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Technological Iransfer, Egglgzmeng and Development¥

J.C,H, Fei
G. Ranis**‘

While there is controversy on its definition and size, few people
dispute that unemployment is a quantitatively significant phenomenon in
most underdeveloped countries. Unemployment, disguised or open, represents
not only output lost and opportunities missed in terms of involving more
people in creative activity; it also represents a most important inequity
in income distribution and, as such, a3 major contributing cause to politi=
cal instabiiity. For these reasons, unemployment is generally acknowledged
as a serjous social problem by both academicians and the practitioners of
development planning. In spite of the attention paid to the problem, howe
ever, _a'positive theofy of unemployment for thg underdeveloped sorld has
not as yet been developed.l/ This, we believe, is mainly due to the
fact that unemployment in the underdeveloped world is s very complicaged
phenomenon but centrally related to economic growth in general and technoe
logiéal change in particular, At the present time, what we do know of
~ the causes of unempioyment is certéin intuitive ideas neither integrated,
from the theoretical standpoint, nor tested from the statistical stand-
point. A brief (and by no means, complete) review of the various facets
of the problem which are customarily cited would include the follewing:

(1) Technology and Factor Endowment.. Eekausz/ refers to unemploye

ment as ''technical unemployment" where "techaical" means non-substitutability

*The authors wish to acknowledge the assistance on the empirical
portion of the paper by Miss Marsha Geier of Northwestern University.

**Professors of Economics at Cornell and Yale Universities reSpectively.

_ -/This contrasts sharply with the highly developed theory of uneme
ployment for the mature economy in the Keynesian tradition.

2/Richard S. Eckaus, American Economi¢ Review, Septembes 1935,
"The Factor Proportions Problem in Underdeveloped Areas,” ,
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between eapital a,nd 1lgbor in the production prn;cess. In diagréin (lé.) s let
lebor (c_:api‘b-al) be mea'su'red on the hérizontal (vertical) axis. Sﬁppose
the prodﬁction contour is the L-shsped Cg-curvé (with a corner point at
E2) end suppose the factbf endowment point is at the point F2i. Thén
céLpitél constitutes a bottleneck fé.ctor_ end technical unemployment in

the emount bf‘ EoFo units results. Thus, the ur;employment problem is
essentially & technological phenomenon end csn be defined only relétive»
o the well known characteristic of relative capital scarcity in the
typicé.l underdeveloped o_:ountry. |

(2) Economic Growth. The sbove characterizetion of the unemployment

problém immediately leads to the logical conclusion that rapid capital
accwnﬁlati:dn (at & rate faster than populagtion growth) is the only wey.in
which technical unemployment can be eliminagted in the long run. It is
then obvious that the unemployment pro‘plem cat only be understood in the
context of economic growth in which saving, investment end cépitél
eccumulation play key roles. This is, :i.mplicitly-at leaé’c, the position
of the practitioners of development planning who usually regérd the

| "empioymeﬁt effect" and the "output effect" as the two most importent
eriteria - against which to assess the success and failure of e given
econcmic growth effort.g-./ |

(3) Education end Skill Formsition. For those who believe (e.g.;

Schulfzﬁ/ ) that the development-of human vresources lies at _the heart of

3/ See virtuaily any five-year plan or government policy statement of
recent vinteage. ‘ '

’_{/ T.W. Schultz, "Investment in Human Capitsl”, American Economic Review,
March, 1961. .

e
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econonmic devélopment and modernization, it is the lack of education and
labor skills which prevents labor from being fully employed in the coﬁrse
of the industrialization effort. Thus, it is only through improvements
in the quality of lebor, through education and/or learning by doing,

that unemployment can be reduced gnd putﬁut ragised. It would seem; after
all, that skilled lzbor is scarce in mostlunderdeveloped countries while
it is usually the unskilled lebor forée which is unemployed.

(h) Tnnovetion. One of the most important facts of life in the
develépment of the contemporary underdeveloped system is the availdbility
of "importsble technology” which, once imported, constitutes technological
change from the vicwpoint of the underdeveloped society. Since these
imported Fechnplogies originate in industrially mature economies which
are characterized by affluence in capital and scarcity in labor, their
transplentation to the underdeveloped system will have relatively small
"employment effects" and possibly edverse "output railsing" effects. The
feamous succesgs story of Japanesé industralization bears testimony to the
faét that it is the ability to implant domestic innovétions on top of

5/

imported technology which can be of the greatest importence.* Thus, it

~would éppear that from both the employment and output standpoints a wise

technology-importation process may be described as technological assimila-
tion which is the compounding of the effects of the importstion of a

foreign techrnology with its adaptation to make it more suitable to the

. indigenous factor endowment.

5/ See Fei & Ranis (Development of the ILasbor Surplus Eccnomy, Theory and
Policy,Irwin,1964) for a fuller exposition of this issue.
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The sbove review lcads us to the conclusionrthat while we recognize
that uﬁemployment has a multiple causgtion, all the inter-relationships
have not. been satisfactorily explored. Vhat we shall attempt to do. in this
paper is.tO'integrate these facets into one theoretical framework in the
h0pe:£hai this may take,uSwapstepiclOser:tQ~agggneralitﬁeoryhoffunemploy—
ment for the underdeveloped :.economy: | |

In Section I, we shall construct a general system for'the explanation
of employment and cutput growth. This generel system is broadly constructed
's0 as.to be uéeful for en enalysis of the four main facets of the problem
identified above. Section II deals with the problem under the assumption
of technological stagnation. Sections III and IV deal with the same
problem when the importation of technology is an essential part of the
picture. (Section IIT deals with "imporfation" without locai "adaptation"
~ @nd Section IV with'importatiod' with "adaptation?) Section V is devoted
to a more careful exeminption of the available éhelf of techhology importable
from gbroad. Finally, in Scctlon VI_thc theoretical framework of this pager
will be exemined and verified in a preliminary fasghion in the light of the
experience of historical Japan.

'Section I. General Framework

It is the purpose of this section to introduce the main conceptual tools

es well as the general theoreticel fremework of this paper.

The Technology of Production

Let K be the capital stock gnd L the total lgbor force in an economy in
which N is the employed labor force. Iet a production function:

1.1) Q = f{K,N,t)
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be formally postulzted where, for each tine ihdex "t", the production
funcfion is assumed to setisfy the condition of constant returns to scele.
Under this sssumption the unit production contour (i.e., the production
contour 1=f (K,N, t ) which produces one unit of output at time 1o, )can
be representéd by the curve ¢ &' in diagrem la. This curve completely
describes the ert of production (1.1). Ve shéll refer to the points Ags

Ay, Ap <o... on the unit contour as the unit activities (i.e.; unit

production processes), for which the lgbor and cemnital coefficients are

(uo,ko), (w1,%7), (uos kp)... . Each unit activity determines a capital-

lebor ratioc:

112) T=Km (ioeo’ To = ko/uo; Tl = kl/ul; T2= k2/ 'U.2 .oooo)

which will be referred to es thé technology ratio, and which differs from

the factor endovment ratio:

1.3) kK*=X/L
since the employed lsbor force "N" is generally different from the total
lebor force "L". (In this paper x* will be used consistently to denote-

"x per unit L" -- i.e., x per unit of total lsebor.) In diagram la, the

technology ratios are represented by the slopes of the technology lines

oto, Otl, ot2 ses e e

The unit activity concept is used to facilitate our introduction of certeain
unconventional notions of production. For esch unit activity (Ai) we wish
to associate a hon-substitutdble (i.e., strictly complementary) production
rrocess, as depicted by the L-shaped production contours cy (i =0, 1, 2, 3, ven)

in diagram la. As we have pointed out ezrlier, technicel unemoloyment in the
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sense of Eckaus cen be‘defined with the gid ofnthese contour lines. For.
exsmple, when the preveiling unit activity is A, end when the factor
endovment point is T, fechriicaiunemploymeht is EgF, units. This is
due to the fact that the point F2 lies on the L-shaped contour Co which

6/

represents the opergtion of the unit contour c, on a larger scale.—

As long a@s the factor endowment ratio is lower than theitechnology ratio
(i.g., K¥ < 1), there is technical unemployment of labor. Development

with this characteristic will be referred to as unemployment or full

capacity (of cepital) growth. Conversely, K¥ ST is the defining property

of full employment growth in which a pert of capitsl capracity will not be

- utilized., This: .
1.ha) K% < T (unemployment growth)

b) K¢ > T {full employment growth)

In the case of en underdeveloped society cheracterized by an sbundance

6f unskilled labor the unemployment growth cese is clearly more relevant.

Innovations are defined in this paper as eny chenge of the unit activity

through time. Thus, inno#ations noy be depicted either by e shift of the

position (generally toward the origin) of theAentire unit contourz/, or by
8 shift of the unit ectivity along the sgme unit contour; such as a shift

from A, to A In short, eny deviation from the current (non-substitutzble)

l.

production ﬁractice will be viewed as egn immovation. As en illustrétion

6/ Under the assumption of constent returns to scale, the scale of operation
is OEE/OAE.

Z/ This is the conventiongl definition of innovation as used, for example
by Fei snd Renis. (op.cit.)

B
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of this rather unconventionsl concept, let Aél(diagram le) represent the
curreht technclogy of en underdeveloped country. In comparison, the
technologles of the industriglly advenced countries gre characterized,

“in varyiﬁg degree, - by higher technology ratios, i.e., unit activities
which are more "cepitsl using" end "lsbor seving'. Thus, we mey describe
the spectrum‘of technologies for ell édvanced countries by the unit
contour which; from the viewpoint of the underdeveloped dountries, depicts
the availability of new, potentislly importable, technologies. This
 contour summarizes the twin forces of technological chenge end cepital
deepéning in the developed world; Ve intend to explore its significance
more fully in Section V. Let us accept for now that, for the less

- developed economy,the actusl innovetion process due to the importation

of technology “cen be described by a movemént through time upward along .

the contour line Ao;Al:Ag: seesa

Improvement in Lesbor Efficiency

Let the unit contour #'@' of diagraem la be given. For each unit ectivity
‘Ai contained in ¢ @' , the inverse of the labor coefficient:
1.5) p=R/N (= 1/u)

is-fhe(averagé) productivity of employed lebor. The productivity of labor

for each unit activity, i.e., p; = 1/uy (i=1,2.....) is represented by

the rectengular hyperbole in diagrsm 1b lined up with the contour map. The
conventional interpretation of lgbor productivity (Pi) is thet es
"homogeneous lebor" is equipped with more capitsl goods in the course of

the capital deepening process (l.e., as the unit activity shifts upwerd
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along the unit contour Ag,Al,AE, seses) the productive efficiency of labor
- increases gutomatically. While sugh a formulation may be suiteble for

an industrially mature economy, it is inadequate for the underdeveloped
economy. This is becsuse of the much grester importance of the resl
learning effort (through formal educatlon or "learning by doing") generally

regquired if the efflclency of lgbor is to be improved at all.

In keeping with our interpretation of the unit contour sbove, we shall
interpret the magnitude pj as the demand for labor skill of & particular
quality. Moving to the left in diagrem 1b simply means that there is &
demend for lebor of higher average skill (i}e,,'pi is "higher") as the
typlcal worker is required to beccme acqualnted with and operste a larger
volume of real cgpital goods. With increasing technological complexity;
in other words, the average worker needs to_be of a higher Quality vhich |

is indicated by the proxy varisble p;-

In diagram lc let time be measured on the horizontal axis (to the left)
and let the productive efficiehcy (i.e., the qﬁality) of labor; as
neasured by its sverage productivify (p);, be represented by the lsbor

improvement function. Conceptually, iabor efficiency through time is

determined by such factors as education, training, learning by doing, etc.
To simplify our analysis; let us assume that this lsbor improvement function
is given exogenously. In case lsbor efficiency is improving at a constant

rate, the lsbor improvement function can then be written as:

1.6) p=poeit or Ty = i
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MeN

vhere "i" is the rate of lsbor improvement. (In this peper the notation

T staﬁdé for the raste of increase of x.) Given the lebor improvement
function and the unit contour we can determine the unit activity which
will actuélly be achieved through time. Thﬁs, gt eny time t;, the unit
activity which cen be achieved is A; as labor productivity reaches the
level Py (1=1,2,3, eveee). Thus, in our View, the improvement of lébor
efficiency causally determines the prevailing technology when a "technology

matrix" (i.e., a set of unit sctivities) is given.

Growth of Canital and Lébor

In =2ddition to the ebove innovational aspect of the problem, growth
promoting forces in less developed societies,. of course, include growth
of the labor force end of the cepital stock. To simplify the snelysis
of the growth of these material resources we shall assume the constency
of the population growth rate (r) end of the everasge propensity to save (sj:
1.7a) I=1I, et or =T
b) 8= Ie sQ
c) I= dK/at
Equation 1.Ta) is represented by the popﬁlation growth curve in disgram
1ld. The time exis (péinted downwerd) is eligned with that of diagrem lc

(pointed to the left) through the 45° line oo*.

The deterministic aspect of our model consists of the interaction of the
forces of inmmovation and materisl resources accumilsbtion. We assune

knowlédge of eveilsble technological choice along the unit contour, of

e
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the lgbor improvement function end of the populetion growth curve. Thus,
in disgrem 1, at t = 0, given initial lsbor productivity at P, and factor
endovment at Fo, we cen determine, from pg, the unit technology A,, and

the technology ratio (radiel line Ot,) as well es the employment and output
point (Eo) end the ambunt of unemployment EoFge VWith the gid of the labor
improvement function of (1.6), the savings function of (1.7b) end the
population function of (i.7a), we canlthen determine the lsbor producfivity
p, end the endowment point F, in the next périod. In this way, the growth

process 1is dynamically determined es swmarized in the employment psth

EOE1E2 s0000 and the endolwment path F0F1F2 soee o

In the generel framework just outlined the determinetion of the growth

process implies the determination of per capita income (Q*) end of the

degree of employment (N%), or the degree of unemployment through time.

These essential indicstors of economic welfare on which our gnalysis

centers will be.dencoted by:

1.8a) Q% =q/L (per capita income)
b) N*¥ = N/L (degree of employment)
c) U*¥ =U/L (degree of unemployment) where

d) L =U+X

To facilitate our later work,; the following formulse will be seen_td be
helpful:
1.98) N¥ =K¥/T ..e.evenvoessess (by 1.8b, 1.3 and 1.2)

b) Q% = PN = pK#/T ......... (by 1.88, 1.5, 1.8b and 1.9a)



-1]l-~

Notice from cdiegrem le thst when the endowment path end the employment
path do not intersect, unemployment cen ncvef be eliminated through tine
(as is seen by the existence of a horizontal gap between the two curveé).
In our eerlier terminology (1l.ke), the cconomy then finds iteelf in a
permanent unemployment growth regime. Conversely, when the two paths

do intersect gt some future date, the ecénomy shifts from en unemployment
to a full employment growth regime. (In such a regime, the vertical gap
between the two curves represents unutilized capital capecity.) The.

point of intersection will be known as the terminal point which merks \

off two stages of growth. Whether or not an economy is succeggsful in
reééhing such a point 1s an important.aspect of our.: .

analysis.

For easy reference, the general fremework of this section mey now be

summarized as follows:

]

1.10a) Q
b) P
c) K*¥=K/Ty @ = Q/L; N = N/T veoececscocsses {1e3; 1.82b)

£ (KyNst) eevooceessascasssascasasannse (Lo1)

Q/N; TK/Y veeeevencovosonosoassansanse (125 1.5)

d) ﬂ§= 1 s rtUs e yvTEeansosncassncrcsosonsene (Le6)
€) TL= T ecoecosscccooososcsscssosssossacecscs (LoTa)
£) I = 6Q cosoeevsseoscccsosscsscsccssosscoasa (LeTb)
g) d&k/at = I (1.7¢)
The model presented here may be viewed as a genersl framework for analyéing

the vnemployment problem in the course of growth, teking into account both
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technologicnl clenge cnd the augmentetion of huen znd casitszl resources
over time. In the sections which follow we shell, by posttleting sone
specizl concitions releting to this general fremework, explore a nurber

of typical rezl world gitvations.

Sccvion IT. Devcloﬁment with Stagnent Technology

One real world situetion which mey occur in a less developed society 1s
cotzplete concentreiion on cepital zccumulebion snd neglect of the improve-
meﬁt of le bor efficicncy, leeéing to technblogical stegnetion. This unhappy
cese is typified by the constancy of lebor produetivity, p, which leads, in

turn, to the constancy of the cgpital-output ratio, k Hence the general

oo

foTGIOlh of 1.1C) in the last zection reduces to§!

2.1s) Q= K/kc')
b) »=QM
¢) =1,
¢) agfat = sQ

e) L = Lgert

vhich is, in fact, en extension of the feamiliar Herrod-Dorsr molcl.

To understznd the rules of growth of this model completely, we should note
thet the technology ratio (1.2) becomes:

2.2) T=K/N = kg Py seseoesses (bY 2.1abc)

vhich is congtant. This meaﬁs that the < echnology Jine coincice tn the
emnloyient path, i.e., the redial line 0T, in cdlagrem 2 describes both.

As lorg as the factor endowment retio is below (gbove) this line, the

8/ ¥ore cxactly (1,104) reduces to (2.1c) when i=o. The congtancy of lebor
productivity (p) in turn lesds to the constency of T kg (l.lCa) under
_the assumption of constent returns to scale,
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economy is‘in the unemployment (full employmeht) growth regime. In the
more typical unemployment growth regime the constancy of kg immediatgly'
 leads to the following famiiiar Harrod~-Domar growth rates:
2.3a) Ty =1, - s/k, (by 2.1ec)
b) nK* __=s/k -r':h..,...a..... (by23a,am)
The fact thet the country is in the full capacity growth regime 1n1t1ally
(i.e., in dlagram 2_the point E, lies below OTO) is given by the condition
2.4) K& =K, /L, <T = kgp,
As is wéll known, with the Harrod-Domer model we may have the case of
success, with per capits income increesing, or of failure, where it A
decreases. These two cases are given by:
2.58) s/ko >r (sﬁccess, 1.e., low population pressure case)
b) s)'k0 <r (failure, i.e.; high pojulation pressure case)
In the case of "failure" (i.e., the high population pressure case), there -
will be_continuous decreases of per capitas income gnd of the endowment
ratio (2.3b). The latter condition implies that the endowment path (i.e.,
the curve E,F in diagram 2) moves awey from the employment path and hence
the country will never be a@ble to solve iﬁs unemployment problem. Conversely,
the "success" case (2.5a) implies that per cepita income increasses through
time and that technicsl wnemployment cen be elimingted at some point

in time which is given byd/

2.6a) ty

SIS

1 ‘1n (T,/K%) or |
sk - T , -
(l/h) In (1/N%) ciesocoonsocnns (by 2,6a; 1.9a)

9/ Notice that the value of time (ty) is comple'tely determined by "h" (2.3b)
end the initizl degres of employment NE. This equelion is easily derived

by equating T, and K% b (2.3b) ana solving For i
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In diagram 2, the success case is given by the endowment path'EoH which -
crosses the employment path et H et the terminal point. At this poiﬁt
the country moves into.thé full employnent regime of growth. Capital
is no longer the scarce factor and the economy can be considered to have

reached economic maturity.

In the full employment grow{h regime, the constancy of lsbor productivity
(2.1¢) and of ths population growthirate (2.1e) imply that output
continues to grow ab the same rate as popﬁlationz i.e., Tq = r. The
constancy of the average propensity to save (2.1d) then implies that
investment also must be growing at ths same;fate (i.e., ﬂI =1r), Ve can
then easily calculate the time path'of capital (K) and of the factor

endovment retio (K*)

]

2.72) I =dak/at = I, "t

b) K = A+Be™ where A=K -B; B=I_ /T > 0 cvevvvveanonss.(by 2.7a)

"

4

¢) K¥=K/L = A/ibert + K¥* wvhere K¥ spo/r = B/Lo
' (proof:§§§=B/Lo = Io/rLO = sQo/rl, = spo/r)

The last eqpation'(EOTG) shows that K* approaches & long run stationary
value K* = spo/r. >Furthermore, ¥ monotonically'increases if; end only
if; A (in 2.7) is negative; i.e., if end only if

Ko <BorK, <L, K# or K§ < K*  or koPo < spo/r (by 2.2)&9/ or

Notice that the last inequality is the condition for success in (2.5z)

while the underlined ine@uality states that the stationary Vaiue of K#

<

ig/ I ihe second regins the initial value of Kﬁ is egqual to the techuoleogy
ratio. ‘

)

¢
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is greater than the initlal value X wvhen the condition of success is
satisfied. Based on these results fhe case of success-is depicted in
diagrem 2 by the endowment path EjHF, which approaches the (dotted)
redisl line in the long run.ii/ This dotted line will be récognizéd as

defining a "Von Neumsnn state" characterized by the long run constancy

of the cegpital-labor ratio.

The sbove is a brief but rigorous summery of all the essential rules of
growth of the Harrod-Domexr model. There are two distinct cases depicted

. by the twb endovment paths in diagrem 2. In the case of failure.the
country stgyp forever in the unemployment growth regime end unémployment
continﬁes to worsen. 1In the case of success the‘country reaches a términal
- point where unemployment disappears and whence it iends toward the Von
Neumenn regime in the long run. The arrival of this terminal point chzr-

ecterizes reaching economic maturity.

Let us now exsmine the quantitative espects of our anelysis. Using (2.6b),
we can easily calculate, for the success case, the "multiple” by which
the following economic varigbles must increamse et the terminal date over

their respective initisl values:

2.8a) Q*/q¢ = 1/m% (Q@¥-multiple et terminal: -point) .
b) Q/Q o= 1 Q;multiple at terminal i point) .

© N§s7kh (
¢) LI, = —= (L-multiple st teitiinal:  point)’

N.;oer/h

11/ In this full employment growth regime, the unutilized copitel capacity
at Fy is ESF, wdts.
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Wercan rext investigate the time paths of the degree of employment (1) and
of the magriivde of vnemploymen®t (L-W) in the unemployment growth regimee
The ccnstency of the techrplogy ratio (2.2) implies that the amount of
employment (N) is growing at the same rate as capital. Hence the degree

of employment is groving af the seme rate as per capita income

(i.e.; ﬁéﬁ(=s/ko~r)_) and hence, in the case of succéss (failure), the
degree of employment gradually increases {decreases). The megnitude

of uﬁemployment and its direction cf change ere given‘by

2.9a) 1‘;’:1};&1:.()(3” - Noe(S/ko)t

B

o if and only if v/ (1§ s/ke)

AN
AaN

éondition'(2°9b) in combination with oﬁ?;previous englysis of the ca;e of

. failure £2.5b) immediately engbles us to differentiate the folloving cases
in terms of the relationship between the strength of the population pressure
end the mﬁgnitude of unémployment through timezig/

2.10z) high populstion pressure: s/ky <71 (U monotonically increases)

b) moderate " " N sfky, < r<sfky (U first increases then
decreases)
c) low " ‘ : r<N% s/k, (U monotonically decreases)

Notice that 2.10z is the ssme case of "feilure" duz to high population
pressure as in (2.5b). We see that for this case, not unexpectedly, the ghsolute

magnitude of unemployment increases sll the time, Cases (2.10b) and (2.10c),

on the other hand, constitute two sub-cases of the case of "success" in

'ig/ From 2.9b, we see that the analysis of the direction of chsnge of U
obviously depends upon the comparetive magnitude of "r'" and N s/k."

. . = , 0 e
Since NI /no is less than s/hoptﬁesetwo nunbers rark off three rsgicns
on &

1l 2
the three cases of 2.10.

aitive popuiztion growih (r) exis. These three regicns constifute



TERMINAiaAND SWITCHING POINT CHARACTERISTICS - MODEL OF STAGNANT TECHNOLCGY

Tehle 1

At Terminal Point At Switching Point

1-3%{o0) r s/kO (s/ky)-T Duration | @r/a¥, /T Diratice | Wr /e g g3
(1) (2) (3) (%) (5)° (6) {7) (8) (9) {(10)
(1) .02 -0.005 F cm= - ——= -—- - ———

0.025 (2) .ok 0.015 M 14,876 1.250 | 1.k50 - ——— -

(3) .06 0.035 M 6.375 1.250 | 1.173 ——— ——— _—

-

(%) .o2 -0.01 F —— _—— ——- - --- o

0.030 (5) .ok 0.01 M 22.31h 1.250 | 1.953 - -—- .

(6) .06 0.03 M T.438 1.250 | 1.250 -—- -—- S

(1) .o2 -0.005 F ——- - - —— ——— S
0.025 (8) .ok 0.015 T 34.068 1.667 | 2.3k 2,740 1.0k2 0.625

(9) .06 0.035 M 1L .601 1.667 | 1.kko --- -—- -

(10) .02 | -0i01 F - - ——- S ——— o—-
0.030 (11) .ok o.0L T 51,102 1.667 | 1.705 22,31k 1.250 0.750

(12) .06 0.03 M 17.03% 1.66T7 | 1.667 S -—- ——=

~ F - Feilure

T - Success with switching peint

o

M - Success without

swiltching point
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(2.58). Specifically, in the low population pressure case (2.10¢c), ,'l:hev
magnitude of unemployment decreases monotonically until the terminal |
point is reached. In the moderate populahbicn pressure case, the nagnitude
cof unemployment'will firgt incresge end then decrease before the terminai

point is reached. Thus vwe can identify a switching point in the magnitude

of unemploymenﬁ as the economy moves towerd the texrminal point. The
length qf time it takes to reach this switéhing point‘is given by

2.11) t4 = (1/h) 1n (/2 8fky) vevucnceniececs (by equality in 2.9b)
Tt msy be noted that the xhoderate population pressure case (2.10b) is,
in fact, very likely to occur in the real world (see Teble 1 below)

and hence such & ccuntry should not expect its unxmplcym =0t Prbbl em to
be solved'immediately, With the aid of (2011), we can easlly deduce ths

following irdicstérs vhich the economy exhibits et the "switching point':

2.12a) Nt = r/(s/k,) , (degree of employment at switéhing poiut)
b) Q““ /Q”“o = r/I\”r‘* s/k A (@*-multiple at switching point)
c) L/Ib = (r/N“ s/k, )r/h (L-madtiple " ")
a) Q/q, = (r/hg s/ko)s/koh (Q-multiple " - ")

As en épplicaiién of the various formulge derived above, we present
Tghle 1 in which certain terminal and @Witchwng point chargcteristics ave
caleulgted. Iet us investigate cases with a high (40%) or & low (20%)
initigl degres of unempiéyment (Column 1), & high (3%)'or low (2.59)
degre= of population pressure (Column 2); and rateé of capital'and inccne

growth vhich vary between high (6%), redium (4 ) axd lov (2%) (Column 3).

P
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The rate of growth of per cspits income ("h" in 2.3b) can then be
caloalated in{Column 4). Here we also indicste whether the case is

1

one of "failure"; or "success” (with or without a switching point)

according to (2.10). For the termingl date, we calculale the duration

of time (using 2.6b in Column 5), the Q¢-multiple (using 2.8, in

Column 6) and the L-multiple (using 2080,in Columa T). For the switchiug
-EQEEE,WhérG gppliceble (i.e., the ﬁoint at which'unemploymenﬁ begins to
decline sbgolutely), in the case of modest pepulétion pressure we calculate

the dursatbtion (using 2.11, in Column 8), the Q¥-multiple (using 2.12b, in

Columm 9) and N* (using 2.12a,in Column 10).

The results of Teble 1 permit us to recognize thét for the reslistic ranges
of paraméters péstulated in Columns 1-3, all the theoretically possible
cases are, in fect, likely to occur. VWhile & low rafe of growth of Qﬁﬁput
or capitel (2%) points to failure (and the impossibility of ever solving
the employment problem) higher capital growth rates (4% end 6%) point to
guccess. Within these "success" cases, if the initial degree of unemploy-
ment is low (20%), the country cen count on continuous decreases in the
. emount of unémployment over time; on the other hend when the initisl degree
of unamployment is high {e.g., 40%), the country is more likely to
experieuce gn incregse in unemploymnznt before unemployment finslly declives.
Moreover, & slight veriztion of the populsticn growth rate (from 2.5% o 3%)
can bring sbout e large change in the “Qaiting time" required for the

switching point to be reached (from 3 years to 22 years in Column 8).
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As Tar sz the length of time required to eliminate.unemploymént completaly
(i.e., 1) is concerned (Column 5); in the case of a high rate of

capital growth (6%), the country cen count on eliminating unemployment in a
forescezble Iutﬁre (from 6 to 17 yeers). However, when the growth raﬁe

of capitel is low, (%), %, becomes so lerge (14 to 51 yeers) that the

social ond politicai problems are likely to be difficult to deal with.

-

On the whoie, we cannct svoid the feeling that development under a

situation of gtagnent technologyrbasically leads to pessimistic conclusions.
For exsmple, vhen the initisl degree of unemployment is lowv(eo%)‘9 the
country cen obtazin a very modest incresge in per capita income, e.g., cof

25% in‘lh years, by the terminal date. If the initiel degree of unemployment
is high, tﬁe country mey kave to walt for 50 years to raise.per capits

income by two-thirds.

Fortunately, these somber conclusions rest lsrgely on the assumption of

s static technology which must be viewed as a speciél case. In exploring
the significsnce of these findings for the real world, however, we nust

be quick to adnit that in o1l too many cases such static technology
assumpticns uvnderlie the ﬁork of develcpuent planners. There exists

a general tendency to concentrate on the real resources side of the growth
process vhile neglecting the dynemics of technologiczl chenge, especizlly

of the indigenous variety.

3

Our ansliysis gbove gmply demonstrates the insdequecy of such & Herrod-

Domexr world. Per coplia income growth con teke plece only in the first

P



-20-

(vnemployment growth) regime cnd at relatively modest multiples. In
the seccond {full employment growth) regime per capita income is consteant
and equal to labor productivity, p. Hence the maximum per cspits income

multiple for all time in this world is that vhich is experienced during

the first regime in accordance with (2.8), i.e., Q%/Qg = l/Ngo This

tells us that the greater the degree of initigl unemployment the greagter
the potential per capita income multiple. This underlines the noltion that
unemployment end vnderemployment constitute the mgin element of "slack"

in the less developed economy end that their elimination represents the
primary source of potential income gsin in & techndlogically stagnent
sociely. Bub éven more importently it tells us that this modest multiple
is 81l the. society can ever expect. It is this latter conclusion, in
particular, which empheacizes the insdequacy of the "resources sugnmenta-

- tion only" apprdach of Harrod-Domgsr. A realistic conceptual Fframework
from both the theoreticgl and policy points of view must tske into account

the possibilities of & non-stsgnent technology.

Section TIX. Big Push for Modernizstion

To many & planner in the contemporsry less developed world the most
popular type of techmologicsl chenge is what may be called the "big

", 'This meaus thez introduction, in a virtually

push for modernizgbion
wmedified form, of imported technology of the lotest and most advanced
variety. This typz of imnovation process results nainly from the

influence of the "demonstration effect", i.e., the desire by entreprencurs,
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usually encouraged by e veriety of govermment poliecies; to emlate
production functions proved feasible elscwhere though usually under

radicglly different endowment conditions.

As was explained in Secticn I; the évailability of impbr‘bed technology
wiil be denoted by the unit contour @ ¢' in diggram la. Here the

process of :mtroduc;ing the Imported 'bechnolo;gz;y is deplcted by the sequence
Ays Bys By «o. representing progress towérd more "capital qsing" end
"lgbor saviﬁg" technc;logy. If the rapidity of the importation of
technology is controlled by the rapidi ty of labor productivity increase

we can determine the prevaiiing unit activity through time. Using &
Cobb-Douglas function to approximate the unit contour @ &', the model

ﬁpplicable to the big push for mcdernization follows readily from the

genaral fremework of (1.10). By using (3.1s) in place of (1.10a), we have:

(3.18) Q=XK¢ ¥ o <g<l implying
Cop). =gt .. (z=XA)
‘ . (x =x/)
a) k= P(l/g’)“l .+ (by 3.1bc)

.
!

"
&

We cen then v eadily derives th# following growth rabes:
3.2a) T = it . . (by 3.3b end 1.104)
b) T =i(l-w)/a=D>o0 . . {by 3.1c and 3.2a)

¢) M,=-1=-D<o.. (by 3.2; T = s/k)

o o/D

d) T e Tt ("](')Esis‘lkatt—)
K=K K/— ) ' vhere Rk .= e

It
P’V

>1. . . (by 3.24)

e
oy
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To investigate the dynemics of the "big push for modernizetion' growth
process we see that since lgbor productivity is assumed to increase at
the constext rate (Tp = 1) the technology ratio T=XK/N (3.2a) and the
capital-output ratio k=K/Q (3.2b) ere both increasing at posgitive
constent regbtes ~- as we would expect. Since the average propensity to
save (s) is assﬁmed to be constant, (3.2¢c) indicates that the rate of
growth of capitel is decreasing at a constant rate (-D). We cen then
easily cémpute the tinme paths of the rate of growthAof éapital (3.2d)

snd of the capitel stock itself (3.2e). We readily see thet the rate

of growth of cepital (%) monotonically decreases to zero (from its £
initial value ﬂo ) and that, in the long run, the capital étock graduglly : ;_
| 13/ |

incresses to a maximum velue {K) from its initial velue (K)o Thus,
the endowment path of diagram la would =pproach a horizoﬁtal line

asymptotically, | -

Ve have thus demonstrsted the futility of development via the big push

for modernization spproach, The conclusion is thet & counitry which

blindly imitstes cgpital intensive techniques develcped abroad as fast

as its lsbor efficiency level permits cannot escape the dismal prospect

that cegpitsl accumulgtion will sooner or later cease. Notice that this
tility thesis igs valid regardless of the magnitude of the savings rete

(0 < s < 1), the rate of lebor improvement (i > o), the populetion growth

‘rate {r > 6), or the nature of the availablé technelogical shelf; as

measufed by @. Thus, in case a country is determined to embark on =

big push policy, & national effort directed

13/ The solution of this Gifferentisl equation will be investigated
lster on (see k.9 and 4.12 beiow),



-23-

at susterity (raising s), birth control (lowering r) education (raising i)
or the availaﬁility of importable technoiogy will not be sufficient to
| L/

allow the country to escape from economic stagnation.

Let us reexsmine vhat is wrong with the "big push" from the "inﬁovation"

stendpoint. Let the unit contour ¢ @' be reproduced in diagram 3 where

point A is the initigl wnit activity, with initial éapital and lgbor

coefficients ab (uo, ko). Since innovgtion must reduce at least one

of these inputb céefficiénts,‘movement from A to peints within quadrants

IT, III, IV of the "circle" gbout point A indicates which factor of i

prodvction is "saved" (i.e., reduced) or "used" (i.e., increased) because v

of the innovghtion.

As we have seen in Section I; if E is the factor endowment point, the
initiel technical unemployment is eE units. It is apparent that an
innovation will’

i) increase technical unemployment if the technology ratio
' ig raised. ’

ii) decrease output if the capital-oﬁtput ratio (k) is raised -
as long as technical unemployment conditions prevail.

It is thus spparent that of‘all the possibilities of innovations (quadrents
II, IIT end IV); the "big push for modernizetion” possibility is the worst
- since, when the movement is in the northwestern direction along o ¢'

(quasdrant I), it creates more unemployment end depresses output.

14/ This pessimis®ic conclusion can easily be strengthened bv en investigstion
of vhat happzusto the rate of growth of output {Q), employment (N},
per capita income (Q/L) or the degree of employment (N/L). Oue can
euslly wverify the fact that; in ths long ruun; the raie of growth of
all these magnitudes will approsch zero. (see equation 4.8 below).
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The difficulty with the "big push for modernization" is the well-
recogaized fuct that the heavy capital using nature of most mocdern
technigues makes them unsuitsble for a capital scarce country.” This
was shown rigoerously in 3.2c above where the cgpital deceleration
.phenomenon testified 1o the inherent impossibility of sustaining a
reagonatle rate of capital accumulation. Differently put; the high
lgbor @roductivity of modern technology is achieved in the cgpital
scarce underdeveloped couuntry oniy at a considerable cost, ioe;, only

a limited number of workers can be employed through time. Thus, A

0

develoPment through the big push for modernization route 1s comparable
to dévalopment of economic enclaves under a colonial system, i.e., &
smail portion of the labor force is engaged in very cepital intensive
préjects while the overall level of unemployment continues to rise.
Neither technological stagngtion nor the blind use of imported technuc-
logy cen thus be considered a visble alternztive for the underdeveloped

society. Obther, more imaginstive, alterngtives must clegrly be exsmined.

While there is cousiderable consensus among economists and practitioners
glike on the unfgvorgble employment effécts of imported technology, much
controversy surrounds the question of the cutput effects. It is, in fach,
& major purpose of this paper to present a more rigorcus formulation ¢f
this prcblem by exsminiung the»natufe of both the process of technologicszl
assimilaticn end the nsbture of the availsble technological shelf. The
gbove controversy can be sgettled only via sn investigation of the relation-

ship bebvsen thess two Imporiant phencmans,
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Section IV. Techuological Aszsziwmilsbion

The fact that imported technology is available to an underdeveloped
society 1s probebly the most importemt single "fact of 1life" affecting
its growth performsace. We heve just seen, however, that this shelf

of technical kuowledge must be used wisely if economié development 1s to
really bensfit. It is essential fc:»f the underdeveloped country to echieve
a bleading of upc,ri,ei grd irdigesous technology so as to breed a new
teehuelogical mix mors sutbeble o the f}’pical facter endowment of the

‘eondenporary uwederdsvelopsd eccacny. We refsr to such an innovation

proceass &s technologicsl assimilation,

-;.Eechno&cvgical assinmiletion comnobss two related ideas: the importé.tion
of technology (as formulated in the last section) and the "blending”

of this ‘t@c?moiog' with éndlgc::f\us inmovetions. It is the second
@spzct  wilch now nesds to b more rigorously formulgted end Epantified.
Our englysis of the .futili‘tvy" of the big push for mod«g:fniza‘bion suggests
thet if the desired or beneficigl resuits are to be achieved by such
"bleading", the neb effecﬁ of . this new lusovationsl activity must be

in & cepiial-ssving or lehor-using @irsction in order to counteract

e}

the opposite effects causei by the Izportgblioc.

)

M

: Refer1°5:1g- t0 disgregm 3 in which the Initisl walt techaology is at A, the
importation of technology iz rep¥esented (as before) by & change in
the unit techrology from & to B. The "'blénd:‘mg" of teehnolo‘gy nay nox;
be depicted by a dowawsrd shift of ths .wﬁit tecﬁnol.og;sr from B to D

n the egplisl-outyub reblo. Soch iDmovebional

ASo

representing g decling

o
o

o e ——

o’

—
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'blending gchbivity mey be equally well described as cupJ.'l:al ptrctchlng

which meeans essentially that the underdeveloped economy, by stretch;.ng
'bﬁe use of its scarce resource (i.e., cepital) cen make fuller use of
its gbundent resource (i.e., lal_)or)o The be_ne.ficial ngture of capital
stre'bching cgn be s2en Adirectly f:‘rom both its- enployment-raising effects
end its omupu+mrals’1ng effects as w cons guence of the decline in 't;h'ts

15/

capitgl-cutput ratic.

For & quantibetive measurement of the degree of cepilh tal stretching, let

k gud k' deuobe the caplital-cubput ratios eb B gad D, respectively.

,.z‘.'

We def:me,

b)) m=k/&k' > 1
b) kf =x/Q
where "ot myy be referred vo as the degres of cepital stretching end
"k" is the effective capii alna::uuft;pi'::t réa:bio efter capi’cal stretching.

B

A quszxu r.,at ive tregtument of this phenonsnpon oavnc’usly necessitotes an -

o

Invegtiggltion of “"%e forses vwhich i}@hﬂf’ origtically determine the

Bazieally, the strength of eny such innovation must be determined by the
"quali‘by of the humsn resouraes within a ecciety. This includes such

Iastors es lghbor sills, entrsprersurigl ghility as well as government

efficiency and the wisdom of the system's economic policies. This m
: Po. ey

15/ In diagrem 3 if th
cepitel stre tc}L ng,
gt point b (=0b (R

& endowment 'pomt, is fixed gt E as a result of
s ewmploymewt is increased by bd units. Output
) iz lsss thon oubput eb.point 4 (=04/0D).
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be sumnarized by the qus;i'by' of the soclety's humen resources as g
product of ed: »_c:a,-ior_a.' and learning By doing et eny point in time. Ve
ney thus reascnably postulste that m is positively reJ;ated to the level
of lgbor productivity reached. Such g bebgvioristic relation may 'be

appmx:‘ima‘tzsad by the following cepitel stretching function:

L.2) = (p/pc,)c >0

whers p/; is the degras c:‘“ insrease of leboy productivity summarizing
a socleby's cumal a.,:‘,vc. experience with «?}izém_gmg technology, and where
Yo" 1g the elasbiciiy of "n” wiih respert to "p/p,". The shepes of the
cepital stretehing Tunctions for alternztive vaiues of "e" are given
in @lagren b, For o=l; (z < 1 gnd ¢ > 1), the apital shtretching
functions ere reprss sented by WX (WY avd W2). In our formlation the -
value of "« is cbviousiy s mosh Important parsmeber as it is only
when the value ¢f "o" is pufficiently large thet the model of techno-
loglcal assimilaticn is sufficiently different from the big push for
moderilzabicn caze {hen e=o, msl and the capitel stretching function

15 W', fe%es we mve bock to the big push cass)e

bz in ths last sasbion, ths Cobbe-Douglss fumction (3.1a) is again taken

1o -daseribe the avellebility of lmportzd tachmology. Thus we obtain

b) a = }%“‘_ i b =1/ -1l -c (by 4.2 snd 3.13)
Making wse or{k.1b) end p = O/, we cen resdily calculate the Gffective
(i.=., postwassimil,i;ion) relationship betwesn cap.,zial, lebor end

cutpub s

e

-
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, B 1-B
hoha) Q= QK N vhera

b) B =c/(l-c )= 1/(2%) (by k.3p)

¢) Q= (1/ (1-=c/g) )(by 4.3, bo1b and p=Q/N)
Equebion (k. lu) formally resembles a Co b»Dougluas function where the
Cobb-Donglas coefficient B (im 4.bb), as a function of "e', is repre-
senﬁed- by the ﬁwo bremchas of the curves in diegrsm 5. There are three
eritical regions of values (Casss, I, IT end ITI) for "c¢" as marked off
by the criticsl values indiceted on i“h» ho igcrntal axis. The three

] o 1
cases in ascending mggrnitudes of "¢, the cspital-stretching cosfficient

ares

L.58) Cass cre: o0<B<l for o<ec< (l-a)fe e
b) Case twos B>1 | Por (L~ w)/u <¢< l/c;
¢) Caze thres: B < o C for 1w <c

T+ 43 coly in case ons that {4.ka) rescmbles s genuine Gobb-Douglas
pr@duc'ticen function. Im casé two {three); the wnit production contour
(],::Q,,::KEQSLME) is positively slcped snd convex (concave) es fepresented by the
carve ADO {8E0) in dlegrem 3. In the csse of ADD, for example, the imported
capitsl cm%;:utrét"?o is 9': pc:j.mﬁ "B" in dimgrsm 3 and the smount of decline
of ths cé;pits cotput rghio dus to capitél gbretching is BD. The effective

capitgl cutput retio (k') is ab point "DV,

A formel model of "development with cspital assimilation" can be con-

structed by replacing the general produchicn function in (1.10a) .




~2Q-

by (b.ks). Ln sunmary, there are five paremeters ( &, c; i, 8, r) in
the model swmzrizing the availebility of importsble technology (#),
the indigenous capital stretching effort (c), populstion pressure (r),

savings behzvior (s), and the improvement of lebor efficiency (1).

For case one in (k.5), the "assimilation medel" is virtually identical

1,

to the "hig 1>u~h" nodel. {(i.e., 4.hg 15 effectively the same as 3.la).
Hence we Dmsdigtely coms to the conclusion that to avoid stagnation there
must be @ winimean level of domestic ingewuity or sssimilation as

manifested in the mggoitude of caplisl stretching

To formulate this ilea more rigorcusly; we define:

b.6a) R = {1 - &)l (techuology barrier)
b) ¥ =¢ -k (ussimilebion lever)

e) ¥ o {i.e., 2> E; or o {1y i) (mmimum zssimilebion criterion (MAC))
We shgll defins R as the ‘tecth.xo Loegy barrier 4e }C.lu(!ﬂ., eﬂtlrely on the
neturs of the foreign techuology shelf (to be examined more fully in

Seation Vi; and the egei n.lla,umn lever ¥ as the amount of "spread" between the

[«7)
e
B
o
i
et
i
[y
w
L]
CI'

imilegbion effort gad the forelgn technology barrier, which

Y

spread sae be pariayed into edd 11:;011&1 domagbic growth., Morsover,

whe fach theb th2 assimilebion levsr must be positive can then be
interpreted &s the minimum gssinilziion criterion (MAC). For unless

it is sgbisfiled; i.e.; the :Lnd:.genous invovghbive ef;‘for’b in responss to the.
shimulgtion of imported itechrnology is strong encugh'to Jjust overcome thé

technology bezrrier, growih cannod teke plece in the long rvme In this
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fashion we have shown that satisfying thes MAC is necessgry for long temm
economic progress. It remains to be shown thet it is also s sufficient

condition.

Turning now to the two other cases (i.e.; 4.5 b and c:) , for which the:
mininun essimilation eriteria is satisfied, we see, from diagrem 3,
that developmént can be characterized either by ralsing thp capital-

lsbor rg (C‘es& two, ATO) or by lowering the cgpitsl-lsbor ratio

(Gia-se thres, .AI-IO)Q As we would intuitively expact, the cgpital shallowing
' cass represents a relgtively lgrger indigsnous capitsl stre'tching effort

(c > 1/w ) end lesds to. & higher level of output snd employment.

Applying khe seme type of srguments as in the "big push" model; we obtain

he) My = i/8
b) Ty Ei(lmB)/ﬁssug<o
e) My =0 > o
e) X = K, Jeetnl where J=aP/ g;>:°

cc‘mpgr.gbzg %o (3.2) in the lest sect.ian,}l/ Equation (4.Ta) indicates
thet 3n the csss of s relstively high (low) cepital Q"cxfe'bching co-
efficient in case thres (cuse two) of (L.5), the de volopma*xt process
~1is cherscterized by capi'i;-;—::l 3 1.all-é~ﬁﬁ,ng‘(de pening) as T decreases
t

(increases) through time. Fowever, it is importent to note from (%.7Tb)

tha'b, I“Cg-:.‘..l‘d.l&SS of the fine disgbinction betwssa the two cases, the

X0/




capital output ratio dscreases in both -- as long gs the minimum domestic
ingenuity test (4.6} is satisfied. It follows from this fact that in
both instances there will be cepital scceleration (4.7c); with the

rate of growth of cepltal increassing at a constent rete (%.7d). The
“time path for the cagpitsl stock is mon.oten’ic.ally increasing toward

infinlty as given by (L.Te).

Ta order to investigabs the rate of incresse of oubput (Q), employment
(¥), psr ceapite income (&% = 4/L) snd the degree of employment
(8% = /L), we havs

l}.éa) TIQ' =1 g I (by L.'r;-d)

il

b) TIN =1]0 e e“‘iooooo (by )‘l'tsa andnp

£
i

i)
) ]’l ot , l} 8 Tl .
C Q%. .“0‘ € + @ =Tooooo (Dy L.08 and I,

r)
-y . ot .
O) n I\-f\;» = n O & + e "i"‘“rvvc (by ]'l'u8b &‘ﬁd Tl Il = r)

We cen resdily see theb gll the growth rates in 4.8 are in the form of
&b

~

1!:,9) Tlxg'ﬁoe +g'far'n0>o and 5 > 0

Bence the bshavier of gll these rabes of growth depends upon the fulfill-
ment of the condition

k10) M 4 g>0 or M >-8 (for M, > o)

Waen conditicn (4.10) is fulfilled, 1 4 18 positive end hence x
monotonicslly i;écre&ses. Conversely, whan(#.10) is not fulfilled,

there exists a "svwitching | point™ with duration

b11) t=(1/6) In (-g/1)) ...e. (by setting T, = o in h.9)

at which {the sign nx changas from negalive to positive -- and hence
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the time path of x itself is U-shsped. We can easily deduce the time

18/
path for "x"  &s

k.12) x = x e / e™/®  yhere u = (1,/ ©) Sty gt

With respect to the terminal point phenomenon, l.e., the elimination of
technical unemployment, we see that while the technology ratio (T=K/N)
ie growing st e constent rate (4.Ta), ths endowment ratio K¥% = K/L

is growing st en incressing rate (1 e oy by k.7d). Thus sooner or

later K¥ will caﬁah up with T gt the terminal point where the economy

moves from ths uncwployment phase of growth into the full employment phése

of growth. Thue; whean the VAL test of (L‘—;g() is
satiéfied, the "mgburity" of the economy (in respecst to the loss
of its labor surplus characherisiic) is also ensured. The duration of

tine before ths gysbewm rezches thes termingl point can be dbtalnpd by

In +hiz pspzr we shell nek be concernsd with the prospecis of development
af

fhey the bermingl point. FEgostion (hJ) and (h 8) are valid only before

iz indesd : s o ' a nost erucial condition
for econcmic develorment zs me easured by the four weifare indicators

in (4.8) as-well as, znd more importantly, whether or not the society

7N

vill ever reach economic meturisy. Whsn this condition is not satisfied,

ved by 8 separabion
+o (h.12)
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cepital sccurulation end growth will cease; when it is satisfied, growth
will succeed in the sense thabt all four indiestors will continue to

cq. 29/

increase in the long run witil the termindl point is reache

Since only the technclogical parsmeter "&"vwhich measures {;he availability
of imported bechmologys and "e¢" which measures the domestic effort in
capital strebtohing,are involved in the minimum assimilation

criterion of {4.6), cur eon;lu.si«:m strongly supports ths '“bhesis that
guccessi‘u.“ econml.c devalopnent is essenbially a process of technological
revolution brought av.,ut by & sufficizsntly large adwptlve domesgtic
response to the ghimulsbion of jumporbed vechnology. It is for this.
regson 't'haﬁ wa resd to axsmine more cavefully the nesning of ths

parame*e:' & which sunmsar izes the avellability of importeble technology.

Section V. Nghlure of the Techhologicosl Shelf
A cruciel gzgupplion of cur goalysis is that the avellability of imported

'bec onology can be descrited by s unit combour in the form of & Cobb-
Douglas funsticn (3.da). In order Yo fally uaderstend what lies behind
this contour we wush, first of all, reslize thet it is Jetermined b

2 b4 .

technclogy in ths sdvenced and techno-

rr":
o
U]
T
[}43
(s
4
o
)
Q.
o
v
(a3
oo
Q
3
o
o3

post exporian

= s - . gl .
logy-exporting countries,

__/ In the °hOI’u run the valuss of soms of these Indicabors may decrease.
Comparirg the four growth rates of (4.8) snd meking use of (4.10), we
see that the expavrsion of cutpub (T]c.f > 0) is most readily achieveble
in the short rmu whils the expansicn.of the degrea of employment
(n % > 0) :1,, the wost ALLficult 4o schieve. This explzins why, in the
dpvego ; it is easlsr to “mest the "output criterion' than
th‘, '="1’
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It is well kaown thst the produc'i-i‘on sﬁmm"tmre in these industrially

edvenced countries is charesterized through tims by (i) continuous innovation
end (ii) continuous cepiial deepening. This is depicted in diagrem 6

in which the sequeance of unit contours az' » bb's ce'y, @d' ..... represents
imsvations (as they move 'tox-.rérd the origin) and in which the sequ.énce

of factor enéoz:-meﬁt ra’t.iosb CAy; CB, GG, UDy .o. represenlbs capital deepening
(i.e., inercasing cepital per hesi) through %ims. The locus of points

"B, By Gy D ... thus traces out & dotbed cwrve @ @'. It is this curve,
combiniag the effects of innovabion end cupltal deepening in the industri-
glly sdvauced cowitries ov*.r. time, vwhich provides a sumnzry of the

bormvmg possivilitiss for the mieriavel'opei cou:-:xtryo In other words,

the 't,°chm:>loa’y whicl

b1
53
ot
o

isuslized end borrowed by the uz;derdeveloped
society repress at:u"tz-he e:q-ori of hr‘i.:ét«or:‘-‘,r;aliy regliz=d technology while
the wnrseiizsd poriiczs of coolours gs’s, ¥b'y cc® . o . are irrelevant.
Tous, the (dottsd) & ¢ curve of diagram 3 is reslly “he (dotted) "ex post”

curve & &° of dlagran 6.

For s rigorous gnzlysis of the dztermingbion of the unit contouy let
& = 4 /L dsavbe Hhe grerege profuctiviiy of lsbor and let k = KA
denote ths cspiltal-ouipot rzbic dn the techuology-exporbing country.

Xf ws sgsumce that tesz lovg run growth ratss of k and 'ﬂ and 1 g )
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Notice that 5.1b is precisely the same "production function" which we
originally postulzted in 3.la (i.e., by letting Q = 1 in 5.1b we obtlain
thé equation of the unit contour). ,This is the logical foundation for
our postulation of & Cobb-Douglsg funetion to depict +the unit contour

in the Ffirst place. Furthemmore, the ccefficient ¢ is now seen to be

g function of the rates of growth of .k and d in the technology-exporting

country. The previoucly Jdefined concept of the technology barrier R,

the assimilation lever vy, snd the minimmm sssimilation criterion of 4.6

mey now be expresged in terms of these growbh rates:

5.20) R=_1& =1,/Mqg (by 4.6a, 5.1c)
b) y =c ~RB=c-1Ny/0, (ty 4%.6b, 5.1c)
c) Y >0 orc> T'k/'l]d (by 4.6c, 5.12)

Purthermc e, wa recsll from 4.7 snd 4.8 that the rate of capital accelera-
tion € in the less Jeveloped cowtyy ies an important parsmeter in determining
the behavior of ali the crucial economic varisbles in the system, e.g., K,

6, N, Q%, and N¥. We cen now express @ as s function of ﬂd an’ Ty

the rate of incresse of lebor productivity 4 and the assimilgtion lever vy .
Thus vhat contribuvtes favarablj to the rgpidity of the growth process'in

the technology receiving country is a high rate of lsbor progress and a

high innovaticn leverage effect. Clearly the leverasge effect will be greater,

the grea*ter ithe dcmestic capital-stretching capacity.c. Moreover, the



=36~

leverage effect, given ¢, is grester when the sogimilgtion barrier

is lower, i.e., vhen there is a hwghev rete of increase of labor a.nd/
or capital productivity in the sdvanced country. Thus,; we see a
mechznism 't;h'rc-ugh vhich economic progress in the sdvenced countries .can

be transmitteld to the underdeveloped counitries through the borrowing

of teshnology.

£

Iet us return now to the fawous controversy of ithe output effect

vige-g-vis the employmant eflfact in a less develeped country ebttempting
to modernize via & "big push” policy (defﬁzmd rigorously as techuological ;

borrowing without sspital strsiching). Condrary to our sarlier conclusion

cne could lagiiimghbely srgue that a h:igh erwvugh rghke of progress in the
sdvenced cownbry can eiimingte the reed for capi"talm gtretching in the
underdeveloesd country. Many & plaaning commission or foreign sid officilal

certglinly is of thah visw. The fact that this grgument is not

entirely without merit can reedily be sesn with the aid of diagrsm 6.

With the lodicated rvabs of s pitsl decpening in the developed country .
{(iegoy Q2 OB, 0%, he..) the unil technology combour could,o in fac‘b,»

f“ol.‘lcm the p;«fr AR o, . Af dungevebional intensity ceeurs gt a high enough

rete., Tha susps of thls corve, 1t should be noted, is now comparable
4o the positively slopsd posb-osg 3hglestretohin g curyve in diagram 3. Thus

the grgumwnt for ths bilg push cannot, in fact, be rejected on riori

theoretical grounds end is deserving of further sttention.

In view of the facht that the ghepe of thie unit couwbour iv 5.1b is completely
determinad by & ws czn, by & procedurs, enblirsly gnalogous to thut followed

in 4.5 defuse the Lollowls
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5.4a) 0< @ <1 (unit combour negatively sloped)
b) 1l<e& ( ¢ " pos:Lt.Lvely slop a and convex)
c) <0 ( " " " " " concave)

The three possible csses are thus represented by the three dotted unit
contour lines in diagram 6. Furthermore, we see from 5.lc that ¢ is
determined by the magaitude of the rates of improvement of lebor end

cgpitgl profuctivity Ty and 'F;K in the sdvanced country.

The nggnitudes of both T| and ’Pi: s in turn, can be traced directly
| to the forces of .II.‘IlJVd.ti ny capitsl sccumulabion exd population
growth in the advenced country. We can, for exsmple, postulate &
- prcg.-duc*lzic;n funebion i.n‘ the conventiongl form and define the innovabion

)

1n'tr=r~51+v J, and the c,apl'*al gnd labor elssticity of outpu‘c

5‘1) Q= 'F’_ {K,L,%) (consbent raburns to scale)
. " :..;Q_ \f :
v) 3 5E) /3 (innovation intensity)

fh

5.6a) Ty

b) Tx

]

which show tho’ ths msgnitude of Ty end Ty &¥e determined by the twin growth
promobing forces of J (the intensity of inacvegbion) end 1) K (the rate of
cap {tal deG'DPﬂ1ng )““'/ e can then derive 'th expression for ¢ in terus

of these underlying forces.

he guihon’ Dazvelopnant of the Lzbor Surplus

- 21/ For e fuller exposition soo

Economy D -




-38- .

Mg

5.7) @ = " = _J  a+d (by 5.lc sua 5.6)
.t T]d Thes '
Uhis then engbles us to investigate the resl causal factors vhich determine

the demaz‘czbion between the three possible cases of 5.4, For this purpose
we assume,&s befors, thzt the growth peth in the mgbure economy is
characterized by conbinuous ceapital deepening ('n ke > 0)e
5.8a) o<eg<1l iffTN4>c andTy >0
b) l1<g WL Mg >0 andly <o
c) ¢ <0 5;E'f1|d_<o
Ve kﬁew that one of the siylized fegtures of the mature economy is that
it is charasterized by conitinucus Inersgsss in lsbor productivity or .
per cgpl 'ts. income. Thus, for all fa:a‘ticé,l pw‘poées s the positively

)

. ! o oe s n Y r
sloped and concave unit contour possibility in dlagram 6, (i.e.; 5.8¢,

vith 1 ; <o) can be raled out.

by rising lzshor productivity. The central gquesticn now becomes one of

deternining whal hsypent 4o tha cgpiigl-output ratio over time in the
nabture econony. This problen of the dine brend of the cepital-output
retio in Lhs mabure economy has besn the subject of exhsustive study

22/ -
in the racent pest, Most of ihess sbudiss seem to indicat

4

long term
szeuler shablility in tha zgpdisl-oubpud rabtio buh with some up snd down
swing phases. We must now resogaize thet these brends:also have,considerable

significance for the less develeped world aaxious %o borrow technology

from sbrosd.

acmic Activity (New York,
. rising glightly between
930, aud slightly falling
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First of all, let us note thst the case of constancy in the cgpital-
output ratio, i.s.; Ny = 0, is, in fach, the berderline case, l.e.,
¢ = 1, between the two cases still under discussion, i.e., 5.8a and 5.8b.
The assinilztion bsrrier R of 5.2s for the two cases cah be seen to be
5.92) o <®<1l orR>o0

-b) 1< o or R<o
T%ns.we g22 thsb, in the first case, there exisgts & positive innovation
barriero Tn this cees modarnizgtion through a big push policy does
not wcrk since we reguire & POSiuiVﬁ demestic capitgl stretching effort,
i.e., ¢ > ¢, to sabisfy the minimm sssimilstion criterion (MAG) of

”

5.2, Convergely, in the gezond csse, we sce that the innovation barrier

o

does not exist; hence even if no domsstic ingemnity is expended in the

' eapital~crretching direction the MAT is ggtisfied and the big push can
guceeai. This doss nohy; of courss, imply that capltsl-gtretching deoes
nét halp eves i the ”aPiCqA oubput retio is fglling in the édvanced
country {5.8t) because the rabe of capitsl accelergtion in the recipient

coamtbry 0 (sss 5.3) con be raised ss the assimilstion lever Yiuis

It should bs zot~6 that the exighence gnd the msgnltuds of the innovation
barrier depexis on tihe vaturs of the prowib process_in the . developed

sn be wrilicn as

(.\"
E—Iu
[}
=
v
:
|
%]
=
j=v]

world; d.e.; tha Innov:

5.10) R = =3 + @ T* | (vy 5,25 &nd 5.60)
: ' Ta
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As (5.6a) indica'be;;, s given rate of growth of per capits income or lgbor
producti"i Th :.n ’che mgture economy can be brought gbout by different

com‘p:u'nations of J; hman ingeruity, end Tkxs the sugmentation of material

resouxrces.

'quétion 5.10 then shows that a g;vcn rete of progress in the teclmology—l
¢xpor+i g ecunbry benafits the rociplent cou “ﬁhv more if it is brought

shout by r Mo,t.‘_:qely largsar. doses ol J sad ;r.j'e.la‘bivﬂ.y'_;malle_r doges of _I]K*
through & raighbivs Lo w*—,.....u.b of the immovehion barrier. This is a logical

resuxt sines, afbser all, wheb ils being transmilited 1n the lnternstional

berrowing of teskmology stosld eg much gz pogsible zonshitute humen ingenuity

robher {reo *h'h.c—:— CUrE of supericr naberigl ressorcees. The broad brush
5 wplicghionsg for feralgn assistance stralbzgy sre intsresting. To the early

dews of Polnt IV the alvmsoed counteles concelved thelr melin task to be one

of weking the rbernehiongl sho sdicpile of knoviedgs and dTecltmigues gvailgble

T the leszs develsped wordd; in berms of our meded this is equivalent to
unvelling &@. o the yearz thab followsd we have experienced increasing

S
i T
SO .f;’!’lﬂ AT )...'J...-. o

3 waldl oo the trgmafer of saribel to sugnent the ﬂ.arrowly

circumszrited gevings cmpaciby of the reoiplent oounirieg; in our termsy

Thig iz equlivaient to ralsing z. And fingily, in the yei more recent period,
the regilizghion baz grown theh $he Impoxdaitlion of eospital alone cannot do

the job, but thet It Is really tThe release of domesiic energles and ingenuity
which lies at the heart of successful development and must therefore play a
lgrger roie in the foreign assistance strabegies of the capital exporting
coumeries; in teras of our modsl This nssns more ahbl f*“c.z.m rmc+ b paid to

reising ¢ oud I to enzure thebt the nozimm ggsinilgtion criterion ('.A(") is
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Section VI. Verification

In this paper, we have constructed o model of emplojfmen'l; and output expension
‘py_ "i_nrtfj:gratil_'xg ths fcalld'z-ring grovrthurelated._factors into one _ex_plana'_tory
frazglg_wmrk: poplebion growth, sgvings behavior; changes :m la,bo_r productivity,
;Lnnpva'biona;_i. borrowing, end the ggimilation of technology. As a contribution
to.__tklg theory of growth, the medel can be "'sed_.to attempt to explsin .
-hjfstorica.h experiancs. To dsside whet less developed country experience

;s;‘ iri_fe,é't.? relavgut, lst 'as;’briefly reexaming the essential "causal -

§

structure” of the modsl.

key behavioristic

[41]

In 'bbe caugsl order chiard of diagram T, the fiv

aempbions are indiceted by the five rechtangles, while the direction of
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the arrows indicates the causal order of determinstion. The growth of

lgbor efficiency is shown to be significsnt from three points of view:
tochnical, cepital-output and employment. The technical aspect determines,
on the ons hand, fhe imported capital-output ratio (through the "avallability
of imported technelogy") amd, oz the other, ihe degree of capital stretching
(through the "domestic cepitel stretching fgnction"). These together
dnt&rmlua the tecknicel aspeckt, i.e., the lumovetion process characterized
by "assimilation”. With respect to the capital-output aspect of things,
the‘réte of 1 aréése of lghor productivity determines the rate of change

in the caﬁiﬁalwoutput ratio (n k< 0 ) which, together with thevsayings
functior, dstermines the rates of growih of cepitel (1) - ) and of output

(N Q) in the nnderdsveloped country.

Finslly, the growth of lsbor efficlency determines the reafe of growth of
emplovmant (1 N) waen the ra%@ ¢f growbth of cutput is known. We see

that the paﬁulﬁéicn growhh gs: umpt;on lies at the "closed end" of the ,

»

mudﬂT gnd gerves Lo

f_‘
£

detennine both por cepiby income and the degree of !

!‘eJ
L 5]
'\

employm et .

From the sbove augiysis we s2¢ thst our model depieiz & type of growth in
which the incresss of lgbor efficiency -- through sducebion end learniﬂg

by doing - represants the primeyy growih pfcmoting force. Furthermore,

the significance of thig lgbor produciivity incresgse is maonifested; in

the first place; as a technological phevomenon via the gssimilsation

ore oI the qvaﬂl ahla technologicsal
a fuller vederst ing of the
M

In the shatistical weriPicationy
a of the technelogy-receiving country.
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process,-ioe.y in the imitstion and edaptstion of foreign technmology. There
is ample evidence provided by econcmie histofians that post-Meiji Jepanese.
growth was characterized precisely by thege conditions, i.e., rapid
expahsion of éﬁucatian gnd "imitative" grbwth; Thus, in the remainder

of this section, the historical experience of Japsn will be esnalyzed in

the frameworkx of our medsl.

In order %o implemant the model of the lagt gection, we have to estimate

the velues of the five parameters (@, ¢, %, r, 8 ). The fellowing equations
can be used for this purposs:
-

60]-&) IJ = o ’ ho0c0 b o (by loloi)

b) kg = p ) eo0eco0o000 (by l!-.B&)

c) c = 11’2. 213.::\{:71'; .saonon-.n (.bv jé‘osib)

d) @ E“:asti.ej‘;"—"‘-ﬂ"—"’ @0 s0c 00060 E (’b'lv hu3b> |

. i+% + ¢ _
. A‘; M . )
e) L= L eXb cecsoncos (b¥ 1,10e)
f) 8§ = ‘é‘q, cvsoerocs (Dy 1.108)

vhers @ hab “AY denobsg & paremcisr eszhimgbed by the method of least

squares. Tha esbinma is given by 6.laef -- for

1)

3]
o
]:ia
3,

=
Q
]
Cain )
rﬂo
-
]
o
o
S
O

~~ 3

o
which %ima zeriez of cubpui (8), ssvivgs (§) populstion (L) end labor

If we have, in @ddition, the time

[
33
L4
&
E':eo
2
4]
(81
»‘ =

produstivity p (=0/5) &
series of capital stosk {K), we can esbimats "a" end "b" in (6.1b) with
the aid of the hime series of k' (chserved capital-cutput ratio) and p.

We can thmiuee equation (6.1ed) to estimzte "e" and "a" This all the

Hd
5
&
=
®
P
3]
H
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Lo
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it
o
o]
L
¥f
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tims geriesz of Qy N; K; Ly, end S
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The basic date for Japsn, for the pericd 1888-1930, are presented in
columns 1-% of tsble two (i.e., for Q, K, end N)- We can ‘then derive
the time series of p=0/N (Column 5), k' = K/Q (Coluan 6) and s=dk/at/Q

(Column 9).

The time series of p aud k' are indicaeted in diagrems 8 and 9 in which
the fitted curves (by the least _s;@iaré method) are also shown. The
estimated valuzs for p &2d k ere recorded in columns (7) and (8) of

Tsble two.

The relétion.:;hip between p and k' is shown in the scatter diagrém (aiegrem 10) "
in vhich the curve (6.1b) is shown. The regression curves of diagrams L

6:2a) p =1 el waere Iéo = 89.33 end 1 = .033
N ,6 ‘ : A o
b) k' =k} &9’ whers %‘; = 9.50 -~ end 6 = -.022
¢) k' = 4 pb vaere Q #168.6 and%‘ = -.642 %

We cen then estimste the peremeters (@, ¢) by (6.lcd) since

6.35) ¢ =1n8 /inf, =1.128 ... (by 6.2ac)

) @ 1/(1+‘§+c-.)_ = 0.67 oo (by 6.38, 6.2¢)

1

which are tha two major "immovetion paremsters” of our model. For it

is only im terms of thase two pavemetsrs that the minimum assimiletion’
criterion for success (4.6c) is dsfined. To see the economic implications

of the gbove nmerical‘results, we cbserve thats

24/ S=a Appendix for explemsbion of the deta sources.
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BASIC JAPANESE DATA*(Cont'd)

Year Output = @ Capital =K | Employment Q/],\I = p K/Q, = k! P k s = _@%/Q,
a

=N . (
@ ey e e b ey 6) o (6) (m (8) (9)
1926 | 10,095 %0,067.3 60,522 3520 3.97 | 317403 4.16  .1343
1927 10,554 h1,423.9 61,317 365 3.92 327.84 k.07 .1289
1928 10,696 4o ,783.9 62,122 367 L.00 339.19 3.98 .1225
11929 10,962 44,093.9 62,938 373 L.o2 | 350.35 3.89 .1kT5

1930 12,715 45,710.9 64,450 h2g 3.60 362.59 3.81

*¥Bee Sppendix  for explangtion of daita scurces gnd metheds.
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6.4) (1-¢) fo<c<lfey i.e.y 5 < 1.128 < 1.5

‘and hence (4.5b) is setisfied. Thus the value of the technology barrier R
(4.68) is .5 and the value of the sssimilation lever y (k.6b) is .628.

I;Ie can immediately conclude ’qhai:: 1) The development experience of Japan
represents a case of "success" in the sense that the minimm assimilation
criterion (ho6c)vis satisfied. This mesns that the domestic effort in
the direc't;ion of cepital stretching was sufficiently strong to compensé:be—
for the unfavoradla effect of- the highly capital using nature of the
imported technolegy. We c;,ém thus explain vhy cutput (Q) employment (N),
per capi‘bs, incone (q¥) and the dagree of employmsat (n%) aia increase

iu the long run. (I;Tné't';her or not 'bhﬁs\:} four wel.fare inﬁicaﬁcrs ngy turn
down in the "short ran" is investigated balow.) 2) The domestic capital
stretching effort, bowsver, was not quite strong enough to satisfy
condition {4.3¢). This means thab for the 40 years teken as a whole,

Japsn develepsd wndsr conditions of some capitel dsepening. This evidence

of course, does not combredict the fact that for the eerly years capital
stretzhing could have played g much mere important role. In fact, it is
posgible thet Jupen could even have shown a capiial shallowing characteristic

‘in tha esrlier stages (i.e., with a bigher cspital stretching coefficient).—i/

3) The Japsnese daba, morecver, reveal thal ¢ in 6.3 lies between O.and'l.

This depicts the uss of the negatively sloping wnit contour {5.9a) which

gi[ In Fei gnd Ranisg (op.ci‘t) Chepter 4, we, in fact, presented some statistical
evidence that, for the industrial ssctor; capital shallowing gave wsy
to capitsl Geepening ercund 191i7. Since the possibility of "capital
stretching” is grester, the grsaber the giffersnce betwesen the inported
snd the indigenous technoiogy,; it stesands to resson that gt the early stags
of development (vhen presumsbly, the domestic produchicn structure differs
more Irom the forelgn techaolcgy than at a lster stsge) the role of capital
stretching is greater. Tals hyrothesis can be verified by & more systemgtic

o, - o

"N 3 & e K L R . . -, I e 4 =1
stetisbicsyl Invegtigstion than we have undsrisken here; i.e., by placing
shorter time periods vndskr exsminstion.
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nmeans that Japan was borrowmg 't,ech_xology when 'i;h»= exporting world was
exhibiting scme tendency for incressging capital-output ratlos. %'/b also
means that Japan would not have been gble to grow successfully without |
g mgjor: domés;ic. cgpital~-stretching effort for which it is , in fact,

Justifigbly femous.

Once we have determined the numericsl megnitude of the three "innovation
- paremsters" (¢ = 1.128, & = .6‘? gnd i = .033), we can proceed to

investigate the pred. d velues for the retes of growth of k'; X, Q,

N, Q% and ¥ (see ceusal order chsyi; diegrem T) based on these

Mimnovetion parameters”, and then compare these with the directly cbserved

velues. In this way,; the reasonsblensss of our model can be verified.

To begin with, ws can c;‘i.l"“"latﬁ: the rgte of growth of the cgpital-output
retio by the formulg . o '

6:5) Mg

i

vg =1 (-B)/B = -1 (c-(1-6)/er) -or (by 5.3) 1
- 0216 - ee. (by 6.3 and 6.2a)

vhich shows that the predicted value for M i1, i.e. -.0216 > is approxi-
mately identical to its directly observed value in (6.2b), i.e., 6 =

-.022 .

As a secori shtep, the mmerical valus of 1) k'? the predicted rate of
capital accelerabtion,is

6.6) My = Ty -8 = .0206 (by b.Toe)

2__37 Thus, an exsmivsasion of purely Jegenese date perxits us to conclude that the
"~ capiftal outpus ratic of the sdvensed countries must have been increasing
during the period 8b8 1930, This 'cho”ﬂr:enon cen of course be verified by
indspendent evidence (s2e fooincte .42)
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However, the directly cbserved value of capital scceleration can also
be calculsted from coiumn 3 {Table 2) . Using columns 3 and 9, we
cen estimate the perameters in the following equations:
A A " . .
6.7a) Mg = Noft where &= .0k3 (Tg is the rate of growth of capital)

A

£ " yhere % = .00898 (s is the average propensity to save)

b) s =5,
Thus, the observed vslue (‘S} = .043) is aﬁéut twice as large as the predicted
value 6 = .0216). Thig discrapancy ig partly explasined by the fact thet
the a*e*e;‘aée pmi:ensity t0 save is not constant (o5 we have assumed in 1.10%)
but is in fast growing at the rate of ebout 1% g vesr (6.7b). For we have
68) My =M gt = T - T -

50 that ths observed rate of ceapital accelershion must be greater than

=Tk! by the smousit of Ty, which is spproximetely the case. It is evident
from the ceussl order chert (ixagmm 73 thet the more realistic savings-
beh@’i@righfﬁe} aésumptri.on (6.76) =- or, for that matter, other ‘savings-

behavioristic assumptions -- could be used in place of (1.10f) near the

Meloged end" of our model.

For the remginder of ‘this pd‘perg ‘we ghell sssume that the rate of 'c-é.pi'b'él
scoelerabion 1s given in (6.7a), 1.e., Ty =0 = .03 Based on this
assumption end the other ééraméﬁérs glrasdy estimgted, we cen next
"predict” ths m.nnfsricéu values of the retes of growth of output (Q),
'employment (%), per capita income (Q*) and the degree of employment (IN*)

eccording to (4.8). We obtain



.l

006k e 43t + .0k3  (by k.Ba, 6.7a, 6.23)

6.9a) 1 Q

006k e .0h3‘§

b) Ny +.010  (by 4.8b, 6.7a, 6.2a)

_ y
e) 1 Qt = L006h e -O0L3t + .,032 (by 4.8¢, 6.6a)

a) N e = 006k e -Oh3t .001 (by b.84, 6.7a)27"/

Based on these growth rates we could have calculated the "estimated”
growth paths for Q, N, Q¥%, and N* (usking use of 4.12) and compared
these "estimated” g.mmhApéths with the observed growth paths. However,
insteed of this diffioult compsrison of two time series, let us
concentféie on the analyéié of tha direztion of change in the rates

-of gndwth in (6.9) makiﬁg use of conditicn (h.lo).} For this purpose,

it is sufficient to makerﬁhe obsexwgiionvthétlcondition (%4.10) is |
satisfied for all four cases of (6.9), and ﬁence that thése four growth
ratas have Gesn cousistently posi*lsivé through time. The conclusion

is thai thz Jopanese experience not only sﬁ'&;isfies the minimm assimila-
ticn eriterion of. (4.6c) but, in fact, that the innovetion effort has
be&n.so sucaessful‘thah'emplgyment and per cgpita ocutput have been
incressing from the very beginning of the growth process (i.e., the
switching point phenomencn, as described by k.11 never occurred for any

of thesa wslfgre ingicators).

Since the degree of employment (¥ = N/L) is monotomically increasing

without bound, full employment will be reached vhen F* = 1. Thus our

: e estimation oT Tp® and Tgx, the population growth rate is
assumed %5 be ¥ = ,0116 which is the grovih rgte of employment:
estimated from colwmm {k) of Tsble 2 o
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model structure in the last section implies a " stages of growth thesisg"
composed of an unemployment growth regime, to be followed by a regime of full

employment. At "the terminal point” (i e., vhen N¥ = 1), the economy
loses its labor surplus characterlstm as it gra'luates into the family
of mature economies. Previous work by the present suthors suggested
that such a 't;ﬁrning paiut, in 't;he cése of Japan, occurred around 191'{.'2'2/
We mey now caleulate the time required to reé.ch'the "terminal point"

'by firgt computing the growth path of M (by h.12) as

6.10z) N# “»l\:eu/ eﬂ-b/ 9’ vhere
. _ ot , - )
p) u = (n,/9) e + (8 -i-r)t for

c) e .0‘%39 TIO- obC6‘+, i~00539 r”-00116

Az indicstes in 4.13; by ae.m;r_g I#=1 in (6.10) and by mgking use of the
convenient Pact thet In our model em = (-= .001) is spproximately zero 3 o/
we can solve Emlic;ﬂy for the durstion of the process before the

temminagl point is resched:

. 0
(x/6) in i ATe /e‘;"’ ) /’p

fl

6.13a) + (when N* increases to l) for
-b) g = '(\l;" T'io = -(Jgéll i o= "b:'ﬁ = -0116
Thus, we cax calsulste ,‘he time period $ill terminal peint if we know

the initiel degres of employment ("\.“3‘ ) arcund 1v83. Unfortunately, we

20/ Rigorously, all of our anslysis in the last section is valid only in
the first stsge of growth iun vwhich unesmploynent exigts.

29/ See Fei and Rsnis Chapter k. The result was obtained from the
statisticeily cbserved fact that whan the lgbor surplus condition ceased
to exist, cariital shailowing gsve vay to capliisl deepening in the
industirisl esctor of tha duglistic ewn*m:y. We did not in our previous
work explain Wy the termingtion point showld occur In 1917 and not &b
any other dste. Our work in this psper supplies & positive theory
vhich provides a possible answer,

_‘_33/ If thisz were not cornvenierdly true, everything would still hold but the
calealation would be wore Cowlx iteated.

Cem .
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do not know of any data on unemployment (disguised or opén) for these
early yesrs. Consequently, the hypotheticel values of N¥ = 65 T, .8' and
9 (i.e., 10% to 40% of the total 1abo£ force openly or disguisedly
unemployed in 1888) are assumed. Applying (6.10) we obtain the
following results: ' ' ' j

Initiel degres of employment: .9 .8 T .6
(I% in 1888)

Durati\:)n of unemplcyment phase &3 :
(years) 12 21 27 34

Calendar Year (1885 + t) 1900 1909 1916 1922

In the eérly st ag«* cf Jepanase econonic developmenti, it is qui'te unthinkable
that thers shuulid have been no slack in the form of disguised unzmployed labor
force. We may reasonably assume that the initial unemployment is upweard

of 20%, which glves the trm;nm poipt for Japsn somevhere gfter 1910,

Thege results, though unaoubir,\,d 7 based on as yet .maiequate data, are

1/

guprorted by mqeperﬁdent earlisx» work on J apan'g“'

Conclusion

This paper hes scvught to dsmongtrate that s comprehensive theory of growth
for less developed countries nei only relgtes employment and unemployment
w i1th all the other customary growth phenomena et the gggregative level
but must alse tie up with the ngture of the techrnology availgble for

'borrowing from gbroad. Such g general explanstory fremework, of course,

Q_L[See K. Ohkawe and H. Rosovsk; "The Role of Agricalture in Modern Japanese
Economic Development”, Ecoromic Devel o;gmn*'rb end Cultursl Change, October
1960, for exsmple, as well as the guthors' Dsvelopment of the Lsbor
Surplus Economy (23. g_‘.:i_ga)s‘}le hope that lster information now becoming
evailable from the Hitotsubashi University will make it possible to
improve our estimsgtes. .
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should nct only be ceapsble of explaining historical experience but also
have substantial implications for plénning end policy-meking. We have
only scratched the surface in both respects. But the preliminary results
presented here do seem to provide encouragement for further exploration,
in particular into a) fhe nature of the reiationship between technological
borrowing end lending countries et different steges of development; b)

the precise ﬁcaning of a technological gap end Veblen's advantage to the
late~-comer né#ioﬁ; c) the relaticnship between different internal patferﬁs
of growth in tha devéloped world on the development process in the less

developed world.



Aggendix "

Sources for the basic time series data used for the a,na.lysis of the growth
experience of Japan: i

1)

2)

3)

k)

Output data (Column 2) are tsken from Ohkswe, The Growth Rate of the

Japenese Economy Since 1878 page 248, Table L, "Total Real National

Income Produced”. The dats are measured in millions of Yen end in

1928-32 prices.

Ceapital stock estimates (Column 3) are from Fei and Ranis, Development

of the Iebor Surplus Economy pages 126-128. Figures are in millions

‘'of Yen and hegve been deflated by Ohkewa's (32. cit .) non-farm price

index; page 130, 1930=100. The "Capital Stock” figures produced in
this way are for the industrial ssctor which have been tgken as gpproxi-
nmghions of the capltal stocl; ‘for the ecénomy es & whole. Once more
reéent precise capital stock dats become availgble these séries should
be revised.

Employunent data (Column 4) are from Fei end Renis (op. cit.), pages

126-128 Colume 1. Numbers sre in 1000's of persons. We have taken
’-’toté.l populai;io'n" as en approximstion of "total employment”. From
theze aata, the population growth rate is estinlated to be r=1.158%

(geametriﬂ &7 1—_,'- for the entire period) which is used in (5.8c¢d) in

the text at the "closed end" of the model. (See the causal order chert

1n diegram T).
The capital-output ratio, k' in Column (6) is Column (3)/Column (2).

Eowever, the figure for average productiﬂ'by cf 1ai)0r (p) in

Column (5) is not A/N as defined in Columns (2)/001umn (h) " Instead,
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the Ohkawa (02. cit), page 250, "Total Real National Income per Gainfully
Occupied Population”. Figures sre in 1928-1932 Yen. This is because
we have teken "total population” as an epproximation of "total employment".
(Thus the data in Column b is used in the text only for the estimation

of the total population growth rate r=1.158%.)
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