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HICKS COEFFICIENT TO DEPICT DIRECTION OF MOVEMENTS
IN RELATIVE FACTOR SHARES IN AGRICULTURAL PRODUCTION

= I.,‘Introductioﬁ

Technological change in agricultural productlon plays a crucial role in agricul—
t tural development [16, Part 2]. Apart from the direct increase in output the new
‘:teehnologiee_have two,mejpr 1mpacts,on agriciilture which are of special importance in
'vlow-inceme countries. First is the widening of income disparities between the laboring
class on the one hand, and the caepital and landowning classes on the other. Basically
this has occurred due to biased distribution of increased ocutput amorg factors involved
in production. This bias appears normally in favor of the land and capital-owning
_classes. Second, the impact on income distribution is coupled with shifts in demand
schedules,for eertain key inputs such as labor and fertilizer.
L The above facts have been explored by several researchers. On the income distri-
' bution side, the most striking work has been done by Mellor and Lele [18], Rao [20],
.and by Srivastav and Heady [27] for India; by Kelley et. al. [11] and by Barker [3] for
TRRilippines; and by Lee [12] for Taiwan. With respect to demand for inputs the analysis
. .done by Billings and Singh [4] and by Evenson [5] for the Indian case are vesy important.
_ The analytical framework used by the above writers, however, has several draw-
backs. Kelley et. al., Rao and Srivastav restrict their analysis to only two inputs
(i,e. either capital and lebor or land and labor) and hence predict biased results.
'ABarker and Lee do recognize the importance of land as an input along with capital aﬁd
“labor but they use Cobb-Douglas type production functions which normally are inappro-
priate to analyze changes in income distribution. Although Mellor and Lele incorporate
lseveral inputs and analyze their shares in output, they do not link the apparent income
distribution with different levels of inputs and with the corresponding technology.
Billings and Singh and Evenson, on the other hand, give emphasis to the interactions
of farm labor and mechanlzation while leaving out the income distribution side. o
In the theoretical context also, the recent technological breakthroughs in agri-
cu;ture have been dealt with in conflicting ways. The dualistic model developed bx»a:~«
” Leleuand Mellor [13] does take'into account land_eugmenting technological change bq§‘4’*
it incorporates only land and labor, and thus excludes the capital input. On tbé;{ ‘j



other hand, Kélleyfet:‘ l‘filefékciude@iand“and?confine@theirﬂmodef pﬁiy;th¢aﬁ;£é;°ém

labor by saying.

o "We recognize that the quality and character of land in
& low-income economy may have an important elfect on the pattern
' of ‘production and on the rate of increase in per capita output.
- Yet economic theory provides few guid:lines explaining the rate
" of land improvement. --In sum, since we cannot identify a spec- . oy
ification of land augmentation or hypotheses relating savings ot ofi ik
_ lend rents that command significant empirical support, we have o
" elected tc omit lend as an argument in the production function..."
{11, pp. 27 and 28]. Y

POVRC R

“ In surveying the earlier works on the dualistic models Mellor'[lT]‘cléarly‘points
out the importance of land-augmenting technological change and its impacts directly on ,
employment income distribution and capital formation in agriculture and’ indirectly on '
growth of an economy as a whole. ' ‘ ’ o ST

"'The above discussion suggests that the issue of analyzing an innovation might be
tackled in the following way. First find an appropriate production function corres-?
ponding to the given innovation; second, ‘estimate emerging patterns of ‘demand’ for all "
relevant inputs; and finally, link the nature of the apparent income distribution with
the innovation, subject to different factor supply conditions. '

A The first two steps are not difficult to take. Techniques'of statistical analysis
5offproduction functions have changed substantially over the last several years and with
!theﬂintroduction of several new functional forms it is possible to identify a production
function appropriate for an innovation. The third step requires a certain criterion of
changes in relative factor shares. In this respect, several criteria are proposed in
the literature giving rise to a problem of choice among them. The purpose of this paper
is to review those criteria and then to explore the most appropriate criterion of = -
changes in relative factor shares. A -

After a brief discussion of the analytical framework, “the remaining paper is-
“divided into different sections according to the way several criteria of changes in’
relative factor shares were developed in the past. The two-input case has been well 5
established and hence only a brief summary of the results is reported in Section'IIIif
Sections IV, V, VI and VII narrate attempts made by Hicks, Meade, Samuelson and Satof“
respectively, to find a criterion of changes in relative factor shares for three (or
more) input cases; and those sections conclude with the need for exact criterion.”’lni
Section VIII, it is shown that the Hicks coefficient is the most relevant criterion” '
of changes in relative factor shares. Section IX compares the Hicks coefficient’With:
the elasticlty of substitution for some specific production functions. Finally,

Section X concludes the paper.



II. Analxtical Framework

In order to" 1ink the relative factor shares with“the technological side the follow-

ing assumptions are made.‘~' o ff"**"

sebr . 1 T
FRELL . o AN

gy

'f!h% . (i) There are no fixed, non—augmentable factors of production. w“i,

sl <

mpfii), The; production. function in. the agricultural sector is-subject .to constant”'

Eer BT _returns to- ‘8cale and diminishing marginal rates of substitution.
(111) Perfect competition in product and factor markets. i
(iv) Supply of inputs is exogenously given. :
Thus if the production function of a particular crop is as follows.;;
Q ‘=YF(xl,-.., Xi,..., xn) | .'.(1.)
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‘ Dueﬁto constant returns to scale ve; have s i,

‘—/The classical assumption of a fixed land supply could be improved by measuring 1andML
in efficiency units with the assumption that the efficiency of 1and changes due to,. :
technological change. " "




fIllL; The Two-Input Case

[frhu Let us consider a traditional agriculturalv;echnology involving only land (X )

xand labor (x ) a8 the inputs. Now consider the effect of an 1ncrease in the, supply

‘of land and labor upon their relative shares. In such a cese Hicks [8] has shownikhat
the elasticlty of suhstitution serves as the criterion of changes in the relative factor
shares,g/ and the result can be stated as: the relative share of rapidly growing factor
will fall over time if its "elasticity of substitution" is less than unity. This rela-

tionship for the relative share of land can be written as follows:

5 woh
';' RN - —l—- - 5 — Ty U — T ' e d . e ‘«.-‘l,«“v‘v - ’.‘"v,vi‘-: “ j "ly-"»' !
- S R : L I TR U SF R
'i*lwhéfe;_‘ ‘510121 :i El%?z = elasticity of substitution“'v o _ T:f'(h)

.~ 'From (3) we see that if land and labor are relatively less substitutable (i.e.
012 less than one) and if the supply of land grows gisier than that of labor then the
‘relative share of land will increase. This result raises the folloving Questions.‘

1. What do we mean by the concept, "elasticity of substitution"?

2. What can we say about the relative factor shares when more. than two inputs

_are involved?

.+ .The first question will ‘be considered in this section while the second questionl
‘will be discussed in succeeding ‘sections. : IS
Hicks discovered this concept in l932 and explained it as:

' "The elasticity of substitution is e measure ofithe’ ease 7
with which the varying factors can be suhstltuted for others [8~ s

p. 117].

L Then he gave the formula as given in (4). ~This definition,?hovever;fis% ,ifi
}precise. In this respect Kahn [10] commented: R Sl

"Here is to be found a symbolic definition of elasti-
city of substitution which gives- appearance of having been B
dictated by the requirements of algebra rather than of economics, - -
and Dr., Hicks fails to tell us what it really means." [10, P~,72]5"

‘—/See Hicks [8] for discussion on this. For the detailed mathematical pro'
Ferguson [T]. e | : R : ; . R
Q/Throughout the paper the dot over a variable refers to change in that variab_'fovérjtineg



Following Hicks" contribution, in 19?3 Joan Robinson [21]). defined theﬁw* .fﬁ;
of substitution as follows. & e

" e the proportionate change in the ratio of the
emounts of the factors divided by the proportionate change in
the ratio of their prices (marginal physical productivities)."

[21, p. 256]

For the two-input case this definition becomes.

oD) o _8log (X1:/X,)
12 §log (Fp'/Fy)

It can further be shown that for the two-input production function the elasticity

{D)

of substitution glven by 012" is exactly equal to the one glven by °1 H/ and thus is

the criterion of changes in the relative factor shares. w
The two-input case, however, is not of much importance to changing agriculture

vhere the successful application of the new high yielding seed varieties also requires'

some capital input (like chemical fertilizers, insecticides and pestic1des), and thus ’

production is subject to at least three inputs, land, capital and labor.

Iv. Three-Input Case and Hicks: '
in 1963, while revising the first edition of his book The Theory of Wages,‘:' ,
Hicks did discuss the relevance of the elasticity of substitution given in (k) for the

.xpx\r,}z

case where production involves more than two inputs.zj He commented:

"There are two basic cases in which two-factor theory e
continues to apply. One is that in which the proportions in R
which the other factors are used remain constant; the other in e
. Which these proportions vary, but vary in such a way as to keep
" the relative prices of other factors {i.e. the ratios of their o
‘34 marginal products) constant. In either of these cases the other . ~ . n. 7
factors (B, C, D. . .) can be treated as if they formed a single - :
factor; so that it remains true that the condition for an in- ‘
. .crease in the relative supply of factor A to increase in its

~ relative share is that the elasticity of substitution (of factor

A againstéyhe complex) should be greater than unity." [8, PP.

339-340]

Ejseeﬁﬁicks’[B], pp. 373, for proof of this statement.
See the second edition of The Theory of Wages, p. 339-3h0 and 378 381't'
—/Proof of "this proposition is given in Section IX of this paper., Ject




the elasticity of substitution between land and 1abor (fertilizer) be less than unity.’

’

output of the crop would be favorable to the landowning classes.

" uwlations.

it b

_.‘ Uz , g T ., ‘v G 3.» e e ‘- 47' B : iy ; ik

gNow, let quantity of fertilizer bv proportional to amount of labor., Next let a,;%:

Furthermore, empirically, one would expect the land—labor (fertilizer) ratio to decline%

L over time. Then the Hicks' proposition 1mplies that distribution of the increased S

The assumptions stated above regarding the composite input are too stringent,

. however, and empirically there is no reason to believe that the proportions among

N either some of the factors or their prices should remain constant over-time.(.Hence,

the Hicks' proposition does not resolve the nature of the issue with which this paper

is concerned. Let us examine further work done in this area follow1ng Hicks' form—

]f;v; 'Three-Input Case and Meade Lo ,1\')';i:i \f}“ff!v :L%ffzjd

' The next intuitive alternative, analogous to the two-input case, would be the

use of the generalizations of the elasticity of substitution for more than two-input

production functions. The elasticity of substitution defined by Hicks was further

" generalized by Allen [1] in 1938, and is known as the partial elasticity of substi-

tution. The generalization for the elasticilty of substitution defined by Joan Rob~
inson was later called the direct elasticity of substitution by McFadden [1L].

Consider the production function (1) for a crop involving only land (X ),

labor (X ) and fertilizer (X3) as the three inputs. Then the above two concepts are:i
defined as follows: '

1. The partial elasticity of substitution between two inputs Xi and XJ is ; . W%

given by: L



D
for i # J B.nd i,J WS 1312 3‘_;’ al ]
Ve Iy i:s

o2, - Bt
it of M1y,

“ﬁjl;f wﬂ P =
T ERETD
where D is the bordered Hessian determinant of the production function and D

; . RO “?, “
_the'cofactor of the (i,J) element in D. f .
L The generalization of the direct elasticitx of substitution given in (5) 18.

2.
;_as follows° . 5 .
i '5 log (X,/ X,)
e (D) . S S i 4 da ey
1, 2 3 and ik

-1,2,3

v‘7# where i,J
g8 =

‘_dQ_= a8 = o, s#i#1],
In other words, the direct elasticity of substitution between two inputs is

the proportionate change in the ratio of amounts of the factors divided

defined as:
by the proportionate change in the ratio of their marginal physical productivity where

output as well as the other inputs are held constant.
Meade [15] uses the direct’ elasticity of substitution as the criterion of changes
in the relative factor shares in the following special cases and then derives the

results given below:
2= 73

Case fi}' Suppose that all three factors receive the same proportion of the
output, i.e. their. relative factor shares are equal implying 5, =8 =85 =1/3.

Then we have° ‘ ,
A = i _ L 2. _ _1 ool ,
5, =5 (xi xJ) [1 3(0;(;1).)_. oy DR,
J# b is Js
1, 2,3

where J#s# 1 and 8, J, 1 =
This result is too clumsy and the direct elasticities of substitution do not

-reflect ‘anything definite about changes in’the relative factor shares unless we know

the specific magnitude of all the variables involved in the above expression.
Suppose all the direct elasticities of substitution are eqLal i.e.

Case . fii}

; D) D
: ‘Ugg) '<°§3) 0§3) X (say)
Then Meade shows that we get the following relationship, yiv“ﬂ;ni;itl
Ce f‘,, mﬁ%i ﬂ!fv} U e e .'.-;;-:;rqa=ﬁ;w§¢h5~;¢ Ve
8 {31.nmfr?€x L X e gl e
L. (1" j, I 8, ozl - i) for 1 = 1, 2 3
B - AR b A B HKJ,thiva‘ ot SR
!:‘v.l'A i#‘j .:'--.-:.:\ PSSR ;

e ()



The above expression is easy to interpret.-. Casual empiricism leads to the belief
:~that land-labor and land-fertilizer ratios would decline over time. Further, assume g
~:;'::that the fertilizer-labor ratio is constant over time. Then. from (10) we see Lhat the
f relative shares of land and fertilizer will rise while that of labor will fall over time
if the direct elasticity of substitution is less than unity.

Case (iii): If o = 1. Then from (10) it cen be seen that changes in the supplies
- of the factors will have no effect upon the proportion of output pald to different fac-

tors, ‘ _
Case (iv): Suppose all tlree-inputs are infinitely substitutable for,eacbsother,u
“d.e. | o
TR TIPS E S R SR R L E R SR S

Then from (lO) we get,

B 5y %y R e

s

Far ST

In this case the conclusions will be similar to those. in case (ii) o
‘ - Casge gvz Finally, if §'s approach zero, then either the distribution of income
i,was indeterminate or one or two of the factors will be paid nothing.

Thus, in the above special cases the direct elasticity of substitution does

represent the criterion of changes in the reletive factor shares. However in the
general context, we still have not solved the problem. In fact, in Section IX it will
be shown that in the abote special cases the direct elasticity of substitution is noth-
ing but the Hicks Coefficient. = ¢ . o '

RSN

VI. Three-Input Case and Samuelson: -
In fact, complications arise if one attempts to find a relationshin between
changes in the relative factor shares and in the input quantities through.either direct
or partiasl elasticity of substitution, when more than two inputs are involved. In this

. regard, Samuelson [22] summarizes the earlier attempts and their drawbacks as follows:

"When more than two inputs are involved, the problems of
generalizing the Hicks o Coefficient becomes complex. Champernowne,
Pigou, and others in pursuit of the question of how the change
in a factor price ... affects the amount demanded of a different
factor ..., have moved in the direction of defining a square
matrix of partisl-elasticities of substitution.... Aside from
being complex, this approach has led to little in the way of
definite results and has moved away from the task of providing
a criterion of changes in relative factor shares." [22, p. L6T]



. In this context Samuelson suggests arney:

riterion ashfollo? f

4x’iFii

Then it can be shown that after a rise in the quantity of one 1nput, say ith

put (other inputs remaining constant) the relative share of the input in the total out-

‘put would increase, remain constant or decline depending upon

o)

Wil

1.0 . : ‘ Lo e et (]3)
"'The above criterion is very simple to handle. But what happens if one is-
interested in observing changes in the relative factor shares over time or otherwise'yy

after simultaneous change in the amount in two or more inputs? One has to seek some’

eriterion other than the one suggested by Samuelson.

VII. Three-Input Case and Sato-Koizumi: SR

Thus we see that although the issue of finding the criterion of changes in the.
relative factor shares has been recognized long ago, no one arrived at the exact
criterion for the multi-input production case. The problem is solved, however, partly
. by the recent important contribution of Sato and Koizumi [25]. They found that the
~partial elasticity of complementarity discovered by Hicks [9] serves as the criterion
of change in the relative share of one factor with respect to change in the supply of
any other factor. The partial elasticity of complementarity between any two inputs

X, and X, is defined as

' ! FF e
LT i
- ¢ -rgF'F T R T BT D ‘.ﬁ’mﬁr%2556»<%&2

~;éﬁd¥ﬁhe;#eeulﬁ~eah be stated as:

: "The relative share of one factor increases or decreases
es‘the quantity of another factor increases depending on whether
“the partial elasticity of complementarity between the two factors

in question is greater or smaller than unity ..." [25, p. 486]. -~ ;R

' - One question still remains: "What is the criterion of changes in the relative
Jfactor 8shares when all the three inputs change?" ;
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VIII. Three-Input Case and Hicks Coefficient

I shall define the Hicks Coefficient between any, two inputsX, and X, as follows:,
L — ST T

MR T )

. ',".:’, B iJ ‘ . FFiJ : L . RO PO SRS ‘51 PSS I 't'.:;é-l,l :

B T

- N TOL R SPh B3 SRS SR P o

This is similar to the elasticity of substitution. defined by
equation (4)'). | |
- A general relationship will now be derived between relative factor shares, changes
in the amount of inputs and the Hicks coefficients for different pairs of inputs.
Let us assume that agricultural production involves three inputs such as land
(Xl), capital (Xe) and labor (X3). Since the production function is assumed to be

subject to constant returns to scale, from (1) we get the following:

Hi¢k§_1q1193 .(Bééw;

’

Q = X, F, + X F, + X_F e (26)
a,nd . - . o . i ay, T

ey T q= xf(xl,xa) S (AT)

G -
B Rl goes ;—gyig'iqutbdt,per'laﬁor;‘
. . ] ! :; -: },_'.:v." . Lt o

=_.land per, labor,,

S

D S Y AT U L e ee e PO ¢ . -
P RN P S SR T o T AT IR L T Lo,

X, = - = capital per labor.

w

Differentiating (16) partially with respect to X, gives
| g g it il hoa

R SR By e d ety Ly S ey e e Bl rfdapede gyl S o
Bince we,are sssuning perfect competition.in the, factor markets, the wage rate -

a : .
if PR t ' o . - P R RN e R
Dot . TR [N B L R T AN IS SR P A

(W) with be =~
DRI Ty T Ll re s T e g URER monlzan

and ‘the relative share of labor will be



-
.. (20)

83 =

Differentiating (17), (19) and (20), logarithmically, with respect to time we

|
o |

shall get the rates of growth of output per labor, wage rate and relative share of

labor as follows:
X F x :
=2 1 2 . _

N

X.F i X, F i - X, F, i : PR S
o Zm2  Hama
. 3 co R .

[ SR
R A T I

oo (23)

: wml‘;lm )
n
== -
t
Q jo-

Substituting the value for X3 F33 in (22) from (18) and rearranging the terms,
O A TR L T L L )
' St BT e

e RER SR Y

we get, :'"' S
- . oo (21)

T
=y
=f
ol o
+
2
'=im_’=J L
A
o it

N
w

A S S A P .
Substituting (15) in (24) we
veo (25)

g
n

'é | —7—7- i, s —T—T
l . ;‘x" :’ o N 2 H X ‘:. o
o LR F X A

Finally, substituting (21) and (25) in (23) gives us the required relationship.

==

i RERR e T
B A A S T

ot \

| ;, quRWM'wiﬁ.. .:. L Ujffﬁ“ i (H) . ;“:fu TR N o o
RTATY 8. LY M R TR SN
ST | 1o X - :
_ . | ,5_3. s (__2_]3{.)) =+ s, (_0%.1) x2v - Loeee (26)

3 913 1 023

U R R |
'By symmetry the' general relationship between any relativeifactor. share: and -changes
: : v . _- SRR TATA A PRI »

I3
LRI RN ot

DA N R,

in the supply of all inputs will ve o

o0 e .
SO R B

NS 4:.-..',. PR '\ I, . \
(H) X, x, U ,
n ... (27)

| é l-0
i 1 ij J i -
s -J.;z.l SJ ( H) (x -- X ) for 1 = 1‘, eeg I
R



12 »
_ " "From (26) and (27) it is evident that our basic purpose of ‘finding the criterion -
that'woﬁld;depict movements.bf‘thegrelative‘fadtor shares ig satigfied-by the_Hicks
coefficient.. The result for the relative share of labor can be stated from (26) as
follows.
Let the Hicks coefficient between capital ‘and labor be greater than unity, and

‘ between land and labor be less than unity. Further, one would expect land-labor and
1abor-capita1 ratios to fall over time. Then from (26) we can see that the relative
share of labor would fall over time. ,

 From (26) we can find the effect on the relative share of 1abor due to change

in the amount of some other factor, for example, capital'

. L B

§3,___ s, (——"?(—;{7) —"l . » ... (28)
3 023

:“Thﬁs if the Hicks coefficient between capital and labor is greatef thea unity
‘then‘increase in the amount of capital alone would lead to decline in the reiative
share of labor,

: Next, consider the effect of change in the amount of one input on its own rela-
tive share in production. From (26) we can devine the desired relationship for the

- labor input as follows:

. (2§)

wN ‘L’x .

023

s (H)

3 - o -1

3 <Sl<“jz§7 v, e )
IR

The result can be stated as: the relative share of one factor increases or

decreases as the quantity of the same factor increases depending upon whether the
Hicks coefficients between that factor and all the remaining factors are all greater
or smaller than unity.

Thus we see that the Hicks coefficient can take care of the cases considered

~ by Samuelson and Sato-Koizumi as well as the general case where all inputs change.

Before concluding this section we must note one thing. Compare the Hicks
coefficient defined in (15) with the partial elasticity of complementarity as a

criterion suggested by Sato and Koizumi:

JH o 1
ojy’ = oy ... (30)

This relation shows that the partial elasticity of complementarity equally serves

as the exact criterion of changes in relative factor shares.
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'Hicks Coefficient and Specific Produdtion Funetions:

» The new technologies in agriculture have had impacts on'incomé distribution
-through the biased changes in the relative shares of factors in production, and they
haﬁe also been affecting rural-urben employment and the demand for capital inputs
through the nature of internal substitution and complementarity among the inputs used
in agricultural production [19]. This latter side of the phenomenon occurring in the
chahging agriculture could be explained by determining elasticities of substitution
among the inputs involved. Although from the earlier discussion we saw that the
Hicks Coefficient is the criterion of changes in the relative factor shares, it would
be equally important to know its correspondence with the elasticity of substitution,
if any; so that the both-way impacts of the changing agricultural production could be
analyzed at the same time. In order to do so, let us consider only the Constant
Elasticity of Substitution (CES) Production Functions which have been widely used in

empirical work.

Assume that agricultural production involves the following four inputs:

Xl = land,
X2 = capital,

4 X3 = Tamily labor,
Xh = hired labor.

. . Then the CES production fuanctions can be written as fbilbwéiwy

1 1, Cobb=Douglas Production Function:

In this case all direct and partial elasticities of substitution are equal to

unity.
R
LBl B2 B3 LBy
Q = ax! x? X2 x _ - Ceee (31)
T vhere - a) Byy.is, éqiﬁhdthi PosifiQe'éohsfénfé and the sum of:31;his o

equal to unity.

i P
b

2, Uzawa Type 1:

Heres all the partial elasticities of substitution are constant and identical.lfrr

1/ This production function was developed by Uzawa [28] as a direct generalization of
the CFS production function for the two-input case discovered by Arrow, Chenery, Minhas
and Solow [2].
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3. Uzawa [28] Type 2:

v

In this case the inputs are gréﬁped in';ﬁch_alﬁé&‘tﬁ;£,£he P rtiéi eiasﬁicities A
of substitution for a pair of inputs within a group are identical, the partigl elasti-
cities of substitution for two inputs between any two groups are all unity and all the
partial elasticities of substitution are constant. Grouping land and capital, and

family and hired labor into two different groups we can write the functional form as

follows:

C . . \;‘-. _‘_)_1 . ; ) : -22 . S
o= (o XL+ o x5 B1 ey _x_g“? oy P2 P2 L (33)

where : 0y,:..+5:.0y are all positive constants; B, and B3 are constants but both -

greater than -1, and p; and pp are both positive such that
Py + pp = 1 ' . .. (34)

4, McFadden [14] Production Function

In this case, the inputs are grouped in different groups in such a way that the
direct elasticities of substitiition for a pair of inputs within a group are identical,
the direct elasticities of substitution for two inputs between any two groups are all

unity and all the direct elasticities of substitution are constant. Suppose the four

inputs were grouped in the same way as they were grouped in the Uzawa Type 2 production
function, we can then write the functional form as follows:
_p ) _p 2p PENATRA S Y
= -+ L)
Q (o (X, X,) o (X3 %) 717 (35)

" 'where a;, .ii, ay are all positive constants and p iess than -1/2.
Now let us compare the Hicks coefficient with the direct and partial elastici-
ties of substitution for the above four production functions. The results are given
in the following table.g/ | o

&/ See Scheper [26] for the analysis of production functioﬁsfSImilaf‘tb'Uiawdﬁﬁﬁbé«i
and Type 2.
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‘Table 1. Hicks Coefficient and Elesticities’of Sﬂbstitu;iop—{x

-~ = ===~ ==~ =-Production Functions ~ = = = = = = = = -«

Criterion o Cobb ~ Uzawa - Uzawa Type 2 McFadden
T 4e.-Douglas... Type 1. Within Between Within “ohBetween -.v
S group group group “ogroup
B P AANTCM A SRR I B s . e ) :

o g P) e e . -'1 -o’s.-.l. 1 L rv':,»'iv,.ﬂ;"r‘:»*:;‘t ’
Partial o§~~ S +- -q) + o b by
P ( & ) o 148 o 1 1 e—(—gT (1-0) + o 0.
_Direceeioev.)..' | '~1f‘. T 1eg S ';' N c . 1. wormen i
cient (0{57) :*i Cr e Py ‘1: (%) 8

Gotnel L 1B B,..+p,{.- (1_'* )6(9)
T = Trg Where s.= 1,2, 0 = g5cand I
pgﬁ);u;jﬁ;elative;ehereAof{a;l,the;ﬁactors,togetherhinVthe_stb“grpup, where
=" il,-‘-"g; . ; L L L S P S O SO P SR

o b ey

-Ffomﬁthe above table we derive the following'statements::

'A. The Cobb-Douglas production function, Hicks coefficient and the direct and
partial elasticities of substitution are all identical and equal to unity. Thus, from
(27) it is evident that in this case the relative fector shares will not change regard-

less of the amount of change of one or all inputs. Thus the Cobb-Douglas production

function is inadequate for analyzing the new agricultural technologies.

B. For the Uzswa Type 2 production function, all the three criteria are identical,
and thus the relation between the Hicks coefficient and the chenegec iu relative factor
shares would also indicate, eimultaneously, the extent of substitutability among the
factors of production and vice-versa. In this case, the relation (27) reduces to the
relation (10) derived by Meade. Next, from (10) we see that if the substitutability
among the factors is very low, then the Hicks coefficient will be less than unity and
thelrelative share of the factor that grows the slowest (say land) would rise over time.
On the other hand, the factor growing faster (say capital) than the rest would sustain.
& fall in its relative share. From (10) we can also deduce the change in the ratio of '

and X, as follows:

i J

~any two factors X



(S /S)
(S /S)
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The result can be stated as follows. If the Hicks coefficient between two inputs
‘is less than unity then the ratio ‘of the relative shares of those factors’ increases or’”

decreases depending upon the decrease or increase in the ratios of their amounts;

C. For the Uzawa Type 2 production function we see that the between-group Hicks
’coefficient and the direct and partial elasticities of substitution are all identical
_and equal to unity; while for inputs within a group they differ. Let us assume that
land and labor form one group while in the second group capital is the only input. In(
this case the pariwise Hicks coefficient between land-capital and labor-capital (i.e:
between-group) would be equal to unity, so also the corresponding elasticities of sub-

stitution, and hence, the relative share of capital would remain unchanged irrespective

of any change in the supplies of' the inputs involved. On the other hand, for'the';"”‘“
grouped inputs, the relative share of the rapidly growing factor (labor) would £a1l
over time if the within-group Hicks coefficient is less than unity. .

Let us compare the elasticities of substitution with the Hicks coefficient, from
the viewpoint of substitutability and complementarity among inputs. From the above
table we notice that if the within-group Hicks coefficient is less than unity then the
direct as well as the partial elasticities of substitution will also not exceed one,
,}which would, in turn, imply that for the inputs within the group substitution is low.
Additionally, in the case of partial elasticities of substitution within a group, the
complementarity among the inputs is indicated when the partial elasticities are nega-~
tive [6, 24]. Thus, when partial elasticity of substitution lies between zero and one

or when it is negative, the Hicks coefficients will be between zero and one. When the

within-group inputs are either relatively less substitutable or complementary, the Hicks
coefficient will be less than unity, and hence the relative share of rapidly growing
factor will fall over time. On the other hand, if the within-group inputs are highly
substitutable, the partial and the direct elasticities of substitution and the Hicks

coefficient will also be greater than unity and as a consequence the share of rapidly-

growing factor in agricultural production will increase over time. A

D. For the McFadden production function, using (27), we see that if the between-d
group Hicks coefficient is less than unity, implying that the parameter p is positive,
then the relative shares of rapidly growing factors (like working capital and labor) )
would fall over time. In this case, the partial elasticity of substitution between groups
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’awqpld:also be -1ess than unity implying ththbetween-groupqfactor substitution is:low. On
‘the>6ther;hand, by the nature of the .form of the production function, the partial elasti-
_éity of substitution within a group would be greater than unity implying that substituta-
;'p};}ﬁy;amdng the factors within a group is very high. In this case, however, nothing
definitely, nor of necessity, can be said about the within-group Hicks coefficients. But,
when the between-group Hicks coefficient is greater than one, the within-group Hicks coef-
Ficient would be less than unity, implying that the relative share of rapidly growing factor
in the agricultural production would increase over time. In the latter case, the within-

group inputs will be relatively less substitutable compared with the between-group input

substitution.

The last point to be made is the implication for the composite-input case suggested
by Hicks which we discussed in Section IV. Let us assume that agricultural production
involves inputs such as land, capital and labor. Next, let us assume that the production
function is such that the capital input is proportional to the amount of labor used. This
impiies that the capital-labor ratio is constant over time. 1In this case it can also be
shown that the pariwise Hicks coefiicients between land and labor, and land and capital
are equal.’ Then using (26) it can be easily seen that we arrive at Hickk':hroposition that
the relative share of the factor having the lowest growth rate would rise over time if
the Hicks coefficient between the composite-input and the remaining factor is less than

unity.

X. Summary and Conclusions
The Hicks coefficient is the criterion of changes in income distribution when the

agrichiltural production is subject to constant returns to scale and when the factor-inputs
are paid their marginal physical productivities. Meade did arrive near to the solution,

| however his results using the direct elasticity of substitution are not easy to inter-
pret. Next, the criterion that Samuelson suggested, while criticizing others, is indeed

. easy to handle. However, Samuelson's criterion is not useful in the case of the multié

purpose analysis; for example, if one is interested in linking simultaneous changes in the
supplies of more than one input with the relative shares of the factors involved in the
agricultural production. The work of Sato and Koizumi moved a step beyond the earlier
attempts, however they did not explore the usefulness of the partial elasticity of
complementarity as a criterion in the most general case where the supply of all inputs
changes. Actually, the Hicks coefficient and the partial elasticity of complementarity
are very similar except for the fact that one is reciprocal to the other. Thus, this
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paper establishes that the partial elasticity of complementarity ‘is alsc!the ériteiiohﬂi
- of changes in relative factor shares. Our analysis on the CES production'functidnS'?*“
showed that except for the Uzawa Type 1 case there may not always be one.to'one corres-

pondence between the Hicks coefficient and the partial and direct elasticies. of: substi-

.tution.
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