer's goods between the United States and Japan
hes been made by Japanese Economie Planning Agency. This is shown in
Chart 8, Japen's producticn of durable consumers' goods in the year
of 1957 was 580 per cent of the 1961 level, whereas the U.S. index in

the same year was only 138 per cent.
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(d) The Role of Government

Finally the leanélo government played a vital role in the rapid
output growth in the postwar decade, The government furnished funds
to industry to step up the recovery and to modernize equipment and
elso menipulated the taxation system to encourage these developments,
For instence, the amownt of funds furnished to industry since the
termination of the war is estimated to reach ¥ 1,300,000, million in
terms of present currency wvalue, or 30 per cent of the total funds
for private equipment investment obtained from external sources,
The counter-cyclical policies, i.e., snti-inflationery ecntrol policies
in the immediate postwar periods from 1946 to 1949 and antierecession
policies after the termination of Korean Wer contributed to economie

growth,

1Bsonomio Survey of Japen, 1968, p. 48,




II. Jd 's Per Capita Incocme C red to
Other Eo\mtﬂn
The econcmy of Japan in the postwar decade was charagterized by a
high end repid rate of output growth, the highest perheps in the world,
though it was not the highest rate of per cspita income growth compared
to other countries in per capite inoome growth. This section will deal

with population growth, per capite m«,o growth and international com=

parisone of per capita income.

Pomh.uon ﬂr__g_vg

Population growth tends to make per capita income and rate of per
capite income growth lows This is best seen in symbols below. Denoting
the rate of population growth as x and the rate of per capita income as
¥y, we can state in symbols as follows:

‘) G= Yi-Yi-‘l s a

- (see page 24)
1'1-1

(where N stands for number of populations)

Let Y3/ Yi.) equal: m, end N3/ Ng.1 equal n.
7) G equals m=l
8) x eguals nel

9) y equals m/n-1



Multiply (8) to (9),
) (x21) (y*1)®m
(7) minus (10),
(11) Gexdydxy
Since x and y are small figures of percentage, X.y. will be negli=

gible. Therefore,

1
12) _G®x &y (or in more exeot terms, ¢ ® x 3 y¥ x.y)
13) y2 Gex ( or in more exact terms, y 2 G-x /13 x )

i.e., the rate of per capita inoome depends upon the rate of output

growth and population growthe In other words, the rate of per eapita

income growth tends to be lower than the rate of output growth if

the rate of population growth is positive. OUn the other hand, the

rate of per capita income growth tends to be larger then the rate

of output growth if the rate of population growth is negative.
Comparisons of rates of population growth in the postwar Japan

with the U.S.A., U.K., France, Germsny, Italy, Netherlands and

India are shown in Table V.

1suru, 8. and Ohkewa, K., Op. eit., pp. 6=9,
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TAELE V

International Comparisons of Population Growth
(per cent per year)

Japen India Itely Germeny  VU.K, U.8., Netherland France
1947 2.2% 1.3% 0.83% 2.18% 0.72% 1,93% 2.1% 0.89%
1948 2.6% 1.3% O0.74% 2.89% 0,99% 1.74% 1.7% 0.98%
1949 2.3%  1.3% 0.66% 1,94%  0.89% 1.74% 1.6% 0.87%
1950 2,0% 1,3% 0.64% 1,61% ~0.07% 1.67% 1.6% 0.81%
1961  1.6%  1.8% 0.84% 1,098 ~0,05% 1.76% 1.48%  0.77%
1962  1.8% 1.3% o0.69% 0,668 0.28% 1,73% 1.18%  0.72%
1963  1.4%  1.35% 0.45% 0.98% 0.33% 1.66% 1.07%  0.69%
1954  1,8%  1.3% 0.56% 1.08%  0.34% 1,74% l.16%  0.70%
1966 1,1%  1.4% 0,86% 0.98% 0.36% 1.76% 1.28%  0.76%
1966 1,1%  1.3% 0.45% 1.20% 0,47% 1.76% 1.36%  0.85%
1957 1.0% 1,3% 0.42% 1.34% 0.48% 1.80% 1.21% 1.01%
1968 0,7%  1.8% 0.31% - 0.44% 1.68% 1.38%  0,93%

Average
Annual
rete of

rowth
firose) 1.68% 1.36 0.6 1.46% 0.6%5 1766  1.58%  0.96%

Source: Demographic Yearbook, United Nations, New York, 1958.

The above table shows thet the average annual rate of populs tion
growth in postwar Japan was relatively lower than those in the U.S.A,,
but, reletively higher than in West Germeny, Netherlands, Indie, France,
Italy and U.K. Another characteristic of rate of population growth in
the postwar Japan has been & econtinuous decline from 2.2 per cent,

1946-47, to 0,7 per cent, 1967-88, This rapid deelining rate of popula=
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tien growth espeeially from 1065 4o 1968 was cne of the distingulshing
charscteristics of postwar Japan eompared to other countries.

The importance of Japen's rate of pepulation growth is bes’ seen
in the relation between population end natursl rescurces. For example
as regards, heetares of arable land per eapita in 19663 the figure for
Jepan wee only 0,068, for Italy 0,81, for India 0.48, for West Germeny
0.15, for Netherlends 0,989, for Frence 0.48, for U.K. 0.48 and for
U.8 1.1.1 Jepen was poer in lend %o the extent of having ealy about
B per cent of the lend per capite of the U.S. emnd 10 per cent of the
United Hingdom., This tople will be elaboreted in Chapter III end

Gha.pt er IV.

Per Capits Income Retes

The rase of per eapita ineome growth is & better measurement of
economic growth in a naticnal economy then the rate of ocutput growth,
because this rate indicates the economie growth rate in real terms
efter eliminating the pepulation growth rate as illustrated in eyua=
tion (13). The rate of per capite income is estimated by the equation
(6) given on page 36, Per capite products at constant prices irem 1960

to 1967 are taken from Statistioal Yearbook, United Nacions, 1968. The

statistieal results of the international ecemparisons of rate of per

eapite income growth are shown in Table VI,

lgaleulation is based upon Yearbock of Food and ioultural Sta=
tisties Production, 1957, F.A.0,, United Netions, Mome end Demographie
Yearbook, 1966, United Netions, New York. ‘ '
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TAKLE VI

Internsational Comparisons of Per Capita Income Growth
(Per cent g%tﬂ per ynrf

Jepun India Italy Germsany VU.K. U.S8. WHetherland France
1961 7.7%  1.04% 6.00% 10.0% 4,08 5.0% 1.02% 2.0%
1962 9.9%  5.00% 1.89% 7.27% 0%  O.7%  1.01%  1.96%
1955 - 4,04  4,00% 7.41% 5.98% 2.9% 3.7% 7. 0% 2.88%
19654  0.96% 0.96% 4.31% 6.4%  4.TH ~3.6% 6. 54% 4.67%
1966 6,74  0.95% 6.81%  9.77% 2.7% 6.6% 5.26% 5. 36%
1966  9.8%  2,83% 3.87%  5.48% 0.87% 0% 2, 5% 4.24%
1967  7.3% B.97%  8.,90% 1.7%% O% 2.44% 6.69%

Annusl
Rate 6.62% 2,14 B5.16% 8.96% 2.41% 1.77% 3.68% 3.83%

Remarks: Figures are based upon "Index Numbers of Per Capita Products
at Constant Prices", Statistieal Yearbock, United Nations,
1968,

The above table shows that West CGermeny, Japan, and Italy hed
high annual average growth rates of per capita income relative to
other countries and that the United States, Indie and U.K. had low
rates. lorecver, the United States was lowest in the average annual
rate of per eapita inoome growth, i.e., lower than even India., Very
low figures of the United States may be explained by her very high
population growth retes in this decade and the lowest growth rate in
the year 1954 due to the terminaticn of Korean War as well as by the
high base from which the growth starts. Although France and Nether=
lands showed the almest same position on the basis of average annual

growth rate, France had a continuous, gradual trend as compared to



Netherlends.

Although Jepan was top on the basis of output growth rates, West
Germeny led the world on the basis of internaticnal comparison of
growth rates of per capita income. Japan's rate of per eapite income
growth from 1960 to 1967 was still very high relative to most other
coutries. In the years of 1962, 1966 and 1987, Japan led the world,
but in the year of 1964 Japan's figure was the lowest in the post war
decade and lower than for any other country except the United States.
Japan ocoupled the second pesition among the couatries listed above,
boocause of her rather hizh rate of population growth end & low product
figure in 1964 owing te the termination of the Korean War., This is
evident that eyelical fluctuations were of importance during this
period.

Comparing the naticnsl income in the postwar and prewar Japan,
we find that the real natiemal income in 1951 rose slightly above
the prewar level of real national income and three years later in
1954, a per eapite income passed the prewar level. It is clear that
population inerease absorbed much of the remsrkeable output growth gains
in the postwar decade, The movement of per capite income in the posi=
war Japan compared %o that of the prewar Japan, is shown as follows:

1984-1936 1946 1948 1950 1968 19535 1954 1965

210, 109 128 187 197 207 212 227 (Unit: Yen)
Indeed, as shown in Table V for population growth, Japan's populaticn
pressure was serious until the year of 1964, as the rate of population

growth was more than 1.5 per cent up te that year.



Internetional Comparisons of Per Capite Income
Japan's economic strength in terms of per cepita income will be

compared with other countries in this section., Combining Wetanabe and
Homiya's resulis with those of (ilbert and Kravis, we find the exchsnge
rate of various eurrensies in %terms of the real purchasing powsr of cne
dollar to bes)

Dellar's Worth of Bech Currecey

0fficial Exchange Rate Dollar's Worth
" (Ua8s § 1) Estimated
UsKe (1950) «357 & $ .89
France (1950) 360, ¥r. $ 1.59
Germany (1950) 4.20 DM $ 1.60
Italy (1950) 626, Li § 1.91
Japan (1962) 360 ¥ $ .91

The international compariscns of per capita income will be mede
with the above estimated dellar's worth of ocurrencies. The results

are shown in VII.

Liiatenabe T., and Kemiya R., Op. eit., p. 8.



TABLE VIX

b2

Interna-ional Compurisens of Per Capits Ineome in Dellars

National Population Per Capita

Income in
at market  Thousands
price
(Billions)
UeSe § 241,9 151,685,
U Ko & 10,675 $0,325.
{(wits Millions)
Freanee 7,520, Fr. 41,788,
Germany 74.5 DM 47,847,
Itely 337.9 Lire 46,608,
J.Pm ; “ 959, 85,500.
India 98, 2Rupess 367,530,
Hetherlands

(Unit: Milliens
of guilders)
17. ?89’ 10 ] uz.

Insone at
National
Currency

$1,594.77
£ 212,12

Fr, 180.18
i, 1,557.04
7,250, 60
58000,
267,19

1,708,653

Per Capita § Per Capita §

Tncome at
Official
Bate of
Exchange
$1,694,77

594, 16

514,80
370,72
116,00
161,11

56,20

424.

Sources: 1. Statistical Yearbook, United Nations, 1953.
2. Eogngﬁo Ycarbooi,

United Nations, 1958.

Ineome in
Estimated
real terms
$1,694.77
944,70

818,88
69%.16
221.66
307.72

el

Nohe

Real per capite inoome in the United States in 1950 was 1,594.77

dollars, in the United Kingdom 944,70 dollars, in France 818,53 dollars,

in Germany 693.15 dollars, in Itely 221.56 dollars in 1860, and in

Japan 307,72 dollars in 1952, Using the index numbers of per capita

produsts at constant prices from 1960 to 1957 of the Statistical Yeare

bock, United Nations, 1968, we may oompare the international per oapita

real incomes from 1960 te 1957.

Table VIII,

The statistieal results are shewn in
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TABLE VIII

International Comparisons of per Capita Inccme, 1850«1567

Japen Italy Germany France Us K. UeBe
1¢80 260,02 221.86 593,16 818,83 944,70 1,694.77
1851 280,02 234.85 662.47 834.90 982.48 1,674.51
19862 307.72 239,28 €99,17 851.27 982.48 1,690,857
1983 520,02 267.01 741.44 876,88 1,010.83 1,764.25
1964 828.10 268.12 788.89 916,76 1,088.64 1,690,468
19586  $44.65 285.81 866, 99 966,87 1,086.,41 1,802.90
1966 378.50 296.89 915.46 1,006.79 1,095.85 1,802.90

1967 406.19 3l4.62 949,02 1,064.09 1,114.75 1,802.90

The per capite income in esch country relative to the United States

in 1981 and 19867 is as followss

Japan Ivaly Germeny Frence UeKe Us 86
1951 16.7 14,0 89,0 60.0 89.0 100,0
1957 22,5 17.5 62.6 69.0 61.8 100.,0

Japan's per cepita income was only 16,7 per cent of that of the
United States, 28 per cent of United Kingdom, 33.4 per cent of France,
42,8 per cent of Germeny and 119 per cent of Italy in 1951, In the year
of 1967, Japan's per cepita income was 22,5 per cent of the United States,
86,4 per cent of United Kingdom, 38.2 per cent of france, 42,7 per cent
of West Germeany end 118,65 per cent of Italy. Although Japan's rates of
output growth were very high relative to other countries in the postwar
decade, Jepan's poverty relative to the Germeny, France, U.K. and U.S.

is exposed in comparisons of per capita income.



I1X. Industrial Breakdown In Comperisen With U, S,

This seetion deals with the structural difference in the indusiry
of Japan and the U.8.A. in the prewar snd postwar decade. The degree
of industrialization between two countries is meesured by the ratic of
national inoome originating by lndustry to naticnal income end the
ratio of labor forces engaged in each industry te total labeor forces.
The causes of structural chenge between the two periods and the two

countries will be examined.

ansitiutiun of Industry

The wheole of eeonomic setivity may be divided into the three fields
of astivity; primary, secondary and tertiery i.ndnl‘hry.l Primery ine-
dustry is defined to include agriculture, livestosck farming of all
kinds, hunting sand trapping, fisheries and forestry. Secondary induse
try is defined to sover menufacturing production, building and publie
worke eonstruetion, mining and electric power production. iining end
electric power production are the exploitation of natural resources as
well as primary industry, however, the operation of these industries
resembles that of menufacturing ivdustry more than thet of primary induse
trys therefore, Clark classifies mining and elestrie power production as
secondary industry., The building and construetiocnal industry sometines
might be ineluded in the service industry in the case that a large part
of its output whieh consists of repair and meintenance work which is

ecnducted on & small seale. Manufacturing is not easy to define, in

clark, Golin, The Conditicns of Eoonemic Progress, Louden,
eemillew & Coo, 1940, pp. 387=338.



48

countries and eposhs where the work of individual oeraftsmen is as sub-
stantial importance. OGenerally it refers to producing of materials
into new forms. Tertiary industry includes commerce end distribution,
transportation, public administration, domestie, perscnel end profes-
sional services.

Characteristics of each industry are explained by Colin Clark.}
In the first plase, the cutput of primery and seccndary industries is
(with the exception of building and structural work) always trausporta=
ble, while the cutput of tertiary industries is not. There can be no
internaticnal trade in tertiary products, with the exception of
certain forms of transport itself, or of finenelal services such as
benking snd insursnce. The next ocnsideration of fundemeniel impore
tance is that the output of primery processing industries consists
largely of necessities of life. Finally, the basic difference between
primary and secondary types of production has always been that the
former is subject to conditions of "diminishing returns" end the
letter to ecnditions of "inoreasing returns" to scale. lMovement of
population and labor forees among three fields of industry will never

cease until the equilibrium is obtained.

Katio of National Income of Prima of BSecondary and of Terti Ine
dustry to Wetional income For UsB. and Japan , 1'5%5, 1046 end isu.

Statistieal results sre shown in Table IX., In prewar pericds,

the ratioc of naticonel inecome of primary industry to nationel income

in Japen was 19.8 per oent, for the secondary industry it wes 31.0

1clerk, Colin, Op. cit., pp. 387-338.
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TAELE IX
Ratio of Prinma Second and Tertiery Industry
to ﬁms?ﬁ ﬁaﬂmumom
19886 1946 1966

1, Primary Industry

The U.85.4. 11.# 10.2% ‘Q”

Jlm 1’:8’ 3343’ !2.1’
2. Secondary Industry

The U. SeA. 29.# 53.3’ 39’1’

Japan 81.0% 26. 5% 29, %
3. Tertiary Industry

The UsS.hs 594 0% 57.6% g6 %

Japan 49, 2% 34.9% 48.2%
4. Domestic National

Inccme

The U.8.A. 56,690 180, 308 328,623

(bidlion §)

Japan 14.4 360, 9 6,680,2

{pillion Yen)
Remarks: Based on the Survey of Current Business, United States Depart~-

mt of me, Ofﬂao of &uinuc hmmﬁen and m}.ml

Eunenio Phnning auri, ‘ Jupn.

per cent and for tertiary industry it was 49.2 per cent; whereas in
the United States in 1985, for primary industry it was 11.3 per cent,
for secondary industry it was 20,7 per cent and for tertiary industry
it was 59.0 per cent, A

Pﬂury end secondary industry were relatively more impertent in
Japsn than in the United States in the prewar periods. On the other
hend, tertiary industry in the United States exceeded by 10 per cent
of all output that of Japan., OUne of the distinguishing character+
istios of this table was that the ratie of primary industry in Japan
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was higher by 1,8 timee that of the United States. The degree of inw=
dustrialization between two countries in the prewar can best be seen
by this table.

In the year of 1946, or right after the end of World War II, the
ratio of primary industry ineome to nmationel income in Japan was 38.8
per cent, for secondary industry it was 26,3 per cent and for tertiary
industry it was 34,9 per cent. Due to the breakdown of industrial life
after the war, the relative importance of primary industry income to
national income bessme two times greater than in 1936, Japan sgein be=
oceme & country of primary industry.

The structure of industry in the United States in 1946 was not
much different then befors the war. The movement of secondary industry
in the United States was one of the postwar charscteristic of the
United States.

In the year of 1985, the persentage figures in two countries
show considerable change. Roughly speaking, Japan's strueture of in=
dustry has become very clese to that of prewar level, Primery ine-
dustry was still a little higher by 2.3 per cent then that of 1935.
Secondary snd tertiary industry were still slightly less by 1.8 per
cent and 1.0 per cent compared to these of prewar level. Oa the other
hand, the structural chenge of the U,S. industry showed the declining
of the importance of primary industry, l.e., 11.8 per cent in 1936,
10,2 per cent in 1946 and 4,9 per cent in 1956, In eontrest to the
deelining importence of primery industry in the United States, lmpor
tance of secondary industry hes been increesing oompered te thet of

the prewar level. As for tertiary industry, the role of this industry
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has declined very slowly but is still the most important compenent of
netional inoome, Comparing the struetural ohsnge of industry in Japan
with that of the United States in 1986, we notice that Japan was a
sountry of primary industry relative to the United States, i.e., the
ratio of primary industry income to national income in 196§ Japan was
4,4 times that of the United States.

The breskdown of primery, of secondary and of tertiary industry
reveals structural chenges in industry between periods and the two
countries in more detail, Primery industry in the United States com=
prises agrioulture, agricultural services, forestry, end fisheries;
whereas in Japan, it is agriculture, forestry and fisheries. The
ratios of the egricultural income to national income in the United

States and Japan are shown in Table X.

TAHLE X

Breakdown of Indus 1935, 1946 and 1956
1936 1946 1966
a) Agrioculture
The U.S. 11,0% 9. 2% 4. 5%
Japan 16.7% 31.1% 17. 2%
b) Agrieultural
services, forestry
and fisheries
The Us8.A, Oo# 1.“ Qo“
e) Forestry
Japen 1.6% 5, 0% 2. 8%

d) Pisheries
J‘m 1. “ 2o m 2e “




That is to say, the ratios of national income in the agricultural services,
forestry, and fisheries included to the total national inecme in the
United States are negligible, and the ratio of agricultural income to
primary industry inoome in the United States in 1936, 1946 end 1965
was more than 90 per cent. In Japan, forestry snd fisheries sre rele-
tively more important to those of the United Statesj i.e., the ratio of
inoome in fisheries and forest to primary industry income shows more
than 20 per cent in 1966, The trend of the relative importance of
fisheries and forestry to primery industry income in Japan has been
greduslly inereasing; i.e., 15,0 per cent in 1935, 19.0 per cent in
1946 and 22,0 per cent in 1955,

Compenents of secondary industry, s described before, are mining,
contract construction and menufecturing. The statistical results of

structural change of secondary industry are shown in Table XI,
TABLE XI
Breakdown of Secondary Industry

Ratie of Components to Domestie National Incume

1935 1946 1966

a) Mining

The U.S. 2,1% 1.6% 1. 7%

J‘m 30 “ Se “ 2 1%
b) Contrest

Construstion

dhe U.8, 2. 5% 3.5% 4. 9%

Japsan ' Se 2’ 6. 9% ‘tﬁ“
¢) Manufesturing

The U,.S8. 26, 3" 27, u 824 “

Japan 25, 5% 16.4% 28, 0%
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In 1935, the structure of secondary industry in the U.S.A. and
Japan was elmost the same snd the percentage figures of three fields
in Japan were only slightly larger than those of the United States.
In 1946, the ratio of menufacturing income to national income in the
United States was higher by some 11.0 per cent than for Japan. On the
other hend, the Japenese figures for mining and construstion were
greater then those of the United States in 1935 and 1946, The percen=
tage of construetion in Jepan was 3.4 per cent higher in 1946 than in
the U.S.4, It reflects high activity in construction following destruce
tion of the housing during the World War II. In 1965, the pattern of
mining, eonstruction and menufacturing in Japan became roughly similar
to prewar level, except the slight low figure of manufacturing industryj
whereas the U.8, figures showed & boost in manufecturing industry, i.e.,
25.3 per cent in 1935 to 32.5 per cent in 1956.

The trend of structural chenge in the fields of tertiary industry

between two periods and two countries cen be seen in Table XII.

TAELE XIX

bresakdown of Terti Indus
Ratio of Components to Domestis National Income

1935 1946 19565
a) Wholesale snd
Retail trade
The U.8. 1‘:“ 18-8‘ 15:“

Jepen 13.5% 10.7% 17. 8%
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TABLE XII (Centinued)

Ereakdown of Tertiary Industry

Ratio of Components to Domestie National Income

1835 1946 1966
b) Finence, Insurance
& Real Hstate
The U.S. 10.“ ’o“ 907‘
Japan 10, 6% 2. 5% 5. 0%
e) Treasportation, Communi-
cation and other publie
utilities
The U.8, 100“ 8.3’ B.“
Japen 10, 5% 4.4% 9. 1%
d) Services, Government
services, other and
unkn own
The U.8, 21.9% 22.7% 22.4%
Japan 14. 7% 17. 8% 17.2%

One of the most important chenges in Japan was that the ratio of
finence, insurance and real estate to national income in 1946 and 1956
was some 50 per cent less than that of prewar periods, or 1935; i.e.,
it dropped from 10,6 per cent in 1936 to 2.5 per eent in 1546 and 5.0
per cent in 1956, The structural change of tertiery industry in the
U.S8.A, was not different in the postwar periods from the prewar periods.
On the other hand, the pattern of tertiary industry in Japan between
two periods chenged not enly in finance, insurance and real estate but
also in other tertiary industry. That is to say, the ratio of national
income originated in wholesale end retail trade in Japan inereased from
13.5 per cent in 1936 to 10.7 per cent in 1946 end 17.3 per cent in 19553
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the ratio of transportation, conmunioatio;x and other public utilitles
to natimal income desreased from 10.5 per ecent in 1936 to 4.4 per ocent
in 1948 and 9.1 per oent in 19853 the retio of services, government
services and other wnknown services to nationel inceme in Jepan in=
creased from 14,7 per cent in 1935 to 17.3 per cent in 1946 and 17.2
per cent in 1955, The decline of finence, insurance snd real estate

in postwar Japen probably resulted from the dissolution of the Zaie

batsu end decline of the intemational finaneial pesitien.

The Retio of labor Forces Employed by Industry to The Totel Labor Forces

The developments which have been sketched in the previcus section
ere reflected in labor force developments, Generslly these develop=
ments have beer # large growth in output in pestwer Japen achieved by
reesteblishment of menufacturing industries, The flew of labor to
menufecturing has increased outputs on the other hend, the flow has not
been fast enough end large enmough to prevent en overpopulation on farms
and & general lowering of income levels. Statistical data in leber
foroe are taken from the U.S, ineame end output, 1958 snd the U8,
National inoome, 1954 snd Nihon Keizai Tokeishu, 1958, Statistieal

results are shown in Table XIII.



Ratio of laber Fon% to Total Labor Force g Industry
ota

(Per cent

I. Primary Industry

Us 84
Japan

a) Agriculture
Ue S,
Japen

b) Forest & Fisheries
Us Se
Japan

II, Secondary Industry

Us Be
Japan

a) Mining
Ue Ss
Japan

b) Construction
U, 8,
Japan

¢) iMsnufacturing,
Us S
Japan

111, Tertiary Industry

UsSe
Japen

a) Wholesale & Retail

b) Finence, Insursnce
& Real Estate
Us B
Japen

¢) Transportation, Commu~

niocation, & other
Publie Utilities
UsBe

Japan

d) Services, Government
Services, Other &

Unknown
U. si

Japen

Sources:

TAELE XIII

1930 1947
20, 3% 12. 2%
49,35% 53, 45%
19, 11.7%
u.g 49, 8%
0.6% 0.8%
2.5% 3.5%
28,51% 33, 58%
20, 4% 22, 3%
2.16% 1.88%
1.1% 2.0%
4,95% B 2%
3.3% 4.0%
21.4% 26. 7%
16.0% 16, 3%
§0. 9% 63. 5%
30.2% 24.2%
17. ” 19‘\ 1’
14,04 6. 3%
3. 5% 3. 2%
0. .m 0- a’
8.5% Ted5%
4. 4% B4 1%
21, 9% 25.8%
11.1% 12.0%

1545)

1956

8, 9%
41.0%

37.9%

5. 1%

33, 27%
238.8%

1.27%
10"

64 2%
4.6%

25.8%
17.8%

57.9%
35. 2%

19.3%
13.8%

5. 9%
1.6%

8Q

28.1%
14.6%

UeS8e Output and Income, 1958 and National Income, 1954

Wikos Keisal Tokel Shu,

U, 1968,
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The proportion of labor forces in primary industry in Japan was
no less than 41 per cent in 1955, end was even higher in earlier years.
By eontrast it was only about 9 per cent in the United States in 1965,
A breskdown analysis of tertiary industry in the postwar decade for iwe
countries showed that the ratio of labor forses of each industry in
tertiary industry to total labor forees was inclined to increase exeept
for the UsS, treansportation, commmication snd other public utilities.
In 1956, the Japanese figures showed & little higher, in comparisen %o
those of her prewer periods. Comparing the United States with Japan
in 1985, the U.S8, figure was 1.6 times greater than that of Japan.

breakdown Analysis of Msnufacturing Industries

The foregoing analysis suggests that Japan's surplus labor forces
in primery industry (mainly egriculture) has been only partly absorbed
by menufacturing industry. Manufseturing industry is the key to the
economic development of Japsn. First, & breakdown analysis of manue
feoturing industry between prewar and posiwar periods in Jepean will be
made for the purpose of finding the structural chenze of manufacturing
industries. fThe ratic of the aversge value of products of esch class
of industries to the added value of total menufacturing industry end
ratio of labor forees of each industry to total labor forces of manue
facturing industries will be caloulated., The average value is taken
from 1934 to 1936 for the prewar level. The statistical results are

shown in Table XIV,
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TARLE XIV (a)
Areakdown of Menufasturing Industries, Japen
1934-1936 198656
Menufacturing Ratio of Average Ratio of Added
Industries. value of products value of each
Total equal 100 of each industry to industry to
total manufasturing manufeeturing total.
industry.
- Ratio of Ratio of
lLabor Forees Labor Forces
1) Food and Kindred
2) Textile Mill Producte $4.0% 40, 3% 13,5% 19, 5%
3) Apparel sand other
finished products - 1.2% 2, 6%
4) Lumber snd Wood
produsts 2.3% 3. 7% 3. 6% 6. 4%
8; Furniture & Fixtures - 1. 7% 2,1%
6) Paper & Allied products 4. 3% 3. 3%
7) Printing, Publishing
& allied products 2.1% 2. 7% 5.6% 4. 6%
8) Chemical and related
industries 18, 7% 10, 8% 18.8% 7. 1%
9) Produsts of Petroleum :
10} Rubber products 1.8% 1.6%
11) Leather & Leather
products 0.47% 0.66%
glass products 2.7% 8. 96% 6+ 5% B¢ 3%
13) letal products 17. 2% 9. 4% |
14) Primary Metal
Industries 110“ 70'%
15) Fabricated Metal
Industries 3.Th 4,8%
16) Ordinance & Accessories 0.2% 0.23%
17) Maghinery 18, 5% 16. 7% 6.3% . T.5%
19) Electrie lachinery
Equipment & Supplies 5. 5% 4. 6%
20) Tremsportation equipe
ment 506% 605’
21) Professicnal, Seientific
& Controlling instru~
ments, Photographical
& Opiteal goods 0.1% 1.5%

22) Miscellaneous
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Sources for Table XIV . ¢ Statistical Abstract of the U.S8.A., 1936
and 1956 based on U.S. Census of Manufescture and Annual
Survey of Menufacture. A Supplement to the Survey of

Cuprrent Business, lational Income, 1954 and 1968,

Egonomic Statistics of Japean, 1966, the Bank of Japan based

on Census of Menufactures by Ministry of Iternational Trade
and Industry. Nihon Keigzai Tokei Shu, 1968, Nihon Hyoron

Sha. (in Japanese language)

Remerks: i) The figures up to 1956 represent figures for establishe
ment having § or more employees, while the figures after
1953 represent figures for establishment having 4 or more
employees for Japan, fThe U.S. fijures represent for estab-
lishments having 4 or more employees.
i1) ‘The emount of added value is an smowmt obtained by sub=
trascting from the total value of shipments, the total cost
of meterial, fuel, electiriec emergy consumed, and of contract
works, as well as the amounts of excise taxes.

§ii) ‘The number of employees includes regularly employed
office workers, lsbors, end individual proprietors as well
as their family workers.

The ratio of the average added walue of products of textile in-
dustry in prewar periods (1934=1936) to the totel added value of
manufacturing industry was 34.0 per cent, whereas the ratic of labor
forces of textile industry to total labor foreces of manufacturing
industries in the prewar periods was 40.3 per cent. Japan was a country
of textile industry in the prewar periodss In 1955, the ratic of added
value of textile mill products to that of total menufacturing industry
was 14.7 per cent; whereas the ratio of labor forees of textile industry
to those of total menufasturing industry was 22.0 per cent. This is a
surprising structural cheange of mesnufacturing industry in Japan between
prewar and postwal periods, The main reasen for this structural change
was, of course, a decline of Japan's silk industry owing to the develop~

ment of synthetie fibers throughout the world in the postwar decade.



The second largest industry in prewar Japen was the metal industry.
The ratio of average added value of metal industry to that of total
menufsacturing industry in prewsr Japen was 17.2 per cent. In the posi=
war Japan, metel products declined slightly %o 15.7 per ecent. The
reason for a decline of metal products was the disappearance of weapons
due to the disarmament declaration in the postwar Japanese Constitutiom,
The third largest industry in prewar Japan was the chemical and related
industries group., The ratic of the average added value of chemical and
related industries to that of total manufacturing industry was 16.7
per cent, whereas the ratio of labor foreces of chemiecal and related
industries to total manufacturing industry was 10,3 per cent. In the
postwar, the ratic of added wvalue of chemical and related industries
to the added value of total manufecturing industry was almost the same,
or 17.0 per cent, whereas the ratio of labor forces of chemical and ree
lated industries to total laber forees of menufacturing was 9.2 per cent.
It suggests the improvement of lebor efficiency in the chemical and re=-
lated industries in the postwar Japan relative to prewar pericds. The
fourth largest industry in the prewar Japan was the mechinery industry.
The ratio of value added of mechinery industry to value added of totel
menufacturing industry was 13.3 per cent, whereas the ratioc of labor
foreces of meachinery industry to total labor forees of manufeacturing
industry was 16,7 per cent, In the postwar Japen, the ratio of value
added of machinery industry to value edded of manufacturing industry
was 17,2 per cent; whereas the ratio of labor forees of machinery
industry to total labor foreces of manufacturing industry was 18,2
per cent. This suggests an improvement of labor efficiency in the
mnachinery industry in the postwar relative to prewar., It should be
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noted that the mechinery industry in the postwar Japen has become the
most important industry, in the place of textile industry in the prewar
Japan,

In the postwar Jepan, the most important industry was machinery,
second was chomiocals, third was metal products and fourth was textiles.
By oontrast, in the prewar Japan, first was textile, second was a metal
industry, third was chemical and fourth wes mechinery as described above.
This entire change may be described as & structural change from light
industry in prewar to heavy industry in the postwar pericd.

The stetistiecal resul‘s of the United States are shown in Table
XIV (b)e In prewar U.8., the ratio of value added of each industry
to velue sdded of manufaeturing indusiry indicates thet the United
States had already become & country of heavy industry., The ratio of
value added of metal products to velue added of menufacturing industry
was 12,7 per ecent and the metal produets were the most important in=
dustry. For the mechinery industry, it was 11.8 per cent, then the

second most importent industry.
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Ereakdown of Hmufumﬂni Industries in U.S.

1936
The ratio of The ratioe

value added of labor
by eeash ine forees in
dustry to each ind,
total manu. to total,
1. Food and kindred
produets 305’ 12&“
2. Tobaseo manu,
3. Textile prod. 7:5’ 23‘05
4. Textile mill prod. (13.5%)
5. Apparel & related ( 8.85%)
products
6. Forest products 4, 5%
7. Lumber & wood prod. 7;“
8, Furniture & Fixtures 4.1%
9. Paper & Allied FProd. 303% 5.“
10, Printing, Publishing :
& allied pl‘ﬁd» 8&“ 5;7%
11, Chemicals & allied
industries 7.1 4.2
12, Petro., & coal prod, 30“ 1.4
13. Rubber prod. 1.6% 1,6
14, Leather & leather foods 2.8% 4,0
15, 8tone, clay & glass
prod. 5'05 3.2
16. Primary metal 16.5
17. Iron & steel & their
prod. not ine. mach. 9. T%
18, Noneferrous metals
& their prod. 3.0%
19. Fabricated metal prod.
20, liach., not ineluding
transp. equipment 11.8%
21, Hachinery exeept eleo. 6.8
22, Eleetrieal machinsry 3.8
23+ ITransp. equip. sir,
1“‘ & water 6.8 6.4
24, Railroad repair shop l.2%
25. Instruments & related
products 6.8
26. Miscellaneocus
Sources: Same as Teble XIV (a)

1968
The retio of The ratio

velue sdded of labor
by each ine= forses
dustry to

totel menu.

10.9% 10,2
0.8 0.5
4.0% 65
4.1% 7.6
2.8 4,2
1.7 2.2
3.8 3.3
§.1 B.0
84 3 *q 6
261 1.1
1.7 1.6
1,8 2.2
3e4 362
.8 %9
6.4 6.7
9.9 9.8
5.6 6.1

12.7 11.1
1.7 1.7
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IV Importance of Foreign Trade and Structure
of Foreign irade, Japan end U.&S.

We have already discussed the role of natural resources in per
capite income and structural change of industry in the economy of
Japen end the United States. It follows that foreign trade is a
very importent key to solve the bottleneck of Japan's output growth,
per cepita inoome and industrialization. This section will deal with
the role of natural resources in the foreign trade of Japan in compari-
son with the United States as follows:

(1) Role of natural resources &as a determinent of the de=-
pendence of foreign trade in the national economy.

(i1) Role of natural resources as a determinant of struoture of
foreign trade.

The Dependence on Foroggp Trade in the Eoonony of Japen
; and the U, SeA.

The dependence on foreign trade, first is measured by the ratio of

the commedity import costs and export value to the gross national pro-
duots., The statistical results are shown in Table XV, In the prewar
Japan, the ratio of commodity import cost to the gross national preduct
was 14.8 per cent; whereas, in the prewar United States, it was 3.4 per
cent. The Japnngco ratio was 4.3 times that of the United States. This
indicates that the degree of dependence on foreign trade in the economy
of Japan was very high compared to that of the United States in the pre=
war period. This difference is partly due to the greater size of the
United States eoconomy, since the amount of trade naturally decreases

the larger the eccnomic unit involved.
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TABELE XV
The Pereentage of GWW
alue to »
The U.S.4,1 ‘ Japen?
% of Export % of Import % of Export % of Import
to GH.P, to G P, to GNP to G.N.P,
1936 3.2 3.4 15 14.8
1946 4.6 2.3 4,8 8.6
1947 6.6 2.8 0.78 1,65
1948 4.9 2.8 1.95 2.8
1949 4,7 2.8 5.0 8.5
19860 3.6 3.2 7.6 8.8
1961 4.6 3.4 8.9 14.3
1962 4.4 3.1 7.9 12.4
1963 4.8 3.0 6.7 12,7
1964 4.2 2.8 8.0 11.7
1956 3.9 2.9 9.1 1.1
Sources: 1) Ysarbock of International Trade Statisties, 1987, United

Nations, snd U.S, Income and Output, 1968.

2) Mmmw 195". “nim
Nations, and I con Natic o

of Japen, 1330-1955. November 1956,

In postwar Japan, the ratio of commodity imports eost to the gross
national products was lower than in prewsr perioed, Above all, in the
periods of ebnormel inflation, from 1946 to 1948, it became extremely
lows i.e., it was 8.6 per cent for 1946, for 1947 it was 1,5 per cent
end it wes 2,5 per cent in 1948, The ratios of impert costs to the

gross naticnal preducts in years of 1947 and 1948 in Japan were much

lower then those of the United States. There is no doubt that this low
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figure was a factor in the per capite income in Japan.

In 1949, the retio of commodity import costs to the gross national
products in Japan increased to 8.5 per éczt as compared to 2,3 per cent
in the previous yesr. The figure of 1949 was still lower than that of
1935 but greater by some 3.3 times than that of the United States.

The high import wvalues in this year was due to 550 millions of dollars
of the United States net grants to Japan, which wes 68 per cent of
total imports coats, Japan's amormal inflation started to stabilize
in this year. The year of 1949 was the turning peint from inflation
to higher output and economic stabilization.

In 1950, the outbreak of the Korean War brought income to Japan
vhich made still larger imports possible, In 19851, the ratio of come
modity import eosts to the gross national products in Japan was 14.8
per cent whish was the highest in the postwar periods and slightly
less than prewar periods by 0.5 per cent. It was 4.2 times greater
then that of the United States. This was the year in which Japen's
real national income slightly exceeded that of the prewar period.
Foreign trede in Japen affected her business oycle and output growth.
Since 1961, the trend of the ratic of imports eost to the gross national
products in Japen had been deolining gradually every year.

In postwer Japen, the defieit balance of payments was the most
distinguishing feature of foreign trade compared to that of the prewar.
The difference between the ratio of exports value and import value to

the gross national products in the postwar Japan is shown as follows.

lgiatistioal Abstract of the United States, 1956, p. 894,
Foonomie Statistics of Japsn, 1961, p. 329.
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1946 1547 1948 1949 1950 1951 1952 1953 1964 1966 1936
"3.” "008% “0&# *506% "1.8% "5-‘% "‘o“ "’600% *3»7’ "2-% ioiﬁ

These deficit balance of payments in export and import by merchandises
in the postwar Japen were made possible by the United States grents
end special proourements. That is, up to 1950, some 2 billion dellars
of U.S. grants made up the deficit balance of foreign trade and after
the Korean War the deficit balance was made up by some 4 billion dollars
of the U.,S. speeial procurement program.

The trend of the deficit since 1951 was a declining one except
for the year of 19563, The end of the Korean VWar olearly indicated
Japan's meled justments of import end exports; i.e., Japan's export
sharply declined in 1958, After 19564, the trend of inorease of ex~

ports« end decrease of imports cost can be seen in Table XV.

The m«:mo ﬂ!’orotp Trade By Commodities

Japen's dependence on foreign trade for materials cen bs mea=

sured by the ratio of commedity imports to total supply. Such data
together with similar data for the United States are shown in

Table XV1.
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TABLE XV1

Imports Of Resourses As Percent! 0f Total Supply In 1966

rice

wheat

barley

soybeans

sugar
Best & Cene sugar,
not refined

soffee

Industrial HMaterialss

phosphate rock
raw cotton
wool

forest products
rayon pulp
iron ore

coal

eoking coal
erude oil

tin ore
copper ore
bauxite ore
lead ore

zine ore
nagnese ore
ehromiwn ore
tungsten ore
erude rubber
salt

abasa

Jepan

9, 5%
€0,9%
39,4%
61. 4%
96.0%

100, 0%

100, 0%
100, 0%
100, 0%
5.1% (1951)

14.2% (nng
16.9% (1951

100, 0%
784 2%
100, 0%

TeSuhs

9. 2%
100. 0%
0.5%

lgaleulated by dividing the volume of imports by the sum of imports

and

domestiec production.

Sourcess mhtry or Inumt:lma.l Trade snd ann:try, Tokyo«

Vulm L

cernaticnal Ired St

ies, 1957,

Unim Rttiwia
m::ultm Og;a_u; gnticn at thﬂ Qnim Nations, Rome,

I‘b&ly. 1967,
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In agrisultural produots, the retic of quantity imported of rice
to total supply was 9.5 per cent, for wheat it was 60,9 per cent, for
barley it was 39.4 per cent, for soybeans it wes €61.4 per cent and for
sugar it wes 96,0 per cent., The ratio of import cost of foed: to
totel import cost in Japan in 1966 was 20.1 per cent. On the other
hand, the United States wes independent of foreign imports of foode
except for coffee end sugar. fhis great reliance on imports in food
creates a serious economic effeet in YJepen. Importation of food
does not contribute to re-export manufactured goods to foreign cowme
tries., It does not contribute to employment of additionel workers and
output growth, This heavy reliance on foods of foreign trade was the
chief reeson why Japan's balence of trade in import and export ascount
was always in the red in the postwar decede.

Japan's scarcity of resources was not only food but alse the ine-
dustrial meterials., In the rew materials of textile industry, the
ratio of imperted quantity of raw cotton to totel supply was 100.0 per
cent, for wool it was also 100,0 per cent and for rayon pulp it wes
22.7 per oent. Ihat is, the raw materials of textile industry in Japan
were heavily dependent upon the foreign trade. The import cost of raw
meterials in textile industries in Jeapan in 19566 was 24 per cent of
total import cost, On the other hand, the United States was entirely
independent of import and exported the raw meterials of textile industry
to the rest of the world.

Japan'a dependence on imports in other industrial materials was
investigated as follows: For phosphate rock, tin ore, crude rubber

and ebaca, they were 100,0 per oint of total supply. For erude oil,
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it was 96.0 per cent, for iron ore it was 68.3 per ceant, for salt it
was 78.2 per cent, for coking eoal it was 26,1 per cent and for coal
it was 6,5 per cent. lost of the importent raw materials for heavy
industry are very searce in Juopan, except for coal. On the other hand,
the United States had & relative sbundance of natural resources except
non=ferrous metal snd forest preducts. Thet is, for tin ore it was
100,0 per cent, for chromium ore it was 97.6 per cent, for tangsten ore
it was 59,2 per cent, for lead ore it was 36,5 per cent, for szinc ore
it was 30,0 per cent and for bauxite ore it was 26.4 per cent. For
forest products, it was 12.6 per cent.

The structure of Japan's imports esn be measured by the ratio of
vach commodity eost imported to total impert: cost. The statistiocal
results are shown in Tlialo xvil (a). The ratic of food end beverage
to the total impor% cost in Japan in 1956 was 28.1 per cent, for the
rew materials of textile industry, it was 24.4 per cent.

We may now compare these figures of the postwar period with those
of prewar, although the leck of prewar data embarrasses us. We notice
two main differences between the two perieds. One was a surprising
inerease of food and beverage import in the postwar period compared to
that of the prewar period., That is, it inoreased from 7.5 per cent
in 1935 to 25.1 per cent in 1955, This indicates Japan's relative
searcity of agricultural lands relative to population in the postwar
decade. The other was & sharp decline of imports of raw cotten in 1985,
or 15,5 per cent compared to 29,0 per in 1986, In prewar Japan, the
textile industry dominated Japsn's industry because of her position

with regerd to raw silk, cotten and other products of textile industry



TAELE XVII (a)
Imports by Prineipel Commodity
1935 1962

Total Value 2,472 780,352
(Millions of Yen)

Food & Beverage 7.5% 30, 4%
‘) Rice 0. 1“ 9.1%
b) Barley o% 4.15%
.) Wheat 1. 7“ 707’

Textile liaterials 30, 3%
a) Rayon pulp . 0.75%
¢) Rew Cotton 29.0% 21, 20%
d) dard & Bast Fibres 1,1% 1.1%

Metal Ores 7. 2%
a) Iron ore 1.37% 4,.5%
b) Non=ferrous Metal Ores 1.08%

Noneletalic Minerals 1.07%
a) Phosphates Roek 0.8% 1.2%
b) Salt 0.6% 1.2%

Mineral 11.6%

Fuels
.) Coal 1. 9&‘ ‘.e’ ‘
b) Crude 0il &

Petroleun products 6.16% 6. 95%

Other Materials 6.8%
l) Raw skins 91»8“ 01'5%
b) sw beans 2.181 1. 1“
¢) Crude Rubber 2.19% 0.92%
d) Wood 2,01% «69%

Chemicals 303%

liachinery ‘c“
a) Passenger ilotor cars 1.06%

Others 307’

@87

1956
889,716
29, 1%

0.91%

8. 14%

0. 16%
4.8%

Source: Ministry of Finence, Heonomic Statistics of Japan, 1966.




in the world markets. However, in the postwar periods, the development
of synthetiec fiber and the industrialization of underdeveloped sountries
made it impossible for Japan to dominate the world markets; because, the
underdeveloped countries have started to give priority to development

of light industry in their growth progrem.

Evelustion of Japen's Import Costs in terms of the U.S. Dollar, 1951.

We seek to measure the value of Japanese imports in terms of
dollar costs in the United States. This will ensble us to find Japen's
Yen value in units of eommodity imports per the United States dollar.
The sonversion of Yen value in units of import eommodity into the U.S.

dollar will be made in symbols as follows:

Yen per Dellar gz ZPJ 9"

(import goods) F PU QU

where P, and Q stand for wholesale price and quantity of imports and
J and U denote Japan snd the United States.

Jepan's import values snd quantity data are taken from Quantity

Teble For the Japsnese Interindustry Table, 1961. In this Table, we
cen find Japan's fifty-six commodities imported. Wholesale prices

of Japan's import commodities ere taken from Wholesale Price Index

by the U.S. Department of Labor. The difference of quality and classi-
fioation of fifty-six comnodities imported into Japan made the statis=
tioal decision diffieult. The wholesale prices of twenty~six commo=
dities are used in our present study. The ratie of the value of
twenty-six eommodities used to total import cost was 70. per cent.

This indicates the high importetion of raw materials in all Japanese

imports. It should be noted that food imports are included.
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Statistical results are shown in Table XVIII.

The Japanese naticnal currency Yen per one dollar of units of
sgricultural foeds products such as rice, wheat and barley is esti=
mated as 307 Yen per dollar. This estimate is much higher than 219 Yen
por dollar in 1962 estimated by Watanabe end Komiys,! because their
ealoulation was based upon the total available quantity of agricultural
products, not just imports, Our figure is still lower than the offieial
exchange rate of 360 Yen per dellar in 1962, However, the raw materials
for textiles such &s cotion and wool are estimated as 378 Yen per dollar
of wmit of raw material of textile industry. This is slightly higher
then the official exchange rate in 19562 and lower than Watanabe and
Komiya estimate, 401,2 per dollar, The difference between Watanabe
end Komiya and our estimate is due to the exelusion of reayon pulp and
herd and bast fibres from our estimate. For anthracite it was 556 Yen
per dollar, and for bituminus it was 1,292, Yen per dollars, For eocking
eoal, it was 750 Yen per doller and this was the largest volume of coal
imported into Japen in 1951, For coal as & whole, it was 714 Yen per
dollar. It was much higher than the official fixed exchange rate and
much lower than Watenabe and Komiya estimate of 924.1 Yen per dollar
of wnit of ¢oal., The mein difference of our estimate from Watenabe
and Komiya is presumably due to the higher price of coal in the Japanese
domestic products of coal, For erude petroleum it is estimated as 544
Yen per dollar. It is slightly less than §99.5 Yen per dollar of

Watenabe and Komiye. For iron ores, pig iron snd cold finished and

ljatenabe snd Komiyas Op, eit., pps 3-8
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coated steel, it is estimated as 8185 Yen per dollar, whereas Watenabe
end Komiya estimate was 446,8 Yen per dollar of wmit of iron end steel.
The difference between the two figures is due to the exclusion of irem
ores from the Watanabe and Komiya estimate.

Overall Yen per dollar of unit of import commodity in Japen is
estimated as 373 Yen per dollar, We may now convert Japanese Yen value
of commodity imports into the U,8. dollar, since we know that the ratio
of import commodity (26 commodity) was 70.0 per cent. We can easily
find that the total value of commodity imperts in Japen in 1951 in
terms of the U.S. dollar was 1,977. millions of dollars. Jhe Japanese
commodity import cost was 5.4 per cent of the United States gross
national products in 1961, whereas the ratio of Japan's commodity
import cost to the gross naticnal products in 1951 was 14.3 per cent.

We may now compare our estimated overall Yen per dellar of unit
of commodity imports with the estimated exchange rate of Watanabe and
Komiya. The estimated exchange rate of Watanabe and Komiya in 1952
will be adjusted to that of 1961 by using the implicit price deflator
for the gross national products, i.e., the estimated exchange rate in
1951 was 184.2 Yen per dollar, This mesns that if & person excheanges
the U.S, dollar for 360 Yen in Tokyo and buys consumer goods, he cen
buy nearly twice the smount of goods in Tokyo as compared to New York,
If the estimated exchange rate of 184.2 Yen per dollar were available
to the Japan's commodity import cost in 1981, Japan's commodity import
oost would be reduced from 737,241, million Yen to some 378 billien
Yen which would be some 7.3 per cent of the gross mational products.

Hence, the Japanese balance of payment in import and export eccowmt would
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be much improved. To put this problem differently, Japan eould import
some 1,96 times greater an amount of raw materials then the existing
amounts of import: commodity in 1951. Diagrematically it will be
illustrated below:
z
Y2%38
(bilgn)'
{
(bill.‘mt)l U4s

(Chart 4.) 0 =
The above isoquants map clearly shows that if the Japen's present offi-

eial fixed exshange rate (860 Yen per Dollar) changes to Watanabe and
Komiye estimated rate (184.2 Yen per dollar), price line 1 will change
to price line 2, This means that the Japanese value of imports will be
raised up from 787 billion Yen to 1,438. billion Yen if we assume the
seme slope of isoquant at price line 2 as that of price line 1, In the
place of increase of Japan's value of imports, the United States imports
from Jepan will be deoreased es illustrated in the above isoquants mep.
In other words, Japan's value of exports will be decreased due to the
change of exchange rate.

The loss inherent tn Japan's economy due to her scarcity of natural
resources will be created in not only productivity level but also fore
eign trades i.e., Japan has to import food: end industrial raw materials,
Transportation cost and imports cost will be e large item of loss of

Japanese national economy. In addition to these, the present official
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exchange rate will serve somewhat to limit her volume of imports. As
for the effeet eon preductivity, we will suggest more detail in the

following chapters.



1.
2.
3.
4.
5.
6.
7
8.
9.
10,
11.
12,
13.
14,

16.

16.
17.
18.
18.

20.

TABLE XVIII
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Eveluetion of Japen's Import Costs in U.S. Doller, 1951

Rice

Wheat
Barley
Soybeans
Cotton
Vool

Sugar

Salt
Anthracite
Bituminus
Coking Coal
Crude Petroleum
Gascline
Kerosene

Heavy Fuel 0il
(A. B.)

Heavy Fuel 0il,C.
Copper Ore

Iron Ore

Pig Iren

Cold Finished and
Coated Steel

(1) P.Y Q.9

(Units

37,890,582
58,421,872
30,923,183

17,830,929

168,916,938

70,991,678
83,126,882
12,835,807
1,160,143
86,830,
16,360,561,
24,000,649,
296,080.

2,949,107,

12,138,326,
587,767
191,208

20,917,562

801,624

922,661

(2) PV Q.9
Thousends )
187,460,
148,500,
69,300,
85,800,
322,000,
313,000,
865,500,
38, 000.
2,080,
87.
22,630,
44,200,
343,

7,800,

86,500,
805,
402,

23,400,

2,020

2,400,

(8) Yen per §

(1) / (2)
202

894

448

482

626

252

5056

3286

568
1,292.
780.

544,

868,

390,

140,
730.
475.
896.

598,

388.



TABLE XVIII (Coatinued)

2l. Copper 978, 1.5
22, Lead 1,546,276, 2,770,
23, Zine 3,516,437, 5,040,
24, Vinylon and Nylen 3,007, 3.7
25, Sodium hydroxide 1,687, 1.68
26. Cotton Yarn 72,287, 328.
Total pas S BT b AW
' 515,284,746, 1,380,081,68

660,

668,
836.
945.

220.

873
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Sources: (1) Wholesale Price Index, 1968, U.S., Department of Labor,

(2) Quentity Table For the Japenese Interindustry Table,
%531. Einiltry of In Industry.

ternational Trade &

Remarks: 1) Price of Japanese commodity is preducer's price.

2) Price of coking coael in U.8, is producer's price.

3) Bee Appendix p. 178 for the U.S. wholesale prices.



CHAPTER IIX

PRODUC TION LEVELS AND CROP-LAND USED IN THE AGRICULTURAL SECTORS,
JAPAN ARD U.S8., 1951

The purpose of this ehapter is to attempt an explanatien of the
difference in output per worker in the United States and Japan arising
from the differences in the availability of farmeland. It is elear
that the scareity of the Japsnese farm-lend relative to populatien
causes higher prices of farme=land and higher average rate of rent than
in comntries such as the United States where more land is available,
The problem is to determine how greet a handicap to production are the
higher land prices and lower labor incomes inherent in Japan's positien
as a comtry of low resource endowment relative to populatien.

Various influences affect the difference in output per worker in
agricultural sectors of the U.8.A, and Japan, Among these are number
of persons per hectare of land working on farms, adaptability te large
soale methods ( ® technology), different demsnds for food relative to
other goods, weather conditicns, quality of land, end seareity of other
factors such as fertilizer, fuel, machinery amnd the like. To reduce
this problem to simple terms, farm income is divided inte two major
parts; farm inecme due to the land factor and farm inoome due to other
production factors. The sgricultural income difference between the
two countries is explained by the differences in proportions of these
production factors and of the over-all productivity of factors in the

twe cowntries.
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It is clear that the scareity of one production factor, that is,
farm-lend in Japen tends to keep the marginel productivity of labor low
due to the sharp "diminishing returns” relations. In & general way, it
cen be observed that ean approximation of this loss resulting from the
law of "diminishing returns” meybe eassessed by using the observable
data on rents, wages end quantities of factors in the two countries

in the year of 1951, and this is what is attempted.

I. The Cobb-Douglas Produetion Funetion

The Cobbe=Douglas production funetion is a useful theoretical tool
for the present analytieal purpose. Before the application of the Cobb-
Douglas production funetion to the present statistical analysis, the
theory of the Cobb-Douglas production funetion will be illustrated.
Professor Douglas's first 1nvect1gationl,1 published in 1926, measured
the smount of fixed capital used in menufacturing industries in the
U.8.A., between 1899 end 1922, He measured the "quantity" of labor
employed by these industries over the same period (teking into sccount
chenges in the average length of the working week and in the relative
proportions of clerical and administrative to menual labor) and compared
these with index numbers of the physical volume of product obtained.

He also made computation over a similar period for the State of Massa=
chusetts and for the two Australian States of New Scuth Wales and
Victorie,

Desoribing output as P and the quantities of labor and capital

1pouglas, Paul, The Theory of Wages, The Macmillen Co,, New York,
1928, .
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as L and C, Professor Douglas, working in assoeciation with Professor
Cobb, sought to obtain a functional relations
P®g(L,c)

assuming that mP » £ (ml, mC)
where m is any constent. !

Thus in effect he assumed that the produetivity funetion must be
& homogeneous linear funetion of the first order. He thus assumed
sway the possibility of general increasing retums or general dimine
ishing returns to seale. Professor Cobb after numerous experiments,
suzgested a suitable type of function, satisfying the above eondition,
and elso satisfying the conditien that when either L or C is zero, the
preduct P must also be gzero. This funetion is:

Peg(L,C)spikclk

where k and b are constants.® The meening of exponents will be explained
in the numerical terms below. BSuppose k equals 0.75. Such an expenent
has been estimated for manufesturing in e country indicating that & one
per cent increase in labor will increase the output by 0.76 per cent
(actually 1.01 % —1)% while a one per cent inerease in capital will

lead to approximately 0.25 per cent increase in production.

1pouglas, Paul, The Theory of Wages, The Maemillan Co. New York,
1934, pp. 131 £f.

2¢lark, Colin, The Conditicns of Economie Progress, iacmillan end
Co. Limited St. MartIn's Street, London, 1940, Ps §7§.

SBelshaw, H., Population Growth end Levels of Consumption, George
Allen and Unvin, London, « Chapter 1V.

4 i 0.75,0.26
The figure is derived: l;:!bbx‘( 160; L)O.'IB ¢ 0:25
«16
PY/ P w 1.01
Pt - P ‘/1.010098 - 1
By Taylor's P & 0.01 x 0,76 ® 0.75%
Theorem,
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Among the many uses of the fumotion, & recent application to growth
problems may be menticned.? The formula has the merit of meking expli=
e¢it & number of variables which a;ra lost in the HarrodeDomar formule,
first the productivity of labor; second, the existence of inereasing,
constant, or decreasing returns. The formule further calls attention
to an asymmetry in much of the discussion of development, which dis=
cusses the quality of labor end the quantity of capital, The quantity

of labor should net be neglected, nor the quality of npitnl.a

1I. Qur Approssh To the Cobb=Douglas Production Function
First of all, we assume constent returns to scale; i.e., the

summation of exponents equal 1, The ressons we assume constent re=-
turns to scale are thn%: economies of scale between countries can be
ignored so far as coefficients are concerned since the constanis k
will reflect such economies, Within each country, it is olear that
individual farme tend to grow as & result of inoreasing returmns %o
scale. Thus the full efficiencies of economies of scale within farms
should be achieved in equilibrium, and not exist cm & cowmniry basis,.
Thus we do not have te worry about inoreasing returns within coun=
tries since the foroe of competition tends to remove thems As between
eountries the effects of external or general sigze economies are

measured by gemeral output levels as measured by the constante.

lgindleberger, P. Charles, Economic Development, The MoGraw-fill
Book Co., Ine,, New York, Torento, on, e Pie 4T=48,

21pid., p. 48.



79

As Doublas shows,! the marginel productivity of capital is related
to the exponent, for the partial differentiation of P with respect teo
¢ will give the increment of output consequential upon &: inorement of -
capitels

Py clk gk

X g(l.k)bc“'fkl.kn(l-k) _,g;_,

In other words, the marginal productivity of capital is inversely pro-
portional to the amount of eapital at present in use per unit of out=
put and also to the exponent of ecapital ( 1 » k ) in the above formula.

Denoting agrieultural output as A, quantities of land in ferm as
M end all other factors of production as L, our formulation of the

CobbeDouglas production function is written in symbols:

(1) ASp Lkl

where b and k are constants. The exponent of land ( l~k ) can be
estimated from national inoome distribution dats, because the ratie
of farm income due to land (or net rent) to farm income is equal %o
(1=k). In symbols:

) Bz (1K)

where R stands for farm income due to all farm land and Pa.A stands
for agricultural income.
The equation (2) is essily obtained from the equetion (1) by

using the marginal productivity theory of income distribution. Net rent

1g1erk, Colin, Op. @it., p. 586.
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is in general determined by marginal productivity of land. Thus, R

is stated in symbols as follows:

(3) R= Pge 92& M

where Py, is the price of agricultural produet., The partial derivative

of the equation (1) with respect to M is stated:

(4) -%%—- = (1ek) b ukgk

Multiply (4) to Pg in order to obtain the farm income due to land,
(6) Pgii QA zp, u(1-k) bk ¥
JH
Multiply (1) te Py, in order to obtein the farm income.
(6)  Pg.h ® py p phyl~k

Honce, the ratio of farm income due to land to famm income iss

(7) B o 2o {dek)oal™gks
. Pg b LK ui*F
g2 1le-k

ﬁnﬂar these assumptions, the exponents of factors of production can be
estimated from income data. This will be done below,

The exponents of factors of production are called the elastielity
of fastor of production. The elastiecity of land or other factors of

production will be written in symbols as follows:

(8) Ik ® M QA
% on
(9) ks L dA

A R
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The elastieity of factor of production is determined by the factor
coefficients and marginal preductivity of production factors. This
suggests that we will be able to measure the relative "diminishing
returns” relations of faetors of production from equations (8) end
(9)s That is the marginal productivity of land or ell other production

factor can be estimated as follows:

(100) 24 »(1.kx) a
Ju Bl o0

(11) ‘3‘%‘ s k, ____%__

That is, the marginal productivity of land is determined by average
land productivity end the elastieity of land factor, whereas marginal
productivity of all other fectors of production is determined by
average productivity of all other factors of production and the elas-
tieity of other factors of production.

The aanzﬁant term b reflects the general productivity of agricul-
ture. Since M and L are variables ( = denoting L as workers), we will
be able to estimate bj; the extent to which b in one country is larger
then in enother reflects the effectiveness of given land and labor.
Our versicn of the Cobb=Douglas production funotion is restated as
followss

AT p 1k ul-k
The constent b will depend on capital end non-agriculturel supplies in
such case as well es technology. The censtent for the U.S., (b), end
that of Japan, (B), will roflcét the effects of such influences as
espital, non~agrieultural supplies, scale, end technology.

We have suggested that the estimate of elastieities of production



fastors, land and all other factors of production mey be obtained if
we know the ratio of farm insome due to all farm land to farm income.
The problem now becomes the measuring of the farm income due to all
farm lend. Jhe farm income due to all farm land will be derived from
the net rent paid to landlords. Scme recent eeonomie literaturel has
stressed that leand is a produstion fastor distinet from labor and
capitel, The distributive share of land (rent) is determined in
theory by the marginal value produet of land independent of wages %o
lebor end interest to capital, However, cbservable rent payments are
not restriocted statistically to the physical productivity of the land
but often include the return for various amounts of risk and uacer=
tainty by the landlords, depending upon the nature of the lease and
ou other circumstanees.® This very much complicates the statistical
problem.

As for measuring ferm iccome due to all farm lend in the U.8.4.,
Barton end Cooper mede & suggestive contribution in the erticle en=
titled, "Relation of Agrioultural Production to Inputs" in the Review
of Boonomics and Statisties (May, 1948). Barton end Cooper, agriculs
tural economistes at the Department of Agriculture, state that "Bstiw

mates of the cost of total net rent on all farm real estate each year

18eiteveky, Tibor, Welfare snd Competition, Chieago, Tllinois,
Richard D. Irwin, Ine,, 1961, pp. 227=228.

Johnson, D. G., "Resource Allocation Under Share Contracts™,
Journal of Politieal Boonemy, Vel, IVIII, April, 1950.

Heady, O. Barl, Economics of ?ricultuul Preduction and Resource
Use. Preatice-iiall, Inc., New lork, 2, p. 683,

2Heady, 0. Barl, Ibide, pps 623=631.
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were made by dividing the total of net rent on rented real estate by
the percentage that the value of rented real estate was of the value
of a1l real estate".) Restatement of their messurement in symbols will
be made thus:

The Cost of Het Rent on All Farm Real Estate equals

Total of Net Rent on Rented Real Estate

Value of Rented Real Estate
ue of A ~ tate

= Total of et Rent on Rented Real Estate X Value of 4All Real Estate.
Value of Rented Real Estate

® (Average rate of rent per dollar of rented real estate) X (Value of
all real estate)

Ascording te the statisties of the Bureau of Agrioultural Economiocs,
the real estate contains the farm~land and buildings,.

For the purpose éf present comparative studies, the percentage of
heetares of rented farm land against the total heotares of land in
place of percentage of the value of real estate will be applied,
simply because cf lack of Japanese value data. The estimate of cost of
total net rent on all farm lend given above can be expressed alternative-
ly in a formula as follows:

Total net rent on all farm land

= Total of Net Rent on Rented Farm lLand :-

Heotares of Rented Farm Land
e8 0 © rm Lend.

lparton, T. Glen, and Cooper, R. Martin, "Relation of A.ricultursl
Produetion to Inputs™, The Review of Boonomics and Statistics, May,
1“8, Pe 123.
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Total of Het Rent en Rented Ferm Land X Acres of Total Farm Land
Aores of Rented Farm Land

Average rate of Rent per acre X Aeres of Totel Farm Lend

That is, the cost of total net rent en all farm land is derived from the

average rate of rent per acre multiplying by scres of total farm land,

11Y¥. The Statistical ieasures Used

In order to apply the ideas cutlined above, numerical measures
are required of "labor" used, lend used, price of "labor," price of
land or average rate of rent and total outputs of agricultural sectors
in esch country. Any one of these may be computed if the others are
mown. In f;mtaco the wage of "labor" hes been computed from the
other data. Some information on wages on farms are given below, but
these have not been used statistically. Japan's statistical data are

teken from Hationel Inoome Statisties of Japan, October, 1953, National

Ineome and Haticnel Economio Accounte of Japen, 1980~1965, December,

1966, Interindustry Anelysis of the Japsness Economy, 1968, Econemic

Statistics of Japan, 19566, Statistical Yearbook of Japan, 1968, Inter=
industry Table, Japen, 1951, (182 sectors), 1958, and Nihon Keiszai

Tokeishu (Japanese Statistical Collection of Economics) edited by

Ouohi, 1968, The U.S8. statistical data are taken from Census of Agrie

sulture, Agrieulture Statistics, and U.S. Income end Output, (A Supple=
ment to the Survey of Current Business) 1958, Statistical Yearbook,

U.is and Report on the 1980 World Census of Agriculture, F.A.0., U.N.

secve for the supplemental date.
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% Comparisons of Farm Ineome of the U.S.A. and Japen, 1951

The farm inoeme of the UyS.A, in 1951 was 20,285, milliecns of
dollars and that of Jepan in 1951 wes B881.6 billions of Yen. Ye mey
not ecmpare the farm income in real terms of Japan with thet of the
UeBsAs If we use the estimete of Watanabe snd Komiys for the value of
the Yen in 1952 snd adjust this to 1951 prices, we find an estimated
exchange velue of 184,2 Yen in Japan.! Converting our figure of
881.6 billions of Yen inte dollars, we obtain 4,786, millions of
dollars. Japanese ferm income in 1951 was only 23.6 per cent of the
Us8Ss farm income, This compares with & ratio between national income
of Japan to national income of U.S., of an estimated 8.5 per cent.
This indioates that agrieultural output in Jspan is large relative
to all output as compared to that of the United States.

(2) Comparisons of Crop=land For the United States and Japem, 1961,

In the UsS. Department of Agriculture usage, oropimd is defined
as lend harvested, failure, fellow, and idle, exclusive of lend used
enly for pasture. In the Japanese Ministry of Agriculture end Forestry,
the eropland is defined as cropland harvested., The rate of utilization
of arable lend in Japan in 1951 wss 152 per cent and the arable lend
was 5,048,499 heotares. Areas of oropland in Japan, 1961 were 7,691,722

hectares,? whereas eress of the U.S. cropland were 165,514,120 hectares.d

13ee Appendix, p. 177.

23tatistionl Yesarbook, 1958, Bureau of Statisties Office of the

Prime ﬂﬁbur, ?ﬁ. Source: Crop Stacistieal Seetion.

8Soureer The U.8. Department of Agriculture, 1953.
#*(1 sere is 0.407 hectare.)



Japanese areas of cropland in 1951 were only 4.6 per cent of the U.S.
areas of oropland. This large difference of arees in eropland between
two countries influences the size of farm operation, preductivity of
farmeland and of all other production factors in agricultural sectors,
prices of agricultural land, of products and sc on in the economy of
the U.S.,A, and Japan,

(3) Com sons of Number of Workers in the Agricultural Sectors for

The number of workers is defined as persons engaged in production
who inelude the unpaid family workers, proprietors of wmincorporated
enterprises and the workers for wege and salary. This definition is
given by both U.8, Department of Commerce and Jupanese Winistry of
Interneticnal Trade and Industry. Number of workers in the Japanese
agricultural sector, 1951 was 15,208. thousands and that of the U.S.A.
was 5,804, thousands. i.e., the number of workers in Japanese agricule
ture was 262 per cent greater than that of the U.S.A. Many agricultural
workers on the searce agricultural land of Japen creates low income
per worker as compared with that of the U.S8,4, This will be elaborated

in & later section,

(4) Total Rental Value of land in Japan end in the U,S.A., 1961
The value of land cen be computed theoretically by multiplying

total area of land by the rent per wmit area. In eddition to the
problems of quality of land involved in this procedure, cther problems
of & more pressing nature arise in the case of estimating rent in Japan.
This is because the land reform program in postwar Japan hes placed

some 90 per cent of all land in private ownership. Moreover the rent
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on the 10 per cent still leased is controlled offieially by the goverae
ment &and at prices unrealistically low, ! Thus it becomes necessary to
use some alternstive means than quoted rent velue for estimeting the
return te land.

The means finally decided upon was to use prewar rental value as
a basis, The rental price in this period was that of a free merket and
was ’rnlictio. Moreover it was quoted in terms of real eommodities,
notably riee, and thus ean be realistieally converted into prewar
prices. Thers is no means of knowing that the velue of land in the
postwar period was the same as prewar Japean, but all information aveile
able suggests the land is more wvaluwable in the postwar period because,
in addition to the high rate of population growth in this periocd, meany
people returned to Japau's proper land (the four islands of Hokkaido,
Honshu, Shikoku and Kyushu) from China, Menchuria, Karafuto, Kerea
end Formose right after the termination of World War II. Henoce the
value of land is certainly not less then the estimate based on the
prewar rent value.

The totel of net rent on rented farm lend in 1951 wes reported in

National Inccme Stetistics of Japan, Oetober, 1053, Lecnomie Counsel

1%parm Stetus", The Orientel Hoonomist, Ne. 538, Tokyo, August, 1955,
"Japan's Land Reform", Fuji Bank Bulletin, Tokyo, May 1953,

Williemson, B, Mark, "Land Reform in Japan", Journal of Farm
Esonomies, May, 1951,

Raper, F. Arthur, “"Some Effects of land Reform in Thirteen
V:llllg‘l', 020 eit. hy, 1951.

Hewes, 1. Lawrence, Jr., "The Japsnese Lend Reform Programe=Its
Significance %o Fural Asia" Proeeedings, Thirteenth Annual liatienal
Farm Institute, February, 1951,




Eoard, as follows:
e) Tenant Paddy-Fileld Rent 1,408, (Millions of Yea)
b) TUp=land Rent 602. (itillions of Yen)
Total of Net Men: of Rented Farm Land 2,006, (Willions of Yen)
This total of net rent figure on rented ferm land was based upon the
official controlled rate of rent, which was & result of Japan's Lend
Reform in 1945, ™e offieiel sonirelled rete of reut was €00 Yen per
Tan of rice-fleld, which was the meximum reve of rent. (A Teu is
0.245 acree) We mey now compare this maximum official centrelled rate
of rent with the rate of reat in the free markets of Japan in 1936.
Acoording to the informetion of the Brameh of “inistry of Agri-

1 prewar

eulture and Foresiry iu Yamagate Prefecture in Jepun,
periods, the Japanese teonsats had te pay to their landlords 2.5 bags

of rice or one Xoku (A Xoku is 5,119 bushels) per Ten out ef § bags

of rice production or 3.2 Koku," The rent rate in Yeu in prewar Japen
may be roughly estimated using the 1951 prise of riee. Une koku of

riee in 1951 in Tokyo wholesale prices was worth 7,860 Yen.® 1If we
assume thet Japan's black market rate of rent in 1951 was the same in
torms of rise &s the prewer rent, it was 13,1 times (7,360/600) higher
then the official conirolled rate of rent. This wes, indeed, & result ef
lend reform in pestwer Jepen, Now, we will be able to estimate total

of net rent of rented farm lsnd in terms of black market rate by mule

tiplying 2,005, millions of Yen to 13.1. The estimate of total of ned

Lyjinistry of Agriculture and Forestry, Noria Tokei Chose, Tokye,
Japanese Government Printing Offiee, August, 1968, p. 6! and alsc, Allen,

George Cyrill; Japen's Economic Recove London, New York, Oxford Unie-
versity Fress, Tﬁ'ﬁ " ; :

20uehi and et al., Nihon Keigai Tckeishu, Nihen Hyoronsha, 1958.
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rent of rented farm land was some 26,266. millions of Yen.

To find the average raie of rent, the figure of area of rented
farm land in 1961 is roquirod. Since 1951 figure of the rented farm
land in Japen was not available, we will use the figure in 1950 fer

Japen available from the Report on the 1950 World Census ofwml

or 724,662, heoctares. The average rate of rent per hectare in 1951 was
36,246 Yen (26,265./724,662), We may now convert this average rate

of rent in Yen, 1961 into the U.8. dollars. The average rate of rent
in 1961 in Japan in dollars was 196.8 dollars if an estimated exchange
value of 184.2 Yen in Japan per U.S. dollar is applied. Finally we
can obtain the Jepenese farm income due to farm land by multiplying
the average rate of rent to total of eropland in Japan; i.e., the cost
of total net rent on all farm land in 1951 Japan was 278,786,463,890
Yen. Converted in dollars the rental income is 1,513, millions of
dollars,

The total of net remt on rented farm lend in 1961 in the U.S., was
1,981,121, thousands of dollars,® The per cent of rented farm land te
all lend in farms was 42 per cent.® This per cent was derived from
the summation of lend rented to others by farm operators and land

rented from others by farm operators divided by the total land in

lnoeort on the 1950 World Census of Agrioculture, Vol. 1, Census
Results oumtries, food an culture Urgeanization of the United

Netions, Rome, Italy, 1966.

2pgrioultural Statisties, 1963, U.S. Department of Agrioulture.

SCensus of égricultur., Vol., II, General Report, Statisties by
Subjects, U.S. Department of Commersce,




90
farms. The total cost of net rent of all farm land can be obtained
from the total of net rent on rented farm lend by dividing the percen=
tage of rented area to total ferm land (or 1,981, millions of docllars
/ 0.42), or 4,716,964, thousends of dollars. The average rate of
rent in 1951 U.S5, was derived from the total cost of net rent of all
farm land (or 4,716,964, thousands of dollars) dividing by total erope-
lends (or 165,514,120 hectares), i.e., some 29 dollars per hectares,
if we compare this U.S. average rate of rent per hectare with that of
Japan in 1951, the Japanese average rate of rent was 678.6 per cent
higher than that of the U.8.A. It is eclear that the seareity of Japen's

eroplend reflected the higher average rate of rent.

(6) Comparisons of Wage Rate in the Agricultural Workers for the
Us D and % 94_ '

The average wage rates per day in the sgricultural sectors of two

countries are given in the Produetion Year Book, Veol. 12, by the Foed

and Agrioulture Orgenigation of the United Nation, Rome, 1958. The
workers are defined as only male workers. Wage rates mean the cash
portion of remmeration (where received partly in cash and partly in
kind). Peyments in kind included in figures are shown: a) Value of
board; (b) Value of lodging.). The wage rate per dey in the Japanese
agriculture was 209 Yen and that of the U.S.A. was § dollars in 1951,
Converting the wage rate of Japaan's sgricultural sectors into the

U.8. dollars, we can obtain some one dollar, thirteen cents; i.e., the
Japanese agricultural worker's wage rate per day in 1961 was 22.6 per
gcent of that of the U.S5. The statistical results are shown in

Table XIX.
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TABLE XIX

The Important Statistical Data of Agriculture

(1)
Japan

1) National

Income 4,363.28 Yen

(Billicns) ($25.833)
2) Farm

Income 881.6 Yen

(Billiens) @.786)
3) Crop=

Land

(Heotare) 7,691,722
4) Humber

of Workers

(Thousands) 15,208,
5) Average

Rate of Rent 36,245

per Hectare Ma6.9)
6) Net Rent

on all Fam

Land. 278,786

(Millions) ($1,513)
7) Wage

Rate per 209 Yen

Day for

Male Worker ($1.18)

.5, & Japen, 1951

(2) (s) (4)
UsSs P J Symbols
o;r:lrg?‘?; /(;Sm for Japan
é%olun (ly
277,041 8.564 4
20,286 23.6% pe A
166,514,120 4. 6% i
5,804 262,0% L
e p
$29 678.6% "
4,717 82.1% R
6o 38.0’ p‘e
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IV  Application of the Present Statistieal Date to the Cobb~
5'5355'; Production Funetion

1) Measuring the "diminishing returs” on all other production fac-
tors ] o-to’qeprmonucton.

We have already known in the previous analysis of the Cobb=Douglas

production funetion that the elasticities of production factor mey be
computed from naticnal income data. Let be the elasticity of land
factor for Japen (l=k) end for U.S. (1 = k'), then, (l~k) and (1 -k
can be computed from the ratio of net rent on all farm land to farm

income in each cowntry; i.e., from equation (2) above as follows:

1=k = 878‘ 7886
]

= 0,31

x s _0.69

1-kt® 717
‘T%T".as

s __0.23

kt = 0.77

Since the law of "diminishing retumns" msy be expressed in terms of
the marginal productivity of a productien factor, we shall estimate the
marginel productivity of land, snd all other preduction factors in the
sgricultural sectors in the eoccnomy of Japen and U.5. from the elasticities
of produstion fectors, For Japan we find the marginal produstivity of

land to be:



3‘ =z ( 1-k)(a/u)

0,31 X (§ 4,786,000,000.)

et 732

0.31 X 622

"

- 193. 82

where A/M represents the Japsnese average value produstivity of 1
heotare land, On the other hand, for the U.,S. marginal productivity

of land we obtains
28 2(1-x")(a/m)
n

= 0,25 X ( 20,285,000,000/ 166,514,120)

= 0.23 X 122.5

- 28.18
i.,0., the marginal productivity of one hectare land in Japsan, 1961
was 192,82 dollers and that of the U.S,A., wes 28,18 dollars. The
marginel productivity of land in Japan was 6.8 times greater than
that of the UsS.As It is clear that the scareity of land in Japean
relative to the U.S.A. is reflected in larger returms of the Jap=
enese crop~land as compsred to the U.S.A.

The marginal productivity of all other production factors in the

agrioultural sectors of the U.S. and Japan in 1951 may be estimated

in the same way as follows:
A _zx(a/1L)
JL

= 0.69 X ( § 4,786,000,000/15,208,000)

s 4o



- 4 0089 X ;14-7

= 2170 1

where A/L represents the average value of labor productivity for
Japen, or$314.7 per agricultural worker in 1951.
For the U, 30‘..

_’%ﬁ__ sk (a/4)
= 0,77 X ( 20,286,000,000/5,804,000)
s o.'h X § 5,496
= 2,691.15
where 8/{ represents the average value of labor productivity in the
UsS.A. in 1961, or $3,496 per sgrioultural worker.

That is, the marginal productivity of labor in Japen in 1951
was 217.1 dollars, whereas that of the U.S.A. was 2,691,165 dollars,
the marginal productivity of labor in Jupen was 8.1 per cent of that
of the U.S8.A. This shows the sharp diminishing returns of labor
factor in Japan relative to that of the U.S.A. due to the scareity of
Jepan's agricultural land resource factor. This figure differs consi-
derably from the ratic of wages given in Table XIX. It is a more
likely estimate of the ratic of wage ratic in the twoe countries and

is more consistent with per capita income relations.

(2) BEstimate of the Constant §b2 for “% snd U.S. For lMeasurement
of Cepitel, lechnology &na Other Factors

Let the constant for Japan's production function be B, and for

UeSe b, then we cen estimate B and b.
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For Japan,
A B LF vk
log A = log B2k log L & (l=k)log M
log 4,786. = log 5 % 0.69 log 15.2 & 0,31 log 7.69
85.,67997 ® log B & 0,69 X 1,181 & 0,81 X 0.886
log B = 2,59042
B = 329,4
i.0., Japan's constant is estimated 389.4.
For the U.S8.4,,
o S » %5
log a=logbd k' logfad ( 1=k’ ) logm
log 20,285, = log b & 0.77 log 5.804 2 0,25 log 165.514
4,307 = log b % 0,77 X 0,76378 & 0.23 X 2.2188
log b = 3,2086
v L6
The ratic, B/b = $89,4/1,617 ® 24%, measure the most important differ-
ences in the production functions for agriculture in Japen and the U.S.
The feotors labor and land are less effective in Japan because other
factors such as machinery, fertilizers and egricultural implements,
technologies and scale of operatiocus faver production in the UsS.A.
The differencs of;m income between U,S., and Japan, i.e., Japsn's
farm inoome in 1961 was 24 per eent of thut of the U.S., partly comes
from the less Japan's position of capital and technology relatively
to that of the U.S.A. It should be noted that the adaptability of
eapital and technology to the Japsnese agriculture is also limited

by her scarcity of orop-land.



We shall now represent some of these results graphically. For this
purpose we put the ratio of Japen's farm income (A) to the U.S.A.'s
fara income (a) into the simplest terms, namely:

i) A/ a= Bk yi=k
b[k' ll.k'

peylek = (L /M )ey
£l 2 (f/n )
14) Henoce, it can be restated as follows:
L k
A,/a =4 B ( T) M
b (L) K n
n

141) I4 will be expressed in terms of logarithms as followss
log A = log (B.M) & k log ( L/M )
log & ¥ log ( bem) 2 k' log ( £/n)
i.e., the ratic of Japenese farm income to the U,S, farm income de~-
pends upon (1) the ratio of Japan's capital and technological positiocn
(B) to that of the U.8.4. (b), (2) the ratic of the Japanese quantities
of erop-land (M) to that of the U.8.A. ( m ), (3) the ratio of the
Japenese agricultural workers per hectare of orop-land (L/M ) to that
of the U.S.A, (//m ), and finally, (4) the ratio of elastieity
of all other production factors in Japan (k) to that of the U.S8.A.
( k' ). The elasticity of all other production factors ( k and k')
determines the slope of straight lines in the logarithmic graph.
We teke log A end log & on the vertical line, Y axis, and log

( L/M) end log (//n) on the horizontal line, X axis; then, log B.M



o7

and leg bem show the constaerts end k and k' show the slcpe ef straight
line for Japan end for the U.S.A. respectively. The figures obtained
for this analysis in 19861 wore as below:
log A ® log 4,768. ® 5,87997
log & = log 20,288. = 4.30707
log BN = log ( 383.4 X 7.692 )
= log 2,996.2648 = 3.4784
log bem = log ( 1,617 X 165.5614 )
= log 268,686,138 = 5,42911
log ( L/AM) = log ( 18.208 / 7.692 )
= log 1.97581% = 0.20687
log (£/m ) = log ( 6.804 / 165.514 )
= log 003,506 ( per hectare ) =-1,45519
( LM end £/m...Unit : thouseand per million hectares)
k=0,69 and k' = 0.77
Now, we can drew the Cobb=Douglas production function in agrioul-
tural sectors of the U.S.A., end Japan, in 1961 in Chart 6. It is
clear from Chert § thet Japen's more labor intensity (L/M > ¢/ m,
i.e., Japan's laborer per hectare was greater some §56.3 times than that
of the U.S.A,), her lower elasticity of all other production factors
( x<k'), her lower positions of capital and technology ( B b )
and her scarcity of orop-land ( l(n ) all together determine Japan's

lower farm income per worker relative to the U.S.A,
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Su.tors rcr 5. and Jagan, 125
¥Million Dollars of Ffﬂx Income (A &a)

Chart 5. . Cobb-Douglas Production anction 1n Agricgtugal
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(3) Estimate of Japan's New Farm Income under the Assumption of
The E\a]_ig of zaEEn !?E EE Er labor to E‘c
of U,8, in 1951 wnder Japenese Blastieity, )

Direot appraisal of the importanee of sgricultural leand in ggpan

can be measured much more clearly if we think of the agricultural leand
factor only; i.e., assuming that Japanese agricultural land per lsasbor
forece were available to the same extent as in the U.S. while holding
the elasticities of production fectors eand ecapital and technological
position constents In fact this is the pure effect of preductivity
due to lmmd resources.

Qur assumption is restated in symbels as follows:

i) ‘z;”'mi S M* T 435,646,994, (Heotares) yw. g:ganc. new crop-
ii) B and k are constant,
The Cebb=Douglas production funetion will be as follows:
Av = B 1K el
log A% 2 log Ba k log L & (lek) log M*
= log 389.4 2 0,69 log 15.208 & 0,31 log 433,646,994
= 2,59040 & 0,69 X 1.1821 + 0,31 X 2.63609

= 4.2226369
A* = 16,700, (Unit: Millions of Dollars)

That is, assuming only two factors of production, land and labor,
ignoring all other determinants of the effisiency of labor such as
ocapital equipment, agricultural implements, costs of fertilizers and
eoconomies of soale, we should expeot, that if the erop land were availe
able in Japen in 1951 as the same quantities of land per the agricule
tural werker, as in the United States in 1951, that Japan eould have
produced 16,700 million dollars of agricultural income with 483,646,994
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hectares and with the Jgpm'l existing number of egriocultural workers.
The ratie, 16,700/ 4,786 equals 3.5, indicating Japen's increase of
farm ineome resulting from the inerease of quantities of land, On a
per worker basis this is 1,098,1 dollars per Japanese "land adjusted"
workers. In the United States itself in 1961 the figure is 3,496
dollars.

In this way, we reach the conelusion that the income per worker
in the egricultural seetor is mctually some 11.1 times ( 3,495, /
314.7), as large in the U.S.A. as in Japan, If we adjust the Japenese
output for land deficiencies in the menner outlined, we find that U.S,
output per worker is some 3.18 times as large as in Japsn., This
sugzests that other influence than land quentities inoreases the U.S.gutput
per agricultural worker by & factor of 3.18. To put this matter
differently, it appears that out of the total difference in real output
per the egrioultural worker, some 24.6 per cent is accounted for by
greater land availability in the U.S,A. and some 73.4 per cent by
other feetors such as the advantages of capital, technoleogy secale,

1

and so on.” Further this analysis will be carried through in greater

detail in the next section.

1see Appendix p. 181 for the detailed caloulation.
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(4) Estimate of Japen's new Farm Income Under the Assumption of
the Bguelity of Japan's Ero§ Lend per Labor to that
O oD with - astieities k',

In order to isolate the effect of produetivity due to capital,

technologies and others from the effects due to the Japanese "land
adjusted" per agricultural worker, we assume that the elasticities of
Japanese agrioultural land end labor faotor will change to the same
level as those of the U.S.A. in 1961 and that the Japanese capital
and technology position will be kept consteant., In symbols, the Cobb~
Douglas production function will be as follows:
As g B 1K' uel=K'
log A* ® log B 2 k' log L 3 (lek') M»*
w log 389.4 % 0,77 log 15,208 % 0,23 log 433,646994
s 2.,59040 % 0,77 X 1,1821 2 0,28 X 2.63609

4.1069177

i

A* = 12,800,

Agsuming only two faetors of produeticn, land and labor, and
that the elasticity of two production factors for Japsn is raised to
the level of the U,S8., and ignoring all other determinants of the
efficiency of labor such as capital equipment, egricultural mechines,
costs of fertilizers and economies of scale, we should expect, that
if the crop=land were available in 1951 in the seme guentities of
land per the agricultural worker, as in the United States in 1951,
that Japan could have produced 12,800, million dollars of agricultural
inoome with 433,646,994 hectares and with the Japanese existing number

of agricultural workers, or 15,208 thousands of workers.
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The ratio, $12,800 / 4,786 equals 2.7, indicates Japan's increase
of farm income resulted from the ineorease of quantities of land end
the change of elasticities of production faotors. On & per worker
basis this is 841.7 dollars per Japanese "land adjusted" werkers. In
the United States itself in 1961 the figure is 3,498 dollars whereas
the esotual figure of Japan was 314.7 dollars, In this way, we reach
the concelusion thet the real income per worker in the agriculturel
sector is actually some 11,1 times as large in the U.8.A. as in Japan.
If we adjust the Japanese output for land defieiencies in the menner
outlined, we find that U.8. cutput per werker is 4.16 times as large
as in Japan. This suggests that other influence than land guantities
inoreases U.,S. output per agricultural worker by a factor of 4,15, To
put the matter differently, it appears thet cut of the total difference
in real output per the agricultural worker, some 16.6% is aecounted
for by greater land evaeilability in the U.S.A. and some 84.4% by
other factors, or capitel and technology position of the U.S.A.1
(greater availsbility of the constant b in symbels)

This suggests the importance of capitel and scele in the agri= ‘
ecultural sector, i.e., the difference between the U.S. elastieity of
land and thet of Japen is given as 2,772 million dollars, which indeed
shows the inefficiency of labor and land as compared with that of
Jepen, The great difference between 53,120 under A* = b AT
and 12,800 under A#= B LK' Me1*K' or 40,520, million dellars is in

considerable part due to the great difference of capital position

1see Appendix p. 181 for the detailed caleulation,
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between two cowntries (and reflected in B end b). The differential
position of agricultural sectors between the two eountries can be seen

in the following tablet

TAELE XX
nses of Fertilizer & Agricultural
ements, U.S. apan ,
(1) Japsa® (2) U.8.P (8) The Ratio of
(Million Yen) (Million Japen to U.S.
dollars) 1) / (2)
1. Cost of
Pertiliszers
and Lime 66,109 1,081, $3.8%
($358.898)
2. Operstion of (1 )
Motor Vehicles 8,637 2,048, ; 0. 9%
($19.2)
8. Maintensunce or ; i)
Depreciation of 2,5 t 4,443.
Buildings, 13,820, (111)
Maghinery and ($89.0) 2.0%
Equipment
4) Total 86,041, 7,562,
i ($467.1)(1v) 6. 2%

Remarks: i) Japanese figure denotes the cost of transportation.
ug Jupsnese figure; agricultural machinery and implemenis.
iii) Japanese figure; cornstruction end maintenance.

iv) Conversicn rate, 184.27en per dollar.

Sources: &) For Japan, Interindustry Table, Japen, 1951 (182-Seotors)
Ministry of Internatione e & Industry, Tokyo, 1968.

b) For the U.S.A., Agricultural Statisties, 1983.
Us 8+ Department o riculture.

That is, capital positien in the Japsnese agricultural sector,
1951, was only 6.2 per cent of that of the Us.S.A. If we eliminate

Japan's transportation cost and U.S3. motor vehicles, then, capitel
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position of the Japanese sgricultural sector in 1951 was 8.1 per cent
of thet of the U.8.A. It is clear that this great difference of eapi-
tal position between the U.S8. and Japan affects sgrisultural productie
vity considerably. It should be noted thet agrisultural machinery end
jmplements in the Japanese agricultural sector in 1851 was only 2% of
thet of the U,S.A, whereas the total expenditure on fertiliszer in Japa=
nese agricultural sector was some 30.% of thet of the U.S.A. This
suggests that Japan's agriculture is less capitel intensive relative
to the U.8.A, The chief reason of this lesser capital intensive in
Japen was, of course, due to the scareity of agricultural land relative
to the U.8.,A, The small scale of farm operation and mountainous geo-
grephical characteristic of Japanese farm land made it impossible to

mechanize the Japenese sgriculture.



CHAPTER IV
PRODUCTION LEVELS AUD MATERIALS USED IN
THE NON-AGRICULTURAL SECTORS
JAPAN AND U.S., 1951

The purpose of this chapter is to attempt an explanation of
the difference in output per worker in the United States end Japan
arising from the differences in the availability of crude raw mate-
rials at advantageous terms. It is clear that at high prices, Japan
has all the available raw materials in the world market which she
needs. The problem is to determine how great a hendicap to production
are the higher prices inherent in Japan's position as a country of low
resource endowment relative to population.

To reduce this problem to simple terms, some extreme simplifying
assumptions are required, fThe first of these is that production is a
funetion of faetors in e specified fashion., In particular, only two
factors of production, nemely, labor and resources, are assumed for
the present analytical purpose. The second assumption is that the
two factors of production treated are homogeneous. The third basiec
assunption is that the total output of the nonw~agricultural sectors
in the two countries is homogeneous. The fourth assumption is that
substitution between two factors of produstion is possible in the two
countries. Finally, the fifth assumption is made that prices prevaile
ing in the two countries are at equilibrium levels reflecting optimum
use of resources. These assumptions will make possible meaningful

comparative studies of the output of Japen and U.S., although further
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gualification of the results will be noted &t relevant points.
Before we exsmine the significeance &nd reasonableness of these
essunptions, we shall present the method of analysis which they make
possible in order that the reader may wnderstand the general line of
thoughts In & general way, we can observe an approximation of loss
invelved from the law of “"diminishing returns” by using the given
prices and quantities of faetors used in the two cowntries in the

year 1961, and this is what is attempted.

1, ‘Theory of the Production Funetion

The basic theory of the preduction function eonfronting in a
firm will be briefly considered, because a general production funoce

tion is obitminable from the fimm's production function.

General Production Funetion Obtaineble Froem Firms

Swne Carlson's presentetion is typieal of the conventicnal approsch

of produotion funetion as usually -mm.l

if we denote the gquantity
of output by ¥, and the quentities of the wvariable produstive services,
n in hmbcr, by Xjeeevesossk,), we write

YTef (Xeeseserak,)
This is our production funotion. It must be remembered that the pro=
duction funotion is defined in relation to & gimA capital, or to the
fixed eapital ecoeffieients in the short run and to capital as variable
in the long rum.

A given amownt of output may frequently be prodused from a number

lcarlson, Suner A Study on the Pure Theory of Produectiem, . -
. The University of Chicego Libraries, éiueagx"o, 1589, DPs 14=15,



107

of different service combinations., It may also be true that the same
combination of productive services gives varied smounts of output, de=
pending upon how efficiently the productive services are orgsuni:ed,
Carlson focuses attenticn on the flows of inputs and outputs becsuse
these are the veriables that convey the impact of the firm in questien
on the markets in which it opoutu.l
The faet thet there is one output in the equation guoted is fore
tuitous, not an essential characteristie of the conventional apprmh.'
Production functions can be derived for observations measured in either
physiecal or value units. One derived for & group of reecord firms can
inoclude all input and output quantities measured in velbie terms, Ordi-
nally, output is measured in value terms; inputs such as capital are
measured in value terms: labor and land are measured in physical units.
But regerdless of whether the observations are in physical or value
units, the production function must correspond with the technical cone
ditions of production, Lven if all units of output and input are
measured in dollars or Yen value terms, the teechnical relationships
are the same as if observations were in physical units. This statement
applies, of eourse, only where price is a constent, es it is in the

purely competitive condition of & firmeS

1porfmer, Semuelson, and Solow, Linear Programming and Eoonomio
Analysis, MeGraweHill Book Co., Ine. New York, p. 201,

zDorﬁun, et. al,, QEO eit., ps 201,

SHeedy, Johnson, end kHardin, Resource Productivity, Returns to Scale
and Farm S8ize, The Iowa State Ceollege Press, Ames, lowa, Vebede, Iﬁﬁ,

Do 4o
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Since all uvnits of output and input are measured in velue terms
in the produciion fumetion, & general production funeotion fer industiry
will be obtainable from the firm's production funsiien. A simple
aggregation snd some welghting of different producis is & necessary
approximetion procedures A problem new arises, as is wellsinown,
from index numbers, aad which is slaborated in the Appendix,l We
shall use index numbers to ebtain a geunsral preduction fumstion for
industry from that of the industrial firm., We now cousider the firm's

production funotion.

Subctituubiliq Vé. Technuical Gnglmtuﬂ.tx

Production funetions show different service combinations at given
ocutputs. OCenerally, Lhe different service combinations are divided in
three possible ways; perfect substitution, technical complements and &
service combination between these extremes.

First, perfect substitution means that one resource may be sub-
stituted entirely for the other. The isoquants are linear or the
marginal rate of teolmical substitution is constent. The marginal
produet of the resource is constent; there is no limit teo the quentity
of the best resouree to use: this is not & practioal case. Ceometri-

eally, this case is lllustrated as follows:®

5o Appendix, PP. 182-183.

zﬂnd:,r et. als, Op. oit., ppe 4=5.
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Resource B 8 \\

Resourge A

(Chart 6, Production Funotion with Constent Resource Returns)

The resources are perfect substitutes and as long as the marginal
rate of substitution (a eonstant) is greater than the priee ratio,
profits ean be increased by substituting one rescurce for the other.
Second, at the oprosite extreme, technical complements indicate
that substitution of two factors is impossible. In this case, ne
consideration of least cost is involved, but only the optimum guan=
tity of the resources in fixed proportions to use. OUne resource alone
is inoreased with the constant other resource at the given output, as
e result, the input-output ourve cen represent diminishing returns.
Production fumetion is reduced to & simple relation between output and

factor, A. The geometrical illustration is given as followssd

lﬁeady et. al,., 920 8}&-. Ppe 4+5.
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Resource B

el I:
ﬁ-o_ Ruoﬁrus ' x

(Chart 7, Production Function with Resources
as Technical complements)

Q"’n» e oy

Third, there is a general type of service combination between
The

these extremes of technical complements end perfect substitutes.
marginal rate of teshnical substitution is to diminish over the range
in which substitution between two faotors is possible and technicel
complements may preveil beyond the range of substitution. Geometri-
eally, this type of groduotion funetion is illustrated as follows:

wy ¢

Resource B

i "o
LLE TP
¥
S
!
F
3

Y
Resource A

(Chart 8, Function with diminishing marginel
productivity and substitution rates

llindy, et. al,, Op. eit., pps 5-6.
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In this case diminishing productivity holds true for each resource
alone, or for any fixed ratio of the two resources. The following
theory of the firm's produstion function is focused on t.hit type of
service combinations The production funetion represents the scope
and limitations of production as determined by teehnical conditions.
Sush a function may be represented by isoquants and productivity

curves,! e nature of isoquants end productivity curves will be

illustrated,

It is worth while to illustrate the prineiple of isoquants
graphically. For the sake of convenience, we shall have to restriet
ourselves to the firm that employs only two factors of production,
labor and resouree., Our second assumption is that the same output
cen be produced in more then one way and with more then one combinatien
of factors but there is & limit to the possibility of substituting
one faoctor for snother., ILet us teke the quantity of labor as X end
the quantity of material as Y, Then we can drew the produotion in=
difference curves, usually called isoquants, defined as combinations
of factors yielding the same output.

The isoquent 100 in Chart 9 shows the different quantities of the
two feotors whieh can produce 100 wmits of the product, and so forth.

Lines I and II indicate limits which further substitution becomes

15eitoveky, Tiber, Welfare and Competition, Irwin, Ine., Chicago,
1951, Pe 121,

23e1tovsky, Tibor, Ops eite, ppe 118-117.
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impossible., These twe lines are usually called the boundary lines.

The isoquants in Chart 9 have been drewn with & downward slope through
part of their range to indicate the fsct that, when lees of cne feotor
is used, more of the cother is needed for predusing the seme output.

v 3
o

i
5 4 o
ria .- 4 Vi ‘
Haterial | e 2 so
$ oo R 8 g o
y‘ : AAM*‘,W~.i,,,.7¥?”gm;gkf.ww,x)w : bhm.l,m.w-w‘ w»w&i},ﬂiu»ﬁ%-mm'www "o

I G

0 e

{Chart 8, Iscquants iap)

The slope of the isoquant in this renge expresses the rate at whioch
ene faotor ocan be substituted for vtn other without chenging outputs.
his is called the marginal rate of teshnieal substitutien between
two facters of production. The shepe of isoquants beyond the limits of
substitution is perallel to the axes or weering away from the axes,
showing that additicnal quantities of one fmotor alone are useless or
cumbersome, If xg workers, or more than Xg workers are employed with
the constant materials yj, they interfere with the smooth funetioning
of the faotory, cause overcrowding, get inte each other's way, sand
thereby reduce total output frem 700 wmit of output to 600 wnit of
output, as shown in Chart 9.
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Productivity Curve Derived From hoguantll

Produetion curves indicate the dependense of output on the quane
tity of faotor of produetion X, while withholding other faetors of
production. P constant., The production eurve may be derived from the
isoquants, The relationships between output and movement along a
horigontal line in the isogquants map become clear in the productivity
eurve. Let us measure the factor labor on the horigzontal axis and
the quentity of output on the vertieal axis, then draw the produetion
curve which in the isogquentes map was represented by intervals which

isoquants are making off on line Y.

Output ' ;
ov‘u i[ 5 ’ » éz Lot _,‘. B _—'*—X“'

(Chert 10, Preductivity Curve or Total Product Curve)

The position and slope of the productivity curve are most easily
determined at points p and q, whose relation to the correspending

points in Chart 9 is simplest to establish. It appears from Chart 9

Yseitoveky, Op. eit., pp. 117-118,
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that output is highest at point g, from which it follows that the pro=
ductivity curve will have its highest point &t q, rising wp to there
and descending beyend it. To determine the slope of the prodvetivity
ourve yj at point p, we assune thet a one percent addition to the
input of factor X and ¥ at point p would elso raise output by one per=
eent, At point p, the marginal produstivity of faector Y is zero, be=
cause the additional increase of factor ¥ iould not inerease output
at all, The inoreased input of festor X results in & proportional
inerease in output, Henece, the slope of the productivity curve at this
point must be the same &s that of a straight line going through the
origint i.e., at point p, the merginal productivity of labor is equal
te the average productivity of labor; which will be illustrated later
in Chart 115}

From here on, it is easy to complete the drawing of the produc-
tivity curve yj. Assuming thet the curve is smooth, we must make it
concave from below between points p and g. 48 te the range to the
left of p, there the productivity curve must always have & slope that
is steeper than that of & straight line through the origin. This rep-
resents the faet that in this reange, incresses in the input of X result
in more then proporticnsl inereases in output; because in this range
the marginel productivity of ¥ is negative. Thus, the results enable
us to draw the produetivity curve ¥y shown in Chart 10 from the iso=

quante in Chart 9.

13ee page 116in This Thesis.
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Assessing the Role of the Law of "Diminishing Retwrns" in Isoquants

The slope of the preductivity curve shows the merginsal rate of
transformation of faster X intc output P. This rate is also called
the marginal productivity or marginal product of the factor X. Gene
erelly, the marginel product of & fsotor is defined as the additional
unit of guantity of produet due to the utilization of one additional
unit of the factor. The additional quantity of the faector nesded to
produce sn additional gquentity of product is ealled the marginal in=
puts The law of "diminishing returns" is set forth by the marginal
concept, say, marginal product end marginal input.

The law of “diminishing returns” stetes that as equal inorements
of one inmput sre added, the inputs of other produetive services being
held constant, beyend a certain peint the marginal products will
diminish, This law is valid under the following conditions, First,
the state of technology is held constant. Second, the law does not
apply when all inputs are harmoniously variedy it is necessary that
there be produotiﬁ services whose quentity is held constant. Third,
the law snswers the possibility of varying the prepertions in which
the various produetive services combine, In thie connectiocn, we should
note thet the phrese "beyond an input" must also be interpreted to mean}
"peyond and input that is usually reeched” if the law is to be importent.
Under these conditions, the law embraces almost sll production funo=
tionn.l

It is worth while to illustrate the marginal produetivity curve

1stigler, J. George, The Theory of Price, Usomillan Co., New York,
19“, ppn 111"11:.
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derived from the productivity curve (or Total Product curve) in Chart
10, The average productivity curve ean also be derived from the pro=
ductivity ocurve. The marginel product is equal to the slope of the
total product curve, and the marginal product will inerease (or de-
crease) with the inorease (or decrease) of the angle which the tengent
to the total product curve forms with the horigontal axis.

First, when the average product is inoreasing (or from 0 to p
in Chart 10), tho marginel product is greater than average produet.
Second, when average product is at meximum at the point p, the mare
ginal product equals the average product. Third, the maximum margie
nal product is reached at the highest tengent below the peint p.
Finally, when the average produst is deoreasing, marginal product is
less then average product (or from p to q)« At the point q, as men=
tioned before, the merginal produet will becoms zoro.l Thus, we can
draw the marginel snd average product curve shown in Chart 11 from the

total product curve in Chart 10.

4

Qutput .P' :
b’

¥} ZalNSE S
Labor

{(Chart 11, Marginel & Average Produet Curves)

$tigler 4. George, Op. sit., pp. 24=30.
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The law of diminishing returns dominates the range beyond a
lebor input x,, on the horizontel exis. Production will elways take
plase beyond x,, since if it pays to use labor at all, it will pay te
uee lebor with et least the maximum marginel produet. It should be
noted thet the marginel product and merginal input are reciprocals of
each other beyond x,. Let the marginal produet of a factor X be MPy
eand the marginal input of X be MIx. The relationship between the
marginal produet of the faetor X and its marginal input may be statedd

mx.w}—- onontoo(l)
X

A simple end important relation exists between the marginal inputs
and marginal produets of two factors of production on the one hand and
the marginal rate of techniecal substitution on the other hand. The
relations ean also be expressed in lynlm).l.z

M.T.8, xy = ﬁ!_

Wy
=%{__
I MP
"'x'if- z_w;__ioccooo(g)

where i, T.&v stands for the marginal rate of technical substitution
between two factors, X and Y.
These relations enable us to measure the relative diminishing

returns relations between two isoquants of different shape.

lgoitoveky, Tibor, Op. eit., p. 119,
zIbidc' Ps 119,
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Assuming isoquant I, for which the marginal rate of substitution is
-2, and isoquent II, for which the marginal rate of technical substi=
tution =4, end setting resources on the vertieal line Y axis and labor
on the X axis, we ocan draw the two isoquants, I end II, in the same

isoquent map et the same production level.

Haterials Y
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(Chart 12, Diminishing Returns in Isoquants)

At point p, the slope of isoquant I is =2 and that of isoquent II is
=4, The marginal preduct of labor in each isoquant cen be algebrai-

oally estimated as follows:

Ms TaSe xy for isoquant I

o 4

M, T S.v for isoqusnt II

or A
—A—i; = =4 ¢ o o 8 & s (‘)
Divide equation (4) by equation (3),

-2

-2 ......(8)

b
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A:l s z
Z‘z
Axl ='i;—' tloott(s)
|

A%y el L ol

Fxy
Divide equation (5) by equation (6)
e n"a
A%y MP
e
- A
Hence, Xy —m’].

That is to suy, the marginal product of labor for the isogquant II is
2 times that of the isoquant I. We may say that the isoquent I indi-
cates 50 per cent more diminishing returns than the isoquant II does.
The shape of the isoquents expresses the relative diminishing returns

relation.

The Equilibrium Conditions in Production Funetions

Up to now, our diseussion has been focused on the iscquants end
productivity curves. The isoquents and productivity curves together
desoribe a firm's or industry's production funetion. Next, we have to
take into ecnsideration the optimum conditions when both factors of
production are allowed tc vary. Under the eriterion of minimum cost of

production, the equilibrium conditions in production fuetions are,l

first, that the marginal rate of teechnieal substitution of two factors

lseitovsky, Tibor, Op. eit., p. 123,
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of production equals the ratio of their market prices and second,

that the isoguant be eonvex to the origin in the neighborhood of that
point. ‘he second condition is restated as the diminishing marginal
rate of technical substitution. The latter eondition is fulfilled when
the firm produces within the range of substitutability, bounded by the
boundary lines I and II in Chart 9.

The first ocondition is resteted in symbols:

: b

Ma TQS. E X
v e
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J
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y myopxnx

PgeMI, is the market oost of the marginal input of X, or the marginel
cost of an additicnal wmit of output when this is prcduced by the in=
ereased utiligation of factor X only. Similarly, P’.IIy is the market
cost of the marginal input of ¥, or the marginal cost of an additional
unit of output when this is obtained by the increased utiliszation of
factor Y only. Hence, the condition of minimum cost is written:

e = Px]uz- P, lxl—

These equations state that, to minimize his costs, the producer must

equate the price of each factor to the marginal coest.

The proof of these equilibrium conditions is obtained by considere
ing any alternative situations, If the value of marginal input of a
factor X is greater than the value of marginal input of a faotor Y,

producers tend to utilize a factor Y more than a factor X in order to
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achieve the minimum cost., Purchasing a factor Y in the place of a
factor X is possible because & factor X istasubstitute for a factor Y,
As a result, a price of a fector Y will be raised wtil the value of
marginel input of a fasctor X will become equal to the value of marginal
input of the fastor Y,

The optimum conditions of combination of two factors of produstion,
that is, the maximum output at producer's minimum cost, can be drawm
by the isoquants and isccosts which show the retios of merket prices

between two factors of prodnotian.l

Haterials ’Y'

Labor

(Chart 13, Isoccosts)

Eash one of isocosts in Chart 13 expresses the various combinations of
the twe factors which cen be bought at the same cost. To maximize his

profit, the entrepreneur must go to & point of tangeney between an iso=

cost and an isoguant, because it is at such points that & given isccost

1geitovsky, Tibor, Op. eit., p. 123,
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touches the highest lsoquant (meximum output et given ecest) end a given
{soquant touchee the lowest iscoost (given output at minimum cost). A
line which pesses through the tangeneles, p,q, end r, and through the
origin 0, is called the expansion peth, defined es the path of the
winimum costs at the diffsrent production levels.

We shall be able to use the foregoing basic theory of the produc=
tion function in our studies of comparative productivity in the none
agricultural seotors of U.S., and Japan, 1f we can obtain the necessary
statietieal data and meke the appropriete assumptions, In our present
analysis, the value of erude raw meiterials, number of workers, the
gross national produet (or, naticnal ineome) in non~agrisultural sectors,
the wage rates and price of unlt of orude raw materials will be necessary
statistieal datu, These variables cen be drawn in the same isoquants
map for two countries, although the difference of eccnomies of scale
gives us some diffioulties such es problems of index numbers.t Ve
will discuss in the next secticn appropriate assumpticns which meke it
pessible and mesaningful to use the theory of a firm's or industry’s

production.

1gee Appendix in This Thesis, pp. 182-183.
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11, Discussion of the Anmiom

In this seetion, the significance and reasonableness of the
assunptions listed at the beginning of the chapter will be discussed.
it is clear that we heve had to make such essumptions in order to use
available data for comparison of productivity in the U.S.A. and Japan.

The first assumption was that only two faotors of production were
utilized in the noneagricultural sectors in the econonies of the U.S.
and Japan, ‘he two factors of production selected are laber end raw
meterials, Aetually, as is well=known, the factors of production are
not limited to two. The reason why we restriet ourselves to only twe
factors of production is that we wish to isolate the effects of re~
source searcity. In other words, we assume provisicnally that all
factors other than resources are equal in productive capacity even
though we strongly suspect that they are nots This permits us to
snalyze the importence of resources alone on the assumption made. A
further useful purpose is thet a simple measure of other factors can
be made in terms of laber.

The second assumption was that each of the two fastors of produce
tion was homogeneous. In the case of labor, ecapital and other factors,
we agsume homogeneity for analytical purpese. Although the workers
in the two countries are not homogeneous, because incentive to work,
degree of skill, scientifiec knowledge snd ability to apply knowledge
are different among workers within emch country. If homogeneous workers
are not assumed, it will be impossible tc measure the number of workers
in the two countries on the same production indifference (or isoquants

map). In the case of materials, homogeneity raises an index problem,
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gsince materials are compounds of metals, cottons, weods and ete, of
different types. (These are obiained non=homegemeity from a physiecal
wmit, beeause the qualitetive differences of materials between two
sountries may be great,)

From the econecmic peoint of view, raw materisls can be considered
homogeneous by some type of weighting process, which is implieitly
used by all eccnomigts in conneetion with sggregate measures such as
gross nationalpreduct, real income of consumers, price indexes and the
like. This subjest is disoussed in the Appendix.l The two important
faots are these. First of all, heterogenecus objects may be measured
by a single homogeneous wmit, if the proportions are constant. Thus
one wmnit of raw material can be defined ss one ton of eoal plus 100
bales of cotton ete., snd this it is perfectly satisfied in so far
as the proportions of rew materials in question remsin constant, Ale
though the proportion will net remain constant in time or as between
eountries, they will be sufficiently se, that the amount of reconeiliae
tion of ene material in terms of another is greatly redused. Only the
variation in proportions must be explained in terms of some substitue
tion or index mumber method. Secondly, a means of messurement of sube
stitution between materials can be found in terms of consumer substitu~
tion of produets in utilities. This is also discussed in the Appendix,?

The third assumption was that the total output of the nonesgricul~
tural sectors in the economy of U.S, and in that of Japen are homoe

geneous, In ease of a theory of a firm's produetion funetion, one

12500 Appendix, pp. 182-188,
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preduet is assumed, Here, we deal with not enly one produst but alse
the various kinds of products iv the nomesgricultursl seotors. This
also raises an index number problem of weighting the different outputs
in terms of one another, The justifieation is similar to that just
desoribed for the factors, and will be discussed in Appendixt We
assume homogeneous total produet in econverting Japan's value of total
cutput in the noneagrioultural sector inte U.S. dellar walue of total
output. Thus, we will be able to treat the total output in two eoum=
tries, 88 well as we treated one product of e firm in the isoquent map.

The fourth assumption was that substitution between factors would
be possible and that the marginel rate of technisal substitution is
diminishing over the range of possible substitution. The latter assump=
tion will be readily granted if substitution is possible at all, es
will be presently shown., The possibility of substitution requires,
however, some justification. Three main reasons for believing that
substitution tekes place are as followss

&) Direet Material Saving Devices

Substitution between materisls and labor is possible by saving
uaterials through employing more labor. A cowmtry like Japen which
has & low resource endowment relative to population seems likely to
ineline to save materials by using more lsbor. Examples for this type
of subltifution are numérous. During the Pacific War, oil in Japan wes
so searce that & motto of Japemese was: “A drop of oil is as precious

as & drop of human blood." As was well=known in Japen's military

1506 Appendix in This Thesis, pp. 182-183.
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strategy, "Kemikaze Suieide Pilots" illustrated materials saving. The
"Kemikaze Suicide Pilots" did not prepare the gasoline for & round=
trip but only for one way.

Another Japanese example during World War II was that authorities
recommended that people walk on foot in the place of taking the tram=
cars end driving automobiles. A Japanese motto was: "Walk on Foot!
and Walk on Foot!" This clearly indicated that more additional labor
foroes were required for the purpese of saving the presious gasoline
and electric energies which could thus be diverted to more important
industrial uses.

In general, the careful use of materials requires more labor forces.
For example, & careful cutting of logs under lower labor cost can be
cousidered as saving of erude woods, The repetitive use of iron re=-
sources by re-smelting serap and the repetitive use of paper resources
by re~pulping the waste paper at the expense of more use of labor cen
be alsc considered as direct materials saving., The exploitation of
mineral deposit of poor grades is a good example of saving materials
at the expense of more use of labor. In fact, most of Japan's coal
deposits require a shaft mining method which is more expensive rela=-
tive to the open=air mining method, Voleanie formation of the geology
of Japen has made as abundence of dislocaticnal strata, which has mede

her shaft mining method more labor intense than otherwise.

b) Choices of Techniques in Production

The seccnd type of substitution between materials and labor is
that the highly developed techniques make it pessible to use more

material end less labor and, on the other hand, the less developed
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techniques require more labor and less materisl use. Examples for this
type of substitution are also numercus, when we compare the economy of
Jepsn esnd U.S, This type of substitution seems to be well explained
in the comparative studies of service industries in the U.S. and Japen.

The well equipped super market in the U.S.A. with machines such as
caleulating machines, refrigerators and large floor space, lighting
ote., makes it possible tc use more materials for sale with relatively
lese labor services. In Japan, reletively poorly eguipped super=
markets require mere labor and less materials for sale. The structue~
ral difference in super-market between two countries is due to the
different degree of technical development,

In the fields of communication, the automatie telephene service
reguires fewer telephone girls but more materials for the equipment
in the U.S. economy as & whole. On the other hand, the automatio
telephone serviee in Japen is only utilized in the large eities; so
that Japan's telephone service requires more labor and less materials.
In the fields of transportation, the U.S. large trucks, which her geod
highwaye make possible, cen load more materials per driver; on the
other hand, Japan's small trucks due tc her poor highways can loed less
materials per driver. Since the U.S. bue is highly mecheniged with
gedgete such as automatiec doors and bus fare ccllectors, the bus cone
duetors are eliminateds On the other hand, in Japean, esch bus requires
at least one bus conductor (or more labor requirements) due to less
mechanization of the bus faeility (or less material requirement).

The fields of household service are good examples of the contrests

in this type of substitution between the twoc ecowmntries. As is well-
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known, most U.S. households have refrigerators at the present time.

This requires less house-wife service, i.e., she does not have to go

to the grosery store to buy food everyday. In Japen, most house~
wives have to go to grocery stores te buy fish, fresh vegetables,

fruits etec. everyday as they have no refrigerators at their houses.

The refrigerators require more materials such as electric energies and
steel, and less house-work, Disheand~clothes-washing=-mechines which
households in the U.S.A. commonly use require more materials and less
labor. In Japan, most households do not have these machines at their
houses, Some Japanese hoquholdt hire maids in the place of these
machines. The lack of these machines mesns that Japanese households
require, without doubt, more labor (or house-wives' services) and less
materials es compared to those in the U,8. These examples are numerous:
vacuum~cleaners, hot water equipment and ‘publi.o water systems, heating
systems, common use of gas and elestricity for cocking ete. in the UsS.4s,
and, on the other hand, the comparative lack of these consumer's durable
goods in Japenese households, is shown by the hand-washing of clothes
and dishes, use of brooms for cleaning, boiling of hot water by erude
woods or coal, drawing water out of wells, the use of stoves or foot=
warmers, (heat is by charcoal), the use of charceal for cocking ete.

In general, the large scale economy with highly developed tech=

nigues requires more materials end less labor, while the small scele
economy with less developed techniques requires less materials and

more labor.

¢) Possible Substitution in Types of Consumer Goods

The third type of substitution between materials and lebor is seen
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from the relationship between the searcity of econsumer goods and labor
services. The general idea of this type of substitution is that the
secareity of consumer goods requires more labor intensity. For example,
a few clothes require more tailoring and clesning services than do more
clothes, A poor quality of food requires more time to cook and prepare
at homes and restaurants, lost Japanese house~wives had the bitter ex-
periense of cooking substitute food materials, such as potatoes and
wheat flour for Japanese mejor foed:, riee, during the war and right
after the war, while Japen's food shortage was severe., A few shoes
require more frequent repairing then more shoes. A small house relative
to the size of femily requires more frequent cleening end sweeping then
does & large house. Generally, we may conclude that the relative scar-
eity of consumer's goods requires more personal services to take care
of them.

The observations which we make in the comparative studies of U.S.
and Japan enable us to assume possible substitution between materials
and labor. However, they do not imply perfect substitution because it
is elear thet no production is achieved by the labor factor opersing
enly without materials end vice versa, Technical complementarity is
enly assumed for the range beyond the lines bounding possibilities of
substitution.

Returning now to our fifth assumption, which was that equilibrium
is schieved in actual productien, In actual production, the equilis
brium conditicns may not obtain. However, it is desirable to assume
that producers in the two countries are meking efforts to meximise

profits. The reason that we assume producer's maximum profit end
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optimun conditions (H.T‘B.xy = P/ Fy) is that we can meke sensible
comperative studies later, as will be seen by making use of isoquants

analysis.

III. The Statistiesal leasures Used .

To apply the ideas outlined above, we shall describe the mea:ures,
for factors of preducticn nemely, labor end rescurce, for the price of
lzbor, for the price of materials and for total outputs of non=agriculs
sural sectors in eeeh socuntry. For this purpose, statisticel data in

Japen are enly availabie for the year 1961, Quantity Table For the

Japsnese Interindustry Teble in 1951, published by Ministry of Tntere

national Trade & Industry wes a very useful one. The U.S. statistical

date are taken from Census of Agriculture, Minerals Yearbook, Electric

Power Statisties, Wholesale Price Index end U.S. Imports of Mercheandise

for Consumption and Report, No. 120, U.¥. Statistical Yearbook serves

for the supplemental data.

The raw materials are chosen in terms of the orudest forms in oﬁor
to avoid duplication of intermediate forms and to keep the measure as
purely "material" as distinet from processing values as possible. The
availability of raw materials is defined as the total supply, or the
domestie production plus imports. The data are available for the twelve
products rew cotton, raw wool, crude woods, crude petroleum, natural ges,
iron ores, enthrecite, bituminus and lignite,copper ores, leads, ores,
salt end hydro-electrie emergy. Omitted ere materials such as water,
cement components, sand ground, beuxite, and food products. Some of
them (e.g. water and sand) are cheap, therefore, they are not impore

tant., Bauxite was omitied beccuse date are not available from the
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Japanese statistics. Food: are not important in the non-agricultural
sectors, In order to isolate the nomeagrieultural sectors, the food
products have been considered & purely agrisultural product, exeept
for the processing done.

In order to obtain a physical number of raw materials avallable
in each country, an index number spproach has been used. The materials
available for Japan are evaluated in terms of U.S, dollar prices as well
es in Japanese Yen. Since the Japsnese date express the value of mate~
rials in terms of producer's selling priece, the U.S. price data are
also teken from the producer's selling price., In the case of imporis,
however, the import cost is used. The value of Japanese materials in

terms of dollers cen be easily obtained from the Japanese quantities
(%@7) multiplied by the U.S. produser's selling price (spV), or

(*'x QJ). Yen per U.S8, dollar of commodity is obteined as follows:
Cost of Japsnese materials used in U.8. is 2 PUQJ dollars. One dollar

would buy __1 rtion of Japanese materials, The number of Yen
-
required to buy one dollar wnit of eommodity in Japan 1-ZPJQ‘ Yen.
Ud
2P Q
If §1,000,000 of U,8, output is & "material wmit", then number of U.S.

3 Uu v J
mits is _}? 8. + The number of Japenese units is Zp Y or
1,000,000 1,000,000

y . a i al ; Jd
in price indexes terms el 1 ZRE. .l e

1,000,000 .
+000, S ¢

cal results are shown in Table XXI as follows:
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(1)
UeSede
( Thousends of
Dellars)
Rew Cotten 2,911,120,
Raw Wool 408,400,
Crude Woods 85,749,
Crude
Petrolewm 2,665,828,
Anthracite 669,818,
Blituminus
uw“ a"g?'m"
Natural Ges 542,964,
Iron Ores 694,249,
Copper Ores 722,000,
Lead Ores 201,600,
Salt 58,472,
Hydro
Electrie
Energy 1,360,520,
Total 12!937 !m.
b3

( Thousands
of Dollars,

UsSe prices)

”a.m‘
56,500,
13,5086,

21-,‘90-.
17,000,

190,329,
218,
25,800,
21,000,
17,700,
15,800,

437,090&

List, .
Z.Pg QJ

(3)
Ja

( Thousands

of Yen,

Japanese
Price)

169,572,938,
72’ us’ s“!
16,557,813,

21‘738. 9“.
"“a.MOO

148,808,110,
933,782,
24,217,711,
9,876,850,
9,650,664,
22,128,029,

131,009,903:

34,933, 938,
s

(4)
Yen per
one dollar
of
commodi
() 3 (2

1,280
1,170

1,270,
820,

782
4,380
938
470

1.‘960

269.

651.
feteery

ZPJ EJ
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The relative searcity of Japan's materials is refleoted in value
of Yen per dollar value of ceommodities, The Japsnese offiscial exchange
rate in 1952 was 360 Yen per dollar. ‘The relative scarcity of materials
in Japsn appears if the price in Yen of dollar value of commodities is
higher then the offieial exchange rate, or 360 Yen per dollar. Un the
other hand, the abundance of materials in Japan relative to U.S. must
be presumed if the price in Yen per dollar wvalue of commodities is
lower than the official exehange rate.

Only two materials available for Japan, hydro-electric energy and
anthracite, were relatively abundent by this test. For hydro=electrie
energy, price in Yen per dollar walue in 1951 was 260 Yen, snd that
of snthracite was 320 Yen., The rest of materials of Japan refleect the
relative scarcity of materials. For natural gas, price in Yen per
dollar value was extremely high, or 4,380 Yen. Salt, rew wool, crude
petroleum, crude woods and iron ores were classified in the second
group which price in Yen per dollar value of commodity is more than
1,000, Yen or arownd 1,000, Yen. The prices in Yen of dollar value
of each commodity were respectively 1,400, Yen for salt, 1,280, Yen
for rew wool, 1,270. Yen for crude petroleum, 1,170 Yen for crude
woods and 938 Yen for iren ores. The third group consists of materials
for whieh the priece in Yonv of doller value of commodities is arownd
500 Yen, namely, raw cotton, copper ores, lead ores and bitwminus and
lignite are §86 Yen, 470 Yen, 641 Yen and 782 Yem.

The overall materials available for Japen in 1961 were 636,982,988.
thousands of Yen end 1,155,642, thousands of dollars of ‘haterial wmits"

defined above., The overall materials available for U.S5, in 19861 were
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12,927,482, thousands of dollars of "material wnits.” The prineipal
orude materials aveilable for U.8. were 1l.2 times greater than those
of Japan. The relative nmiﬁy of materials for Japan es overall
commodi ties can be seen in the value of Yen per dollar value of overall
commodities, or 651 Yen which was 1,6 times higher then the offieial
exchange rate in 1962, As a result of relative scarcity of Japan's
natural resourees, this test clearly indicates that the prices of
industriel materials in Japen are much higher then those of U.S, The
higher prices of materials show Japan's disadvantage in production
especially in fields of textile, eonstrustion, chemical and heavy in=

dustyries.

For the sake of application of the present studies of comperative
productivity for the economy of U.S. and Japan to the thecry of produe=
tien functions, three key statistical data in the two cowmtries will be
required. First is the value of awvailable materials which we have ale
ready obtained. Second is number of workers in the two cowmtries. The
number of workers is defined as persons engaged in production who ine
clude the wpeid family workers, proprietors of wmincorporated enter-
prises and the workers for wege and salary. The number of workers in
the U.S, in the year of 1951 was 56,466, thousands of persons’ and that

1, Supplement To The Survey of Curpent Business, 1954, pp. 196=
203,
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of Japan was 20,762, thousands of porlonl.1 Third is national income
in the non~agriecultural sector. Since the gross national product deta
in nonwagrieultural sector of Japan are not available, as it 1s more
desirable as compared to national income deata, the non=agrisultural
national income deta are utiliszed in the present enalysis. Therefore,
care should be paid to the difference between the gross national pro=
duets and national inccme., As was mentioned before, the gross naticnal
products are the final goods and services which are evaluated by the
merket value., The netional income is the summation of distributive
shares of production factors which is evaluated by cost of productiom.
National income is derived from the gross netional product es follows:

G,N.P, = Business Indirect Tax = Capital Consumption Allowance 2
Subsidies = Net National Product

= liational Income.

The present statistioal data are taken from the national income origie-
nating by industries whieh is based upon the cost of production. The
U.8. nonwagricultural national income in 1951 was $257,393. millions of

dollars? whereas that of Japa: wes ¥ 8,471.6 billions of Yen.® Japan's

linterindustry Analysis of the qu;noac Economy, Ministry of Inter=
national rrade & §§dﬂ:try ouneil For industry Planning, Tokyo, 1988,
P 20,

24 Supplement To The Survey of Current Business, United States De=
partment of Commerce, 1964.

Syational Ineome and (National Income) Account, Economie Plenning
Hoard, 1956. '
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Yen wvalue of tiue nou-agrisultural naticnal income is convertved inte
dollar value to $18,847. millicns of ﬂoll&rl,1 which was 184.2 Yen
per doller, derived from 1552 Yen currency purchasing power per dollar
value estimated by Wetsmabe and Komiya. The detailed caloulation is
shown in Appendix "Ii.

low, we are ready to apply the Paretian type of analysis in order
to explain the difference of income per noneagricultural worker in the
two comtries. This is the main purpose of our statistical research
in this seotion. In faet, the ineome per worker in 1961 U.S. was
$4,666. dollars, whereas that of Japan was §910 dollaers. The U.S,
inoome per worker was B times greater than that of Japan. This §
times greater income per worker in U.S, compared to Japan will be ex=

plained by the theery of production funetions.

Finding Proportion lines of Factors of Produetion
A proportion line of factor of production indicates increases in

the two resourses, labor and materials, by the same proportion. Usually
it is called the "scale line."? fhe proportion lines of factors of
production in UsS. end Japan ean be obtained from the present statistie
oal data, Let us take tho.nmber of workers on the horizental line X,
end the value of available principal crude materials on the vertical
line Y, then, two points, U( X,y ) and J ( %50 yj). will be obtained

in Chart 14. A line of the same proportion of faotors of predustion will

2Heady, et. ales Op. oit., pp. 11-12,
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be dramn by oconmecting each two points to the origin.

Y PRACEOS Y,
Value of / W : ___ S, J’m& ZM’—&

Haterials

’ ( "'; -»'

lﬂ# ’_;‘,f' » (x f)
VT ’/) e

0 Z;(20.])  Zu(I4S)

i § 5 Humber of Workers

Unites Millions of dollers sud Persons.

(Chart 14)

The censtant proportien lines (or socsle lines) for U.8. and Japen
show the structure of productien, that is, combination of two factors
of production. It is clear that the Japan's constent proportion line
indicates more labor intensity emd less available materisls relative
to Uu8; On the other hand, the U,8, constant proporticu line shows
less lubor intensity snd more materials relative te Japan. Japan's
proportin of festors of production, doller vel ue of materials per worker,
was $56,8 whereas that of U.5, was $228,8, These figures are cbtained
b ¥y/x; and y,/ xy, Japan's less svailsble materisle in 1961 were 24,4
per cent of the U.,S. materials. The requirement of workers per oue
million dollars of materials in U.S. was 4.4 thousands of workers,
whereas thet of Japen was 17,9 thoussnds of workers, Japan's labor
intensity was 4.1 times grester than U.S.
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Fﬂ.nding the lso~costs

The iso-costs, as mentioned before, indicate the combination of
same costs between two factors of preduction at the different produc-
tion levels, The slopes of Isowccsts in U.S. sad Japan ceu bLe obiained
by the ratie of the annual wage rate to price of "wmit of materials”
in two countries. dJapan's annusl average wage rale in the non=agriculs
tural sector in 1951 was given ¥ 146,400, from Economic Statistics of
Japan , 1964, by Bank of Japan., The U.S. ennuel average wage rate was
given $3,760. from U.S. Business Statisties, 1959 by O.BE. data, We
have already known the Japan's producer's basket of purchasing raw
materials Yen walue per U.S, one dollar was ¥ 561. Assume U.S. price
of "wnit of materials” is $1,000., then that of Japan will be ¥551,000.
Henoe, the slope of isocosts for the economy of U.S., and Japan in 1951
will be estimated as follows:

Tan @ 5 - 3,780,
1,000.

@ - 3'" » a 'Utso

. . 146,400,
- 551,000,

:"003“ ¢ « « Japan

One of assumptions hes been made that two points, “(xnt’a) and
J(xj,yj) have shown the equilibrium conditions for the produstion
funotions of each cowmtry. This essumption enables iscocsts to pass
through two points shown in Chert 14. It should be noted thet the con-

stant proporticnal line of facters of production coincides with the
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"expeneion path"l showing the path over which resource facters should
be combined &s output is expanded. In faet, this assumption leads to
the minimum costs combination of two fastors of production for two

countries. The iscecosts for U.S. and Japan will be shown ia Chart 15.
Value of ‘g‘w. . ﬂ
Materials I \ .

ne Lo
0 siy g -

Humber of Workers
(Unit, Millicns)
(Chart 15)

The iso=eosts &lso determine the optimum conditions of structure
of production, or eombination of two factors of productions Japan's
lower scale of wage rate end higher price of materials, which are, of
course, the results of abuadent labor snd seareity of materials,
oause: the relative labor intemsity and material savings. On the other

hend, the U.S. relative higher wage rate snd lower price of materials

ifeady, ot. al, Op. eit., p. 87.
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which are results of abundent natural resources end scareity of leber
factors reletive to Japan csuse the less labor intensity or labor save
ings eand more material use. The U,S, ammual average wige rete for the
nonwagricultural sector in 1951 was, indeed, 47 times higher than that
of Japan, Japan's wage rate was converted by 1842 Yen per doller in
1951,

Finding the Isoquants or Production Indifference Curves
Finelly, the isoquents of the two comtries will be taken into cone

sideration, Our assumption of the optimum ecndition of producticn,
again enables us to drew the isoquents of the twoc countries. The optimum
econditions of production, as illustrated in the previous section, ime
: plies an equality of the marginsl rate of technieecl substitution to the
slope of isocost. In other words, the 1ioqutnto will pass two points,
U(%J‘) anc J(Ig.yg) on both the seale lines (or expansion path) and
the isoccosts. Since Japan's isocost is much flatter to X axis than that
of U.8., the isoguant at equilibrium point is assumed mueh flatter
ourve than that of U,8, Again, from the previcus our asswmption, that
is, the possible substitution of twe factors aud diminishing marginal
rate of technical substitution, enakle us to draw the slope of isogquant
downward convex to the origin. Isoquants will be drawn by knowing the
merginal rate of substitution and the national income for the nonmagrie-
eultural secter in the two countries and shown in Chart 16.

the different shape of isoquant means the different degree of re=
lisnoe upon each factor of produstionst the given value of output in the
ooema& of Japen @nd U.8, The Japan's isoquant at the given value of

output, or $18,847 (¥ 5,471,600.) millions, achieves the optimum conditions



141

~

Value of

ieterials ‘
ea (A, Fo)

:z;cx ,% A
b2/ i "‘1'35 k.
X

Wumber of Workers

(Chars 16)

of combination in labor faotor, 20.7 millions and value of materials,
$1,156 milliens, The U.S., isoquant at the given walue of output,
$267,393, millions achieves the cptimum oondition of production &t the
ecmbination of labor, 56.5 millions and value of materials, $12,927,
millions. Japan's isoquant shows that more additional wnits of labor
are required relative to U.S. if one million of dollar walue of materials
are given up in the two countries, simply because the marginal rate of
technical substitution in Japan is less than that of U.8. Conversely,
the U.S. isoquant shows that less additional wnits of labor are required
relative to Japan if one million of dollar velue of materiels are given
up in the two countries, simply because the margiral rete of technical
substitution in U.S. is higher than that of Japan. At the equilibriwm

points, the law of diminishing returns is determined by the shapes of
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isoquents or the sire of margical rate of technical substituticn, Thes
is to say, Jepen's less marginsl rate of technical substitutioa (=0, 266)
expresses much sharper diminishing returas &s sompsred to the higher

seele of marginel rate of teschnicsl substitution in U.S. (»3.78).

Messurements of Diminishing Returns in Japan relative to U.d.

We may be able to estimate roughly relative "diminishing returns®
of labor productivity in Japan to U,S., at the optimum cendition of
produsticn. We hﬁw already known the following datas

the V;s-ﬁ.T'S; & ~3,78
AV,

- 4 .s.?s. s & % s 9(1)
A%y .

Japan's M.T.S. #® =0,266
v
AL“‘"” - wO 2066 .+ & ¢« » (2)

AXj

Z“j . -'“”iﬂﬂ B % W 3
T (®)

‘sxu = -nmiknb . " v @ (‘)
WPy

where M. T.S5. denotes for the marginal rate of technical substitution,
Ax end Ay denote the marginal input ef laber end materials, P, denctes
the marginal products of labor snd u end J respectively stend fer ‘U._S.
and Japan,

Assume Ayy equels Ay, then, divide (1) vy (2).

ZA_;J.“. s l4.l
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Divide (8) by (4),

up
._..A...f.iL_ 2 *“
Axy m'd

NP P
Hence, b s

WPes / MPyy = 7,15

That is to say, the marginal product of labor in Japan is 7.1% of that
of Us8. in assuming thet the marginel input of material in U.S. equals
that of Japan. The relative lower marginal product of labor in Japan
%o UsS. is & result of law of "diminishing returns”. It is elear that
lower income per worker in Japan's nmngrioultuni sector is due to
the Japan's lower marginal productivity of laber relative to U.S,
Marginel productivity of two fectors will be more generally ex=

pressed as follows: Divide (1) vy (2), them,

A%5AYa =141
Xa Ay

Let y4 equal 1/ iPy and y, equal Wyu

A‘JA"“ s WP, HPYL‘ 14.1

Yu
_é_’.‘i.i‘_ z 4.1 A;g

or Ax, /Azj = 0.071 X 4yygy;

WPyy o 14.1 WPy,
WPy 3 WPy 4



144

WP WP
or *J z0.0m1 3
”"u m’?u

Generally, the marginal produetivity of labor in Japan relative %o
that of U,S8. is a fueotion of the marginal productivity of other factors
in Japsn relative to thaet of U.S. Usually, the merginal productivity of
other resource factor in Japen tends to be higher relative to that of
U.8., Hence, our estimate of relative diminishing returns of labor
factor in Japan to U,S. is upwardly bissed, owing to the assumption
that Ay,/ Ay; equalsiPyj/ MP, equals 1. Actually, delts y, (or marginal
input of materials in U.8,) is presumed greater then A Y3 (or marginal

input of materials in Japan). That is to say,

AVy 7
o AR

Fyu

The foregoing enalysis may be summarised as followss Japan's lower
income per worker relative to U.8. is due to the inefficiency of Japean's
nen-sgricultural sector, Japan's lower productivity of labor relative
to U.S. is explained as a result of seareity of natural resources rela=
tive to her workers, Higher pricesof available raw materials and lower
wege rates are inevitable and cause the lower merginal rate of technical
substitution at the optimum condition of production in Japan relative
to the U.S. high marginel rate of technicel substitution. Lower mare
ginal rate of teohnical substitution implies relatively more diminishe

ing retums of fastor of produetion on the horigental line X axis in the



145

isoquents map or labor faotor in our present analysis. The law of
"diminishing retums® inherent in Japan as & country of lower endowment
of natural resource, indeed, has been expesed in the present analysis.
This was the main line of argument for the purpose of explanation of

Japau's lower income per worker in the non=agricultural seetor.

Estmm H umber of Workers and Yalm of lhtorhll in Jepean at the Present
Value oFf Outpus : o B
Combination of Feotors of %&nt!u

Assuming that U.S8. proportion of factors is employed in Japan, we

estimate the new combination of faetors of production at Japan's given
value of output in 1961, It is clear that the new position of Japan
will teke the same slope of isoquant as U,S. ‘The present problem is
geometrically illustrated in Chart 17.

.Y

§12 727

§ Value of
Materials

.
Teee

” 4227

5,547 (Y3471, 400)
J//f/ ~T 4 % 7 X

Number of Workers
Unit, Million

(Cheart 17)
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The point Jy ("Sa 73‘) in Chart 17 is the new position of Japen, and
the slope of isoguant at J‘ is assumed the same as the U.8, isoguant
8% U(x,,y,)s beosuse we assume that U,S. proporticn of fectors is em=
ployed in Jeapan at the Japan's given output level. The point J’l( X5 ¥ J)
is Japan's existing position, so that the slope of isoquant at J; is assumed
the same as the previous slope of Japan. Problem is now to solve 1'5 and

73. For the sake of solution, we can set four equatiocns as followss

Assune o =ex# b

Tax
ax’ 3 bx @
Then, ujlb:ﬂ.“‘ 000!(1)

“2

J A = 40 &

" J YJ ....(8_)
‘“j;b:"5!75 og.o(S)
e iR

> R E o

*
-
-
-

%% (yu / xu) (4)

From the statistioal results, xj, yJj, X, yy and y,/x are known.
A set of four equations has four unknown variables, x*, a, b, end o,

therefore, we will be able to solve them, 4fter & trivial sclution,

the values of x4, y%, a, b, aad © are obtalued as followss'

x* 2 5,208

lgee Appendix pp. 184-187 for the detailed calculation.
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y* « $1,190,836 (million dollars)
a = 0.22484

b s ~4,919

e = 1,209,617,841,

Assuning only twe faotors of produetion, materials and labor, that
is, ignoring all other determinants of the efficiensy of labor such as
eapital equipment, scientific skills, emd economies of seale, we should
expect, that if raw meterials were available for Japsn in 1951, at the
same terms of exchange relative to labor, as for the United States in
1961, and assuming that the adventeges of inereased proportions of
materials deorease linearly as the proportions of meterials increases,
that Japan could heve produced with 5,206 million laborers in the none
agricultural sector s mush as she produced with 20.7 million laborers.
The ratio, 20.7/6.208 equals scme 3,977, indicates the proportimmal
inerease in output thet weuld have resulted from the existence of the
new raw maverial exehange prieces In other words, in plece of 2 velue
of non=agricultural products of 3,472, billion Yen in 1951, the none
agricultural product wuld have been 3,877 times as much, nemely
15,808, billion Yen of the same purchasing power.

We may now compare this rew material ad jﬁam Japenese product
with actual output of the UsS. If we use the estimate of Watenabe and
Komiys for the value of the Yen in 1952 and adjusted this to 1951
prices, wo find en estimate exchange value of 184.,2 Yen in Ja»pm.1 This

is 2n estimate of the real command over goods and services, nemely cne

1see Appeadix p. 177.
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dollar in the U.S8.A. bought the seme real goods as 184.2 Yen in Japan,
Converting our figure of 13,808. billion Yen into dollars, we obtain
74,962 billion dollars as the oltin#tod raw material adjusted value of
Japanese output in the non-agricultural sector in 1961, On & per worker
basis this is $3,618 per Japanese "raw material adjusted" worker., In
the United States itself in 1951 the figure is §4,656, which is bused
upon national income.

In this way, we reach the conclusion that the income per worker
in the non=agricultural sector is sctually some 5.0 times as large in
the U.8.4., a8 in Japan, If we adjust the Japanese output for raw
material deficiencies in the manner outlined, we find that U.S. output
per worker issome 1,269 times as large as in Japan. This suggests
that other influence then raw materisl inerease U.S. per nonwagriocule
tural worker by a factor of 1,269, while meterials differences incresse
the U.8., non=agriecultural output by & factor of 3.977, Te put the
matter differently, it appears that out of the total difference in real
output per noneagricultural worker, some 74.3% is esccownted for by
greater raw msterial availability for the U.S.A. and some 25.7% by
other factors.t

A ourious feature of these calculations is the apparent modest
eost for Japen's eeconomy of these materials required toschieve this
greater productivity in Japmm., It is clear from Chart 17 that a

rise of materials from 1,156 million dollars of "material wmits"™ +to

1,191, million dollars would give 5,205 million Japsnese workers, the

15ee Appendix p. 191 for the detailed calculation,
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the same proportion of materials to workers as in the U.S.,A. This would
cost in the U.S. 1961 dellars 35 million dollars, If it applies to 20,7
million Japanese workers, the cost to Japan would be 4,740, million dol-
lars, This would cost to the U.S. §,590, million dollars: This is a
oomparatively small figure as costs and value in the international trade
and aid gos, Of ccurse, it is walued in terms of the U.S. domestie
producer's selling prices, and would be lsrger when delivered in Japen.
¥Whea delivery in Japan is considered, the tresnsportetion ccst would be
much higher.l Nevertheless, it sppears that for & cost to the U.S.A.
some 4 billien dollars & year, Japanese ocutput in the nonwagricultural

sector would be inereased some 74.3 per cent.

imate Number of Workers snd Value of laterials in the U,s!rnt the U8,
ent Value of Output under the 'ua on apan 's
ation of Pactors o uetion

The same snalysis oan be carried through by construsting en iso=

quant for the U.S., rather than Japan. Assuaing that Japen's proportien
of factors is employed in the U.S.,, we estimate the new combination of
factors of produstion at the U.S.A."'s given value of output in 1961,

It is elear that the new position of the U.S., will take the same slope
of isoquant as Japan. The preseat problem is gecmetrically illustrated
in Chart 18.

18» Appendix pp, 193-194 for the deteiled caloulation.
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The new point U, (x*,y*) in Chart 18 is the new position of the
UsSe, and the slope of isoquent at Up is assumed the same as Japen's
isoquant & ¢ J(xy?;))’ because we assume that Japan's proportion of
factors is employed in the U.S. at the U.S8., given walue of output
level. ‘The point Uy(x,,y,) is the U.S5.'s existing position, so that
the slope of isogueant at U, is assumed the same as previous slope of
the U.S8. The problem is now to solve x* and y*. For the sake of

solution, we can set four equations as follows:
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Assume dy/dx = ax & b
Yy =ax?/23 bxpluse
Thenr, “uibt .3075--¢oo00"(1)

ﬁl'z/aihuiazy“...- . o o.(ﬁ)

GX* & D5 20,266 « o+ o o s & o ¢« +(8)
axs?/2 & bx* 2 o = y*

2 xe(yi/z3) . . o o(4)

From the statistieal results, x,, y,, X5,¥; and y J/ ¥ : are known.
A set of four equations has four wnlmown variables, x*, &, b, and e,
therefore, we will be able to solve them, Ltfcr a trivial solutien,
the values of x*, y*, a, b, and ¢ are cbtained as fonmxl
x* = 263,804 (million workers) '
y* = 14,175,684,580, (dollars of materisls)
a = 0.017658
b = -4.74768
¢ ® 13,167.06948
Assuming only twe facters of production, materials end labor,
that is, ignoring all other determinants of the efficieney of labor
such as capital equipment, scientific skills, a nd economies of secale,
we should expect, that if rew materiels were available for the U.S.A,
in 1951, at the same terms of exchange relative to labor, as for Japan
in 1981, and assuming that the advantages of inoreased proportions of

materials deorease linearly as the proportions of materials inoreases,

A 8

1800 Appendix pp, 187-190 for the detailed caleculation,
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that the U.S,4. ocould have produced with 253.804 million laborers in the
non=agriculturel sector as much as she produced with 56.5 million la-
borers. The ratio, (66.5/ 253.804 ® 22,3%), indicates the proporticual
deorease in ocutput theat would have resulted from the existence of the
new raw materiel exchange price relative to labor as in Japem., In
other words, in place of a valve of none-agricultural products of
257,393, million dollers in the U.S.A. in 1961, the noneagricultural
product would have been 22,3% as muoh namely 57.4 billion dollars of
the same purchasing power.

On a per worker basis, this is $1,016. dollars per U.S8. "rew
meterial adjusted" worker. In Japsn itself in 1951 the figure is
910 dollars. In this way, we reach the conclusion that the income per
worker in the non-agricultural sector is actually some 5.0 times as
lerge in the U.S.A: If we adjust the U.S. output for raw materisl
deficiencies in the manner outlined, we find that Japen's output per
worker is some 82,6% as large as in the U.S.A,'s output per "rew
material adjusted” worker. This suggests that other influenee then
raw material decrease Japen's output per nen=sgricultural worker by a
factor of 82.6%, while materials differences decrease the U.SA.'s non=
agrieultural output by & factor of 22.3%. To put the matter differently,
it appears that out of the total differenee in real output per none
agricultural worker, scme 97,1% is secounted for by raw material ine
fluence and some 3% by other factors.

A eurious feature of these ealoulatione indicetes the meterials

lgee Appendix p, 1851 for the detailed caleulation.



183

savings at the expense of labor intensity. It is elear from Chart 18
% 0 Inepease oF Nateriale frew MM williem dodiare of “aterisl
mits® to 14,174 million dollars of material units would give 253.804
million workers to produce the seme level of noneagricultural outputs
in the U.S, in 1981. This would ¢ost to the U.S, more than the existw
ing coste of materisls by 1,247. million dcllars and 4.5 times greater
workers would be required. The U.8. output per noneagrieultural worker
would becoms 1,016, dollars which is 1,116 times greater then the Jepen's
output per noneagrioultural worker., It appears that ifer & cost of 1,847,
million dollers of "meterial wmits" inoreased wnder the Jepan's propore
tion of fectors, the U.8, output per non=agricultural worker would be
decreased 97.1 per cent.

The reason that the importance of materials appears lerger in the
esleulations given here than in the previous seetion (swmmarized en
page 149) arises from the nature of the assumption made regarding the
shape of the isoguants. Sinoce marginal rate of substitution was assumed
to change linearly with the amownt of one faotor employed, the effect
of diminishing returns is larger, the larger the differense in the
amownt of the fastor under emmsideratiocn., BSinee the United States is &
larger country than Japan, the tetal effect of diminishing returns is

larger when & eomparison is made in terms of the U.S., isoquant.



CHAPTER V
CONCLUSION

The aim of the present study has been to estimate the importance
of different causes eontributing to the observable differenee in pro-
dustion of Japan and the United States. In the previous chapters, the
agriculture and non-agricultural chapters have been compared on a two
faotors basis, thut is in terms of lebor and land in case of sgricule
ture, and labor and materials costs in the case of non=agricultural
output. These results now will be summarized, and the role of investe
ment goods discussed briefly.

First, we may recall the role of agricultural and nonwagricultural
output in the total picture. In the agricultural sector of 1951,
Japan's output per agrisultural worker was 314 dollars wherees that of
the United States was 3,387 dollars. In the non-agrisultural sector,
Japan's output per worker was 910 dollars, whereas output per nonw
agricultural worker in the United States was 4,566 dollers, The dife
ference of output per agricultural worker in the nen~agricultural seetor
was 3,646 dollars. In relative terms, the greater productivity of none
agricultural workers is more striking, since the agricultural worker
in Japan had an output 9® per eent of that of the United States, whereas
the nonwagrieultural worker in Japan had an output some 20 per sent of

thet of the United States worker., ©Since the agricultural sestor is a

larger share of the total economy in Japan. then in the United States,

the overall difference in production Japan and the United Stetes reflects
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this faet also. We may express in symbols as follows:

Japan UeBs
Output Total G -
Numbers of Workers Total W, W,
Agriculture Output A, 8.
Workers, Agriculture Wy v,

Non=Agrieulture, Output Fe

Workers Nen=agriculture Wp Wwe

The ratio of the difference of output per worker for U.S., and

Jepan to output per United States worker mey be expressed &s follows:

b HLE § ol ® ~#—) Vg, £
W W = Ya A v (L) ™az
£ e
. Ty
d -+

were REGL (T - lh) @ (M. T,

w w

Substituting values whieh have been introduced in earlier chapters,

we find
RO Wl A S
: oo ® (5,078)(0. 0985) = 0,064
T s

This says that the difference of per worker income in Japan end
the United States is 5,073, dollars, and this when weighted by the
importance of agrieultural workers in the United Stetes assounts for
6.4 per cent of the difference in per worker incomes in Japan and
the U,8: In eother words, if Japan hed the sume relative agricultural
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population as the U.8, and the same incume per nomsagricultural worker
as in the U.8,, this single factor of difference in income per agricule
tural worker would make total income per worker in Japean 93.6 per cent
of that in the U.S,

S8imilarly we find,

P TRGE RES.
2 (5,646.) (0.507) = 71.9%
ks 4448
w

This says that the difference of nonesgricultural ineome per worker
in U.8, and Japan is §,646. dollars, and when weighted by importance
in this sector in U.S. ascowmts for 71.9 per eent of differences in
per-worker inscome. In other words, if Japen had had the same distrie
bution of populetion between sgrieulture and nonesgriceulture as U.S.
sud the same income per agricultural worker as U.S,, income per worker
in Japan would have been 29.1 per eent of the U.S8, level.

Finally to secount for the difference iun distribution of workers
between egriculture and non-egrisulture percents, we find,

Rz 0.088

In other worde, if income rates in Jepan had been the same as in
the U.S8,, per worker income in Japan would have been 95.6 per esnt of
the U.8., level, beeause of the greater importance of agriculture in
Japan,

To summarize, we have suggested that lower agricultural wages in
Japan by itself reduces total per worker incomes té 98.6 per cent of
the U.8, level, the greater agricultural population by itself reduces

income per worker in Japan to 95.6 per cent of the U.8. level, while
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the difference in noneagricultural income per worker by itself reduce
them to 29,1 per cent of the U,S. levels. The predominant importence
of non=agricultural income per worker ie apparent.

To put the matter still differently, we find that the difference
in U.8. end Japen for worker income, 7.7 per cent is due to lower
egrieultural inocome per worker, 86.9 ﬁer cent duve tc lower non-agricul=
tural worker income and 5.4 per cent due to the differences in distrie
bution of worker between agri;ulturo and non-agrieulture for the United
States and Japan,

If we consider these results from the standpoint of raising Jepa=
nese income levels, it is clear that improving the sgriculture situstion
both in terms of preductivity in egriculture situation and in shifting
excess labor out of egriculture is not the major problem. Certainly
these steps will help, but the larger problem, that is some 87 per cent
of the problems is to raise the productivity of the noneagricultural
worker. We may then concentrate on the non-agrieultural sectors.

To explain the productivity difference in the noneagricultural
worker, we have mnalyzed the sectors in terms of two factors « rew
materials and labor representing all other fastors = notably cepital.
We have found that rew material costs can explain much of the produce
tivity difference in Japsn and U.8, We have however noted the rether
surprising fact that the value of raw materials needed to reise the
proportions of materials to labor in Japsn to U.S. levels is not very
high, even if we allow for diminishing returns and trensportation
costs. Thus we must consider the capital equipment situation, in order

to see whether it may be a larger influence than raw material scareities.
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Statistieally as well as ecnceptically, this is a diffieult task, and
we oan only meke some tentative steps along these lines. HNow, we may
introdwe investment govds and compare the hypotheses that reaw mate~

riels or equipment explains the difference cof output per non~agricule

tural worker.

Statistical lhuu)gh Used

To rcpruuntj the quemtity of eapital, we have selected producer's
durable equipment among all components of gross private domestio in-
vestment., Producer's durable equipment bears much more direetly indus=
trial production as compared to eomstructicn and changes in the business
inventories. These other principsl compenents of investment are less
directly involved in the production purpeses. The figures on new conw
struction include the personal resideantial housing construction and other
buildings of general use. As for changes in business inventories, the
production requirements are probably less vwariable iv relation te output
then equipment. loreover they reflect business cyecles, and involve
special valuetion problems.

The statistieal data are taken from national income snd national
wealth date, National income date indicate the new output of producer's
duraeble equipment while nationel wealth date indicate the total existing
value of producer'’s durable equipment. However, there had been no
investigation of national wealth sinee 1985 wntil 1956 in Japan, Our
analysis will heavily rely upon the national income data, or output of
producer's durable equipment. Fortunately, it serves the present purpose
to obtain a picture of the ratio of investment goods in Japan to thet

in the United States end this ocan be done roughly frem available data.
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Statistieal results of ratio of output of producer's dureble
equipment to the gross naticnal produets in the United States and in
Japan in ourrent prices are shown helow:

1946 1947 1948 1949 1950 1951 1952 1983 1964 1956
Ue 8e Bed To)d 13 6T 67 6.8 6.1 6.1 6.7 5,8

Japan 7.8 Te2 7.9 8.6 9.8 12.1 11.3 11.6 11.3 9.7

Sourees: (1) U.S. Ineome and Output, 1958.
(2) Nihon Keizai Tokei Shu, 1958, & National Inccme end
Tational Eoonomic Ascounts of Japan, 1030-1066,
ovember, 1956,

We notice the greater relative importanee of producer's durable
equipment in the output of Japan compared to that of the United States
in the postwar decade. The figures of Japen are some two times greater
than those of the United States since 1951, Since we have ealculated
the ratio of Japan's gross netional products to the U.S. gross Aationtl
products, the above table will suggest the ratio of Japan's output of
equipment to the U.S8. output of equipment in 1961 as below:

gl = 0,221 ¥’

BV = 0,065 YU
50 /8 =0.121/0.088 (Y’ /1Y)

« 0,168
Y/ 8 0.48
wowW

where E, ¥ and W denote the output of equipment, the gross national

products end non-agricultural workers; end J end U indieate respectively
Japan and the United States. That is, Japan's output of equipment per

nen~agrisultural worker in 195lwas 43 per cent of that of the United
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States, These estimates depend upon the use of an exchange rate of
184.2 Yen per dollar, the figure obtained by adjusting the 1952 figure
eomputed by Watenabe and Xomiye for ell G.N.P., items,

For naticnal wealth, some sumeary figures ars obtainable for
Jdapen in the ysar 1956, For the United States wealth data are chtaine=
ble prior to 1946 in some deteil through the studies of Raymond Gold=
mm.‘ For later yea.rs; estimstes for a few aggregates only are availa=
ble. It is very diffieuvlt to compare figures in the forms presented,
gince it is not known to what degree the classification used, and the
depreciation and price adjustments sre compatible. Indeed, the overall
figures for equipment do not appear eonsistent, the data for Japan as
given 10,185, billions of Yen (50,6 billions of dollars, which is esti~
mated by use of en exchange rate of 199.8 Yen per doll&r,’ the figure
obtained by adjusting the 1952 figure eomputed by Watansbe and Komiys)
in Kihon Keizai Tokel Shu being very high relative tc the United States,
It seems likely thet some items included, possibly reilway lines, are
classed as structures in the U,S8.A. data, Also furmiture appears very
high for Japan, Then it seems better to make comparisons for some
smaller olassifications, where ecmparatibility seems more likely. In
the table below we show the wealth estimates whieh we take from Nihon
Keigal Tokei Shu (Japenese Eeonomie Statistios), 1968 and for U.S. dew

rived from national ineome and relateddata,

dGoldsmith, W, Reymond, A Study of Seving in the United States,
Vol. I, Ii, III, 1897-1949, Princeton, Princeton University, 1966s

2300 Appendix, p. 177.
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TABLE XXII
Ratio of Equi t per U.8. Worker tc Eguipment per
: ___pm%uon' Worker, 1065
1) 2) 3) 4)
Japan UeBs Ratio Ratio of

of U.S, Equipment per
(Units Millions of Dollars) to Japan  U.3, worker
(2)/(1) to Ja .
(8) / 2.7'34)

1) ifashine &'1)

2) Railrcad

Byuipment,

Air orafst,

Cars & others

(Trueks, buses

& trailers) 3,168 21,109 6.7 2.8
8) Ships & .

Boats 1,512 2,628 1.7 0.63
4) Cultery &

Hend Tools 2,367 774 0.32 0.12
B) Total 15,811 96,212, 6,02 2.22
Sources: (1) A Study of Saving in the United States, Vol. I., 1958.

Remarkss

(2) U.S. Income snd Output, 1958.

(3) Nihon Keiszai Tokei Shu (Japanese Economic Statisties),
1068

(i) Components of iachine end Equipment are construetion
machinery, mining & office machinery, metal working
machinery, special industrial mechinery, office & store
machinery, service industry & household mechinery, general
industrial machinery snd electrical machinery.

ii) The ratio of the Us8. nen~agricultural worker t¢ Japan
in 1951 was 2.7,
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The breekdcwn of U.,£. figures on equipment shown in Table XXII
are computed by using the dollar value date on ennual depreciation,
the rate of depreciation of each oeam;‘vmom:n1 in 1945 givea in the
studies of Raymond Coldsmith, end walue of output of equipment (1946«
1984) given in the U,8. Income and Output, The totel value of each
elass of equipment is derived by applying to the 1945 values, and by
edding production in subsequent years (also depreciated). The calcu=
lations were made in eonstent dollars.

By these means, it was caloulated that the ratio of equipment per
Jepanese non=agricultural worker to that of the United States was 45
per cent in 1965. The ratio of output of equipment per Japanese none
agrioultural worker to the United States obtained from National Income
data in 1951 was 43 per cent., Hence, we may roughly estimate that
equipment per Japanese nommagricultural worker was 43 per cent of that
of the United States in 1951, This figure may be too high, sinee

equipment output in Japan in the periods (1951-1965) was large.

Analysis Regarding Rew Materials vs. Equipment
For the purpose of estimating the output difference per nonw

agricultural worker in the two countries due to rew meterisl deficiency
per unit of equipment in 1951, we will apply the same method as in
Chapter IV. First of all, we have to find the marginal rate of teche

nieal substitution for rew meterials and equipment in the *wo countries.

1Doprec$.ation rates of each components are as follows: Industrial
Meohinery and Equipment (20), Eleetrical Equipment (80), Office Mache
inery (sg, Railwey (28), Ships and Boats (30), Air Craft (5), Tools (5)
end Trucks (6). Inside of bracket shows years and data as given in the
studies of Goldsmith,



188

At equilibrium, the marginal rate of teehnical substitution for materials
end egquipment is equel t¢ cost of eguipment to market price per "unit
of raw meterial.," The msrket price of ™mit of equipment" is determined
by the rate of return per "wnit of equipment", however, it is techni=
eally hard to find the rate of return per unit of equipment due to lasck
of statistical dataj thersfore, for the sake of simplieity, we will
meke an agsumption that the rete of return in real terms per wnit of
real eapitel are the same in Jepan end the U.8, This would be done to
sctual eonditions if capital moved intemationally fully. (Japsu's rate
of return would probably be higher than that of the U.S. when we con=
sider relative high rate of saving due to high eorporate profits in
Japen as explained in Chapter II, the scareity of ocapitel in Japan and
the low cost of consumer services in Japun.) Under this assumption,
we will be able to find the ratio of marginel rate of technical sube=
stitution for materisl and equipment in the United States and in Japans
Ve will bear in mind, however, the probable error in the assumption.
The retio of marginal rate of technical substitution for material
and equipment in U.S., te that of Japan may be eomputed from the ratie
of price per wnit of materials in Japen to priece of wnit of materiels
in the U.S. As we have ealeulated the ¢ost of raw meterials worth ene
billion dollars in the U.8,, ‘u costing 561 billion Yen in Jepan, and
as the ocost of one dollar of all goods in Yen in the U.S. is estimated
as costing 184.2 Yen in Japan, we have for the ratie of marginal tech=

nical substitution of material for equipment in equilibrium.
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475" (R.E) Priece, Squipmentl
Price, MaterialsV

J
M.T48, (R.E)
Price, Equipment?
Priee, Moxcriu"

& Pries, Matorials®

Priee, Materials

2 651 = _2.99,
184.2
For ecomputing purpese it is useful to write this 2.99 5 «3,75 1

1,268
If the rate of return on equipment is higher in Japan, then the ratie
would be less than 2.99.

Une approach to estimating the importance of equipment is {o
assume that labor is not produstive, that is, hes gere marginal produc=
tivity beyond the emount of labor per wmit of equipment employed in
the U.8. This says that labor is required in preduction in & fixed
ratio wi th equipment, but that additional labor is not preductive.

This is an extreme assumption, which overstates the importanese of
equipment., It is emn easy one to apply however and this is why it is
introduced here.

In the previous shapter the statisties were intorduced the non=-
agricultural employment in 1961 was 66.6 millions in the U:S. and 20.7
millions in Japan. Let us state arbitralily that the U.8. has 56.5
mits of eapital in the nonwagrisultural use. If Japan has 43 per cent

of this per worker as argued above, it would have 0.48 X 20.7 or 8.9

1gee Appendix PP 195-197.
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units of capital employed in the units sc defined. Thus under our
assumption that 1aber "doesn't comt", the totel supply of eapital in
Jepan is 8,9 and 56,5 in U.S, AWn can now apply the same analysis as
before regarding diminishing retwns from raw material scareity versus
labor, only now it is versus capital.
The eguations ares

axjdb= «1,2858

a ::5 # bx 3 de= yj

lx"ih:*ﬁu’m

wzlbztiazy*u:*(yg/xu)

After the trivial mlution,:‘ x*, the smowmt of equipment required
in Japan to produce its output if raw material per wmit of equipment
were the U.S. ratio, is found to be 8,261, With this, we will be able
to ealeulate the poormess of Japanese relative to the United Stutes due
to Japan's raw material shortage. We find that Japenese income per none
agrieultural worker would become thirty«four per eent of the U.S. level

in plage of 20 per cent.

—2f x 0B 0,34,
5. 261 ——

The differende of output per noneagricultural worker between the
two comtries would be reduced by 17 per cent on this shortage if the
Japenese rew material deficiencies per unit of equipment were eliminated.

The ether 83 per cent is due to shortage of equipment. Our ealeulation

1See Appendixpp., 198-199.
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is showns

O.u -» Otg = 0.1789.
0.8

Combining this with our previcus results, we find that the dife
ference of output per non-agriculturel worker between U.S. and Japan
could be explained to the extent of 74 per cent by the raw material
deficienoies per non-agricultural worker; if we assume equality in
equipment per worker between the two countries, the effects of materials
are only 17 per cent, equipment and laber being surplus, When analysis
is in terms of diminishing retwrns, we may put the conelusion in the
form that the diminishing returns of labor due to the scaree resource
factor in Japanese non-agriculturel seetor appear if capital is considered
abundant in Japan as in the U.8.; but wes much less due to scarce re-
source factor, if equipment is considered scarce. If the price on
equipment in Japan is higher, then the effeet of raw materials would
be greater.

In general it must be conoluded that the effeots of rew materials
shortages, areeppreciable end seem to ascount for at least some 17
per cent of the difference in income per non~agrisultural worker. Our
brief glance at the eapitsl of Japean suggests however, that is prebably
the major factor in the non=sgricultural seetor., This is borne out
further, by the low cost of materials required to raise Japanese guene
tities to UsS. levels, snd also by the rising real income in Japan since
1961, which is probably due more to capital accumulation than raw mete=

rial prices improvement, though both feetors have been at work.
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Pelioy Goal For Japanese Enonwg

4n interesting faet emerging from the foregeing analysis was the
surplus workers exist not only in the agrisultural sectors but alse in
the non=agricultural sectors in Japan at least ir comparison with the
United States. The surplus workers in the Japanese agriouliural sector
were sericus elements from the stendpsint of "diminishing returns®
compared not enly to the Japsness noneagricultural seotor but alse the
Us8. agricultural sector. MNoreover, the difference of output per worker
between U.S. and Japen meinly comes from differential productivity im
the nonwagricultural sestor rather than frem productivity in the agri=
oultural sector or distributicn of employees between the sgricultural
and nonwagricultural sectors. The difference of products per nonw
agricultural worker between U.8., and Japsn nﬁ;z be explained by some 74
per cent due to raw material defieieneies *nr;un labor and by 17 per
cent due to rew material defioieneies vs., equipment. The differense
of produsts per agrieultural worker between U.S. and Japen is explained
G0 the extent of 24 per cent by the searce asgricultural land versus all
other fastors.

This analysis of couperative productivity suggests thet Japen
should emphasize to inerease productivity of the non~agricultural s ector,
To offset the sharp dininishing retwrns of labver in Japan's agriculsural
sector and a shift of workers from agrieultural to non=sgricultural sece
tor, would inerease sgriocultural produetivity in Japan. For this purpose,
Japan should import more rew materials; and inerease the producer's dura=
ble equipment, mainly machine and equipment.

Japen's industrial structure heas been end should be further ed justed
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to the fereign market sturcture in the postwer perieds. That is,

Japan should eontinue to shift from & comtry of textiles to machinery
and similar industries, because the demeund for products of heavy industry
has been very high in the pestwar foreign market. Japsn, indeed, needs
both raw meteriels end mechinery snd equipment for heavy industry in
order to export the preducts of heavy industry. It is neeessary for
Japexn to purehese the cheap raw materials and to modernize and %o

ascumulete the machinery end equipment,
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Appendix I
The Estimated Bavhssge Rabe

(1) Priee (2) Priee Index (8) Relative (4) Ten per

index for  for Japn's Change of Price Dollar,
S S aeean S
Komiye rate

148 76,0 167 19,5 56,4
1947 848 7.1 43.9 82,8
1948 89,7 648 7.9 136,86
W49 9.9 77,8 86,6 168.0
1960 9k 8.8 9.6 167,0
19851 981 95,9 97,9 184,2
W52 100,0 100,0 100,0 188,6
1965 200.9 . 208.8 104,68 197.3
W4 1080 100.8 07,4 202,48
1966 108.8 105.4 06,0 199.8
Sourcest 1) Usl. Inosws and Cubput, 1088.

8) “"Pledings Frea Price Conparlsens, Priseipally Japen V8,
The United Staves®, Hemorandun Yumbey Cel, Stsaford tnie
varsiiy.



Appendix II
Japan's Imported Commodity By

Quantity and Value
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Total Import Velue in 1951- ¥ 737,241 (Millions)

Comnodity Quantity
1. Rice 5,687,660,
(Koku)
2. Wheat 11,986,376
3. Barley 8,690,400
4. Soybeans 2,402,548
. Cotton 380,456
(Ton)
6. Vool 125,812
1bs)
7. Crude Woed 7,054
(KOku)
8. Sugar 563,746
(ton)
9. Selt 1,808,088
(ten)
10. Anthraeite 143,151
(ton)
11, Coking Cosl 1,781,872
(ton)
12, Foiler Coal 9,891
(on)
13. Lignite 1
(ton)
14. Gas
16, Crude Petroleum2,925,838
(ko1)
16. Gasoline 10,816
(ko)
17, Kerosene 515,329

(kel.)

Value in
Japan

37,890,582,
( thousands
58,421,3872.

80,923,168,
17,380,929,

168,916,938,
70,991,678,

5,483,598
83,126,882
12,585,807

1,160,143
16,860,561

86,530

2

457
24,000,649,

296,080.

Wholesale Price
r wit in U, S,
OV 1951)

$ 0,108 per lbs:(Rexora)

$ 2.426 per Bushel
Nov. 1951 Soft White
Wo. 1 / Oregon
§ 1.578 per bushel
Barley No. 3,Minneas=
polis
§ 2,90 per bushel
§ 0.417 per 1b.
Average 14 spot merket.
$1.970 per 1b.
(@. PR, combining end
Staple)

$ 0.089 per 1b.

$21.900 per ton

$14.513 per net ten
Chestnut, Pa. mine.
$12,70 Producer's price.

§ 6.7566 per net tem

§ 0.244 per gal. Propane
Houston

‘ 2+400 per BEL
West Texas

* 0.120 per 5‘10
California

Oklahome.



Commod ity Guantity
18, Heavy fuel 1,953,669
0il A.B (k.1)
18. Heavy fuel 76,183
0il, C.
20, Copper ores 836
(ton)
21. Iron ore 5,088,793
(ton)
22, Pig iron 43,499
(%on)
23. Hot 1'011'4.
Ordinary steel 12,701
(ton)
24, Hot rolled,
special steel 11,586
(ton)
25. Steel pipes & tubes 268
(ton)
26, Cold finished &
coated steel 10,734
(ton)
27. Copper 3
(ton)
28. lLead 7,218
(tem)
29. Zine 12,348
(ton)
80. Copper rollings 14
& drawings: (ton)
31, BElectric wires 58
& cables (ton)
32. Aluminum rellings 4
& drawings (ten)
33. Rayon Pulp 56,119
(long ton)
84. Paper Pulp 47,449
(leng ten)
35, Foreign style paper 1,323
(1bs)
86. Lumber 678
(1000 koku)
37. Automobile tires 2,800

38,

Rayon filament 60
(1000 1bs)

Value in
Japan
12,133,328

587,757
191,208,
20,917,662,

301.5340

670,809.
203 F'] 779.

78’ 2890

922,651,
978.

1,546,275,

3,316,437,
4,795,
5,766.
3,269,

6,676,184,

5,312,898,

107,732,
646,417,

54, 504.
13,6542,
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Wholesale Price
per wmit in U.S.
(Now. 1951)

§ 0.083 per gal. Calif,

% 1.700 per BEL.
Pacific Coast

§ 0.24 per 1lb. Ave. price
t 1896~1966

§ 8.450 per gross ton
Mesabi, Dossemer

$52.00 per gross ten
Basie

*117. per short ton

$111., per short ten

$189, per short ton

§ 0.245 per lbs. copper,
ingot eleotrolytic.

§ 0.190 per lbs, lead,
plg, common.

$§ 0,203 per lbe, Zine,
slab, prime western.



38.
40,
41.

42,
43,

44.
45,
46,
47.
48.
49,
50,
51.
52,

54.

§5.

Viscose & acetate 41
(1000 1bvs)

Vinylen & Nylen 6
(1000 1bs)

Cotton Yarn 469

Spun rayon

Spun synthetie yamn 3
{1000 1be)

Vioolen & worsted 342

Yarn {pure, mixed)

8ilk filament 91

spun silk fabries, (1000 yd.

Rayon filement

fabries I8
Cotton fabries 704
(1000 yd.)®
Spun rayon fabries 216
(1000 yd. )2
Woolen & worsted 2,198
fabries (1000 yd. )2
Ammonisa YeBe
(ton)
Sulfurie acid NeBa
(ton)
Soda ash 2,477
(ten)
Sodium hydroxide 25
(8olvey process) (ton)
Caleium oyanamide fe B
~ (ton)
Cement 16
Sheet glass 4,024

(case equivalents)

10,624,
5,097.
72,257,

377,
5,241,

322,826
56,474,
47,363,

181,110,
51,421,
2,508,661,
12,

R

86,998,
1,687,

1.

1,028.

18,468
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§ 0,617 per 1bs.

$ 0,70 per 1bs.
Cared, Weaving, 10/1

$ 2,453
Bredford, weaving

‘80.0 per Ton

3 8. 350 per 100 1bs.

* 3.28 pey m'
Portlend 1958 idar.
_ 1/4 ineh
Plate glass
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Avppendix T1I

Egtimete of land Influence on Real Income per
Erzau:?_m! ?o?ﬁr as & gogﬁcn of ‘?,ettg
erence,

Using formula, A* m B LXjsl=k

1) U.8, output per agricultural worker in 1961, . . . » . §8,496,
2) Output per Japanese "Land adjusted" Worker . . . . « » $1,088.1
3) Japan's output per sgriculturel worker in 1961 . . . . & 814,7
4) Aotusl difference between (1) and (8)e « + o « » « . « $3,180.8
This quentity (4) is the total difference in oute
put per worker to be explained,
§) The difference between (2) and (3) + « o o v « o + s+ ¢« § 783.4
This is the caloulated difference per worker due to
land quentities difference.
) (B)ddvido by (€)s o ¢ ¢ ¢ o6 s 0 0 0 8 s s a0 0 a0 24.6%
This is the per cent of difference in per cepita
output due to land quantity.
Using formula, A 2 B 1K'yal=k’

-
L4
-
-

1) U.S. output per sgricultural worker in 1951, . §3,495,

2) Output per Japsnese "Land adjusted™ worker . . « + « $ 841.7

L ]

3) Japan's output per agricultural worker in 1951 . . . . § 814.7
4) Aotual difference between (1) and (8)s ¢ « o « o « « +» $5,180.3
This is the total difference in output per worker
to be explained.
§) The difference between (2) and (3) « + « » ¢ o ¢ ¢ « ¢« § B527.0
This is the calculated difference in per capite oute

put due to land.

6)(5)‘1ﬁd.by(‘)tt000000&0anooou. 1303%

This is the % of difference in per capita output due
to land quantity.
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Appendix IV

Problems in Index Numbers of the Gross Hational Products
and Neationel incomel

Homogeneity cf products is assumed for measurement purpose by
establishing substitutability either in consumer choieces, or in produe=~
tion provesses. These methods ere taken from economis theory whieh is
largely based on substitution possibilities. The prineiple theorem of
competitive equilibrium theory states that marginel rates for either
consumer or produser choices will equal the ratios of merket prices for
physiecal alternative. Both the Offiee of Business Economies of the De~
partment of Commerce in the U.8,A. and Boonomio Planning Board in Japen
seem to approve of the dual approach sinee it defines two measures, that

of gross national produet and that of national inecme.

&) Consumer Approasch

The consumer approach is represented by gross national product
measures. Froblems in this approach as treated by Professor Simpson
are solved by use of the opportunity cost prineiple of evaluation and
by use of the devices of a typical household, in which average guanti=
tles of goods are consumed., ZEeconomie goods which ere substitutesfor a
eomsiderable number of other consumer products are true consumer pro=

duets, Those which ere complementary to consumer goods, are produetive

lsimplm B, Pauls "Approeches to National Output Measurement"
Jouwrnel of the American Statisticel Association, Vol. B3, Decembsr,
F] pp' al .

“Trensformation Funetions in the Theory of
Production Indexes" Journal of the American Statistical Assceiation,
Vol. 46, June, 1951, pp. 226-252.
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or intermediate goods. Hach consumer good is valued at the gross market
price.

The relative chenge in value of product in two perieds or places
equals the ratio of number of househclds times price index times satise
faetion level index.

The satisfaction index may be obtained by using the
linear indifference function of one period to determine &
bundle of goods equivalent in satisfaction to actual cone
sumption of & typical househeld in the other perioed, which
bundle has the property that each good is the ssme multiple
of consumption of the other period. The satisfuetion index
will be a Paasohe or Laspeyre formuls depending on whether
the set of iaoﬂs of whieh peried or place is used as a
comparison,

b) Produetion Approach

The preduetion approsch is represented by naticnal income. Assume
ing the cost of factors of products are C, per wmit of x and c,, per unit
of y, we can argue that Cy / Gy determines the margiusl equivalemce of
x and y, since the cost of factors used in producing a wnit of y will
hire factors necessary to produce this number of wnits of x.

Assume the existence of constant produst curves for
@ach peried approximated by a linear cunstant vel ue funetions,
We ask what proportional inorease in each of the outputs of
Period I eould have been prodused with the factors of
Period II. Alternatively we ask ebout the proporticnal chauge
of factors of period I had been directed to producing produsts
of period II, Femiliar Peasche and Lespeyre index formulas
are so derived.

1smpm; B, Paul, "Aporoaches to Nationel Output Measurement”
OEG 0its, pe 968,

21044, , p. 959,



Appendix V

Estimate x*, y*, 8, b, and c.

“J‘.b*”@aaaa. TR (1)
uxg/sqmg#e-:yj A s iv i)
“‘*b =~8.?5.-......(3)

ax*?/2 4 txx 4 o = 2+ (y,/x,) (4)

.
-
-
.
.
.
-
Ll

From our statistieal date:
’:J s 20,7
¥y = 1,186
x, = 66.8
¥, = 12,927
Yu/%, = 228.8
Substituting these astual figures to the ebove equations:
20.7a 4 b = ~0.266 $ o v % ¥ v i)
20,72 8 $ 2070 4 021,266 . . . ... (2)
or 214.2a 4 20.7b 4 e = 1,166 . . . . . . (2)
(8)*

(4)?

ll"}b:-ﬁ.?s 2 H o N 9 5 e« a

.

-

08 4 e 288 . . .. es
e gieois .

(1) - (8)
20.7a = ax* & 3.484

a(l@.?—x‘) -4 5.484

& = 5.484
!50 ,“”
b % 0,266 «20,7a

«0.266 « T2.1
ﬁo"’”

i
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(2)* = (4)*
214, 2a~ax*2/2 § 20,7b = bx* = 1,156-228,8x"
o 214.2 = x#2/2) § b(20.7 «x*) = 1,186-228,8x*

3,484 ; :
TToge (214:2 = x%2/2) 4 (20,7-x*)(=0.266 = 72.1)
307!’ 8-0:7.‘
<1,156-228.,8x*

3.484 (214.2 = x#2/2) 4 (20.7 = x*)2(~0.266 = 72.1)
30. 'f~l’

=(1,156-2828, 8x* )( 20, T=x* ),
3,484 X 214.2 = 1,742x%20,266(20, 7ex*)2 =72,1(20.7-x*)
=(1,156 = 228.8x*)(20, T=x*)
746.3 = 1.742x3% = 113,08 = 11,0124x* = 1,492.5 = 0.266x%2472, 1x*
< 25,929,2 = 1,1B6x* = 4,7562x% 4 228.8x+2
~x#2(1,742 4 0,266 4 228.8) 4 x* (11,0124 ¢ 72.1 4 1,186 4 4,786.2)
4 (746.3 « 113,98 = 1,402,5 = 28,929.2) = 0
-250,808x%2 4 5,964.51x% «24,789.4 = 0
230,808x%2 « 5,064, 3x* 4 24,789,4 = 0

250.808x%2 « 5,964.3 x* 4 24,780.4 = O
x* z 5,964.3 3 “964.3)% - 4 X 280.808 X 24,789,

461.8
x* = 5,964.3 { /IZ,886,B07.16

461.6

XF - 5.984.3 1 3,“1-3

461.6

x* = 20,637 or 5.2047227

5.2047 is a desirable answer.




b Al

i

i

=

i

i

o

= (n/ =)
65.2047 x 228.8
7,190. 85586

3,484
- 5,2

3.484
16.45531

0.224.84237

=0, 266 - 72.1

~0.266 - 4.663024

-4,919

«0,22484 X (20,7)%/ 2 § 4,019 X 20.7 § 1,186
<0.82484 x 214.2 4 4.919 X 20.7 4 1,186

1,209.662872

Estimate of x*, y*, a, b, and ¢ is obtaiued as follows:

x* g
yﬁ;

8

"

5.2047227
1,190,83536

0,22484237

b5 =4,910

* ezl

209, 66625

Check our estimate of x*, a, b, aud c.

e 4 b2 0.22484237 X B0.7 «4.919 . . s 4 o« #(1)

uda/t

s ~0,264768

+ hIJ f LI 4 yj hed 1’156 S B % 8 8 B 8y 0(3)

Or 0.22484 (20.7)% 4 (20,7)(=4.919) 4 1,209,66626

= 1,156,0132

186
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ax* § b e o v w8

L]

1,170885 - 4.919

-3. 748775

2
:;:_ $ox* 4oz xv(y,/x) o . o(4)

s 1,191,690,

= 0.22484 (5.2047)% 4 (5.2047) ( ~4.919) & 1,209,666
2

5.045 - 25.602 4 1,209,666 = 1,209,617841
Estimete of x*, y*, &, b, and ¢ et the equilibrium of the U.S.
glven value of outputs.

uu*bu‘h?'ﬂ ooo-&o-(l)

2
:u‘;"‘”*bxu‘ezyu .....(8)

6x* 4 b = -0,266 . . . . «(3)

%’:‘i % bx* & 0= x* (y3/xj)s +(4)

From our statistioal date, we knowt
X, & 56.5
Xy m 20,7
Yy = 12,927
¥y e 1,156
Substitute these aotual figures to the above eguationst
B6.58 4 b «3.76 o o+ « « « o+ o(1)Y
( ﬁf;S)' 2 4 56,5014 © = 12,927

e

1,696,125a 4 56,6b 4 ¢ = 12,927 . . . « (2)*
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BX* § b = «0.266 . o s o s & o(3)

it

.E:f& $ OX* § 0z B5.845%% . . . o« . o(4)?

2
(8) = (1)
ax* =56,68 = 3.756 - 0,266
= 3.484
a(x*=56.5) = 5.484
s = As.:sa.;
bz «3.76 = 66.6a
= 3,76 - 66,5 (_8.484)
X¥=56.8
= «5.75 « 196,846
X% - 56,5
(4)r « (2)¢

x*2 g = 1,596,126 a 4 bx* « 56.6b = 55,846x* w 12,927
E o
a{ x*2/2 « 1,596,126) 4 b( x* = 56,5) = B5.845x* - 12,027

3.484 (!“2/ 2 1,’593.135) 4 (x* = 56,5(=3.75« 196,846 )
x* » 5645

& 55.846x* & 12,927

3:484 ( x#2/2 & 1,696,125) 4 (x* » 5646)%( ~ 5.76 ~ 196,846 )
X* = B6+5

s (65.846x* = 12,927 )(x* = 56.5)

1,742x#% « 3,484 X 1,596,125 = 3,75 ( x* = 56,5)% = 196.846 (x* = 56.5)
# 55,845x%(x%e 56,5) = 12,927.(x#=56,5)

67.863x*3. 16,309.1466x* 4 756,793.976 = 0

x* = 16,500, 1465 § A5 505, 1868) = T ¥ BV.858 X T35, 193,078
ik 115,708
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= 16,309.1465 ¥ 13,087.6
: 116,706

= 28,101 or 253.804
It is desirsble to have 253.804, because 28101 is less than 56.65
millions.

a = 3.484
Kk~ 56,6

3.484
197,804

i

= 0.017668
b = -3,76 - 196,846
107,502

2 «3.76 =0.99767871

® «4,74767871
e = 12,927, ~28,184375254268.2438471156

13,167.056948

i
"

x*( yy/ x3) = 55,845 x*
= 14,178.68488
Chesk
1) 6.5 x 0.017668 4 ( -~ 4,74767871
2 0.957677 = 4,74767871
= -3.75000171
2) 1,696,125 (0.017668) 4 56.5 (~4.74767871 4 13,167.05946
& 28,18438 - 268.24385 4 13,167,05948
12,927,
8) (0.017658) (253.804) 4 ( ~4,74768 = 4.481671
= 0.266009
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4) 2

ax*® 2 0,008829 x 64,416.470416 = 568,753017558
bx* T «4,74767871 x 263,804 = 1,204.97984731284

e S 18,167.06948

Total 14,940, 77238

"({-g—) = 253.804 x 55.8454106

T 14,173.7886910224
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Appendix Vi

Bstimate of Rew Material Influence on Real Inoome
Per ﬁms_r%oultml Worker 88 & Portion of
otel Difference

A) Using Isoquants for Japanese Output (pege 145)

1&) UeSe output per nm"grﬁoultml WOLKEY &« o o s » » & #4,5“
(Using exchange rate of Yen per dollar) « +» « « . « «¥839,216

2a) Output per Japsnese "rew material adjusted" worker. . §3,618
(Using exehenge rete of Yen per dollar . . . . . . .$666,436

Za) Japen's output per nonesgricultural worker. . . . . » § 910
(Uiiﬂg exchange rate of Yen per dollar . . « « « » o¥167,622

4a) Aetual difference between (la) emd ($a) « « « « + « « $8,646
(Using exchange rate of Yen per dollar .« . + « » » ¥671,598

This quentity (4a) is the total difference in output per worker
to be explained.

5a) The difference between (2a) and (8a). » . « « « « + « 2,708
(Using exchenge rate of Yen per dollar. . « « . . . .%498,814

This is the caleulated difference per worker due to raw material
differencs.

6a) (Ba) divide by (4m) « o ¢ o+ + o 5 s 6 s 0 5 ¢ 0 50 s ¢ VBN

This is the per cent of difference in per eapita output due to rew
material,
B) Using Isoquants for U.S. output. (page 149)

1b) Japanese output per noneagricultural worker . . . s« & 820
(Applying exehange rete of Yen per dollar) .« . « « .¥167,622

-
-

2b) Output per "raw material sdjusted" U.8. worker . . . & 1,016
(Applying exehonge rate of Yen per dollar). . . . . .#187,147

8b) Output per U.8. worker. « « « « s ¢ « + s s ¢ ¢ « « « § 4,666
(Applying exchemge rate of Yer per dollar). +¥839,218

4b) The difference of (3b) and 1B) + + + « «

. 8 & * ¥ 8 $ ;"“
(Applying the exehenge rate Yen per dollar)

L4 “?1 ’ ,’8

-
-
Kl
-
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This is the total difference in output per worker to be explained.

6b) The difference of (3b) end (25) « « + v « + ¢ ¢« « « § 5,540
(Applying the exchsnge rate Yen per doller. . . . . ¥652,088

This is the caleulated difference per worker due to raw material
difference.

B%) (00) Bavilo Dy (00) & ¢ o o o 5 55 0 45 45 o9 & 97.1%

This is the per cent of difference in per worker output due te rew

material.
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Appendix VII

Rough Estimate of Transportation Cost

The transportation cost of imports from the U.S.A. may be roughly
estimated as followss
(1) P9, QJ, « . @7 2 Transportation sost.
where PY, @Y* stends for the Japanese imports value snd PV, QY stands
for the value of Japan's import quantities evaluated in terms of the
U.S., wholesale prices. The transpertation cost can be expressed in
terms of either U.S. doller or Japanese Yen, since the official exchange
rate of Yen per dollar in 1952 was fixed at 360 Yen per dollar.
(2) 7. '« P ¢& X 560 = Yen of Trazsportation Cost.
(8)====(2) divide 360
o QJ/“G « PY Q) 2 Yen of Trensportation cost / 860
= Dollars of transportation eost.
Our research has been made in prineipal imports commodities from

UsS: in 1962 such &s rew bottm,_ wheat, coal, iron ore, barley, crude
oil & petroleum and rayon pulp. Sinee the U.S.A. is using the dif-
ferent measurement of quantity units from the international standard,
the ealeulation of conversion is rather troublesome to reduce to the
seme units of quantities, One of the examples of our ecalouletion is
illustrated in iron ores imported from the U.S.A. as follows:

1 Metrie Ton = 0,98419 long ton

1 long Ton = 1,016 metrie ten

Price of iron ore per 1 metric ton = $9,00



of the U.S., wholesale value.

our ealoulation of tramsportation cost are shown below:

1.
2.
8.
4.
5‘
6.

7.
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Jepen's imported iron ores evalusted in terms of U.S.
wholesale price + « « « o o

1,426,000 X 9 = § 12,800,000,

Japen's import iren ores from U.,8. in terms of Yen . .

360 Yen X 12.8 = 4,608, Million Yen.

Japan's inport cost of iren ores from U.8. in terms

of Yen « « » « +11,920, Million Yen.

Henoe, the transportation cost is:

¥ 11,920 - ¥ 4,608, = ¥ 7,312, Millions

¥ 7,312 / ¥ 360

= §$ 20,8 Millions,

The trensportation eost is some 160% of the imports value in terms

(7,312 / 4,608 = 1.6,) The results of

Japanese Transportation Cost From the U.S.A.
1535, (Ungtn.!lﬁﬂanl of EOTI"‘;

(1) Value of
Import quenti=
ties in terms
of U.8., whole=

sale price.

raw eotton 161.0
wheat 106.0
soal 40,4
iron ores i2.8
barley 21.4
erude o0il 16.7
& petroleum

rayon pulp §3.1

(2) Transportation

cost in dollers

41.3
7.9
18.8
20.8
6.8
12,0

1.9

(3) The per cent
of transportea=
tion cest to
value of import
qu;n?itits.
(2) =« (1)

- 26%

T Th
48, 5%
160, 0%

27.6%
76. 5%

5.7’

Sources: (1) Ministry of Finance, Beonomic Stetisties of Japan, 1986,

The Benk of Japen

(2) U.S. Bureau of Labor Statisties, Wholesale Price Index,

1986.
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Appendix VIII
Marginal Kate of Teehnical Substitutlion, Material V.8, Capital

Wege Rate per Worker Y/ Priee per Unit of Materials ¢

J
= MQT' S. (R‘ L)

p = =0, 266
Wage Rete per Worker U/ Prise per Unit of Materials®
= 47,87 (R L.)

z «3.75

Wage Rate Per Worker "/ Rate of Retwn Per Unit of Equipment J

s MoTosoJ { & 3}
Wage Rate per Worker U/ Rate of Return Per Unit of Equipment’

s M. T, 8.“ (G.L.)

(1) / (8),

Rate of Return per Unit of Equipmen
Materials?’

4J / Price Per Unit of

= K‘EJ(R‘L.) / K.T.S;J(G'L.)

i J
0,266 / i, T.8. (CoL)

M. T8 J(l.c)
(2) / (4),

ies

Rate of Return per Unit of Equipment I’/ Priee per Unit of materials®

H.T.S.U(R,L.) /H'T°8'U(00Lo)

i

«3.76 /Kc T.S.U (C.L.)

o U
MQT.&. ( R.c)
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If we assume,

b Wage Rate per Worker® . Wage Rate Per Worker'

“Rate of Return Per Unit of Equip:’  Tate of Return per Tquipe ©

and alsc we assume,
Rate of return per wnit of Equip. Val

Rate of return per wmit of Equip. ’ s 1.

7) (4) / (3)
b e %?"mTu30 u% 0¢Lo§
o E-ﬁ.gt a e.L-

: = » o U J
bE4TsFnsY (g 1) /TS (0.5.)

8) (e) /(s),

U ,
BE% (RC) = =3.75 . x M58 (c.1.)
MeTole ¥ ( Rm,0.) HeTe8e™ (g,1.) 0,266

s «3.78 x 1
=0, 266 b

= “5‘?5
«0,266 X 4.73

- "3.7‘ = 2,98

-1.,268
Hence, M.T. s'ﬁ(n,,c‘, Ju =3.78

M. T.5.9 = ~1.268 (Under the assumption of the same rate
of return per uait of equipment for
U.8. and Japan.)

9) (8) /(s)

U
i, T. 8, (ReCs) @ Priee per Unit of Materials J

Price per Unit of Materials U

w287 (8.0.)

= 551
2.99
184, 2 .
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We can obtain the same result as (8). This figure of marginal rate
of teshnical substitution between raw materials and producer's durable
equipment is the ratio of that of the U.S, to that of Japan., Unless
we know the rete of return per unit of eguipment in two countries, we
will not be able to find the absolute value of marginal rate of techni-

oal substitution between materials and capital,
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Aggundix X

Estimate of lew Material Costs to Japen under the U.S. iMarginel Rate of
Technical Substitution for Material end Hquipment

If we take meterial costs on the vertieal line Y eaxis, and pro=
ducer's dureble equipment on the horigzental line X axis, we will be
able to draw the isoguents map for Japan and the United States at the
given output levels, If we assume dy/dx equals ax 4 b, end y equals
ex? 4 bx 4 o, Japan's new material costs cen be estimated by the fol-
lowing equations.

&x; ¢ b = ~1.258
axi/2 4 by 40 2 g0 xy (yy/n)

ax* 4 b = »3.75

w‘/szaq:ya-xt(y“/xu)

where x* and y* denote respectively for Japan's new material ecsts and
producer's durable equipment and subseriptions u and j indicate U.S,
and Jepan, Sinee we know that x4 equals 8.9, ¥y equals 1,166, x
equals 56.5 and y, equals 12,927., the asbove four egquations with
respect to four wnknown variables will be solved.
(1) 8.58 & b= 1,258
(2) (8.9)%/49 2 8.9b % ¢ = 1,156
(8) ax* 2 b = «3.75
(4) ax*2/2 3 bx* 3 o = x» (12,927/66.5) = X* 22879646
(1) = (3),

8.9 &= ax* = 2,492

e = 2,492
Be9 = x*
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b - -1.268 - 22,179
8o Dmxk

¢ = 1,167.196 ~ 98,6987 2 202.83
gog - X% 3.5’”

Substitute these results to (4).
230,042 x*2e 3,203.48469 x* 2 10,486.96329 = 0
x* - Su 261

y* = 12,056.9817606

a =z 0. 6848
e = 1,195.812268

Cheeck (1) 8.9 &b
- «1.86808 , . .0.K.

(2) 39.61a 28,9 b 2 ¢
= 27.124220+065.440009 2 1,195.812268

= 1,167.497119 . . . O.K.
(2) a x* 32 b

= 3.6027528 = 7.35281

= @3.7500772 + + + & OuKs
(4) ax*®/2 3 tx* 3 o = 1,203.89817608

= 9,47698860 ~ 38.68313341 2 1,195.8122

= 1,16¢,606086









