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LDC Innovation Analysts and the Technology Gap
John Fei*
Gustav Ranis*
Increases in material welfare, i.e. economic progress leading to
increases in per capita consumption, can

be achieved in the long run as

the consequence of many factors, including capital accumulation, improvements in the quantity of human resources, and technological change.

How-

ever, both economists with a theoretical and those with an empirical and
historical bent 1 have increasingly come to the conclusion that, in the
long run, technological change is the most crucial--as well as the most
difficult to get a hold of.

On the one hand, the theoretical economists

have reminded us of the inevitability of stagnation in per capita income
if capita 1 accumulation a lone is at work. 2

On the other, those t'litb an his•

torical interest have identified modern growthd as the Western world has
experienced it over the past 200 years, as an epoch characterized by the
routinization of innovations.
When we accept such a lons run historical perspective, the develop.:
ment of a "typical" contemporary LDC may be viewed as focussed on transitional growth,

i.e~

that period of some 30-50 years during which the

country shakes off its economic heritage of pre-modern stegnation3 and· moves
11-

1
e.g. R. M. Solow, 11 Technical Change and the Aggregate Production
Function," RES, August 1957; and S. Kuznets, Modern Economic Growth, New
Haven: Yale University Press, 1966"
2
e.g. R. M. Solow, "A Contribution to the Theory of Economic
Growth," QJE, February, 1956; T~ W. Swan, "Economic Growth and Capital
Accumulation, 11 Economic Record, Uo·J'ember 1956; and J. Fei, "Per Capita
Consumption and Growth," Q.JE, February 1965.
3
In many a contemporary l.OC, this heritage is that of a pre-independence open agrarian society operating typically as a colonial appendage to a mature industrial country.
*Profess ors of Economics, Ya le University, New Haven, Connecticut"'
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into an epoch of modern growth.

Economic progress in general, and inno-

vations in particular, must be viewed in the

conteJ~t

of this transition.

At the present time our understandine of transition growth and of
the role of innovation in it, are both admittedly still in a rather
embryonic state.

Consequently, any search for a better understanding of

LDC technological change, i.e. ony attempt to theorize on this important
subject in a viable fashion, must begin with some historical perspective,
and proceed to propose an ana lytica 1 framework.

It is the purpose of the

present paper to attempt this twin task.
What is imperative about an hintorical perspective in which to
imbed the analysis is that it provide

a major focal point for deciding

what factors out of the multitude of possible observations are essential
and relevant--and which may be set as:i.de as of secondary importance, at
least as a first approximation.

In oection I, we sha 11 try to cultivate

this historical view by contrasting the role of innovation in the typical
LDC with the role of innovation in the industrially mature economy.

Such

a comparison then permits us to conclude that the major factors relevant
to the innovational process in the LDC 1 s--our main concern--include
(i) changes in the quality of domestic entrepreneurship, (ii) changes in
the factor endowment over time, and
national transfer of technologyo

(iii) the possibility of the inter-

These are the facets that will be e:Jc-

plored as part of our analytical framGwo:rk in sections II to V.
This analytical framework of ou:rs represents little more at this
time than a preliminary attempt to let empirical insights, based mainly

·~3-

on the transitional growth experience of post-Meiji Japan be integrated
into a rather crude theoretic.?l framcwo:;_·k,

To date, the innovational

process has not yielded easily to analysi3 in any context, developed or
underdeve loped--and it would be presumptuous for us to expect to chanse this
in the context of this popero

situation

While we think we have

made some progress, especially in linking the element of rational choice
to the innovation inducement mechailiSm; the whole set of issues broached
here is sufficiently complicated to

th~eeten

to involve us in a rather ambitious

reformulation of development theory--s omething we have clearly not
attempted.

But even a first apprmcim:'ltion must t;;ive due recognition

to some of the following facto::s:

(i)

the relationship between rationa 1

entrepreneuria 1 decision-making and the faasibi lity of technologica 1
borrowing abroad (section II); (ii) the high cost of technological
borrowing initially due to

entrcpreneu~ial

immaturity--and the sub-

sequent act of unconscious innovai: io:::i. as these entrepreneurs gradually
learn by doing in the course of the transition process (section III); and
(iii) the attempt, later; by maturing cntrepr.,eneurs to consciously
adopt biased innovations in :response to changing factor endowments
(section IV).

Our overall analytical :framework, resulting from a syn-

thesis of these elements in the context of a phase of transition
theory,

will then be subjected to some statistical, verification

(section V).

-L~-

I.

Innovations in

H~cal

Perspective

Since most of our knowledge about technologieal change is necessarily derived from our understanding of industrially advanced countries, it behooves
us to make a preliminary assessment of the extent of transferability of
that knowledge, i.e. to what extent the knowledge of innovations pertinent
to "mature industrial capitalism" is useful for the understanding of an
underdeveloped country engaged in this transitiono
the

We propose to examine

transferability of innovation analysis from the point of view of

(1) the socio-economic significance of innovations, (2) the sources of innovational ideas, and (3) the innovation··motivation mechanism proper.

As

we will discover, there exist significant differences between the rich
and the poor countries in all three of these dimensions.

1.

The Socio-Economic Signtficance of Innovation
Economists are normally

objectives.

con~erned

with social as opposed to private

In a wealthy industrial society, three types of socio-

economic problems may be said to have motivated economists' interest in
innovations:

(i)

economic instability, (ii) distributional equity, and

(iii) long run stagnation"

The relationship between innovations and in-

stability stems from the fact that economic fluctuations are caused
mainly by fluctuations of investment which, in turn, may be traced to
the lack of dependability in the appearance of innovational ideas to be
1
. 1 accumu 1
.
accorruno d ate db y capita
ationo
The issue of ' 1 distributiona 1
1
c. f. J. A. Schumpeter, ]he ~eory of Economic Development,
Cambridge, Mass.: Harvard Unive:csity Press, 193l:.; and K?rl Marx, Das
Kaoital, London: George Allen & Umilin, Ltd., 19,D.

-s~

equity" stems from the natural focus of a wealthy society on issues of
distributional conflicts (e.go the distribution between labor and capital)
which are affected by the factor bias of innovations.

The distributional

equity issue, moreover, has implication for long run stagnation in that
the natural tendency for the profit rate to decline in the long run as
the consequence of capital deepening must be compensated for by innovations if secular stagnation is to be avoided, i.e. if the capital owning
class is to be induced by a high enough profit rate to take the risk of
investment and the exploration of new ideas.
The problems of instability and of distributional sensitivity
are mainly problems of mature twentieth century capitalism in which innovational activities are assumed to have become institutionalized and
routinized.

This group of social problems is very different from that

faced by a contemporary LDC in the course of transition.

Here the crucial

socio-economic problem, one which lies at the heart of the transitional
problem and tends to perpetuate LDC poverty'> is not the erratic up-and-down
quality of innovational activities but rather their absolute low level.
As a consequence, instead of "instability" and "distributional equity 11
the analysis of LDC innovations must be focussed on (i) the origins of
innovational capacity and (ii) the impact of innovations on relative
factor utilization.
One of the most important

11

cultural 11 achievements during the

transition phase is to acquire increased innovational capacity, and a major
purpose of any analysis of innovation,'Jl activity must be to study the
process by which this ability is acquiredo

This, in turn, requires an

understanding of the precise nature of entrepreneurial decision makine;,

-6given inherited human resources.

1

For it is by the very process of the

formation and the execution of entrepreneurial decisions that entrepreneurship is developed in a learning-by-doing context.

In this respect,

the analysis should focus naturally on the identification of the particular entrepreneurial tasks which need to be performed in the transition
process.
From the socio-economic point of view, the impact of innovations
must be assessed in terms of their efficiency in utilizing the resource
endowment of the country.

As a general rule, we may visualize that,

during the transition process, an LDC moves from an almost exclusive reHance on land-based natura 1 resources (e.g. in primary product exports)
to the utilization of its human resources (labor and entrepreneurship)
and, still later, of its skill and capital resources.

Thus, the impact

of an innovation in the "early, 11 i.e. land-based or labor surplus phase,
must be gauged mainly in terms of its labor using (or capital
impact in meeting the basic requirements of efficiency.

savine)

The common sense

of the matter is that as long as there is a marked discrepancy between
factor endowment and factor utilization, given a particular state of the
arts, innovations should be

11

biased 11 in a labor-using direction, as a

learning effort in the use of the country 1 s relatively abundant

resou~ce

(i.e. labor) and in conserving the relatively scarce resource (i.e. capital).

For an LDC in transition, the innovation effects could thus be

statistically summarized in terms of changes in the overall capital-labor
and capital-output ratios, at least for the industrial sector.
1
rncluding such cultural factors as secularism, nationalism and
a belief.in the·equality of access to scarce resources.

-7-

In summary, the two objectives of LDC innovation analysis, augmenting innovational ability and improving the related efficiency of
resources utilization, are critical growth related olJjectives, i.e. objectives oriented toward increasing the output capacity of the econoll'\Y•
These objectives are quite different from the emphasis on instability
and/or distribution in the industrially advanced countries where long
term growth can be taken more or less for granted,

2.

The Sources of Innovational Ideas
The defining property of twentieth century industrial capitalism

is the institutionalization of innovation activities.

This process re-

sults from decades of cost-benefit analyses guiding the direction of R
and D expenditures to explore the knowledge frontier with the benefits
'

~

reaped in terms of the actual industrial adoption of new ideas.

Thus the

sources of innovationa 1 ideas reside in the exploration of new knowledge.
Moreover, full analysis of the institutionalization of the exploration
process itself necessitates distinguishinp; between private (profit-seel:ing)
and public (e.g. military-related) innovations.

1

The situation is again entirely different for an LDC in transition.

Here, the source of technological ideas is not the simple conse-

quence of the e2cploration of the knowledge frontier.

Rather, the most

important source of new technology is the transfer via the importation
of ideas already proven to be industrially feasible in the industrially
mature countrieso

1w.

Cost-benefit analysis and the role of government in

Fellner, "Trends in the Activities Generating Technological
Progress ; 1 hEJi, March, 197 o.
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the innovation process are largely irrelevant, since the· "cost" aspect
is trivial, i.e. except for search costs, innovational ideas are relatively
freely available to the latecomer.

Thus, for an LDC, the focal point of

the analysis of innovations is more likely to be the absorption process
proper, i.e. how foreign innovational ideas are transferred and possibly
modified.

Specifically, such analysis can be expected to be more con-

cerned with the level of efficiency over time in the process of
and simply transplanting

borr~~ing

knowledge--as well as with the efficiency of
ii

,,

the domestic assimilation and innovation processes on top of the imported
technology.
In the total

technolo~y

absorption process we may usefully dis-

tinguish between two facets, a private innovation process and a socia 1 innovation process.

Like its counterpart in the industrially advanced

countries, the private innovation process refers to the conscious calculations and actions of private profit seeking entrepreneurs, with
respect to profits and losses, as re lated to, amonc other elements, factor
bias in technology trans fero

The socia 1 innovation process, on the other

hand, refers to more unconscious acts of learning by doing, partly by
entrepreneurs and partly by other economic agents, in the process of
technological assimilation.

As we shall argue, such

11

unintentional"

social innovations may be quite important, especially in the early phase
of transition when the doIT.estic entrepreneurship is, as yet, underdeveloped.
This type of innovation, which may have just as much ilemployment" and
"output raising" effects as the conscious private type, is peculiar to
an LDC under transition, i.e. it represents a category of innovations
not ordinarily emphasized in the mature industrialized society where

-9-

the effects of most innovations tend to be "internalized" or "imputed, 11
This unintentional or social variety of innovation, it should be empbasized, is likely to come earlier in the life of an LDC since inefficiencies
arising from pure transplantation are eliminated as domestic entrepreneurs
become more experienced.

3.

J.nn9vation-Motivatiol) Analysis
With respect to the analysis of the private or conscious motiva-

tion of innovation, the focal point in the industrially mature countries
has been on the entrepreneurial calculation of the anticipated saving in
factor cost.

1

A most important type of information relevant to this cal-

culation is usually provided by the state of anticipation with respect
to the supply of labor.

This includes both (i) the anticipation of the

rea 1 wage trend--1.5enera lly upward in mature societies and (ii) the anticipation of other (non-wage) difficulties in dealing with labor unions-generally upward too.

For both these reasons, innovations in mature

capitalist societies have had an inherent labor-saving bias, i.e. as
exemplified by the marked trend towards

11

automation."

Once the LDC entrepreneur is capable of making rational economic
calculations, a similar innovation motivation analysis can be applied
here.

There are two points which need to be emphasized in this context.

First, the full

flowerin~

of labor union development is a phenomenon

still mainly reserved for the mature economy,

2

and hence the analysis of

\~. Fellner, Tr()l)dS and Cycles in Economic Activity, New York:
Holt, Rinehart and Winston, 1956.
2
Less true for LDC's which are at a later stage of transition,
e.g. Latin America.

-10innovations can be simplified by the assumption of ·a trend tO'Wards perfeet competition in the labor markets.

Second, instead of anticipating

continuing marked increases in the real wage, we may distinguish two
stages of LDC growth:

a first stage characterized by an approximation

to the "unlimited supply of· 1abor 11 condition and hence the anticipation
of fairly constant or only gently rising real wages; and a second sta8e
characterized by anticipation of substantially increasing real wages.
One of the major elements of contemporary growth theory enables us to
accept this distinction as an operationally relevant one.

II.

1

.A.Pure Model of Technology Transfer

In the context of any "pure" theory of technological transfer,
at least three facets must be specified:

(1)

the availability of tech-

nology from abroad as described by the technology shelf; (2)

the process

of technologica 1 borrowing from that shelf based on rationa 1 entrepre ..
neurial calculations; and (3)

the implications of such borrO'Wing for

llgrowth, 11 i.e. the tendency for capital deepening or shallowing, for employment and output generation, etc.
in turn.

These three facets will be e2rnmined

Moreover, it should be understood that the

11

pure model 11 repre-

sents merely the skeleton of our analysis which will be modified and e:;;:panded in the subsequent sections
1.

Technology Shelf
The important fact that, for an LDC, the primary source of tech-

nological ideas is from abroad may be described by the existence of a
1
J. Fei and G. Ranis, Development of the Labor Surplus Econor1}.Y:
'!'.h$ory and Policy, Homewood, IllQ~ Richard Irwin, Inc., 196l:-; and also
J. Fei and G. Ranis, "On the Empirical Relevancy of the Ranis-Fei Model
of Ee anomic Development: A Reply, 11 1to be published in the ~.

':'lltechnology shelf, containing technologies of production

whic~

either in

the present or at some time in the historical past, have been demonstrated
to be feasible in the industrially advanced countries, and from which an
LDC can borrow freely.

The technology shelf is siven by the curve SS'

in diagram (la) in which labor (capital) is measured on the horizontal

A typical point Ai on this curve represents a pair

(vertical) axis.

(n., k.) in which n. is the labor coefficient and k. is the capital co1

1

l.

efficient.

1

The point Ai may be referred to as a unit technology in that

i t describes the amount of labor inputs (n.) and of capita 1 inputs (k.)
l.

required to produce one unit of output.

l.

The idea of a unit technolo3y

assumes factor complementarity and is shown diagramatically by the fact
that the point A. is the "corner pointli of an L-shaped production contour
1.

(U.) producing one unit of outputn
1.

Suppose the size of the capital stock for the whole industrial
sector is K, as measured on the vertica 1 axis"

Then, when, for example,

the unit technology A is chosen from the shelf, it can be operated at a
1
definite scale producing K/k
of labor.

1

units of output and employing Kn /k units
1 1

In diagram (la) the radial lin8 through point A , i.e. the
1

radial line with a slope (k/n ) intersects the horizontal line throu:::;h
1
This point

II C

ii

1

is the "corner point" of an

L-shaped production contour indexed by V --producing K/k units of output
1
1
and employing Kc

1

(=Kn

1

/1: 1 ) units of labor.

Thus, associated with any

technology choice (in this case A ), the degree of capital intensity
1
(i.e. capital per head, k /n ) is determined.
1 1
stocl~

The size of the capital

"K" thus determines the amount of labor force

(~'-

efficiently accommodated for each technological choice.

c

1

here) which can be

-12The complementary nature of capital and labor in the unit techno logy (e.g.

A~

can alternatively be shown by means of the TPP

productivity of labor) curve oa b in diagram (lb).
1 1

1

(tot a 1

This TPP -curve has
1

a radial, i.e. homogeneously linear portion, Oa , before the size of the
1

optimum labor force (Kc

1

in diagram la) is reached, and a horizontal

portion, a h , beyond that point.
1 1

1

Thus, when the size of the capital

stock K is given, by varying the unit technology A

0

,

A , A ••• on the
2
1

shelf SS 1 in diagram la, we can determine a family of TPP

1

curves (Oa b ,
0

0

The technology shelf contains information on techniques demonstrated to have been feasible at some point in the historical past somewhere in an industrially advanced country.

The fact that curve SS'

(diagram la) is negatively sloped serves to emphasize the fact that, with
respect to the more recent vintage of advanced country technology, i.e.
as we move upward to the left along the shelf, A

0

run trends may be observed:

AP A ••• three lonf;
2

,

increasing labor productivity (i.e. de-

creasing values of no' Ill' nzooe), continuous capital deepening (i.e.
increasing slopes of radial lines OA

0

,

OA , OA ••• ), and increasing
2
1

capital-output ratios (ioe• increasing values of k

0

,

L , k ).
2
1

The first

two properties are among the well known "stylized 21 facts of economic r:;rowth
in the history of the mature economies.

2

1
Given the capital stock, e.g. K and the unit technology e.g. A ,
1
the optimum labor force (kn/k ) is an optimum in the sense that it re1
presents the minimum amount of labor required to produce the maximum produce'a·ble output.
2
e.g. Kaldor, 11 A Model of Economic Growth," .:f!:.J., December, 1957
and Fellner, Trends 'lll_d Cy£_les_ in Economic Activit_y,, .£!?.· cit. The third
condition, that of an increasing trend in the capital-output ratio, could
easily be modified in our above analysis. For example, the technology
shelf SS' is a horizontal line for a constant ' 1 kii, clearly not an impossible
case; an upward sloping curve would indicate a declining 11 k11 , an unlikely
world in which increases in labor productivity in the industrial countries
do not have to be 11 bought 11 at the price of higher capital-output ratios.
Empirically the dmmward sloping shelf, as \ve have pictured it, seems ·the
most realistic.
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.2.

Technological Borrowin,-. and Rational Entrepreneurial Action
Let us assume that, in addition to the technology shelf itself,

we also know the value of the real wage, i.e. the hei[!:ht Ow of the horizontal supply curve of labor W':~ 1 in diagram (le).

From this we can con-

struct a curve depictin;:; the total wage bill, i.e. the radial line CG
in diai:;ram (lb), the slope of which is the real wage.

If the technoloe;y

chosen by the entrepreneur is A , for e:1wmple, then profits
1
maximized at the point a
Oa b

1 1

is at a maximum.

1

'ITl are

where the sap between the CG and the TPP -curve
1

In other words, that amount of labor input which

maximizes profits is precisely the previously defined optimum labor force,
i.e. that labor force which, for the given capital stock, leaves neither
labor nor capita 1 disguisedly unemp loyedo

This simple property follows

directly from the competitive assumption, i.e. the fact that the real
waze is constant and given for all firms.
When the size of the capital stock (K) is fixed, a rational entrepreneur will thus see:: to adopt (i.e. borrow) that technology choice which
maximizes the rate of return to capital.
maximum profit levels

'IT 0 '

'IT

2

In diazram (lb), alternative

represent the anticipated profit

stream associated with each alternative technolo::.;y choice--under the
assumption of the

e~~pectation

of near constancy of the rea 1 wage.

A

rationa 1 entrepreneur under these circumstances will adopt that techno logy which yields the maximum profit.

In diac;ram (lb), the equilibrium

technology choice turns out to be A , leading to the ma:idmum profit
1

'IT •
1

This equilibrium condition can be shown explicitly by treatinc
the "envelope curve" a , al' a as
0
2

J

an~

ante TPP

1

curve.

1

For each amount

.
This is reminiscent of the putty-to-clay idea in the growth
theory literature (see E. Phelps, "Substitution, Fi:ced Proportion, Groi1th
and Distribution, 11 ,Inte~nationa 1 Economic Review, L63.

of labor employed the curve shows the maximum output which can be obtained by a suitable technological choice,
output is obtained when the optimum
labor force, is chosen.
~x

The~

It so happens that the maximum

technolo~y)

consistent with the Eiven

ante MPP -curve, i.e., the slope of the
1

ante TPPL curve, is the demand curve for labor as depicted by the

negatively sloped :MiYl curve in diagram (le).

Where this demand curve in-

tersects the horizontal wac;e line ww' e.g., at a point E, the equilibrium
position is determined,
The above

sl~e

let on of a theory of rationa 1 entrepreneuria 1 be-

havior shows that the technolor;y choice can be deduced. from a calculation
of the rate of return to capital--which in turn can be traced to the combination of anticipated domestic real waGe behavior and the technoloc;ical
information available from abroad.

The result of such an entrepreneurial

choice is not only the determination of the rate of return to capital
( 1T

1

) but also simultaneously of the degree of capital intensity (k/n )
1

and of the total volume of labor which can be absorbed (wE).

The above frarneworl: for analyzing technological choice also provides the groundwork for determining the impact of :::;rowth.

In this simple

model growth may be defined in terms of increased capital accumulation
and increased employment opportunities.

Both of these will be clearly

affected by the anticipated long run behavior of wa3es.

As pointed out

earlier, wages may be assumed to be held rouLhly constant or increasinr;
only modestly durin3 the early labor surplus phase of transition>and to

-15:increase rapidly at the later phases when that labor surplus no longer
overhangs the market.

1

Thus far we have kept the capital stock constant at K.

Now let

the increase of that capital stock through time be represented by the
points K, K1 , K" ••• on the vertica 1 axis in diaGram (lt1).

The larger capi-

tal stock will lead to nhigher 11 demand curves :for labor MM, M1 M1 , £-1' 11111 • • •
in diagram (le), leading to increases in labor. absorption.

When the

real wage is constant, the amount of labor force absorbed will always be
proportional to the size of that capital
point

11

c

11

1

stoct~.

Starting from the initial

in diagram (la) the expansion path would then be indicated

by the locus of points R 1 , Rn, R'" ••• which fall on a radial line.

Con-

verse ly, when the rea 1 wage is increasing (i.e. as represented by the
dotted curve from the point E on), the e2cpansion path ui 11 show a capita 1
deepening tendency, as shown by the locus of points E', E", E911 • • • •
These conclusions follow readily from the assumption of constant returns
to sea le.
In su1nmary, we can thus see that the main implication of our view
of LDC innovation behavior is that the behavior of the real wage, as it
makes itself felt through the choice of technology, determines the e1ctent
of capital intensity, i.e. a rapid increase in the real wage will induce
rapid capital deepening.

The pace at which employment opportunities are

generated is thus controlled by capita 1 accumulation,. as modified_, in an
adverse direction, by the capital deepening tendency resulting from wage

1

0ther) exogenous, .;.:iressures may combine w~th the terrnirwtion of
the unlimited supply of labor condition to differentiate this second phase
from the first. As wages rise, moderately in phase l and rapidly in
phase 2, the ·slope of the 'rnge bill curve ex; in dia;::;rarn lb shifts up and
the ma}dmum profit point shifts to the left.

-16increases.

These simple relations must now be modified to accommodate

other important dimensions of the technology transfer process.

III.

11

~

oc ia l" Innovation Activities

For a less developed country in transition, an important source
of productivity gain may be traced to the elimination of inefficiency in
the course of the above described process of technolo3y transfer.

As

perfected and developed in the industrially advanced countries, such technologies assume certain factor efficiency and organizationa 1 efficiency
which may be lacking in an LDC.

The most important manifestation of

factor efficiency is, of course, labor efficiency which can be traced to
such factors as cultural heritage, accumulated experience, education,
etc.) the precise relationships as yet incompletely specified.

In

or~&uizational

efficiency, we may include entrepreneuria 1 capacity as we 11 as organizational capacity traceable to economies of large scale production.

While

we are not yet ready for finely specified answers, we may assume that
both of these types of efficiency are related to learning by doing processes.
The aforementioned inefficiency is operationally described by
an increment in the real cost (i.e. real capital cost and/or real labor
cost) which an LDC will have to incur, over and above that implied by the
technology shelf, i.e. over and above the costs per unit of output prevailing historically in the advanced countries.

In diagram (2a), the

SS 1 curve represents the technology she 1£ containine; unit technologies
A

0

,

A , A ••• ,and TT' represents the unit technolo3ies after unit tech1
2

nologies A. have been transplanted into the LDC and converted into
J..

-17B

0

B , B ••• at lower levels of efficiency.
2
1

,

The incremental real costs

due to inefficiency are indicated by the vectors (i.e, arrows) A B ,
0 0

A Bl' A B ••• which have a
2 2
1
(i.e.

length~.

11

direction

11

(i.e. slope) and a "magnitude"

Notice that these arrows point to the North-East (i.e.

they are positively sloped), indicating the fact that capital and/or
labor coefficients will be increased as a consequence of the existence
of inefficiencies.
Generally speaking 1 an LDC will incur a heavier real cost if it
attempts to import technologies with a more recent vintage, i.e. further
away from their own experience.

This is shown by the increasing lenzth

is that these arrows wi 11 also become steeper indicating the fact that
as the LDC attempts to import technologies of a more recent vintace,
i.e.

11

beyond their reach/ 1 the incremental real cost per unit of output

is oriented increasingly toward capital rather than labor.

This is due

to the fact that the efficiency of modern capital intensive production
depends more and more on organizational capacity as well as the ability
to maintain and repair the capital stock.

On the other hand, when an

LDC attempts to import a technology of a considerably older vintage,
e.g. a U.K. textile mill of vintage 1890, the total inefficiency the
borrower will have to worry about may be absolutely smaller and the inefficiency of the labor force may be relatively more :i_rnportant.
Suppose, the size of the capital stod: OK is r::iven (in diagram 2a),
In diagram (2b), let NYI be the demand curve for labor, i.e. the
MPP

1

~

ante

curve as previously introduced, correspondinc to the given technoloGy

shelf, and let NN be the effective demand for labor corresponding to the

transplanted shelf TT'"

When an LDC strives to eliminate the above in~

efficiency over time, we can think of the movement from the TT' curve
back to the SS' curve as an innovation in the ordinary sense which can be
measured with respect to (i) the intensity of innovation and (ii) the
de3ree of labor savine; bias.

A1B1, A2 B2 ••• increases

The fact that the len::;th of the arrows

indicates innovations with increasing intensity.

The fact that, on the same radia 1 line (e.g. CXD
t
l
th es 1 ope
. 1ess s·eep
t1an
( e.g. at A ) is
2

01c

T'T 1

the slope of SS
(

1

l t
e.g. at B ) means t1a
2

the innovation is biased in the labor saving direction.

Thus in diagram

(2b), it should be noticed that as compared to MiYl, the effective demand
curve raises the MPPL for technologies of an older vintage, while depressing the MPPL for those of more recent vintage.
fact that,

This is due to the

for technologies with older vintase, the low innovation in-

tensity effect is over-whelmed by the "very labor-saving innovation"
effect.

For technolo3ies of more recent vintage, the high innovation

intensity effect which raises the MPPL overwhelms the weak labor savinc;
effect,

leading to a net increase in the MPP •
1
When an LDC, after initial technological transplantation, finds

itself confronted with such inefficiencies alon3 TT', for each level of
the real wage the amount of labor employed and the decree of capital intensity will be different from that prevailing in the lending industrially
advanced countries.

When the real wa3e is relatively low (e.g. ow

1

in

diagram 2b), the LDC will employ more labor than was the case historically
abroad (i.e. w

1

e

1

>

From the auxiliary radial lines CQ and OJ,

in diae;ram 2a, we can see that the technology selected by the LDC, given
the real wage at ow , is B , transplanted from A J while, historically,
2
2
1

-19the industrially advanced country, at the same real wage level, would
have chosen a technology (e.g. A ) which represented a higher degree of
3
capital deepening.

Notice that there is little difference between the

total output produced at A (i.eo K/k ) and at B (i.e. K/k~),
3
3
2
there is no
11

~

i.e.

priori reason for us to know whether A or B is in a
2
3

higher 11 position.

Thus the incrementa 1 employment of QJ units of labor

on the same capital stock represents the entire incremental real cost
due to labor inefficiency.
Given a real wage at a somewhat higher level, we may note that
the above situation is reversed.

Here the depressing effect of MPPL

leads to the employment of less labor than was the case historically in
the industrially advanced countries (i.e. w e 1
2 1

< \J

2

E1 ).

In diagram (2a),

at the given hi3her real wage level, the technolocy chosen by the LDC is
B (transplanted from A ) which represents a higher degree of capital
5
5
intensity than that prevailing historically in the advanced countries
(i.e. Al:_).

Because of this inefficiency, the country now pays a double

penalty in terms of output loss, Le. the loss of output is Q(l/klf-l/k_5).
In other words, the economy loses output on the given capital stock both
because it chose a technology which is more capital using (i.e. by movins
from Al:. to A ) and because of the inefficiency in the utilization of that
5
1
technology (i.e. by movin3 from A to B ).
5
5
1
For lack of a better name, the above phenomenon may be referred
to as a 'diseconomy" of premature modernization. Such "diseconomies"
always occur when the country is as yet not very effd.cient, requiring
the use of relatively more capital and resulting in a lowering of the
MPP • The inherent paradox can be seen in the transplantation of a
1
"supermodern factory" seemint;ly completely out of line \vith the prevailing relatively low level of real wages. The introduction of such a
plant may be viewed as necessary to raise the MPP 1 to a high enough level
to compensate for the inherent inefficiency. Difterently put, in dia~ram
(2b) we see that as the real i·rnge level is raised tow,.,, it will become
uneconomic for any technology to be borrowed by the LDC while some
technology will still be economical in the lending country.
1

-20-

For an LDC which normally finds itself with such inefficiencies

as part of its colonial heritage, their elimination over time clearly
constitutes a major source of innovation, leadin2 to Gains in output
capacity per unit of input.

In diagram 2a such "innovations" may be re-

presented by the gradual movement of the TT' curve through time towards
the SS 1 position.

In diagram (2b), similarly, the NN curve can be

pictured as swivelling in a clockwise manner towards the MM position.
It is then also easy to trace the impact of such innovations.

For a re-

latively low level of the real wage such innovations lead to capital
deepening, i.e. e ,

1

e 2, e

3 ••• E.

Little effect on raising output is

recorded, with the main impact of innovation the laying off of some
dant workers per unit of capital stock.

redun~

For a relatively high level of

the real wage, the impact of this type of innovation leads to capital
shallowing, i.e.
capital.

el'

ez, e3···E' as more labor is employed per unit of

However, the major 3ain is now measured in terms of increased

output brought about throu3h a more effective uee of the scarce capital
stock.
The existence and elimination of these inefficiencies modifies
the conclusions for the LDC's growth path as analyzed in the last section.
For the low wage case (<Av ) in diagram 2a, the expansion path as a re1
sult of only capital accumulation would, in the absence of elimination of
inefficiencies, have followed the radia 1 line JP (as we noted earlier).
The E!limination of inefficiencies, on the other hand, leads to a growth
path Ql-1, marked by a capita 1 deepening tendency, which "catches up" with
the JP path over time.

For the high wage case (0:·!2 ) the growth path Q'H'

now shows a capita 1 shallowing tendency approximating the radia 1 path
J'P' over time.

-21For an LDC in transition, we can realistically visualize a situation in which the real wage increases only gradually as long as labor surplus overhangs the market.

In the absence of the

11

inefficiency 11

element, we note an initial capital deepening phenomenon, induced by
this wage increase--as analyzed in the previous section.

When the argu-

ment of this section is added, however, we can see that while, in the
early phase, the country wi 11 show a tendency toward capita 1 deepenin3,
this tendency may give way to some capital shallowin;:; later.

This is true

if the elimination of inefficiencies is sufficiently important to swamp
the effects of moderate wage increases over time.

Noreover, this capital

shallo't-Jing phase is seen to be accompanied by a substantial growth in
income because of the huge output-raising effects associated with 3ains
in the efficiency of usin8 capital.
however,

to go on forever

This capital shallowing phase

is likely,

and will eventually give r,Jay to capital

deepening when this source of gain in efficiency is exhausted and the
capital deepening effect, due to an accelerating real wage increase,
begins to dominate.

IV.

Jhe Motivation for Innovational Bias

The unintentional or "social" innovation of the last section is
the result of learning by doing processes which are themselves a byproduct of growth.

This contrasts sharply with the important intentional

type of innovation which we will be concerned with in this section,
i.e. as a consequence of a conscious entrepreneurial attempt to further
reduce the real output costs (in terms of capital or labor inputs) in
the process of technolosical assimilationo

The core of this theory, as

-22in the mature countries, must be a rational innovation motivation analysis
at 1 the level of the individual entrepreneur.
reductions in real costs, or innovational

Since the amount of possible

intensit~

is, of course, con-

strained by the expansion of the entrepreneuria 1 knmvledge frontier,
there is little that economists can say,
magnitude of possible cost reductions.
speculate about on such

~

on~ ~riori cround~

about the

What the economist can hopefully

£riori grounds is limited to the direction of

the factor bias of innovations, which is what will be emphasized in this
section.
In diagram (3a), let the point A (i.e. the point (n,k)) represent
a pre-innovation unit technology.

The real cost reducing effect of an

innovation is to shift this point towards the South-Hest (e.g. towards
point D) which represents a reduction in the labor and/or capital coefficient.

In the same diar:;ram, we have shown two specia 1 extreme cases:

a move from A to A1 , which may be called a pure capita 1 saving innovation
(i.e., yielding a reduction of the capital coefficient only and leavin~
the labor coefficient constant), and a move from A to A", a pure labor
saving innovation.

Useful £ priori reasoning about the innovation-

motivation mechanism is usually limited to showinz why entrepreneurs
should attempt to orient their innovational effort in either of these
directions.

1

Suppose the size of the capital stock (K) is given.

The TPPL-

curve corresponding to the pre-innovation technolo5y (i.e. at point A)
is shown by the curve oab in diagram 3b.

For the two extreme cases

1
In the context of this paper the costs of R and D and of search
are neglected.

(i.e. A1 and A"), the post innovation TPP -curves are also shown in the
1
same diagram (3b).
the T:PP

1

For the case of the labor-savine; innovation (A"),

curve shifts to oa 11 b.

Notice that the effect of this innovation

is to reduce the optimum amount of labor employed by

t:.L, e.g. through

automation; there is no output raising effect whatsoever for the maximum
output obtained because the value of the capital-output ratio is assumed
to be unchanged.

For the case of the capital-saving innovation (A'),

the post innovation TPP -curve is shifted to oa'b', implying that more
1

labor will be employed (i.e. by an increment of
output will be raised (Le. by

t:.Q).

1

t;,L units) and that total

The key analytical issue before

us is in which direction wi 11 the profit maximizing entrepreneur orient
his innovational effort?
In diagram (3b), given a real wage at W, let the total wage bill
line OtJ be shown, leading to a pre-innovation rate of return to capital n •
If the labor saving innovation is adopted, the incremental profit is

t:.n.

which is brought about entirely by a saving in wages, i.e. t:.n = W x 111.
Since there is no output raising effect, the source of additional profit
resides entirely in the reduction of the labor force (e.g. through automation) and the consequent saving in the wage bill.

On the other hand, if

the capital-saving innovation is adopted, the incremental profit is t:.g
(note that dd'a'a is a parallelogram) which is proportional to two factors:
(i) the increment in employment
per unit of labor

,n "·'

W (i • ~ •

t;,1 1 and (ii) the degree of exploitation

t:.rr

= 61

1
(

n

-

W))'

TT;:;r;:;

the ~Xtr8. innOV8•

tion profit ( lg) is lar3er the larger the additional labor absorption
( fJ.., 1 ) and the higher the de3ree of exploitation (n-w).

1
The radial portion of the TPP 1 curve coincides with the preinnovation curve because of the assumeo constancy of the labor coefficient.

-24It is then easy to see why, in an industrially advanced country,
innovations tend to be biased in a labor saving direction.

Under competi-

tive assumptions the most important reason is that in such countries the
degree of labor exploitation, n-w, tends to be low, i.e. the wage tends
to be a relatively high fraction of labor productivity and hence the profit margin tends to be low.

Under these circumstances, the saving

associated with labor saving innovations tend to be large and, at the
same time, the extra profits due to capital saving innovation tend to be
small.

This is clearly seen in the extreme case when the wage bill

curve (Ov) is steep enough to coincide with the TPPL-curve oa, implying
zero profits before innovation.

In this case, the extra profit due to

the labor saving innovation is ja" (ja"

=

l\L x n), while the extra· profit

due to a capital savin13 innovation is zero.
This "static 11 argument would be strengthened if the entrepreneur
can be viewed as anticipating a rising trend in real wages.

For the only

way in which said entrepreneur can protect his profit margin (when
threatened by wage hikes) is through adopting labor saving innovations.
Capital saving innovations will not help when the profit margin is
threatened.
We may cite two additional arguments based on market imperfections
which tend to strengthen the above conclusion.

First, labor saving inno-

vations result in lower levels of employment and hence in a lesseninr:;
of the entrepreneurial dependence on labor--thus minimizing labor control
problems.

Second, labor saving innovations, to the e2ctent that there is

little or no

output raising effect, lessen the entrepreneurial task in

having to create new markets, which can be a serious problem in a wealthy
economy constantly threatened by a deficiency of aggregate demand.

-25When we turn the argument around, we can see why, in an LDC,
the entrepreneurial effort is generally oriented in the opposite or capital saving direction.

When the wage bill is relatively low and the profit

margin (i.e, the degree of labor exploitation n-w) relatively high the
entrepreneurial preference clearly lies in the capital saving direction.
For example, in the extreme case where the wage is zero (i.e. C:M coincides with the horizontal axis), the gain in profits due to a labor
saving innovation approaches zero (i.e.

Arr = 0), while the gain in pro-

fit due to capital savin3 innovation is equivalent ·. to the gain in
output (i.e.

l'!i g

=

l'!iQ).

On top of these competitive arguments we can

again add a couple of non-competitive ones, i.e. (1) entrepreneurs in

LDC' s are likely to be more paternalistic or "family oriented" and motivated by a desire to provide employment opportunities for relatives as
long as there is no extra cost; and (2) there is generally greater pressure
fol:' output e2cpansion in economies characterized by poverty and Say's Law.
Returning now to diagram (Ja), let us assume that, historically,
the initial technolo3y in the industrially advanced country was at point
A.

We may then let the shaded area represent the set of newly possible

unit activities resulting from the R and D expenditures, bounded by the
knowledge frontier FF'.

The choice of the post-innovation technology is

then shown to be at point A , as determined, on the one hand, by the new
1
knowledge frontier and, on the other, by a desire for maximum labor saving
as argued above.

It is in this manner that the technology shelf SS'

itself has been built up historically in the mature economy.
A contemporary LDC, on the other hand, faced with technology shelf

SS', will mainly be concerned with engaging in capital-saving innovations

-26in accordance with our earlier analysis.

For example, if unit technology

A is borrowed, such innovation may bring the actual unit technology down
1
to point

c.

Choices along curve CD", the post-assimilation locus of unit

technology, thus represents all the points describing the net result of
moving along the technology shelf SS' plus the capital-saving innovation.

The actual final resting place will be determined by profit

ma:timization as described ear lier.

V.

Summary and

St~tistical

Implementation

As we pointed out in the introduction, any study of LDC

innova~

tions must be related to phases in the transition to modern growth.
This problem is, in turn, intrinsically related to the development of
entrepreneurship and to the improvement in the efficiency of resource
utilization once entrepreneurial capacities improve.
we have made two special assumptions.

1

In this connection,

On the one hand, we assume that

the LDC under consideration is of a labor surplus type.

This means that

it fits the general description of a country initially marked by a substantial overhang of unemployed labor leading to approximate constancy
of the rea 1 wage--or only moderate increases in the wage--with rapid
increases in the real wage to follow later in the transition process.
On the other hand, we assume that the importation of technology from

abroad represents the dominant source of innovational ideas.

While both

assumptions somewhat delimit the generalizability of our theory, we believe that our approach is addressed to an

importan~

type of contemporary

LDC,
1

1n an open economy, the first phase is often highly correlated
with a so-called import substitution regime, the second with liberaliza•
tion and export promotion.

-27The major theoretical conclusions of our paper can be derived
from a synthesis of the arguments presented earlier.

The central notion

of a transition period of 30-50 years for the typical contemporary LDC
is accepted.

The various phases which make up that transition are a re-

flection of the more or less natural maturing process with respect to
(i) the development of entrepreneurship and (ii) changes in the basic endowment condition, i.e. from a labor abundant to a labor scarce situation.
In the first phase of the transition we envision that entrepreneurs are sti 11 very inexperienced, at least as far as industria 1 activities
are concerned.

Innovations at this time are mainly of the unintentional

or unconscious variety

e}~emplified

by the elimination of inefficiencies

inherent in the process of technology transfer.

In this first phase,

since the rea 1 wage remains low, innovations, as we have seen, tend to
be labor saving in nature, with little output raisins impact.

Thus we

would expect to observe moderate rates of growth of output or capital
stock--due to the relative inexperience of the entrepreneurs and the con•
sequent inefficiency of the emerging industrial structure.
In the second phase of transition entrepreneurs have become more
experienced.

As a result the unintentional (or unconscious) type of

innovation gradually Gives way to the more conscious type.

In this phase,

in contrast to the first, there is a deceleration of the capital deepening
process or, when carried to its logical conclusion, the possibility of
some capita 1 shallowing.
conclusion.

T'vo arguments may be cited in support of this

First, as lons as the real wage remains low, the capital

deepening effect traceable to residual innovations of the unintentional
variety is gradually s'vamped by the effects of the

intentional type

-28which is, as we have seen, mainly capital shallowing in nature.

1

The

conclusion is that such capital shallowing or reduction in capital
deepening should be what we expect of any rationally operating labor surplus economy in which relatively mature entrepreneurs, for the first time,
learn to make use of the relatively abundant factor, i.e. labor.

It is

for this reason, that we expect rapid growth, both in terms of a higher
rate of capital accumulation and a higher rate of per capita income, to
accompany the capital shallowing processo
In the third phase of transition the innovation effect may be
traced entirely to the conscious type of innovation--as the unconscious
variety is completely exhausted.
from labor using to labor saving.

Nm-J the innovation bias gradually shifts
This tendency toward capita 1 deepening

becomes pronounced when, with the elimination of the economy 1 s surplus
labor and the consequential sustained increase in the real wage, innovation takes on the character typical of an industrially advanced economy.
Capita 1 deepening will be accompanied by a slow inc; down of the growth
rate, as the surplus labor (a hidden source of saving) runs out and the
econollo/ gradually closes its technology gap with the advanced countries.
Once development becomes more skill and capital-based, the economy relies more and more on her mm internal entrepreneurial talents to fashion
the initial innovational breakthroughs.

1when the real wage climbs to a relatively hi::;her level, even the
unintentional type of innovation will have capital shallowing consequences.

-29In diagram l.:., the time series for capita 1 per head (K/L), the
real wage (w), and the rate of growth of the capital/stock
industrial sector of Japan are shown.
perience, between

rnco

for the

The 50 years of transition ex-

and 1930, can be seen, by inspection, to be

divisible into three possible sub-phases
lines in 1905 and 1917.

<nrz)

marL~ed

off by the two vertical

The year 1917 moreover appears to be a major

turning point, marking off the labor surplus phase from the phase charncterized by the exhaustion of the labor surplus in agriculture.

1

To us,

the operational sisnificance of the turning point is that, in the labor
surplus phase, there is strong population pressure keeping the real wa,se
frorn rj_sing very much and inducing labor-using innovations.

This con-

trasts sharply with the rapid wage increase after l'.:'17, which, according
to our

analysi~

induces entrepreneurs to innovate in a labor-savin3 direc-

ti on.
Based on these data, the average annual rate of increases of the

real wage (w), capital per head (K/L) and capital
in Table I.

stoc~:

(K) are presented

The significance of the turning point in Ll7 is seen by

a comparison between rows (III) and (IV).

Moderate annual increases of

real 1;-Jage before E'l7 (l.77o) give way to much higher rates of increase
(l:.• l.:.%) thereafter.

Equally striking contrasts are shmvn for the rate of

capital deepening (from 1.2% to f.:.• 0%) and for the rate of growth of
capital (from 2. 9% to 4.l.:.%) as between before and after the turning point.

1

Fei and Ranis, Development of the La·oor Surplus Economy:

a,.u_d Policy,

.QQ.•

£.ii;,.

Theori

-30Table I:

Average Annual Growth Rates

real wage

Before Ul7:

(,u_ 1

C'1Qita 1 oer head ffiJL)

capita.LJ.!U

(I) 1080-1905

1. [:

1. 2

2.3

(II) 1905-1917

1. 6

l:.• 0

".-.I+

(III) 1GGO- ls:l7

.

1. 7

2. 1

2 ('":/

l+. 4

4.o

l.:.• l.:.

;After 1917:
(IV) g 17-E2Y

Note:

1
The real wace figures are based on a moving avera8e
beginning in lGGO.

The year 1905 also appears to have some si;:::nificance, by inspec-

ti on of diagram l:., possibly dividing the labor surplus phase into two
sub~periods.

For the period prior to 1905, there is a span of 25 years

of near constancy of capital per head (1.2% per year in Table I), indicating a tendency tO't'1ards "capita 1 shallowing growth. n 1

This is a Si3ni•

ficant phenomenon in the transition of a labor surplus economy.

It

signifies that entrepreneurs have, during this relatively long stretch
of time, developed sufficient maturity and experience to be ab le to
utilize the relatively abundant factor (i.e. the endowment of cheap labor)
by innovating in a labor usin8 direction on top of the imported technology.

This rather remarkable entrepreneurial performance, of course,
did not just happen but has to be viewed as resultin:::; from the development of entrepreneurship in the ear lier period.

Our data ber;in in lCCC

which is more than a decade after the Restoration in lCGC.

For the

earlier period, in spite of the absence of reliable statistical data,

1

Earlier data led us to the conclusion of actual capital shallowing
for this period (Fei and Ranis, ~· cit.). But the important point is
that there is little capital deepening in spite of the increase in the
real wage.

-31there is ample qualitative evidence of the Lind of inefficiencies, based
on the imnwturity of entrepreneurs just moving from azrarian and commercial pursuits into attempting to organize a
which characterized phase one
The

11

modern11 industrial sector,

in the analysis of our paper.

1

period between 1905 and 1Sl7 may be viewed as a transitional

subphase between agricultura 1 labor surplus and its ultimate exhaustion.
During this subphase, the forces leading to the turnins point begin to
assert themselves.

Entrepreneurs are, by now, fully

matured.

that the rea 1 wage has climbed to a relatively hic;her leve 1
induces
vations.

them
2

The fact

now

. to bec;in to shift somewhat toward labor saving inno-

The result is that, after 1905, there be:::;:Lns a decided trend

towards capital deepeninr; t;rowth, i.e. from 1.2% before to 4. 0%
thereafter (see Table I).
The rapidity of ::::;rowth of the econorny as a whole during the SC
or so years of transition reflects three types of forces:
preneurial maturing process,

(i) an entre-

(ii) the process of r;radual exhaustion of

the economy's surpluo labor, and (iii) the gradual narrowing of the
technology gap (or the exhaustion of the advantage of the economy's
1
This evidence includes the massive scale of early, rather
frantic attempts to borrow technology, including i;]hole factories, from
abroad, once the economy had been unceremoniously epened up after centuries of isolation. Secondly, the fact that many of the early factories were built by ::::;overnment on an experimental basis and sold to the
private sector by around lC:so indicates the reduction of initial inefficiencies as the increased competence of private entrepreneurs could
be harnessed. If we had the data our theory would predict findinr;
capital deepening in the early post-Restoration years and an assist to
the capital shallowing tendency already noted above, thereafter.
2
rn addition to this conscious innovation ar;:ument is the capital shallowing effect traced to the exhaustion of the unconscious innovation possibilities accompanying the elimination of organizational in~
efficiency.

-32"latecomer status.") The first factor is the basic cause of the acceleration of the rate of expansion, especially in the early phase.

The other

two factors contribute to a deceleration effect on the rate of expansion.
When we take the rate of capita 1 accumulation as a proxy for the rate of
growth of the whole economy, we can detect, in diasram 1+, a long-run
inverse U-shaped curve (seen more clearly by the dotted curve fitted by
free hand).

This curve reaches a peak just before the turning point

when the surplus labor is
have become fully matured.

e~;:hausted

and when the econow.y's entrepreneurs

1

Any study of the transitional crowth process through an investigation of macro-economic data pertaining to the whole economy must be
accompanied by a reasonable theoretical frarr,eworL.

As noted earlier,

the analysis of this paper constitutes only a preliminary attempt in
this direction.

If nothing elseJ we have demonstrated that what lies

behind such macro data as capital-output and capital-labor ratios is an
eJ~tremely

complicated set of phenomena involving, inter alia, the develop-

ment of entrepreneurship and the coming into play of an entrepreneurial
innovation inducement mechanism in assimilatinrs imported technology; while
making efficient use of a country's domestic resources.

It is our hope

that our theory can be refined and some of our behavioral relations
specified by more thorough empirical investi3ation

in the future.

1
From Table I we see that the rate of grmvth of capital increases
from 2.3% to L~.4% annually (see rows I and II). Durin3 the post-E17
period, the rate of gro,vth of capital drastically decreases from its
earlier peaL as can be seen from the diagram_, and could be observed
statistically by calculating nK for shorter time periods.
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Diagram 4

Sources:
Manufacturing Real Wages are f-rom H..s.kchung J. Choo,
0n the Empirical Relevancy of the Ranis--Fei Nodel of
Economic Development: Comment," A~_:i;ican_l:.~2.riom;i,_s:_)tevi~~i:..
to be published.
11

Capital stock estimates are from l'~§.!il!.@.."t._e_:2_Qf I:,9ng.. ·
v01. 3'
pp. 1Lf9-151, 'rota 1 Net Capita 1 Stock excluding Residences.

1' e r..l!l

E_~QJ.l.Offi..if~.§..t..0.t is _t:j,_c.:...L9f~)2_81)-_S i.11s~~-;U1§Ji,

Employment data from Ohkawa, Ih.~_._Gr9_:1g..th.J3.?t_€._9f _tJ1e
p. lLi.s with 11 total gainfully
11
occupj.ed population serving as an approximation to 11 tota1
employment. 11
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