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~ INTRODUCTION]

Economic growth is achieved largely through capital accunulation
and technical change. However° these two processes are not independent.‘
The generation of technical change requires resources and, in this
sense, it can be considered to be an investment actiVity. This in
_ fact is recognized by naming cumulative investment in nonphysical
capital “human capital" | The implication of this is that the rate of
v.growth of the economy depends to a large degree, on the rate of
'-capital accumulation.‘ This paper deals with some aspects of the
| structure of this interdependence between capital accumulation and

technical change. The emphasis will be on agriculture but many of

- the propositions are of general nature.

Thevgreen revolution provides a good example'of technical change

- which implementation has required capital accumulation in agriculture.

A recent study by Bhalla, Alagh Thind and Sharma (BATS) of foodgrains
| growth in India based on district data provides empirical evidence‘for
some of the propositions deueloped in this paper. In comparing pro-
duction changes from the period 1962-65 (pre-green revolution) to
?:1970-73 a period "when the new technology in Indian agriculture was
well established" 2 the authors state that “our study shows that the

, introduction of new technology after the mid-sixties is gradually but
surely changing the production structure of Indian agriculture"3 It
is clear that if the transformation to the HYV requires capital, it |
can only be gradually implemented -This 1s well consistent with the




other findings characterizing the nature of the changes brought ab0ut ,

by the green revoiutiono

“To sum up, the differences in yieid levels of high and- iow
growth districts are adequateiy expiained by the increasing efficiency
of factor inputs, like fertiiizers male workers, and intensity of
cuitivation. In this regard for the high growth‘districts the ro]e
of capita] (1ike fertiiizers) tends to become increasingly more impor- ,
 tant as compared with that of iabor.““ _ 7 -

This statement is based on the fact that whereas in traditionai
siow-growing agricultural regions, labor continues to be the main fac-
'tor of production the new techno]ogica] inputs are gradua]iy emerging
as predominant contributors to increase in yield levels particuiariy
| in the high-growth districts. Significantiy, the eiasticities of -
yield with respect to most of these technologicai inputs are much
higher during the seventies as compared with the sixties. In ai] the '
regions formed through growth of output or growth of yield ciaSSifica-
tion, maie workers emerge as a significant explanatory. variab]e with a
positive and high eiastic1ty coefficient This is a significant
result and refutes the hypothesis that because of existence of
excessive iabor the marginal productivity of labor is zero in Indian
agriculture, In fact with the introduction of new techno]ogy, even
_the traditiona] factors of production in combination hﬁth modern
'inputs have tended to become more productive in the high yield growth
area. In most of the high and medium growth districts (by output or
‘yieid), the marginai productivity of iabor by itself and when taken

with intensity and or fertiiizers has recorded a notab]e increase.




'However, it is notab]e that with the introduct1on of new techno1og1ca1
" 1nputs 11ke fert111zers ‘tractors and tubewe]ls, and with increase in
‘.intens1ty of cu1t1vat1on, the e]ast1c1ty of 1abor dec11nes quite
percept1b1y and it ceases to be ‘the predom1nant factor of product1on
"The contr1but10n made .by new techno]og1ca] inputs is the'greatest
' among the high growth d1str1cts ‘but keeps on dec11n1ng re]at1ve1y as

' growth rates of d1str1cts dec11ne" 5

- ~To summarize, the introductIQn of HYV has réquired capital inputs,

‘it is capital intensive in the sense that it increases the share of
»capita1 inputs in total output and it hepresenfs techhical change in}
that it 1ncreases yields and 1ncreases the product1vit1es of all 1nputs
1nc1ud1ng Tabor whose factor share declines Most 1mportant. it has

| taken a Tong t1me-and after_twenty years it is far fhom‘being comp1eted;' |

| There is‘novcomphehenSiVe framework that can produce e?llthese results.
‘The reason‘is that most’of the work oh'the production side of the
economy is based on the concept of a product1on function. As‘such

- some . of the emp1r1ca1 evidence quoted above is dealt with under the t1t1e

; 1abor-sav1ng techolca] change.»kThat is, the production functlon chaoges
}by factor augoentation to yie]d under given'pricesvhigher capita]-]abor
‘ratios. Under such on analysfs. the production'fonction changes but at
any time there is on]y one productionhfunction | Thus coexistence of‘

_-production functions, such as those associated w1th the traditional and
modern varietwes, 15 not accomodated by the theory. In part, coexistence

| can be cons1dered as a transitional phenomenon resu1t1ng from imperfect ;

knowledge but th1s exp]anat1on cannot account for the length of time that




it has required to introduce the modern teChniQues'and for the Qeographicai
hruariatiOns in suchvaspattern. fhe green revolution is considered here as
-an example, indeed a very 1mportant‘one Another examp1e is the motor1za-
tion of agricu1ture. Motor1zed agr1cu1ture represents a different tech-
nology from non-motor1zed It has a1so taken a long t1me to be 1mp1emented,'
The .point of departure is the recognition that at any time, there are
nunerous product1on functxons._‘Basxcally,-a»product1on function is a micro-
concept and‘it describes'the input-out re]ationship of what is referred to
dhere as a'technique. Thus, the traditional and the HYV are two d1st1nct
technlques descr1bed by two dlst1nct production functions The product1on ‘
.funct1on that descrlbes a techn1que relates changes in output to some changes
~in the 1nputs ho]d1ng some of the var1ab]es -- such as plant variety or
soil type -- constant The var1ab1es that are held constant are d1screte.
‘ _The co11ect1on of all the techn1ques is referred to as techno]ogy.
A change in the collection is referred to as techn1ca1 change Not all .
the techniques that are ava11ab1e are actua11y 1mp1emented at any time.
It 1s therefore usefu] to d15t1ngu15h between the ava11ab1e and the
1mp1emented technology,, The forego1ng conments;on the re1at1onsh1ps
hetween technica] change"and capita] accumulation'refer to the effect of
capital accumulation on the determ1nat1on of the imp]emented techno]ogy.
. This paper gives a very s1mp11f1ed view of the world. Yet is is
suff1c1ent to capture the emp1rica1 ev1dence as quoted above - Other:
1mp11cat1ons of this approach are d1scussed elsewhere.s/

The d1scuss1on begins by adopt1ng the framework of ‘Danin and Mundlak

“for the choice of techn1que, start1ng with the supply 51de of




the economy, followed by the discussion of the choice under equilibrium

of subpiy and demand " The change in the’tombosition'df the imp]emented
.-techniques is re]ated to 1nvestment in. the discussion of the rate of
implementation of new techniques It is shown that the introduction -
‘of-a new teéhnique may generate'a disequilibrium situation and that the
"rate of its a11ev1ation depends on gggé_ investment Once this
disequ111br1um is eliminated “the further inten51fication of the use of"
this technique depends on net investment that is, on capital accumu]ation.
It is then argued that in an economy that accumuiates cap1ta1 it is
expected that on the who]e, the new techniques will be more capital
vintenSive than the existing ones. This is then fo]]owed by a discu551on
of some empiricai impiications. Particularly, the role of prices and the e

hscope for pnicevand'other policies is considered.




- THE PRODUCTION STRUCTURE AND COEXISTENCE OF TECHNIQUES

-For simplicity ofvexposition assume that agcicu1tnra1 technq1ogy'
_ consists of two. techniques, “traditioné]“'and'"mddern". dencted as lvand
2 respectively.’ They are represented by well-behaved product1on funct1ons,
d1sp1ay1ng constant returns to sca]e in labor (L) and capita1 (K).
unit isoquants cf,the two technjques are shown in Figure 1. The curve
.denoted by.Y1 =1 represents the verious combinetions of ]abcr and
capital thatsfesult in a unit output'generated_by the traditiona1 tech-i
nique. A similar 1nterpretation appfies»for the modern technique;ras
represented'hy Y, = 1. Note that the curves are drawn 1n such a way. that
the modern technique is considered to be more capita] intens1ve. .
The cho1ce of techniques by an. 1nd1vidua1 farmer in the situat1on

~ described in Fig. 1 depends on the ratio of wage rate (w) to renta] rate-e
on cap1ta1 (r). At a Tow wage-renta] rat1o, w = w/r the labor-
1ntensive trad1t1ona1 technique has a Tower cost of production,.and
',-therefcre.the modern technique-w111‘nct be employed. Conversely, for

‘a relatfee1y_high wage-rental ratio, only the modern technique_is used.

.Undef‘a_weak ASSumption:.with respect to_the behaviour of thekisoquants,rks

u-there exists a value & for the wage rental ratio, at which the cost of
. productiOn of the two techntques'is the same. This is shown in Fig. 1

» by the 1socost Tine with slope & tangent to the two 1soquants. Thus at |
@ the two techniques are equa11y eff1c1ent Consequently, the farmer is

indifferent to the choice of technique.< He cen use the traditional
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technique with capita] labor ratio } = kl (@) or the modern technique
with a cap1ta1 -labor ratio. R =k, @) or a combination of the two -
techniques. The values E and E are the input ratios that correspond
. to @ of the traditiona1 and modern techniques, respectiveiy
| Turning from an individual farmer to agriculture at large. let
~ F1Q. 2 represent the agr1cu1tura1 technoiogy. The factor endowment is
SUnnarized by the capital-labor ratio.kA = K/L, which is shown as the .
slope of the ray through A. The wage-rental ratio is now determined :
| Cas the slope of the isoquant for the given k. The question is wh1ch is
the reievant isoquant. For a sufficiently low capital-labor ratio._
specifica]]y for k s Eloniy the traditiona1 technique w111 be emp]oyed
In this case wwill be determined by the slope of the isoquant of the
trad1tiona1 ‘technique evaiuated at k, and by construction for k < k1 we |
have ) (k)"ml . Converse]y. for k 2 kz, w. (k) 2 & In those two cases
agricuiture specializes in one of the two techniques. Consequentiy, the
 two techniques coexist when klg k ¢ k2 In this sense; El and hé can-
be v1ewed as treshold values. | .
Under the assumption of fuil empioyment, 'the intensity of utiliza-
‘ tion of the individual techniques 1is determined by k, k1 and k2 This
vcan be shown graphicaliy by drawing a para]]e]ogram. Thus in terms of
| Fig. 2 when. the economy produces at A, m represents the proportion of
;output generated by the modern technique, and the comp]ement t =1 -m,

~ comes . from the traditional technique. 8/

- While the treshold values, (Ry » Ez), are determined solely by the

: technb]ogy,’k reflects capitaI'accunuiation. Thus, as the choice of.

techniques depends on k, it will change with capital accumulation. Given
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‘ofuii emp]oyment in agriculture. the intensity of utilization of the modern
‘ technique increases with k at the expense of the traditional technique. 3
‘That is the proportions of labor and capita1 emp]oyed in the modern |

technique increase or. aiternativeiy, the proportion of agricu]tural |

output generated by the modern technique increases. This<can be shownA

: graphically by moving point A to the left along the cost 1ine and
- drawing a new. paral'leiogram.9 ~" 7 |
| This simple minded analysis has a very important repercussion.
Cap1ta1 accumulation leads to the employment of capita1 intensive tech- .f
niques. “In genera1 we view the modern techniques to be capita1 intensive;:

cnnsenuentiv their reiative imnortance increases with caoital

' .-accumuiation. The converse is aiso true. It is impOSSibie to increase

the relative importance of the modern techniques without capita1 accu- -
'inu]ation. This result is estabiished here in a partia1 anaiysis of
’lagricu1ture considering on]y the suppiy side. We turn now to show that
'this is also true when the whole economy is considered and demand is

'taken into consideration.

THE ECONOMY | 4 ,

The extension of the anaiysis to the economy as a whole requ1res to
" show how techniques are selected. aiong the equiiibrium path of the
economy. This is the path of points at which supp]y and demand are
equated A point on the equiiibrium path is represented here by the.a
intersection of the transformation curve and proper]y defined demand v
curve. To simp]ify the ana]ysis, non-agricuiture is_aggregated_into

one sector andlit is assumed that it’uses'on]y one technique;'lAlso,

without a loss in generality, it s assumed that}non-agrituiture is more




capital 1ntensxve so that its capitaI-labor ratio (k ) is larger than
that of agriculture (kp)s specifica]]y it is assumed that k Qu) >ky(w) k (w)
The resu1ting transformat1on curve is shown in Figure 2, with points
T, A, M marked on it. The curve is d1v1ded 1nto segments {identified by
the utilized techniques. At low levels of agricu]tura] product1on, on]y
the traditional: techn1que is used whereas, at a high 1eve1 of agr1cu1tura1
, _output on1y the modern techn1que is used. In between there is the region

where the,two:agr1cu1tura1 techniques are used. This’segment'of the

transformation curve is a straight,]ine. The slope of the transformation

curve is the price of the agricu1tura1 product in terms of the non-
agricu1tura1 product (p) Therefore, the segment representing coex1stence
of techn1ques corresponds to a constant price p .To show the relationship
between agr1cu1tura1 output and ‘the price p, the supp1y function is drawn
—1n the left hand panel of the f1gure. Nhen the two techniques coexist, it
is poss1b1e to increase agricu]tura1 output without' 1ncreas1ng prices.

' This however, requires a sh1ft of resources from non-agr1cu1ture to
agr1cu1ture and therefore, a dec11ne in non-agrlculture ouput (Y ).

Also 1n the same f1gure a transformat1on curve is drawn for the same -
economy if it were deprived of the modern techno]ogy. 0bvious1y, this is
an.inferior situation to an economy whose output plan is to the left of T.

The next step is to introduce demand functions. When tbere are only
two products, the income consumption curve contains all the information on

'_the demand in the economys This curve is drawn 1n F1gure 3 for pr1ce P
in such a way that the demand for the agr1cu1tura1 product Xq is expressedv v
as a functwon of the demand for the nonagr1cu1tura1 product, x2 When the

two products are normal the curve is ever increasing with respect to the




two,axes The economy 1is 1n1t1a11y at point A where the two techn1ques
coexist. With capital accumu1atlon the transformation curve shifts outward

and the equilibrium point moves from A to E, where the price remains

unchangéd. Consequently. capital accumulation produces only income effect

and no price effect and, therefore, the increase in sectbra1.outputs is
proportiona] to the 1ncome'e]é$ticities. When the two products are norma1
they both increase w1th cap1ta1 accumu]at1on Such a JO]Ht 1ncreasev1n
production requires a decline in the re1at1ve importance of the trad1t1ona]
technique. To see this, we note that the price at A and E is the same,

'so must be the capital labor ratios kl’ k2, and kI Then the only way té
increase the non-agricultural output with prices held constant is to sh1ft
‘.resources from agriculture to non- agriculture. But at the same time, it

is requ1red that the agricultural ouput increases as well. This can happen
only if in agriculture the trad1t1ona1Atechn1que is replaced by the modern
technique. Such a shift will cause‘an‘increase in the agricultural capital-
IAbor'ratio. It can thus be concluded that tapita] accumulation which |
takes place under a state of'coexistenéé of the two techniques in agricul-
ture generates a shift of resources aWay from the traditional technique.

It should be noted that this result 1s now.achieved for the economy that

10
it is always in a short-run equ111brium.




THE RATE OF IMPLEMENTATION OF NEW TECHNIQUES

The main point of'the foregoing discussion was that an introduction
. of new capital 1ntens1ve techniques is subgect to capital constra1nt and
therefore the rate of adoption of the techn1que depends on the rate of

:cap1ta1 accumu]at1on As such, it is clear that when dealing with an .

S 1mportant sector of the economy, the 1ntroduct1on of a new techn1que may
take t1me to accomp11sh | | : |
Tq relate this finding to other treatments of the adoption.ot new
.techniques, reference is made to Fig. 1. aSsdme.that_when the modern
_technique>is'introdwced,vtheycapitaj Tabor ratio is k and the-economy
‘tis initia]]y Tocated at point N. Obviously, after the 1ntroduct1on of
the modern technlque the eff1c1ent product1on plan is changed from N to A.
‘The question that is generally asked is what determ1nes the pace of
-‘movement from A toN whereas our concern so far has been the movement from
‘T to A. In other words, we have dea]t w1th movements a _lggg a newly
...formed eff1c1ency front1er whereas the movements from N to A can be 1nter-‘
- preted as a movement toward a newly formed eff1c1ency frontler -The
'determ1nants_of the-pace,of‘such a movement often g1ven in the 11térature
- can be‘c1aSSified'into two groups, those related to heterogenefty ef
Capital'and those related to uncertainty and}imnerfect knowledge.

’.In the fpregoing discussion, it was implicitly assumedrthat capitaT-
V_gdods are homogenous so that horses and traCtors are the same thfngs' This |
indeed is a simp]ification of reality E11m1nat1ng this assumpt1on and
- recognizing that capital goods are heterogenous introduces another
| .d1mens1on 1nto the d1scuss1on. If the two techniques in question reqwire

| _dffferent forms of capital, then the'pace of moving from N to A will be




‘determ1ned by the ease of chang1ng the composition of the cap1ta1 stock
In genera1 the d1sappearance of the capital good assoc1ated with the

: trad1t1ona1 technique is determ1ned by obsolescense or d1scard and the

| 1ntroduct1on of the cap1ta1 good associated w1th the new techn1que is
determ1ned by gross 1nvestment Consequent]y, the rate of 1mp1ementat1on
of the new techn1que w111 be determined by the rate of g:gs_ 1nvestment
whereas the dec11ne in the trad1t1ona1 technlque w111 depend on the rate

>:’of d1sappearance of the cap1ta1 good associated w1th 1t Thus the

movement from NtoA wou]d imply a gradua] reduct1on of the cap1ta1-

'labor ratio in the trad1t1ona1 techn1que from k to k1 In th1s process

will gradua11y dec11ne from 1ts 1eve1 at N, as determ1ned by the trad1-
,t1ona1 techn1que tow. A | | SRR
‘ The essence of the argument on heterogene1ty of cap1ta1 is that the
two techn1ques may requ1re d1fferent compos1t1ons of the varlous cap1ta1
goods not necessar11y two. If th1s is the case, then a change in the
- composition of the two techn1ques will requ1re a change in the compos1t1onM
»of the var1ous cap1ta1 ‘goods. If th1s process takes the economy off the
,v.eff1c1ency front1er, then the return to the front1er will depend on gross
investment. ' |
| So far we have treated the modern techn1que as a new entity comp]ete]y :
‘gunrelated to the trad1t10na1 technique In subsequent dwscuss10n we
7comment on the econom1cs of generat1ng techn1ques However from a sth1ct1y
forma] po1nt of v1ew, once the new . techn1que 1s ava11ab1e, it can be
expressed as if it were obta1ned by some change of the trad1t1ona1‘production
.'function ‘Doing so- may help us’ to uti]1ze known results related to various S,

’,forms of techn1ca1 change Th1s,_however, is of on]y limited value as it




. does not eXpTain the coexistence of techniques and the determtnants of .

| j,their’imp]ementation.‘ | v
| However, incorporating some knoWn'forms'of technical change helps
_h}to iso]ate the'importance of the various determinants' Start by assumino }
that the modern techn1que is obta1ned s1mp1y by a Hicks neutra] techn1ca1[
.;»change (NTC) in the trad1t1ona1 techn1que In this case, there is no
d1fference in the thresho]d va]ues, Ei‘ k2, and the new techn1que
hrdom1nates comp1ete1y the old techn1que and it is therefore: d1sadvantageous
-to emp]oy ‘the two techn1ques s1mu1taneous]y Yet if cap1ta1 is hetero-

'dgenous 1n the sense that the two techn1ques use d1fferent cap1ta1 goods,_

B there w111 be a transition perlod dur1ng which the two techn1ques will

still be used s1mu1taneous]y. A spec1a1 case of this is in the embod1ment
;-hypothes1s developed by Solow Under this hypothesis, the new techn1que

is - embod1ed in a new cap1ta1 good say. machlne and it cannot be app11ed A

- ‘w1th the old mach1ne. Consequent1y, the rate of 1ntroduct1on of the new

techn1que w111 depend on the rate of grgs_ 1nvestment rather than net
dinvestment Thus the trad1t1ona1 techn1que will dxsappear eventua]ly;
“even if net 1nvestment is nil.

The s1tuat1on is somewhat d1fferent when the modern techn1que 1s
fgenerated by a factor augment1ng techn1ca] change in the traditional
techn1que In contrast to the prev1ous case, factor augmenting techn1ca1
ﬂ-change generates a dlfference in the thresho1d value so that k2 > k1

‘In this case, 1f k2 exceeds the available cap1ta1 labor rat1o the rate

‘ of 1mp1ementat1on w1]1 eventua1]y depend on net investment. Thus, if the

“economy does not accumulate. cap1ta1, it w111 not discard the trad1t1ona1

‘ ‘techn1que
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Another reason for coex1stence of techn1ques is uncerta1nty or lack

- of know]edge (Gr1]jches). The new techn1que may be super1or but firms do
.fnot know it andrmay require timefto samp]e.itt Dur1ng this per1od of
search,_the various techniques will coexist ‘The search- process requ1res
resQUrces. At the}farm level, the amount of resources devoted to the

| search depend on-their cost (K1s1ev and Shchor1-Bachrach Feder and S]ade)'
At the 1ndustry level, such cost depends on the ava11ab111ty of such re-
sources. The result of a search by a farmer depends on the time that ‘he -
'a11ocates to the search and to his ability to digest. it. The 1atter,eas

h Schultz® postu1ated depends on the 1eve1 of .education. Hence the speed of
;1mp1ementat1on wh1ch ref]ects 1mperfect knowledge is also- pos1t1ve1y re]ated»

to cap1ta],‘1n the form of human capital.

ON THE GENERATION‘QF NEW TECHNvVIQUES

New techn1ques are generated by firms, pr1vate or public, which spend
,vresources on research and - deve]opment G1ven the state of science there
is generally a cho1ce to be_made in determining the research‘strategy. ‘For'
' ;_the purpose of our discussion, the key variab1e is the capital intensity of
| the new techniques. The foregoing d1scuss1ons indicated that cap1ta1
' raccumu]at1on generates demand for capital 1ntens1ve techniques. Thus the
- producers of technlques should aim at the deve]opment of capital 1ntens1ve
hrather than labor intensive techniques. However, overshoot1ng is counter- :
‘product1ve Since the rate of implementat1on depends on the rate of |
capltal accunu]at1on the threshold 1eve1 of the new techn1ques shou]d not

: be.too h1gh Otherwise the market for such techn1ques will be: very Timited.




| This story éan be to1d by 1doking at the firm 1éve1; In thé‘absence
of & new cépita1 intenéive techniqué, capital accumu1ation‘increases the -
cap1ta1 ]abor ratios thus 1ncreas1ng rea1 wages and decreas1ng the
real renta] rate on capltal Thus, the owners of capital will be 1nterested
to 1nvest their cap1ta1 in techn1ques that prevent the rate of return from
falling. This. generates the demand for the cap1ta] intensive techn1ques
| By its very nature this process leads to a decline in the 1abor share
'(SL) and as such can be considered as labor saving. For a constant return
to sca]e production function in K and L we can define thehfo]]oWing function
of labor share: | |

e-w/k-[—-S/l-sL

gis mohotdnically increasing‘withvSL, Referring to Figure 1, the movement

from T to A increases P with w held constant.  Consequently® , and therefore
SL decliné ' The trans1t1on from N to A 1mp11es a decline 1nu) under a
constant K which again results in a dec11ne of the Tabor share.

For the purpose of 51mp11f1cat1on, we have dealt with two techniques:
traditional and modern. The appearance of additioha] techniques can be
handled in a very similar faéhion.‘}Oné'case,'howevér,gis worthy of examina-
~ tion for it$ own interest and for future reference: the case of NTC in the
modern techniqué;l We Select the modern téchnique to be the Subject‘of‘the
NTC for a purpose. As it has beén:argued'that,the process of capital
accumulation causes a shift in the direction of capital intensive techniques,
then -- other things being equa1'4-'the demand will call for development of
the NTC to be impTementéd‘oh the modern techniques. In a more detailed

framework,'the cost of producing and changing techniques. as well as the




required research time.'shou1d be introduced. If the required time is

significant by the time the research is completed. the traditional
techn1que may not be of any 1mportance Therefore effort will be directed
at increasing the product1v1ty of the. modern techn1ques This consideration
f'has a dynamic aspect W1th time, the modern techniques become traditional
and, therefore, they have a]ready been worked on so that the easy ga1ns
‘ m1ght have already been made and add1t1ona1 ga1ns may be subJect to.
1ncrea51ng cost -Thus, both from the demand s1de and the supp]y s1de, it
is 11ke1y that the effort of “improving an ex1st1ng techn1que w11] be
la1med at the modern techn1ques. v

An improvement in the product1v1ty of a techn1que should increase
the degree of its ut1]1zat1on In part, this can be 111ustrated graph1ca1]y
~in Figure 4, The initial techn1ques are represented by Y (0) and Y (O)
with thresho]d values E and E Neutral techn1ca1 change in the modern
techn1que shifts its unit 1soquant to Y2(t) = 1.  The threshold values
‘decline accord1ng]y.to kz(t) and kl(t) For any va]ue of k, the importance
_of‘the traditional'variety declines. 11 The net. effect of this change is again
‘labor saving Thus we have a situation where the net effect of a Hicks - neutral
~technical change is labor saving. ‘

The foregoing'discussion describes the changes in technology that
are ca11ed for by the process of capital accumu1ation' ‘They apply to all
sectors of the economy The references to the work of BATS made ear11er
.'1n the paper 111ustrates the1r relevance to understand the changes |

brought about by the green revo1ut1on




EMPIRICAL IMPLICATIONS

The present framework has a.variety of empirica1'imp1icatjons. In
. discussing those it is he]pfui to repreSent the two techniques in terms
of their 1input-output relationships rather than 1soquants. Assum1ng
constant returns to scale in terms of cap1ta1 and labor, the average'
- Tabor productivities are funct1ons of the capita1 labor rat1os and as
-such they are drawn in Fig 5 The points on this figure correspond
"to points with the same designations as 1n Fig. 1. Correspond1ng to
._‘Fig 1, the enve10pe is identical with fl(kl) for kst kl' it moves
along the segment TM for kl < k. k2 and thereafter, for k > kz 1t
becomes ident1ca1 with f (k2)12/ | |
The scope for {ncreasing averageﬁlabor"productivity in agrtcu1ture p
'for such an economy consists of capital accumulation in agriculture and
the introduct1on of new techn1ques which are not excessively demanding
'1n terms of the1r cap1ta1 requirements Nhat is then the role of prices
in such a process? In answering this question it is necessary to
distinguish between equi]1brium and disequ11ibrium analysis. The
foregoing discussion was 1arge1y within the framework of equilibrium
analysis. Thus subsequent discussion 1is kept within this framework. |
Introducing‘diseQuiIibriumvinfthe factor market will introduce additional
complications but will not change the nature of'the_reSults.ﬁ
The real factor prices (prices in terms of the product) are
_ determ1ned by the production function, and are shown in Fig. 5.
| Consequently, for agricu]tura] techno]ogy which consists on]y of the -

traditional technique, the movement from T to N will {imply an




1ncrease in the real wage w/p and a dec11ne in the rea1 rate of
‘return on capital y /P The introduction: of the modern techn1que 1nto
agricu1ture facilitates the mpvenent from N to ‘A and thereby simu]-
taneously increase average labor productivity, rental on cap1ta1 and

decreace fhp waae ratp and the labor share. - All th1s is basica11v a

restatement of our previous 1soquant analysis and it is consistent with
the emp1r1ca1 evidence quoted from BATs. A _
“Once point A, or any other po1nt on the segment TM, is reached

average product1v1ty increases only with capital accumu]at1on with

constant factor prices. This process continues unt11 the trad1t1ona1

technique is completely abandoned, as indicated by point M.

Capital accumulation in the economy at large, reflects saving
behev1or and as such may be respons1ve to the rate of return on cap1ta1.
In this paper, the interest is in sectoral ana1y51s and forvthat matter _
overall capital aecumulation is’taken as‘given. The intersectorai allo-
cation of the capital stock is done mainly through new~investmenf It
is assumed that the share of agriculture in total 1nvestment is pos1t1ve1y
related to the ratio of the rate of return in agr1cu1ture ‘to that in the
rest of the economy. Empirical support for‘this assumption can be found
in the analysis of:the Argentinian experience by Cavallo end Mpnd1ak.
Similar resu1ts are obfained by yet unpub]ished work of Coeymans and. |
Mundlak for Ch11e and by Mundlak and Strauss (Mund]ak 1979) for Japan,
through the use of the f]ow of funds equat1on

The introduction of the modern technique and the movement from
point N to the segment TM increases the rate of,return in agriculture andg‘

'agricultural investment should increase acéordihgly, This then increases




the rate of cap1ta1 accumu1at1on in agr1cu]ture and speeds up the

1mp1ementat1on of the new technique. %

Th1s 1ndeed is substant1ated by the data for the Punjab as demon- d
strated 1n Figures 6-8 which show the number of private tubewells, the
electricity and fertilizer consumption. It can be seen that these

- variables have increased véry rap1d1y from the mid-sixties once the
opbortunities,of'the high yia]ding varietfes were recognized.

The increase in the capita]QIabar'rate in agricu1ture is achiéved
not on1y by cap1ta1 accumu]at1on but also by the drain of labor force"

+ from agr1cu1ture ‘The dra1n ‘should be interpreted as a growth of
agricultural labor force at a rate Tower than the increase in the total
labor force. Thus, if thé economy were fn'Steady'state where the overall

| capital-labor ratio‘remains constant, suth‘a drain 6f labar ffomvagri- ,

'lculture wou1d‘1ncreasé the agricuitural capital-labor ratio.

So far, the analysis has dealt on1y'with thé $upp1y_$ide'of.the
economy. To completé the analysis, demand is now broughf in. Again
reference is made to F1g 3 for an illutration of equilibrium deter—
minat1on in a closed economy. ‘Prior to the introduction of the modern
technique, the economy is located at N. After the introduction the
ecqnomy moves in the direction of A marely by reallocdating the -
‘existing capitaT. Such a-mdve involves an inérease in agricultural -
and non-agricultural outputs and a decline in agricultural price. The

| decline in ‘price 1s - shown in' two steps) first PN.> PT’ since

they are both on the same transformation curve, and second,




'PT = PA by construct1on. Therefore, PN > PA' Thus, under PA the demand for s
Aagr1cu1tura1 output w111 increase and.the new equ111br1um will be to the
lleft of A, say A*, Is th1s result strange7 Nay be, but it conforms to the
data. For instance, tak1ng the rat1o of pr1ces rece1ved by farmers to that
of prices paid by farmers as an approximation of the agr1cu1tura1 price rela-
"t1ve to the non- agr1cu1tura1 price, we find that in the United States the
| ratio in 1977 was 66 percent of the 1910 14 average and in Australia the 1977'
1eve1 was at 56 per cent of the 1961 63 average.13 S1m11ar trend is observed .
for most countmes.14 ” »
0bv1ou51y a single equat1on emp1r1ca1 ana]ysis of supp]y of such :

data wou]d show negat1ve supply e]ast1c1t1es. This -is a m1s]ead1ng
resu]t in the sense that the movement from N to A is the net result of

' changes in supp1y and demand The movement is 1n1t1ated by the tech-i
~ nical change which has 2 direct effect on the agr1cu]tura] supp1y. _If
athe demand remained constant, such a change would have identified a
demand rather than a supply funct1on.‘ However the ‘technical change
: increases income and as such causes. also a sh1ft in the demand
curve. Consequently, the curve connecting output and pr1ce is neither
a'supply nor a demand curve. There is an ident1f1tat1on‘prob1em which
: requ1res a more deta11ed framework for emp1r1ca1 analys1s
| The move from N to A was cons1dered under the assumpt1on of no
cap1ta1 accumu]atlon With cap1ta1 accumulation the transformation

~ curve moves and as 1nd1cated ‘above point- E represents an equ111br1um
) Vpo1nt achieved w1th the augmented capital. Note that the price of E |
v'1s the same as in A. Consequent1y, a s1tuat1on is generated where an:

.1ncrease in output is- obta1ned with pr1ce held constant. “This .

represents a perfectly e]astic supply. This indeed is what Fig. 2




indicates. But such a situation is contfary‘to a11 the empirical
evidence on supp]y response. Yet there is no inconsistency between
this framework and the known empirical results.
To drématize the situation, suppose that the economy in question
is an open rather fhan a close economy and the economy is at point T
where the Price is bT =P. Suppose that the international price
. increase to p >‘E. Under the new p;ice,-the economy should adjust to
a new equilibrium point to the left of M. Such an adjustment requires
a substantial shift of resources from non-agriculture to agriculture.
-Such a high mobiIizatioﬁ df resource does not occur fof the following
reasons. As already discussed abové, the intersectoral allocation of
capital is done largely through gross investment. Thus, a dramatic

change in the share of agriculture in the capital stock may require

‘many years to accomplish. Similarly, as the empirical analysis of

off-farm migration indicates, this process is also time-consuming

(Mundlak 1979). Thus, it may take a‘long time for the response to

| materialize. However, it will materia]izg provided the brice will

f remain at the new level. But would it? The movement from T to M
indicates a major change in supply. That could only be absorbed by
a corresponding decline in price, therefore, the new price is not
sustainab]e. In a narrow sense, this argument does not apply to a small
open economy. However, agricultural technology is, in general a public
good and other countries having a similar technology, are expected to
respond in the same way. .The best example is the HYV of grains which
are used all over. The world is a closed economy and therefore prices
decline as argued above. By this argument, point M will not'be reached

unless the demand justified production at M. The mechanism of stopping




“short of M can either be rational expectation on the part of farmers or -

simply trial and error. Since the resource adjustment’consistent'with’
the movement from T to M is time consum1ng, somewhere in the adJustment

process prices will start fa]]ing and the process will term1nate Be it what

it may, it is clear that the response of agricultural output tolannuaT
“yariations in prices is going to be weak; This is postulated to be a
‘reason for weak supply response often obtained in empirical ana]yses. Yet,
this framework suggests that when techn1ques coexist ‘the response to
expected long-run pr1ces 1s rather strong.u
The whole discussion was conducted under the simp11fy1ng assumpt1on
of a single agr1cu1tura1 product. In a reality, any region can grow a
variety of products Some of- these products ut111ze the same resources
and therefore the adJustment in such cases is easier and faster. Con-
tsequently, a stronger response is expected to price var1at1ons of short
durat1on | This is cons1stent with empirical analyses wh1ch report »
stronger response for individoa1.crops than for aggregate outputs.
| Another simplifying assumption made above is that there are no
"1ntermediate products or raw materials, The introduction of such
" inputs’into the ana1ysis,have several dimensions. In}the case of a
slc]osed economy, an increase in the demand for such»inputs‘require adjust-
ment in the non- agrwcultura1 sector wh1ch are of the very same nature of
the adjustment discussed above. For instance, the increase in the -
demand for fertilizers brought about'by.the green revolution reguired'
a shift of resources to augment the production capacity‘of the‘fertiTizer
linddstry.‘ DUring_such.a process, fertiTizer availability becomes a
constraint to the increase»of‘agrtcu1tura1 output.' ThiS'point was

qexp]icitly‘discussed by Desai. _Fordan open economy, the adjustment may




o be fastef_if'there are no foreign.exchange cohstraints. But egain, if'

| the same techno]ogy is spreadingvall over the world and there is no
excess capacity then a sfmi]ar delay is expeoted. |

The case of energy- 1s somewhat different 1n that there is no availa-

b111ty prob]em on1y a pr1ce problem. Thus, when the price of energy
increases, it affects more strong1y‘the price of the techniques which are
energy intensive. In terms of our §raohica1 analysis, this can be con-
sidered as a technical decline, opposite to technical progress. In this
.caSe, instead of output, the figures should report value added. An

jncrease in the price of energy (or any other rawvmateria]) decreeses the

value added. Thus applying the results stated above with respect to

'}NTC, the intensity of the use,of the energy intensive technique will

- decline.

If we allow for the fact that agr1cu1tura1 production does utilize
raw mater1a1s and that those can be changed faster than cap1ta1 and
' labor, then we could expect some pr1ce response.
R To conclude the argument on supply response to prices for aggregate
oUtput subject to demand constreints,}we have distingUished'three major
cases (1) Technical change in the form of appearance of a new technique
generate an increase in output and a decline in price. (2) An‘increase
in capital with constant technology of coexiting techniques generates
an increase in output under constant prices, (3) An increase in the
price ratio of output to raw materials will generate a positive supp]y
responSe. However, this response ref]ect;the.importance of the raw
:materials in}tota1 cost and’as such will not be Very strong. Emp1r1ca1

analyses which do not differentiate between these effects will result in




some mixture. This m1xture w111 also reflect the fact that the response
is largely to expected rather than observed prices

‘Yet it has been suggested that with the technology under consider--
‘ation, a strong supp]y response can be expected to permanent price
' changes and that such a response. may require a 1ong t1me. Can th1s
i claim be'subStantiated?j As fndicated'above empirica1lana1ysfs of
the process of intersectoral resource a]]ocat1on does 1ndeed indicate
that the rate of allocation is price respons1ve in the ant1c1pated
d1rect1on. Integrat1ng labor migration and investment allocation with-
- the product1on structure w111 produce the output response.
| There is, however another vway which can provide some ev1dence on

"the supply response as well as on some of the forementioned

considerations. It is noted that techn1ca1 change affects farm 1ncome
“in a similar | way to prices. Consequent]y, a one percent 1ncrease 1n
yield affects income almost the same as a one percent change in price.
It is said a1most because an increase 1n yield 1ncreases harvest and
hand11ng cost. Thus, the variable that farmers respond to should be
AR =p x yield x ¢ where ¢ is a;fraction to adjust for the extra
~ harvest cost (cf. Mundlak and McCorkle).

AR increases with technica]fchange and ‘as such it has a permanent
component which should guide farmers decision. This is illustrated with -

“data for wheat in the Punjab. The fo]fowing table presents two

regressions where the dependent variables are the proportion of the

cu1tivated land planted in wheat. The exp]anatory variables are a1ter-
natively pr1ces or average revenues - of r1ce, wheat, maize, Amer1can cot-
ton,-Des1vcotton and sugarcane. Also 1nc1uded_are the percentage of

land irrigated and'the total fertilizer consumption,




iThere is a strong muiticoiiinearityiin the data. To overeome.this,
"the regre551on was estimated by uSing the prinCipai component approach
as expiained in Mund]ak (1981) The degree of muiticoliinearityvis_a
refiected by the statistical rank. For the price equation-the statisti-
cal rank 1s 2 whereas the number of. 1ndependent variables is 8. ‘That
means that»there are 6 1inearrcombinations of‘the variabies thatvare

' jointiy‘not-Significantiy different fromviero. The statisticai rank for -
' the average revenue equation is 3, 1nd1cat1ng somewhat weaker

: muiticoiiinearity.

The fit of the average revenue regression is higher than that of -

' the price regreSSion. More importantly, the coefficient‘of wheat

| changes.from Significantiy'negative_in the>price.equation to signifi-'
cantiy positive in revenue equation. In both equations there 1s a con-
siderable indication of response to prices or average revenues, as the
case may be, of competing or compiementary crops. This study is oniy‘at
an early stage and‘therefore we will save comments on theimu]tiprodutt

structure of Punjab agriculture to a later stage. However-the empirical

results are in line with the foregoing discussion.
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PUNJAR:

WHEAT ACREAGE RESPONSE

Average
Revenue

R2. S
Statistica] Rank
Constant
P = Rice
P - Wheat

P - Maize
P - American Cotton
P - Desi cotton

P - Sugarcane
Fertilizer

Percenf irrig. land

.877
2. .
.45256

-.01351

(5.6)
-.00157
(1.8)

- -.00025

(.2)
-.00128
(7.8)
~-.00056
(2.2)
.00014
(.4)
- ,00006
(6.5)

.12259-

- (7.8)

»(11.4)

(10.2)

.946
3
.2404
~.0003
(1.0)
.0047

.0015
(1.9)
-.0018
(1.4)
~-.0092
(6.3)
~-.0005
(2.7)
.0001

.1469
(15.6)

The dependent variable is the proportion of total area planted in wheat.

The variables p-rice, ..., p-sugarcane are 3-year moving averages of -
prices of the respective crops deflated harvest wage rate for the price

- regression. In average revenue regression these variables are replaced
by moving averages of average revenues deflated by the harvest wage. The
moving average for year t is of the variables at t-1, t-2, and t-3. For

the first observation .only t-1 was used.
log is of t-1 and t-2.

Fertilizer is total consumption.

For the second observation the

Irr1gated 1and - the proportion of cultivated 1and 1n 1rr1gat1on.

‘The first line reports the proportion and total variance explained by the '

regress1on (R2).

: The second 11ne reports the measure of stat1st1ca1 rank.

The numbers in parenthes1s are the abso]ute va]ues of the t-ratios under
“the null hypothesis. ;




Some Conc1u51ons, Po11cy Imp11cat10ns and Scope

 The d1scuss1on has centered on the role of cap1ta1 accumu]at1on in

- the 1ntroduct1on and 1mp1ementat1on of techn1ca1 change It has been

fargued that in the event of cap1ta1 accumu]at1on there will be a tendency.
for technical change to take the form of cap1ta1 1ntens1ve techniques. A
maJor outcome of the ana]ys1s is that such techn1ca1 change cannot be

implemented w1thout cap1ta1 accumu1at1on

Cap1ta1 is broad]y 1nterpreted It.represents.the resources that

. the economy divert at any per1od from present consumption in Order-to
‘ﬁncrease its prbduction‘in future periods. - The capital goods produced
" by such d1verted resources include physwcaT as well as non- phys1ca1
: components such as educat1on, research extens1on or br1ef]y human
cap1ta1 The conc]us1on then is that an 1ncrease in the rate of cap1ta1
faccumu]at1on -should foster growth | _ ‘
The rate of capital accumu]ation depends on pr1vate saving behavior,
on the behav1or of the pub11c sector (government sav1ng) and foreign
‘sav1ng_(borrow1ng from,abroad); A deta11ed discussion of these components
is beyond the scope of the paper.. However, itjis important to‘note’the
. foreign borrowing may‘be-helpfn1 if 1t‘is.proper1y used. Recent experiences
rof some countr1es ind1cate that it can be m1sused Thus, there are addi-
tional cons1derat1ons ~In what follows, it is assumed that.resourcesrarev
used efficiently. V | | |
'Taking the overa11‘capita1 constraint of the country as given, agricul-
ktUra}’growth will depend on the generation of new techniques and on the avail-

ab]e‘resources tor their 1mp1ementation. Policies that extract resources




‘from agricu]ture.are'expected to have a negatiue effect on agritu]tura]

E growth»and the oppdsite is true for policies which faci]jtate the f10w7of_.>
resources into agricu]ture. That, of course, assumesvthat agricu]ture o
continues to have a flow of new technidues that»can be imp]emented efficiently.
We have used the HYV as an example for growth constrained by capital avatl-
abi]ityt In this case, cap1ta1 ‘takes the form of irrigation fac111t1es,

| fert111zers, 1nsect1c1des, roads as we]] -as non- phys1ca1 items such as -
domestic research, extension and general level of schoo]ing;v

Some of the inveStment necessary for‘the ExpanSion'of agricu]turalfoute -
put is general]y performed by the. pub11c sector. This is mainly directed
at investment in infrastructure. The investment on farms are largely
private a1though in part might benefit from subsidized finance. Assuming
rational behavior, the higher is the prOfitabi1ity of new inveStment, the
larger the investment will be. Therefore, the price system has an
important role in 1nf1uenc1ng the rate of accumulat1on and therefore on
technical change in agriculture. The response may - be slow but it 1s
‘thereg Thus, p011c1es d1rected at the taxation of agrlculture are 11ke1y
to have a serious cost in terms of-agr1cu1tura1 growth, as was the case
in Ardentina (Caval]o'and'Mund1ak) Sometime it is claimed that tax1ng

rent, such as was the case in Japan for 1nstance is neutra1 in the sense

that it shou]d not affect agricultural growth. This is no more a clear
case if it is recognized that the new techn1ques increase the rent on land
and at the same time requ1re 1nvestment. E11m1nat1on of rent, or part of

it, reduces»the incentive to fu11y’utilize the available technOIOgy.' This

: result cannot be obtained under techno]ogy which consists of one

~technique only.
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- The foregoing conclusions assume that farmers are rational and do °

uti1ize the changing,opportunities - Sometimes this assumption is'

'fquest1oned as a result of failure of emp1r1ca1 ana]yses to detect supp]y ,

-response to prxces.. The poss1b1e reasons for such emp1r1ca1 results are
ana]yzed It is 1nd1cated that the response should be observed at the |
1eve1'of‘1ntersectora1-resource flow, and here the emp1r1ca1 evidence

: shows,that‘such flows are indeed price responsive.

» ~The reason that it is not easily observed by direct measurements is

,that the resource adJustment is slow whereas the pr1ces vary and that

such var1at1ons reflect mainly transitory components. " To overcome this |
prob]em, it is argued that supp]y response should be measured wlth respect}
“to changes in: average revenue. An emp1r1ca1 illustration substant1ates o

\ »thjs argument. | | |

,The discussion was conducted‘1arge1y'w1th1n the framework of equilib-

~ rium analysis. It~also‘aSSumes'implicitly that the;reievant markets

‘exist and function. The ana1ysis fs aggregate and’dea1 with a simple

_wor]d and as such it is not conduc1ve to answer spec1f1c micro questlons
That, however, shou]d not dilute the conclusions.

A poss1b1e extens1on of the ana]ys1s that was. not 1nc1uded 1s
re]ated to- d1sequ111br1um in the factor markets. Such an extens1on wou]d
require some changes 1n the analytic framework but aga1n would not

'change the nature of the conclusions.

From the ana]yt1c p01nt of -view, the spec1a1 feature of the ana1ys1s
‘,1s in the structure of product1on where the techno]ogy is allowed to ‘J
cons1st of more than one technlque Thevconcept}of’avtechn1que is very

general 1ndeed and can be‘used opportunistically according to needs.v.It




”was 1nd1cated above that d1fferent products are identified w1th d1fferent

: techn1ques Thus cap1ta1Aaccumu1at1on leads to an increase in output of

the capita] intensive techniques and ‘thus the process of product cycle

known in the ]1terature of 1nternat1ona1 trade is produced
A1ternat1ve1y, each firm can be cons1dered as a d1fferent techn1que
Each firm has embod1ed in it some spec1f1c factors wh1ch are summar1zed
"by the term entrepreneur1a1 capacity.. Entrepreneurs that have Tow level
.of human capital can be identified or represented by cap1ta1 extensive
techn1ques As such they w111 be los1ng ground in the process -of cap1ta]b’
»accumu]at1on Consequent]y, the 1ndustry will realize a concentratlon
of entrepreneurs w1th hlgher 1eve1 of human capital. If such entrepre-
neurs are also more productive, then the exi.t of f1rms w111 increase
‘the product1v1ty of the 1ndustry as a whole. App1y1ng 1t to agr1cu1ture;
such a process is postulated to have contr1buted to increase in agr1cu1-
tural product1v1ty in the deve]oped econom1es.l$/

In the ana]ys1s land was suppressed by -assuming the agr1cu1tura1
productwon function to be constant returns to scale in cap1ta1 ‘and 1abor.
Agamn the 1ntroduct1on of 1and wou]d complicate the ana]ys1s w1thout
- changing the main conclusion. However, such conclusion can now be
extended. _It,is possib]e,’by~ana]ogy to the situation Where‘capital
accumu1ationvgenerates;a decline in the labor share, to show that-wfth
land held fixed, capital.accumu1tion and growth in the labor force will
]ead to land saving technica1 change. Such an approach can’exp1ain the
puzzle where sometimes on small farms the factor share of land is

rather small.lé/ v
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FOOTNOTES

Ihis paper draws on Mundlak (1983)
 Z1s, b, 5. o

31bid, p. u8. . |

4Ibid' pP. 50. The qua11f1cat1on of capital to fert111zer is attr1-v
~ buted to the mu1t1col11near1ty that exists between the various cap1ta]
inputs : "However, when one starts ana1y21ng aggregate crop data, it is
d1scovered that 1rr1gat1on gets lnter-correlated w1th other factors 11ke
fert111zers tractors .." (Ibid, p. 3)

' Sypid, Pp. 148-149.

6Of particular 1mportance is the 1mp11cat1on of th1s approach for the

econometr1cs of production funct1on. This is d1scussed in Mund1ak (1984)

: 7For more details, see Danin and Mund]ak

8The assumption of fu11 emp]oyment of K and L can be expressed as.

~1k 1k +(l -1) k2’ where 1 = L /L is the proport1on of the agr1cu1tura1

—labor force a]]ocated to the trad1t1ona1 technique.
9Ana1yt1ca11y, solve for 1 from the fu]] emp]oyment cond1t1ons g1ven

in footnote 8 and note that we deal with’ the case of.coexistence so that |
k; = E1; i‘-'l '2' 1 . (E - k) / iz -k ): Consequently, d1 / dk <-0.

| 10There are other poss1b111ties where, at the initial or the end
equ111br1um point, there is a spec1a112at1on in a single techn1que
These are not 1nterest1ng cases from the point of view of app11cat1ons
“and therefore are not discussed here.
11Th1s can be shown ana1ytica1]y by wr1ting the ratio of labor

emp]oyed in the modern to that of trad1tiona1 techn1que 1-12-k- E1
1 ko=




Th1s ratio is 1ncreased when both thresho]d va]ues dec11ne as shou]d be -

expected In fact, it can be shown ‘that, for a g1ven K, thls‘is the only

way that 1 -1 can increase.
12

In the 11terature on agr1cu1tura1 development fol]owing Hayam1 and
'Ruttan the enve]ope productton function is referred to as a meta
product1on funct1on '

13Food and Agricu]tura] 0rgan1zat1on of the Un1ted Nat1ons FAO
Product1on Yearbook for 1977 Table 116.

- g,

15For an eva]uat1on of the concentrat1on of forms on product1v1ty see
Kislev and Rabiner, v

167h4s question'was’discussed in'Mund1ak'(1964) with respect to the low
factor share of land in fami]y farms in Isree1 SuchAfarmsvare‘very sme11 B
in size (mostly 1ess than 4 hectares) The explanation g1ven was that in |
order to. overcome the area 11mitat1on farmers moved to products which

require little land but,are,cap1ta1 intensive.
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