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Technological Transfer, 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, a major contfibuting cause to politi=~
cal instabiiity. For these reasons, unemployment is generally acknowledged
as a serious 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 a very complicafed
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 stande
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 “technical" 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,

_ ' lJThis contrasts sharply with the highly developed theory of uneme
ployment for the mature economy in the Keynesian tradition,

2/Richard S. Eckaus, Amerjcan Economjc Review, Septembes 1355,
"The Factor Proportions Problem in Underdeveloped Areas,” :
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between capltal é;_id 1lsbor in the production precess. In diagrem (le.), let

~ lgbor (eapitel) be meaeured on the herizontal (vertical) axis. _sﬁppose

the prodﬁction contour is the L-shaped Ca-curve (with a corner point at

E,) end suppose the factor endowment point is &t the point F,. Then

capital constltutes a bottleneck fac’cor end technical unemployment in

the smount of EoFo units results. Thus, the unemployment problem 1s

essentislly & technologicel phenomenon end can be defined only relative

to the well known characteristic of relative ce.pitel ecarcity in the

typica.l underdeveloped country. | \

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

-

problem immediately leads to the logical conclusion that repid capital

accumulation (et a rate faster than population growth) is the only wey in

vhich technical unemployment can be eliminated in the long run. It is - ,,
then obvious that the unemployment pro'plem can only be understood in the

context of ecomomic growth in which saving, investment and capital

gccumulztion pley key roles. This 1s, :i.mplicitly-at leae’c, the position

of the practitioners of Adevelopment planning who usually regard the

"employment effect” and the "output effect” as the two most importent
eriteria- ;agéinst which to assess the success gnd failure of a given

econcmic growth effort.g-./ |

(3) Education end Skill Formation. For those who believe (e.g.s

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

_Q—fSee virtuelly any five-year plab or government policy statement of
recent vintage.

4/ T.W. Schultz, "Investment in Human Capital”, American Economic Review,
March, 1961. .
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econonmic devélopment and modernizatlon, it is the lack of education and
lgbor skills which prevents labor from being fully employed in the coﬁrse
of the industrializagtion effort. Thus, it is only through improvements
in the quality of lebor, through education and/or learning by doing,

that unemployment can be reduced and putﬁut raised. It would seem; after
all, that skilled labor is scarce in mostlunderdeveloped countries vhile
it is usually the unskilled lebor forée which is unemployed.

(h) Innovetion. One of the most important facts of life in the
develépment of the contemporary underdeveloped system is the availdbility
of "importeble technology' which) once imported, constitutes technological
change from the vicwpoint of the underdeveloped society. Since these
imported pechnplogies originate in industrially mature economies which
are characterized by affluence in capital end scarcity in labor, their
transplantation to the underdeveloped system will have relatively small
"employment effects" and possibly adverse "output reising" effects. The
femous success 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 vhich is the compounding of the effects of the importation of a

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

. indigenous factor endowment.

éj—See Fei & Ranis (Development of the Labor Surplus Economy, Theory and
Policy,Irwin,196L) 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 causction, 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:£hak this may take,uSwapstepiclOser;to~agggneralitﬂeoryhoffunemploy—
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
's80 as.to be uéeful for an snalysis of the four main facets of the problem
jdentified sbove. Section II deals with the problen 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 III deals with "imporﬁation" without locai "adaptation"
 and Section IV with'importation' with "adaptation'.') Section V is devoted
to a more careful exeminption of the availzble éhelf of techhology importable
from gbroad. Finally, in Sccilon VI_thc theoretical framework of this paper
will be examined end verified in a preliminary fashion 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 freamework of this paper.

The Technology of Production

Let X be the capitzl stock end L the total labor force in an economy in
which N is the employed labor force. Let s production function:

1.1) Q = f{K,N,t)
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be formally postulzted where, for each tine ihdex "£", the production
funcfion is agsumed 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 grt of production (l.l); 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 cemital 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) K*=X/L 7
since the employed lebor force "N" is generelly different from the total
lebor force "L". (In this peper x¥* will be used consistently to denote

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

technology ratios are represented by the slopes of the technology lines

oto, Otl, ot2 s e s e

The unit activity concept 1s used to facilitate our introduction of certein
unconventional notions of production. For esch unit activity (Ai) we wish
to associgte a hon-substitutdble (i.e., strictly complementary) production
process, as depicted by the L-shaped production contours ¢y (i =0, 1, 2, 3, ven)

in diagram la. As we have pointed out eszrlier, technicsl unemployment in the
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sense of Eckaus cen be.defined with the aid ofrthese contour lines. For.
example, when the preveiling unit activity is A, end when the factor
endovment point is’Fz, fechhical-unemploymeht is E2F2 units., Thig is
due to the fact that the point F2 lies on the L-shaped contour Co which

6/

represents the overstion of the unit contour c, on a larger scale.—
p - 2 N

As long &s the factor endowment ratio is lower than theitechnology ratio
(i.e., K¥ < T), there is technical unemployment of lsbor. Development

with this characteristic will be referred to as unemployment or full

capacity (of cepitel) growth. Conversely, K¥ >T is the defining property

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

- utilized., This: .
l.ha) K* < T -(unemployment growth)

b) K*¥ > T (full employment growth)

In the case of en underdeveloped society cheracterized by an sbundance

6f unsgkilled lgbor the unemployment growth cese is clearly more relevant.

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

through time. Thus, innovations nay be depicted either by e shift of the

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

from A, to A In short, eny devistion from the current (non-substitutsble)

l.

production ﬁractice will be viewed as en inmovation. As zn 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 exsmple
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 A?’Al’Az’ seses) the productive efficiency of lsbor
- increases avitomatically. While sugh a formulation may be suiteble for

an industrially megture economy, it is inadequate for the underdeveloped
economy. This is because of the much grester importance of the reagl
learning effort (through formal education or "learning by ﬁoing") generglly

required if the éfficiéncy of lgbor is to be improved at all.

In keeping with our interpretation of the unit contour above; ve shell
interpret the magniﬁude P; as the demand for lebor skill of & particular
quality. Moving to the left in diagram 1b simply mesns that there is «
demend for lebor of s higher average skill (i}e,,'pi is "higher") as the
typicel worker is required to become acquaiﬁted with and operste & larger
volume ;frreal capital 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 horizontel axis (to the left)
and let the productive efficiehcy (ioe., the qﬁality) of labor, as
nmeasured by its sverage productivify (p);, be represented by the lsbor

improvement funciion. 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 éonstant
rate, the lsbor improvement function can then be written as;

1.6) pmpoeit or Ty = i
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where "i" is the rate of lsbor improvement. (In this peper the notation

T staﬁdé for the rate of increase of x.) Given the labor improvement
function and the unit contour we can determine the unit activity which
wil} actuélly be achieved through time. Thﬁs, at eny time ti, the unit
activity which cen be achieved is A; as labor productivity reaches the
level Py (1=1,2,3, eeees). Thus, in sur View, the dmprovement of lébor
efficiency causslly determines the prevailing technology when a "technology

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

Growth of Canitel end Legbor .

In z2ddition to the gbove innovational aspect of the problem, growth
promoting forces in less developed societies,.of course, include growth

of the lébor force end of the cepital stock. To simplify the englysis

of the growth of these material resources we shall assume the constency

of the population growth rate (r) end of the sverage propensity to save (sj:
1.7a) I=1I, et or W=

b) 8= I = Q

c) I= daK/at
Equation 1.Ta) is represented by the popﬁlation growth curve in diggram
1d. The time exis (pointed downwerd) is aligned 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 innovation end material resources accumulstion. Ve assune

knowlédge of availsble technological choice along the unit contour, of

e




e

«10-

the labor improvement function and of the population growth curve. Thus,
in diagrem 1, at t = 0, given initial lebor productivity at P, and factor
endovment &t Fo’ we can determine, from Pos the unit technology Ay, and
the technology retio (radizl line Oto) as well as the emplbyment end output
point (Eo) end the ambunt of unemployment EoFoe VWith the eid of the labor
improvement function of (1.6), the savings function of (1.7b) and the
populetion function of (1.Ta), we cen then determine the lebor producfivity
P, end the endowment point F, in the next périod. In this way, the growth

process is dynamically determined as swmnarized in the employment psth

EOE1E2 s0000 and the endolwment path F0F1F2 coee o . Ln
L

In the general framework just outlined the determination of the growth

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

degree of employment (W%), or the degree of unemploymenﬂ through time. —

These essential indicators of economic welfare on which our enalysis

centers will be.denoted by:

1.8a) @* =q/L (per capits income)
b) N¥ = N/L (degree of employment)
c) U* =U/L (Gegree of unemployment) where

d) L =U+N

To facilitate our later work, the following formulse will be seen_td be
helpful:
1998.) N* =K*/T ® @0 &0 bo0O0 O RGBS E O (by ll8b’ 103 and 102)

b) @ = pN* = gK*/T ......... (by 1.8a, 1.5, 1.8 and 1.9a)
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Notice from diegrom la thet when the endowment path znd the employment
path do not intersect, unemployment cen ncvef be eliminated through time
(as is secn by the existence of a horizontal gap between the two curveé).
in our egrlier terminology (l.ha), the cconomy then finde itcelf in a
Permanent unemployment growth regime. Conversely, when the two paths

do intersect at some future date, the ecoﬁomy shifts from en unemployment
to & full employment growth regime. (In such g regime, the vertical gep
between the two curves represents unutilized capital capecity.) The.

point of intersection will be known es the terminal point which merks

off two stages of growth. Whether or not an economy is successful in
reééhing such g point is an important.aspect lof our. .

analysis.

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

sumarized as follows:

]

1.102) Q
b) p
c) K¥=K/I; Q% = Q/L; N¥ = N/L vvovceroennnees (1,35 1.88b)

T (KoNyt) ceveverncnenconereceannanenns (1.1)

Q/N; T/ tevenvionnnoonanonnennnenns (1,25 1.5)
) Ty= i wesseveseirerseecsenaenernernsnsenses (1.6)
e) ﬂﬁ= T ecoceontocosscessascasscessosoasessoe (LoTa)
) S (1.70)
g) a&k/fat = I (1.7c)
The model presented here may be viewed es g genersel framework for analyéing

the unemployment problem in the course of growth, teking into sccount both
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technologicnl clenge cnd the augnentetion of hungn end cepitel resources
over tirme. In the scetions which Ffollow we ghell, by posttleting sone
specicl concitions releting to this general freiework, explore a number

of tywical rezl world sitvetions.
&

Scction II. Devcloﬁment with Stagnent Technology

One recal world situation vhich mey occur in a less ceveloped society 1s

a4

couplete concentretion on cepital accumuletion and neglect of the improve-
ment of le bor efficicncy, leeding to technological stezgnstion. This unhappy
cese is typified by the constency of lgbor productivity, p, which leads, in

turn, to the constency of the cegpital-output retio, k Hence the general

oo

ffore101h of 1.1C) in the last zection reduces to§!

2.18) Q= K/kc')
b) »=QM
c) P =D,

/et = sQ

[97]
o

e) L = Leert

vhich is, in fact, en extension of the familiar Herrod-Dorsr nocel.

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

2.2) T=K/W =k, Py seseoesses (¥ 2.1labc)

which is congtant. This meaﬁs that the technology Jline coincices vith the
employrent path, i.e., the redial line 0, in dlagream 2 describes both.

As long as the factor endowment retio is below (zbove) this line, the

8/ tore cxactly (T.102) reduces to (2.1c) when i=o. The congtency of lebor
productivity (») in turn leads to the constancy of kg (l.lCa) under
_the assumption of constent returns to scale,
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economy is‘in the unemployment (full employment) 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) Tg = T, = 5/k, (by 2.1ec)

b) T = __=s/k -rwh..,...a..... (by23a,81@)
The fact that the country is in the full capacity growth regime 1n1t1ally
(i.e., in dlagram Q'the point E, lies below OTO) is given by the condition
2.4) K& =K /L, <T = k;p,
As is wéll known, with the Harrod-Domer model we mey have the case of
success, with per cepits income increesing, or of failure, where it A
decreases. These two cases ere given by:
2.58) s/ko >r (sﬁccess, i.e., low population pressure case)

b) s)'k0 <r (failure, i.e., high population pressure case)

In the case of “"failure" (i.e., the high population pressure case), there -

will be_continuous decreases of per capita income gnd of the endowment -
retio (2.3b). The latter condition implies that the endowment path (i.e.;

the curve EF in diagram 2) moves awey from the employment path and hence

the country will never be able to solve iﬁs unemployment problem. Converssly,
the "success" case (2.5a) implies that per cepite income increases through
tine and that technical unemployment cen be eliminated at some point

in time which is given b 2/

2.6a) t,

b) t,

1 ‘In (T,/K%) or |
s/kg - T , -
(1/h) In (1/NZ) ceevovooscconss (by 2.6a; 1.9a)

97/ Notice that the velue of time (ty) is comple‘tely determined by "h" (2.3b)
and the initial degres 0¢ employmsnt Ni. This equelion is easgily derived

by equating T, @nd K¥ eh (9 3k) end rolv;ng for %o
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In diagram 2, the success case is given by the endowment path'EoH which -
crosses the employment path at H &t the terminal point. At this poiﬁt
the country moves into.thé full employment regime of growth. Capital
is no longer the scarce factor and the economy can be considered to have

reached econcmic maturity.

In the full employment grow{h regime, the constancy of lsbor praductivity
(2.1¢) and of the population grox-rthi rate (2.1e) imply that output
continues to grow at the same rate as popﬁlationz i.e., Tq = r. The
constancy of the'éverage propensity to save (2,ld) then implies that
investment also must be growing st ths same;fate (i.e.; ﬂI =r). We can
then easily calculate the tine path‘of capital (K) and of the factor
endowment'ratio (x*) | —

2.Te) I

]

a/at = I, er't

b) X MMMMmM%%Bﬁﬁ>om“mum“W€m)

"

c) K¥= K/L = A/L,e"t + K* vhere K* = sp /r = B/L,
' (proof:¥§§=B/Lo = Io/rLO = 8Qo/rl, = spo/r)

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

Ko <BorkK,<IL, K% or K§ < K* or koPo < spo/r  (by 2.2)&9/ or

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

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

)

¢

10/ ¥ the second regins the initial value of Kz 1is egual to the techrology
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 next investigste the time peths of the degree of employment (1) and
of the megriiude of unemploymend (1-¥) in the unemployment growth regimee
The censtency of the techdology ratio (2.2) implies that the amount of
employment (N) is growing at the same rete as capital. Hence the degree

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

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

of uﬁemployment anud its direction cf change ere given‘by

2.98) UeLeNeLe™t - mels/Ro)t

k%

i

b) au/at = o if and only if r/ (1§ s/ko) ht

AaN

éondition'(249b) in combination with oﬁ?;previous gnglysis of the case of
 failure £2.5b) jmmediately engbles us to differentiate the folloving cases
in terms of the relstionship between the strength of the population pressure
end the mﬁgnitude of unémployment through timezig/

2.10z) high populstion pressure: s/ky <1 (U monotonically increases)

b) moderate " " M sfky < r<sfio (U first incremses then
decresses)
c) low " N : r <N sfky (U monotonically decreases)

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

'}g/ From 2.9b, we see that the anslysis of the direction of chsnge of U
obviously depends upon the comparative magnitude of "r" end "N¥ s/k."

Since NI s/k, is lessg than s/hoptﬁésetwo nunbers nark off three reg
on ikive popuistion growth (r) sxis. These three regions constim
the three cases of 2.10.
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(2.5a). Specifically, in the IOW'population pressure case (2.10c), thuv
magnitude of unemployment decreases monotonlcally untll the terminal
roint is reached. In the moderate repulation pressure case, the nagnitude
of unemployment.will first increase end then decrease before the termina;

roint is reached. Thus we can identify a gw1tbh1ng roint in the magnitude

of unemploymunt as the economy moves towerd the termlnal point., The

length cf tine it takes to reach thls SVﬂtchlng roint is given by

2.11) ty = (1/h) 1n (r/ﬂ 8/k0) veiecncenienns (by equelity in 2. 9b)
It msy be noted that the moderate populstion pressure case (2.10b) is,
in fact, very likely to occur in the real world (see Teble 1 below)

and hence such g country should not expect itg unamployment problem to
be sclved'inmediately,e With the aid of (2.11), we can easily deduce ths

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

2.120) N% = r/(s/x,) , (degree of employment st switéhing point)
b) Qﬁ/@%o = r/ﬂg s/ko A (Q*-multiple st svitching point)
- - h .
c) L/Lo = (r/mfg s/ko)r/ (L-maltiple )
a) Qfq, = (r/hg s/ko)s/koh (Q-multiple - ")

As en épplicaiién of the various formulge derived gbove; we preszent
Teble 1 in which certain terminal andvswitching roint characteristics ave
caleulated. Iet us investigate cases with a high (40%) or & low (205)
initisl degres of unempléyment (Colvms 1), & high (3%)-or low (2.5%)
degres of population Pressure (Column r)9 end racﬁs of capltal and inccme

grovih vhich very betwsen high (6%), medium (+p) aud lov (2%) (Column 3).

PR
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The rzte of growth of per capite income ("h" in 2.3b) can then te
calculgted in{Column 4). Here we also indicste whether the csse is
one of "failure"; or "success” (with or without a switching point)

according to (2.10). For the terminsl date, we calculgte the duration

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

Colum 6) and the L-multiple (using 2.8¢,in Columa T). TFor the switchitg
-EQEEE,WhérG gppliceble (i.e.; the ﬁoint ab which'unemploymenﬁ beging to
decline sbgolutely), in the case of modest p@pulétion pressure we cslculate
the duration (using 2.11,in Column 8), the Q¥-muliiple (using 2.12b, in

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

The results of Teble 1 permit us to recoznize thét for the resligbic rangss
of paremeters postulated in Colwmns 1-3, all the theoreticslly possibie
cases are, in feact, likely to occur. While & low rafe of growth of Qﬁﬁput
or capital (2%) points to failure (and the impossibility of ever solving
the employment problem) higher cepital growth rates (4% and 6%) point to
success. Within these "success" cases; if the initial degree of unemploy-
ment is low (20%), the country cen count on continuous decreases in the
_anouwnt of unémployment over time; on the cther hznd when the initisl degree
of unamployment is high {e.g.,. 40%); the country is more likely to
experieuce gn increase in unemployment bafore unemployment finslly declives.
Moreover, & slight veristion of the population growth rate (from 2.5% to 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
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(unemployment growth) regime cnd at relatively modest multiples. In
the second {full employment growth) regime per capita income is conshent
and equal to labor productivity, p. Hence the maximum per cepits income

multiple for all time in this world is that which 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 greater
the potential per capita income multiple. This underlines the notion thet
unemployment end underemployment constitute the mein element of "slack"

in the less developed economy end that their eliminstion represents the
primary source of potential income gsin in & techndlogically stagnent
society. Butb 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 emphecizes the ingdequacy of the "resources sugnmenta-

- tion only" apprdach of Harrod-Domer. A realistic conceptual Fframework
from both the theoretical and policy points of view must tzke into account

the possibilities of & non-stagnent technology.

Section TIX. Big Push for Modernizstion

To many & planner in the contemporsry less developed world the most
popular type of technological chanige is what mey be called the "big

". This meaus the introduction, in a virtuslly

push for moderulzgbion
wwedified form, of imported techuology of the latest and most advanced
varlety. This typs of jmnovation process results mainly from the

influence of the "demonstration effect", i.e., the desire by entreprencurs,
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usually encouraged by e veriety of govermment policies, to emulate

production functions proved feasible elscwhere though usually under

radically different endowment conditions.

As was explained in Secticn I; the évailability of impbr‘ced ‘technology

will be denoted by the unit contour @ &' in disgram 1a.

Here the

process of introducing the imported technology is depilcted by the sequence

Ays Bys B, ..o representing progress towerd more "capital using” end

"lgbor saving" technology. If the rapidity of the importation of

technology is controlled by the rapidi ty of labor productivity increase,

we can determins the prevailing unit activity through time. Using &

gy
oo

Cobb~-Douglas function to approximate the unit contour @-q' ,' the model

appliceble to the big push for modernization follows readily from the

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

" (3.0a) Q=K N"¥ o<g<l implylng
©p) o=t e e (T=KMN).
e) k=% | .. (k=K/Q)
a) k =p (1/@)==1 . (by 3.1bc)

h‘ .

We cen then r ily derivs th# following growth rates:
3.2a) Ty = i/a» .« (by 3.1b =04 1.104)
b) B =i(l-g)fle =D>o0 . . (by 3.1c and 3.2s)

¢) T,=-7= D<o .. (by 2.20; T = sfk)
|K I - ,
d) T = e Tt ("]0 E_]%s__is‘lkatt=o)
- .7 | -
e) K= i K/" ) vhere KK = e o/b 5, 1... (by3.2a)



- 2D .

To investigate the dynamics of the "big push for modernizetion' growth
process we see thet since labor productivity is assumed to increase at
the comstant rate (T = i) the technology ratio T=K/N (3.2s) and the
capital-output retio k=K/Q (3.2b) ere both increasing at positive
constant retes ~- as we would expect. Since the average propensity to
save (s) is assﬁmed to be constant, (3.2c¢) indicates that the rate of
growth of capital is Gecreasing st a constant rate (D). We can then
easily cémpute the time paths of the rete of growth of éapital (3.24)

end of the capitel stock itself (3.2e). We readily see that the rate

of growth of cepitel (%) monotonically decresses to zero (from its £
initial value T ) and that, in the long runy the capital stock gradually : ;_
| 13/ |

incresses to a maximum value (K) from its initial value (Kg)o =% Thus,
the endowment path of diagram la would a&pproach a horizoﬁtél line

asymptotically., | -

We have thus demonstrated the futility of development via the big push
for modernization spproach. The conclusion is that s country which
blindly imitates capital Intensive techniques developed abroad as fast
as its labor efficiency level permits cannot escape the dismal prospect
that cepitsl accumulation will sooner or lgter cease. Notice that this
tility thesis is valid regardless of the magnitude of the savings rate
(o < s < 1), the rate of lsbor improvement (i > o), the populetion growth
‘rate {r > 6), or the nature of the availsble technological shelf, as
measufed by . Thus, in case a country is determined to erbark on a

 big push policy, & nationzl effort directed

13/ The solution ¢f this differential equation will be investigated
lster on (see k.9 and 4.12 beiow),
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at susterity (raising s), birth control (lowering r) education (raising i)

or the availaﬁility of importable technoiogy will not be sufficient to
' 1/

ellow 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 diagrem 3 vhere
point A is the initiegl unit activity, with initialicapital and lgbor
coefficients at (uo, ko). Since imnovgtion must reduce at least one

of these inputb céefficiénts,‘movement from A to points within quadrants
IT, ITII, IV of the "circle" sbout point A indicates which factor of
prodvction is "saved" (i.e., reduced) or "used" (i.e., increased) because

of the innovghtion.

As we have seen in Section I, if E is the factor endowment point, the
initial technicel unemployment is &E units. It is apparent that an
innovation will’

1) increase technical. unemployment if the technology ratio
:s raised.

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

It is thus gpparent that of‘all the possibilities of innovations (quadrents

II, IIT end IV), the "big push for modernizstion" possibility is the worst

- since, when the movement is in the northwestern direction along o ¢'

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

lh/fihns pessimistic conclusion can easily be strengthened by en investigsiion

of vhat happsnsto the rate of growth of output {Q), employment (N},
per capiita income (Q/L) or the degree of employment (M/L). Oue can
euslly wverify the fact that, in ths long ruw; the rsie of growth of
all these magnitudes will approech zero. (see equation 4.8 below).
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The difficulty with the "big push for modernization" is the well-
recognized fact that the heavy capital using nature of most modern
technigues makes them unsuitsble for a capital scarce country.n This
was shown rigorously in 3.2c ebove where the capital deceleration
.phenomenon testified to the inherent imp0ssibility of sustazining a
reasonable rgte of capital sccumulation. Differently put, the high
lgbor pruiuotovL ty of modern technology is achieved in the capital
scarce wuderdeveloped country only at a conq:.dprab.n.p cost, i.e., only
a ;imited number of workers can be employed through time. Thus,
development through the big push for modernizafion roupe is comparsble
to dévalopment of economic enclaves under & colonial system, i.e., &
smaxl rortion of the lgbor force is engaged in very cepital 1nten sive
projects while the overall level of unemployment continues to rise.
Neither technological stagngtion nor the blind use of imported technc-
logy cem thus be considered a visble alternstive for the underdeveloped

society. Other, more imaginative, alternstives must clearly be exsmined.

While there is cousidersble consensus among economists and practitioners
alike on the unfgvorable employment effécts of imported technology, much
controversy surrounds the question of the cutput effects. It ig, in faci,
& major purpose of this paper to present a more rigorcus formulation cf
this prcblem by exsmining the nature of both the process of technologiczl
assimllaticn end the nature of the avamilsble technological shelf. The
above coniroversy can be settled only via an investigation of the relation-

o

ship betveen these two imporient phencmeng,

I

0
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Section IV. Techuological Assimilghion

The foct that imported technology is availasble to an underdeveloped
soclety is probably the wost importemt single "faclt of life" affecting
its growth performsnce. Wes have just seen s however, that this shelf

of technical ]mowleége nust be used wisely if ecor}omié development is to
real"ly benafit. It is essential fr»f the underdeveloped country to achieve
a blending of Qp*w%ﬂi grd irdigssous technology so as to breed g new

tes bu«:@ng* al mix mors sutbable to the f}’pical facter endowment of the
congemporary underdsvelopsd econcmy. We re :(.’ﬂr io such en innovation

proc,ebs &s technolocicsl assimilad ;ﬁm’;.

-;.Eechno-lcgical essimilgtion comnobes two relsbed ideas: the importation
o:f téc:hnol.ogy (és foxmulatéd in the last sec ction) and the "blendin

of this 'trmemxoT ogy with éndigc:ﬂus inmovetions. It is the second
aspeet  whdch now nesds to ba mors rigerously formuleted and Eﬁw.ntified.
Our englysis of the .futility" of the big push for mod«gafniza‘bion suggests
that if the desired or benaficigl rea@i‘ts are to be gchieved by such
“blending”, the neb effecﬁ of . this new inmovationel ectivity must be

in & caplial-ssving or lgl'c»ga-a:"-:t: diresction in order to counteract
the c»ppési{f;s:‘. effects caused b‘;r the izportebion.

Referring to disgrem 3 in vhich the initisl 11*11* techaology is at A, the
importation of technology iz repfesented (as before) by a change. in .
the unit techrology frem 4 to B. The "'blénd:‘iag" of technology may nox;
be depicted by a downward zhift of ths .urit Le hnology from B to D

03

reprasenting & decline in the cspliel-oubpub rebio. Soch dnmovebional

) ;;..

—
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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 summarized by the qus,li't;y of the society's humen resources as g
product of ed- jon end learuing i\y dui.zw gt sny point in time. Vie
gy thus reasonsbly postulgte that m is positively reléted to the level
of lgbor productivity reached. Such g behavioristic relation may 'be

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

§.2) m = (p/po)c e>o

when is the degrzes of inovease of lsbor productivity summarizing

a socleby's cun la‘.}i experience with clanging technology, end where

“e" 1g the elasbiciiy of "n” with res sepest to "p/p,". The shapes of the

cepibal strétﬁhing nebions for alteroative values of "¢ are given
in dlmgren b, For e=l, (& < 1 gnd ¢ > 1), the capitel ghretching
functions ere represenbed by WX (WY avd W2). In our formalation the -
value of “e" is cbviousiy s wosh imporbant parameter gs it is only

.S‘l 12

when the velue of iz sufficlently large thet the ncdel of techno-
logicel essimilsticn is sufficiently different from the big push for
moderilzabicn case . (Vhen e=o, m=1l aud the capital stretching function

15 W', %.%05 we are bock to the big push CBSS ).

bz $n the last sssbion, ths Cobb-Dougles fumetion (3.1a) is again teken

to describe the avellebility of iuportsd bechmology. Thus we obtain

b) g = }5‘ H Db = l/{,:‘ =] eQ (by ll“og and 3015.)
Making wuse of(l.1b) end p = @/, we cin resdily calculate the sffective
(i.2., post~assimilet ;) revla'r fonghip betwesn cap.z.‘tal, lebor end

cutpuh s

anr

--
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hohig) Q= QDKB il vhera
b) B=o¢/(l-ce)= 1/(1%) (by 4.3)
) Q= (1/ (1~e/g) )(by 4.3; 4.1b and p=q/m)

Equebion (k. lu) :E’o:mlall} reseubles a Cob b»Douglas function where the
Cobb-Dougles coefficient B (im k.liv), as a function of "¢", is repre-
senﬁed- by the two brenchas of the curves in diegrem 5. There are three
eriticzl reglons of valves (Cases, I, IT emd III) for “¢" as marked off
by the eriticsl values indicated on the hérlzcntal gxis. The three

nmes 3vi mer v_nn :l_é/

the cgpital-stretehing coeff’lc:mnt

aves
ho50) Cass omss  o<B<l for o<c< (l-g)fe t
b) Case two: B >1 | for (1~ ¢}/ <c< l/c;
¢) Case tlwes: B < o  for 1lle<ec

I5 is coly in cuse ons that {4.ka) ressmbles s geouine cobb-Douglas
production function. In case two {three); the unit production contour

= 1=H
(1=0.k7%" ") is positively sloped and convex (conceve) es represented by the

curve ADD {AHL{J)) in diag;rém 3. In the csse of AJ‘»O, for cxample s ‘the imported
capitsl © Juﬁmt “retio is st point "B" in diagrsm 3 end the amount of decline
of the cepital ~cutpul rebio dus to capital stretching is BD. The effective

capityl cutput ratio (k') iz &b point "DV,

A formgl model of "development with cspitsl as imilation" can be con-

structed by replacing the gereral produchiom funchion in (1.10a) -
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by (k.ka). Ln sunmary, there are five paremeters ( ¢, c; i, 85, r) in
the model smmarizing the availebility of importsble techmology (),
the indigenous capital stretching effort (c), populstion pressure (x),

séiﬁ‘i'nga behavior ( s), end the improvemcnt of lebor efficiency (i).

For ¢amse one in (k.5); the "assimilation medel” is virtuslly identical

to the "hig pu sh 0ded, (1.e., by is effoctiv rely the same as 3.la),
Hencé— ve :hm;ediai‘sely com.:;. to the cc:x:elu.sion thkat to avoid stggnation there
imzst- be a m:i.n:i’mm"n level of domesbic ingenuily or sssimilation as

mgnifested in the magaitude of caplbal stretching

To formulate this ilea more rigorouslys we defines i

L.6s) R = {1 - (teckmology barrier)
b) Y =¢-FR (ssstnilation lever)

' -

c) ¥y ¥ o {i.e., 2> E; or 2 {l-y /o) (min i vum zssimilebion criterion (MAG) )
We shzll define R as the technology berrier de ;Le_lucm, entirely on the
naturs of the furelgn technology shelf (to ve examined more fully in

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

imilegbion effort aad the foreign techrnology barrier, which

o
o
B
[y
77
[~
i
[y
w
v
b

spread ¢sn be pariayed into sdditional domsshic growth., Morsover,

he Focb thot th: sssimilubion levsr mush be positive can then be

U‘

mterpreted &s the minimum gssinilation eriterion (MAC). For unless
it is sgbisfiled, i.e., the :md:.rrendus incovative efIOI‘u in response to the:

stimulgbion of iwporied technology is strong encugh to just overcome the

technology brrrier, growth cannot taka place in t?e leng rum. In this
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fashion we have shown that satisfying the MAC is necessary for long term
economic progress. It remains to be shown thet it is also & sufficient

condition.

Turning now to the two other cases (i.e.; 4.5 b and ¢), for which the
iinimun sssimiletion criteria is’satisfied, we see; from diagrem 3,
that developmént can be chargeterized either by ralsing thp capital-

lasbor rs (Ges& twe, ADO) or by lowering the capitsl-lsbor retio

(Gia-se three, .AI-ZO)Q As wz would intuitively expect; the capital shallowing
" case represents a relgtively lgrgsr indigsnous cepitsl stretching effort

(¢ > 1/w ) end lesds to e higher leve) of output end employment.

Applying khs seme type of erguments as in the "big push" model s we obtain
hota) 1 p = i/B
1 (1-)/8

n

.bj TI ki = = mg << O
C‘:) T]‘TL, = ‘9 .> o
B ot . .
a) TIK:TIOe (“o=f— :i.sT]Ka,tmo)
- . ; g .
eee 1 whare J:‘gnz’_}\/@mo

e) X = Ko 7
compérgble ﬁor(gbe) in the lest seetian,iZ/ Equation (4.Ta) indicates
thet 3n the cass of g relsii ively high (low) cepital s"c:fe’bching co-

efficient in case thves (duse two) of {4.5), the development process

~

_ :Ls charseberized by capital shallcowing de. pening) as T decreases
(increases) through time. Fowever, it is importsnt to note from (k.Tb)

that; rez rd.less of the fine distinction betwesn the two cases, the

X0/
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capital output rabtio 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 ecceleration (4.7¢), with the

rate of growth of cepital incressing st a constsnt rete (%.7d). The
“time path for the cagpitsl stock is mon.oten’ic.ally increasing toward

infinity ss given by (L.Te)o

In order to invsstigats ths rate of incresse of oubput (Q), employment
(¥), per cepite dncome (8% = 2/L) and the degree of employment

(W% = N/L), we have
o

l}.éa) ’I]Q' =Ty € + @ eoees (by 4.70d)
‘b) TIN =T o egt + 0 =lcoseo (by h.8a andnp =j_)
C:) Tl ne = T o ee‘ﬁ F 0 =Tooooo (by i}oBa and Ll 1 = r)

6) N =Ny & 4 @ edeTe.. (by 4.8b amd N, = r)

We con resdily see thet ell the growth vetes in 4.8 are in the form of
&k

~

1!:,9) T‘;ggnoe +g'far'n0>o and v >0

Bence #he bebavior of gll these rates of growth depsnds upon the fulfill-
m@ntb of the condition |

k.10) 1 o ¥ B>0 or M _>-g (for % > ©)

When conditicn (%.10) is fulfilled, T 4 is positive and hence x
monotonicslly :E,z-acre&ses. Converssly, whar(%.10) is not f‘ulfilled,

there exists a "svitching ‘point” with duretion

b.11) t=(1/6) In (-g/1)) ..... (by setting T, = o in k.9)

&t which the sign 1, chauges from negsalive to positive -- end hence
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the time path of x itself is U-shaped. We can easily deduce the time
18/
path for "x"  a&s

h,a2) x = x et / e™/®  ynere wu = (1,/ ©) St gt

With respect to the terminal point phenomenon, i.e., the elimination of
technical unemployment, we see that while the technology ratio (T=K/N)

is growing at g constzul rate (heTa}j the endowment ratio K¥ = K/L

is growing gt an incregsing rate (ﬂ e %~r by Lk.7d). Thus‘sooner or
later K¥ will caﬁéh up with T gt the termingl point ﬁhere the economy
moves Lrom ths unewployment pﬁabﬁ of grewth into the full employmenf phése
of growth. Thug, when the HAC test of (L.6¢) is

satiéfied, the "mgtur of the economy (in respect to the loss

of its lzbor surplus charzcberisii ¢) is also ensured. The duration of

time before the sysbem reaches the terminel point can be obtsined by

4.13) 1 =¥ vwhere ¥¥ sghisfies 4.83
In +hiz rspsr w2 shall not be concernsd with the prospects of development
af

fher the terminsl poimt. Egquations (4.7) end (4.8) ere valid only before

The sbove snalysis demonsiraies 1 assiilation eriferia
1% ipdecd , - .o ' a wost crucial condition

for econcmic development as me asuer by the four welfare indicztors
in (h.8) as well as, znd more importsatliy, vhether or not the society
Wil ever reach economic meturiSy. VWhen this condition isg not satisfied,

ved by 8 separabion
+o0 (.12)




..33._

capital accumulaticn end growth will cease; when it is satisfied, growth

will succeed in the sense thab all four indiestors will continue to
. o i1 e et e .19/
increase in the long runwittil the termindl point is reached.==

Since only the techuclogical parameter "&" vhich measures {;he availability
of imported technologys and e which measures the domestic effort in
capitel strebobing,are involved in the mindrmum assimilation

criterion of {4.6), cur conclusion strongly supports the '“bhesis that
guccessi‘ul econcmt.c developnent is esseutially e process of technological
revolution brought av.,ut by & sufficisntly large adzptive gomestic
response to the stizulabion of Jmporied technology. It is for this.
reason that we nesd to exsmine move csyefully the nmesning of ths

pardnete: ¢ which summarizes the availability of importsble technology.

Section V.. Nature of the Technologicsal Shelf

A cruciel sssumpiion of cur anzlysis is that the avellability of imported

'bec heology can be deseribed by & unib contour in the form of & Cobb-

this corloor we nm,ﬁ, first of all, reglize theh it is debermined b
9 > .

pagt experiances of production snd technclogy in the s sdvenced and techno-
LOGYF~EXOT counTries .,

__/ In ths °hOI’u run the values of stms of these indicators msy decrease.
Compzarirg the four growth rates of (L4.8) end meking use of (%.10), we
see that the expavsion of cutput (M¥ > ) is most readily achievable
in the short rmm whils the expansion. nf the degres of employment
(T % > 0) dg +he wost Aifficult to schieve. This explzins why, in the

developmont process, it is sasier to mest the "output criterion” than
8 e §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 )




..35..

Notice that 5.1b is precisely the same "production function" which we
originally postulsted in 3.1a (i.e., by letting Q = 1 in 5.1b we oblain
thé equgtion of the unit contoﬁr). ,This is the logical foundation for
our postulation of & Cobb-Douglss funection to depict the unit contour

in the first place. Purthermore, the ccefficient ¢ is now seen to be

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

a
v

country, The previously Jefined ccncept of the technology barrier R
the assimilation lever vy, snd the minimwn sssimilation criterion of 4.6

mey now bte expresgzed in terms of these growth rates:

5.2) R=_%8 =1.,/Mq (by 4.6a, 5.1c)
b) y =c =R=c-1N./%, (ty 4.6b, 5.1c)
e) Y>o0 ore> nk/nd (by k.62, 5.12)

Purthernc e, we recsll from h.7 snd 4.8 that the rate of capital accelers-
tion € in the less developed cowrty le an important parsmeter in determining
the behavior of ali the crucial economic varisbles in the system, e.g., K,

€, N, %, and N¥*. We cen now express @ zs s function of ﬂd an” M

5.3) @ = & (B-1)/B =iy =1 (M)  (by B.To, k., 5.2b)

The rafe of cupital accelerguior © is seen to be preportional to both
the rate of incresse of lgbor productivity 1 and the assimilation lever y .
Thus vhat contributes favaréblj to the rapidity of the growth process'in

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

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

the greater ihe dcmestic capital-stretching capscity,c. Moreover, the
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leverage effect, given ¢, is grester s h 1 the sssimilgtion barrier

is lower, i.e., vhen there is g ﬁigher rate of increase of lgbor ‘and/
or capital productivity in the sdvanced country. Thus, we see a
mechznism 'Lhruug‘t which economic progress in the sdvanced countries can

be transmitted to the underdeveloped couniries through the borrowing

of teschnology.

Let us retura now 4o the famous controversy of the ouwtput effect

Vis-g-vis the employment effact in a less developed counttry gbttempting

to modsrnize via & "big push” policy (defined rigorously as technological )
borrowing without cgpital sirstching). Condrary to our sarlier conclusion t
ore could legitimghely srgue that g h:i.gh envugh rete of progress in the L
adva‘ﬁcead_c:c:.mtxy can eiimingbe the need for capi"talm gtretching in the
underdevelopsd countiy. Moy s piaaning comniszion or foreign wid official

s of thet visw. The fact that this argument is not

entirely without merit can reaiily be zesn with the aid of di agrsm 6.
With the indicated rabe of capitsl ds epening in the developed country .

(i.eo, 02 9 OB, 03, (Do) the unit technology contour could s in fact ’

follow the path AR'CY ... if luncvebionsl inensity ccours at a high enough
rgte, = of thls cwrve, 1t shovlld be noted, is now comparable
Lo th saoped post-ceplbsl-stretohing curve in diagram 3. Thus

the argumsnt for ths b;,g push cannot, in faol, be rejected on g g*ior‘

Y

theoretical grounds snd is desers ving of further sbtention.

In view of the fact thut ths gheps of the unit combour in 5.1b is completely
determined by & ws czn, by & procedurs, entirely axalogous to that followed

in 4.5 deduse ths
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5.4a) 0 < @ <1 (unit comtour negatively sloped)
b) 1<& ( ¢ " positively sloped and convex)
c) @ < 0 ( [1] 1 1l ' 1 1t conCave)

The three possible csses are thus represented by the three dotted unit
contour lines in diagrem 6. Furthermore » We see from 5.1c theat @ 1is
detexrmined by the magnitude of the rgtes of improvement of lsbor and

cgpiteal productivity Ty and Ty dn the sdvanced country.

The magndtudes of both T| and ’P},_ » in burn, cen be traced directly

to the forces of innovs ti iy capltsl gsceunulstion sxd population
Pop

growth in the sdvenced country. We can, for example s postulate & ;
- production funcbion in the conventional form snd define the innovation
1n'tr=r'51+v J, and the cap1+al end lzbor elssticity of outpu‘c
5o 5&) q= 'P_ E,L;%) (consbant retures $o scule) -
oL 28
b) h((, z'/ /Q (im rava.t.hor' intensit v)
c) ¢Ka{gﬂ;§) X/Q); #, + iy =

°

and deduce the follow ing growth sguations:

5:60) My =3+ Mew
b) Tl'r\ = "J + dIJ T]"FJJ-
wiich show thab the msfoitude of Ty snd T ere determined by the twin growth
promoting forcss of J (the intensity of imncvabion) gnd 4 K (the rate of
csx {tal decnpamg )“'-'/ ¥e can then derive 'ths expression Por 4 in terus

of these underlymg forces.

he enihors' Develorment of the Izbor Suvplus

S
o . .:.+ mrmtay
bconozy 0_ - Civt. C_.'z;,p,:z
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5.7) & = 2? = 4. +d  (by 5.1c ena 5.6)

et T]d These - .
This then engbles us to investigate the resl caueal féctors‘which determine
the demarication between the three possible cases of 5.4, For this purpose

we assume,&s befors, thet the growth pgth in the mature economy is
charecterized by contimuous cepital deepsning (7 K% > 0)e
5.82) e <g<1l iff Tg>c andTy >o0
P) l<e BENg>0 and Ny <o
c) ¢<o iff g <o
Ve kﬁmvr that one of the sitylized festures of the mature economy ig that
it is chavacterizad by conbinucus inersgsss in lghor productivity or
per c,anl'ts. Income. Thus, for all pfac‘tic'al pur‘poéas s the positively

sloped and conceve undb contour possibility in dlagrem 6, (1.e., 5.8¢,

with 1 o < o) can be raled ous.

ductivity. The central guestion now becomes one of

to tha espibal-cutput ratio over time in the
neturs economy. This problew of the time brend of 4he cgpital-output
rebic in the madure econsmy has bean the subject of exhsustive study

22/ —
in the racent pastt Mosbt of thess sbudies ssem

9

%0 indicate long term

sseiilay shebility in tha zepdtel-oubpad ratic dub with come up snd down
swing phazes. We must wow resogaize thst thzse brends:also have conslderable

ROThe

significance for the less develeped world aaxious to borrow technology

from gbroad.

in Bconcmic Activity (New York,
UGS. rising slightly between
1930, and slightly falllng
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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‘tes; & given rate of growth of per capitsa in_come or labor
proéucti*i Th he mgturs economy can be brought aaoat by different
001r}binatiorls of J, human ingerwuity, end Tkxs the sugmentetion of mgterial

rescuxrces.

Equgtion 5.10 then shows *that a given rgte of progress 1an the technology-
exporting country bensfits the reciplent country mors if it iz brought
shout by r ,wo,t..m;y lerger doses of O gnd relativaly sagller doses of HK*

through & relabive lowering of the inmovetion barwier. This ig a logical

resuct sines, afbar ally, whel is being transmitied in the internstiongl

borrowing of teshmology sh JL..Ai ag much &s possible conshitute humen ingenuity

elly

(=

-

rabher than the conseguence of supericr maberigl ressorces. The brosad brush

nce strelegy sre intsresting. In the early

devs of Poird IV ths edvencsed countries concelved thair meln task to be one

-

0F meking the Inbermeliongl stodkplie of knowliedgs and ftechniques gvailgble

e the leszz develsped worlids in Lerms of our model this is equivalent to

wzreliing e, b followed we have experienced increasing

el
o L
eoneerhrebion

treefer of capitel to sugment the narrowly

circumserlted sevings copacity of the reciplent countries; in our bernms,

thig iz eqguivaient to relsing ze. Aud fing 1iys in the yet more recent period,

toe reelilzgblon baz grows Theb $he fmmortwtion of cepltal elone cannot do
the jot; but thet It Iis really the releasze of domeszhic shergies gnd ingenuity

d must therefore play a

B
0
=2
j]
e
D
m
z
&
)
g
o]
=Y
‘@
(D
UI
B
=9
&
B
9
S
a
i

larger roie in the foreign sssistance strategles of th capital exporting
countries; in teras of cur modzl This mesas more zf:ﬂ',:m*m'ﬂ rm.c*’ b DAl

d
m ggsinilation crdterion (BAC)

.L - oL

reising ¢ ood 4 to enzure %

- .
eahilzliad,
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Section VI. Verification

In this paper, we have cqnstru.cted 8 model of emplojfmen'l; and output expansion
‘py_ "i_nrtfj:gratil_'xg ths fcalld‘z-ring gro*.rthurelated_factors into one _ex_plana'_tory
frazglg_wmrk: populsghion growth, savings behgvior, changes :m la,bo_r productivity,
;Lnnpva'biona;_i. borrowing, end the aszsimilgtion of technology. As g contribution
to___‘tljlg theory of growth, the model can be used_.to attempt to explsin 7.

»1ds vhet less developed country experience

(71
w

‘historicsl eXper lence,  To dss

is, .u' ﬁ,, bty relsvent, ist uz bri f’.Lf resxaming the essential "causal

strocture” of the modsl.

In the ceussl order chart of diagram T, the five key behavioristic

asympblions gra indiested b;y the five rec an"rla g8y while the direction of
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the errows indicates the causal order of determingbion. The growth of

lebor efficiency is showm to be significant from three points of view:
technical, capital-output and employment. The technical aspect determines,
on the cne hand, fhe imported Capital-output rgtio (through ‘the "availability
of imported technology") and, on the other, ﬁhe degree of cgpital stretching
(through the "domesbic cepitel stretehing function"). These together
éeﬁﬁrmine the tecknicel zepach, f.e., the immovehion process characterized
by "assimilatian“n With respect to the capital-output sspect of things,
the‘réte of inaréése of lghor productivity determines the rate of change

in the caﬁiﬁalwoutput ratio (n k' <0 ) which, together with thevsavings
functior, determines the rates of growth of ceapital (1) x ) end of output

(1 Q) in the undsrdsveloped country.

Finally, the rowbh of lsbor efficiency determines the reie of growth of
¥ & , )
employmsnt (1) y) when the rete of growth of cutput is knowa. We see
that the populaiicn growik esswmption lies at the "closed end" of the
pop g
model end zerves to detenuine both per cepity income and the degree of
. an
emplcymeﬁtggg/
From the sbove anglysis we gsz thst our modsl depicts & type of growth in

which the incresse of lebor efficiency «- tarough eduegbion end learning

the significance of this lgbor productivity incresse is manifested, in

the first place, ams g technologlesl phencmenon via the assimilation

23/ Notice thet he sneglysis

sture of the aveilebls technological
shelf, i.e., ¢y finds 2 a faller understanding of the
inportsd techn: : 3 _ In the' statistical werification;:

we ghall resirich. ourseives:to data of the'technblogyrreCEiving!fountry.
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processy i.e., in the imitation and adaptation of foreign technology. There

is ample evidence provided by econcmic histoi'ians that post-Mei]

i Jegpanese.
growth was characlterized precigely by thege conditions, i.e., rapid
expa:é.sion of educsbion snd "imitative" grbwth‘. Thug, in the remainder

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

the frameworkx of our medsl.

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

the velues of the five parameters (@, ¢, L, ry 58 ) The following equgtions
g eq

cen be used for this purposs:

A
AR
60].&) IJ = go ﬁ:l . p00c088 00 (by loloi)
. A .
b) kg =?€,p‘b e0e0co0c0000 (by 12'33&)

C) (=] = ‘lr‘. QJ:‘.L’?«, sbebsanec (t‘v kosb)

d) @ a.:we";w—"f’ eesecoeomne ('b'lv li°3b> |

. 1L +% + e ,
. A‘; /"‘n )
e) L= L ¥t cecsoncos (b¥ 1,10e)
£f) § = ‘é‘q, cvscerocs (Dy 1.107)

vhers g hab “AT denobss a pevameisr esztimated by the method of least

squares. The estimation of (i,v, s) snd p, is given by 6.laef -- for
vhich %me series of cubput (2), ssviogs (S) populstion (L) and lsbor

If we 'Yavm,, in adil tion, the tinme

[
33
L4
&
E’jﬂ
2
4]
(81
»‘ =

produstivity p (_q,/'h) %
series of capitel stosk (;{)9 we can esbimate "a" end "b" in (6.1b) with
r'bhe aid- of the time series of k | ' (cbs erved capital-cutput ratio) and p.
We can thmuee equation (6.1cd) to estimate "¢ and "@". Tmis all the

.paremeters can be szbimgted when the tims sevdes of Q; Ny K, Ly end S

2]

ara gvailoble
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The basic date for Japesn, for the pericd 1888-1930, are presented in

_ 2L/ '
columns 1-l of tsble two (i.e., for Q, K, and N)7  We can then derive
the time series of p=0/N (Colum 5), k' = K/Q (Colum 6) and s=dx/dt/q

(Column 9).

The time series of p and k' sre indicated in disgrems 8 and 9 in which
the fltted curves (by the lesst equere method) are also shown. The
estimated veluss for p and k are recorded sn columns (7) ena (8) of

Table two.

o
A

The reletionship between p end k' is shown in the scatbter disgrem (dilegrem 10) 1
in which the curve (6.1b) is shown., The regression curves of diagrams L

6:28) p =p, et waers B, = 89.33 end 1 = .033
< (o]
n By | A
b) k' =1k} &9’ vhers £2 = 9.50 end 6 = -.022
. A
¢) k* = 4 pb vaere Q =168.6 and%‘ = -.6h2 %

W2 cem then estimste the paremeters (g, ¢) by (6.1cd) since

6.33) ¢

0

ng /imf, =1.128 ... (by 6.28c)

- . ﬂ -

b) @ = 1fi+bec) = 0.67 voo (by 6.3a; 6.2¢)

vhich ave the two major "innovetion peremeters” of ouwe model. For it
is omly in terns of thase two pavemetsrs that the minimum assimilegtion”

criterion for success (4.6¢) is dsfined. To see the economic implications

of the gbove nmerical‘results, we cbsarve that:

24/ Sze Appendix for explanghion of the dsts sources.
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BASIC JAPANESE DATA*{Cont'd)

QN =p K/Q =k

1930 12,715

¥Bea Sppandix .

6k, 450

for explanation of datg scurces gnd metheds.

Year Output = Q Capital =K | Employment D k s = !}%/Q,
=N . d
.‘..,,(cl.) [ P (2), Ve e (3)_ T T (Ll») . (5) . (6) . (7) (8) (9) '
1926 | 10,095 40,067.3 60,522 352" 34970 | 317403 416 .1343
1927 10,554 41,423.9 61,317 365 3.92 327.84 L4.07 .1289
1928 10,696 ho,7832.9 62,122 367 L,00 | 339.19 3.98 .1225
1929 10,962 44 ;,093.9 62,938 373 L.o2 350,35 3.89 .1k75
455710.9 k29 3.60 | 362,59 3.81
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6.4) (1-¢) w<c<lfey i.e., .5< 1,128 < 1.5

‘and hence (k.5b) is satisfied. Thus the value of the technology barrier R
(k.62) is .5 and the value of the essimilation lever y (k.6b) is .628.

We can immediately comclude that: 1) The development experience of Japan
represents a case of "success" in the sense that the minimum assimilation
criterion (L.6c) is satisfied. This meens that the domestic effort in
the direc't;ion of cepitnl stretching was sulficiently strong to compensé:ber
for the unfavorabla effect of‘ the highly capital using nature of the
imported techrology. We één thus explain vhy cutput (Q) employment (W),
per capits income (Q¥) and the degree of employment (N#) did increase

in the long run. (I;Tné't';her or not thess four wélf‘éﬁré inﬁicaﬁcrs nay turn
down in ths "short ran” is investigated below,) 2) The domestic capital
stretching effort, bowsver, was not kiu_'"t;-e strong enough to satisfy
conditicn (4.3¢). This means thab for the 40 years teken as a vhole,

Japan developsd wider conditions of some cgpitel deepening. This evidence

of course, doss not combredict the fact thet for the early years capital
stretzhilag could have playsd. a much mere important role. In Ffact s it is
rosgible that Jupsn could even have shown a cgpiial shallowing characteristic

ha earlier stages (i.e., with a higher cegpital stretching coefficient).—i/

=

E.'
c-!-

3) The Japsnese dabs, morecver, reveal that ¢ in 6.2b lies between O.and:'l.

This depicts the uss of the negé:tively sloping unit contour {5.9a) which

gg[ In Fei gad Ranis {op.cit) Chapier &, ¥e, in fact; presented some statistical
evidence that, for the industrial ssctor, capital shallowing gave way
to capitsl deepening ercund 1917. Since the possibility of "capital
strefching” is grester; the gregber the @ifference between the inported

end the ipdigencus tachrology, it stsnds %o resson that st the early stagss
of develspmeni (vhen resunsbly, tha demestic produchicn structure differs
more Irom the forelgn lechaslcgy than at a lster stzge) the role of caepital
streiching is greater. This hypothesis cen be verified by @ more systemgtic
stetighbics gve underisken here, i.e., by placing

P R K S - . <
el investigabion then we heoy
2 2o

shorter time periods vnisr exsmination.
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neans that Japan was borrowing technology when thé exporting world was
exhibiting somé tendency for.increasing capital-output ratios.agé 8lso
means that Jepan would not have been gble to grow successfully without
8 mgjor: domés;ic. cgpital-stretching effort for which 1t 1g , in fact,

Justifigbly famous.

Once we havs determined the numericsl megniinde of the three "innovation
- paremsters” (¢ = 1,128, & = .6? gnd 1 = .033), we can.proceed to

investigate The pradicted velues for the rebes of growth of k'; XK, Q,

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

"innovetion parameters”; znd then compare these with the directiy cbserved

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

To begin with, we can qalculat@ the rate of growth of the cgpital-output
retio by ths formulg 5

6.5) My = =g =1 (2-B)/6 = -1 (c-{1-&)/&) ... (by 5.3)

' - 0216 - «es (by 6.3 and 6.2a)

i

which shows $hab the predicted value for 1 i1, i.e. -.0216, is approxi-
mately identical to its directly observed value in (6.2b), i.e., 6 =

~.022 .

As a sscovd shep, the mwmerical valus of T k'? the predicted rate of

capital acceleration,is

6.6) Mgy = T = 8 = .0216 (by 4.Toe)

g§7 Thus, an exsminsbion of purely Jegenese date rerxits us to conclude that the
- capitel oubtput ratic of ithe sivensed countries rust have been increasing
during the period 1688-1930. Tnis phencmenon can of course be verified by
indspendent evidence (sse footnmcte 22).
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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

6.9a) Tq =.006k e "3 +.043  (by 4.8, 6.78, 6.22)

043t

.006k e +.010  (by 4.8v,, 6.7a, 6.2a)

b) My

.Ol3t

7
+ .032 (by 4.8¢c, 6.6a)"
/

- 0001 (by ’4"85.’ 6‘79,)2.7L

e) 1 Q* 006k e

a) T = -006% e "3t
Based on these growth rates we could have calculated the "estimated"
growth paths for Q, N, Q*, and N* (usking use of L4.12) and compared
these "estimated" g.mmhApé;ths with the cbserved growth paths. However,
instesd of this difficult compsrison of two time series, let us
concentﬁ:be on the an@.]yéié; of tha dirsztion of change in the rates

-of gruvth in (6.9) mal&iﬁg uss of conditicn (h.lo).b For this purpose,

it is sufficient to make tix_e observation that condition (%.10) is |
satisfied for all four csses of (6.9), end ilence thet these four growth
rates have bvesn cousisbently posi*:;ivé through time. The conclusion

is that thz Jspanese exparience not only sﬁ'&;isfies the minimun assimila-
ticn eriterion of. (4%.62) but, in fact » that the innovetion effort has
be&a. 80 mcraess:ful‘tha'h'emplayment and per cgpita output have been
increesing from the very begimming of the growth process (i.e., the
switehing point phenomenscu, ss described by L.11 never océurred for any

of these welfsre indicutors).

Since the degree of employnent (¢ = N/L) is monotonieslly increasing

without bound, full employment will te réached vhen % = 1. Thus our

estimgtion of Tp* and Tyx, the population growth rate is
d t> be r = .0116 which is the growrh rate of employment
estimated from colwm {k) of Teble 2- o
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model structure in the last sectian implies a® stages of growth thesis"
composed of an unemployment growth regime, to be followed by a regiﬁe of full
employment:.?é/ At “"the terminal point” (i.e.; when N¥ = 1), the economy

loses its labor surplus charactefistic és it graduatés into the family

of mature economies. Previous work by the present suthors suggested
that such a 't;ﬁrning poivt, in t_he cése of Japan, occurred around 191'{.'2'2/
Ve mgy now caloulate the time reguired to reé.ch'the "terminal point"

by first computing the growih patk of N (by k.12) as

6.10a) N =l.e"/e /0" where
- _ T )
v) u =(0,/0) e + (8 -i-r)t for

c) © 043, M= .bc64, 1-00539 ru,0116

Az ixdicetes in k.13, by setibing §¥¥=1 in (6.10) and by meking use of the
copmr;ien"b"f&é- that in our model em =Y (-= .001) is spproximately zerc 3 o/
we can solve mxplicitly for the durstion of the process before the

terminal point is reached:

[ - ’ T‘- 'p/..,{’;\e/n,
6.118) + = (1/8) :x cn {2 o/ FEn) T 0 (vhen N# increases to l) for
B) g = 0h3, Tp - +O0Ehs 1 = 033, ¥ = L0116

Thus; we can caleﬁléte +the time period $ill terminal peint if we know

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

20/ Rigorously, all of cur amaslysis in the last section is valid only in
the first stage of growth in vhich unemployment exists.

29/ See Fel end R=nis Chaptsr 4. The result was obtained from the
stetisticelly cbserved fact that whan the lsbor surplus condition ceased
to exist, capiital shellowing gsve vway to capital deepening in the
industrisl ssctor of tha dnglistic ewn*m:y. W= did not in our previous
work explain why the termingbism p«*irﬁ' ghould occur in 1917 and not st
any othar dsts. or work in this psper supplies & positive theory
vhich provides a possible snswer.

_‘_33/ If thiz were nod conveniertly true, everything would still hold but the
caleulation would be wore cowpiisabe]d. _
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do not know of any data on unemployment (disguised or opén) for these
early yesrs. Conse’i;’uently, the hy'poﬁhetical values of Ng = .6, T, .8- and
.9 (i.e., 10% to 40% of the total labof 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
(N'g in 1888)

Durati\:)n of unemplcyment phase 43 :
(years) 12 21 27 34

Celendar Year (1885 + ¢) 1900 1909 1916 1922

In the eérly s‘?:age cf Jepansse economic developmeni, it is quite unthinkable
that thers should have been no slack in the foym of disguised unczmployed labor
force. We may ressonably assume that the initial unemployment is upward

of 20%, which gives the teyminsl point for Japsn somewhere after 1910.

These results, though undoubbedly based on as yet inadequate data, are

1/

supported by indapendent esrlisr work on J apan-g-'

This paper hes swught to demcusgtrate that s coumprebensive theory of growth
for less developed countries not ounly relates employment and unemployment
W ith all tke other customary growih phenomena st the sggregative level
but must elsc tie up with the nature of the techrology availsble for

borrowing from sbrosd. Such a general explanstory fremework, of course »

31/See K. Ohkawa and H. Rosovsky "The Role of Agriculture in Modern Japsnese
Economic Development®, Ecoromic Dsvelopment snd Cultural Change, October
1960, for exsmple, as weil as Lhe auihors' Development of the Lebor
Surplus Economy {op. cit).¥We hope that lster informabtion now becoming
evallable from the Hitotsubashi University will mske it possible to
improve our estimsgtes. .
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should nct only be ceapsble of explaining historical experience but glso
have substantisl 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 particulsr into a) the nature of the reiationship between technological
borrowing end lending coantries gt different stages of development; b)

the precise ﬁcaning of a technological gap end Veblen's advantage to the
late-comer néiioﬁ; ¢) the relaticnship between different internal patferﬁs
of growth in the devéloped world on the development process in the less

developed world.
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Sources for the basic time series data used for the ana.lysis of the growth
experience of Japan: :

1)

3)

k)

Output date (Column 2) are teken from Ohkawe, The Growth Rate of the

Japanese Economy Since 1878 page 248, Teble 4, "Potal Real National

Income Produced". The dats sre neasured in millions of Yen and in

i928~32 prices.

Cepital stock estimates (Colvmn 3) are from Fei and Ranis » Development

of the Lebor Surplus 'Ecoﬁomy pages 126-128. Figures sre in millions

‘of Yen and hsve been deflgted by Ohkawa's (32. it .) non-farm price

index; page 130, 1930=10C. The "Capitel Stock" figures produced in
this way ere for the industrial ssctor which have been tzken gs epproxi-
mgtions of the cgpltal stocl; ‘for the ecénomy as & whole. Once more
recent precise capital stock dats become availsble these séries should
be revised. '

Euployment deta (Colwmn 4) are from Fei end Renis (op. cit.), pages

126-128 Colume 1. Numbers sre in 1000's of persons. We have taken
’-ftoté.l population” as en epproximstion of "total employment”. From
thezse daba, the populsticn growth rate is estimated to be r=1.158%

(geometric 's.'re.v.:—;;gé for the entire period) which is used in (5.8¢d) in

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

in diegran 7).
The capital-output ratio, k' in Column (6) is Column (3)/Column (2).
However, the figure for average productiﬁ‘by of labor (p) in

Column (5) is not AN as defined in Columns (2)/Column (h)  Instead,
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the Ohkawa (op. cit), pege 250, "Total Real Nationsl Income per Gainfully
Occupied Population”. Figures are in 1928-1932 Yen. This is because
we have teken "total populstion™ as an epproximation of "total employment".
(Thus the data.in Column 4 is used in the text only for the estimgtion

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