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Green Revolution and Farm Income Distribution

Uma K Srivastava
Roberg W Crowu
Earl O Heady

The hope had been cherished that the rapid increases in agricultural output especiclly foodgrains,
as a result of the Green Retvolution, would help trigeer off general economic growth by riising the level

of availuble savings. There was also good reason for such a hope.

But vucial to its rea:isation is ihe

capacity of govermnent poiicy to use the Green Revolution's potential benefits to greatest Gcvantage.

The problews that have attended the productive success of the Green Revolution have, however,
yet to be surmounted. Amonr.g these, one of the most serious for cconomic and political stebility is the
unequal distribution of th > zains from change and the perverse distribution of the burdens of change
among 1~ose who gain least from it,

1+ 5 paper examizes the problem of inequitahble distribution by a theorctical analysis. It centres
on the . stribution of income, as revealed in the changes in produrtion-functions and derived surply-
[u=-tios:s for farms and [or tie sector as a whole. The imnpact is discussed as it relates to (1) changes in
[actor shares and (2) cheages in the relative income positions of {erms in the different income classes. A
quasi-empirical demonstration is inciuded to assist in the exposition of the logic.

[This paper was written as Journal Paper Number ]-7009 o, the lowa Agriculture and Home Eco-
nomics Fxperimene Station, Ames, lowa, Project Number 1558.]

THE CGreen Nevolution has raited the
hope in India and other Asian countrics
that, finally, rapid incrcases in agricul.
tural output [22], especially foodgrains,
will make it possibie for more gemeral
economic development to proceed, There
is hope thit domestic production wvill
climinate the countries’ dependence on
United States for food aid, that  rur.
pluses might exist which could Le .l
ahroad as a means of financing nevd-
ed imports of strategic  capital and
maintenance goods, and that if the spree-
tre of the Malthwian  dilemma -an
be Feld in check leag enough surpluses
would ezist to finance domelic  none
arricultural growth simultaneously with
a rise in runal per-cazita living stand-
ards,

Early signs show that these hopes
are not groumdlcss (B, 9] if government
policy is appropriate to rcap the poten-
tial benefits. It is true that, hoth farn-
sector aanployment and farm-sector in-
wme have rizen [15, 18, 17). But cor
nomists tealise that boons grnerally s-e
not given free, snd this has hecome
obvious in the second and third genera-
tion problems that the Green Hevolg.
tion has created [I1, 24, 23).

Of these, one of the most  scnoas
from the standpoint of stability—eco-
nomic and political—is the high probha-
hility that, in spite of mcasurable bene-
fits for the agricultural sector and the
comtry’s cconomiies as a whole, the
Green Revolution does not hald bene.
fits for all the fam familics which make
up the sector. Thus, the Creen Revclu-
tion poscs ths same problem for A.iun
countries, and Indiz in particular today,

as have all major technological changes
in the history of agriculture, That s,
it wi!l create an uncqual distribution of
the gains from chanpe, as well as an
unenqual and perverse distribution of the
burdens of change among those who
gain least from it,
This paper examines the prohlem of
ineauitable distributions by a theor=ti.
-is, The paper ccntres on the
fif on of income, as sevealed fn
the ioanges in production functions and
derived supply functions for farms and
for the scctor as a whale, The cffcct
of the Creen  Revolution i3 traced
through these tools, and its impact fs
discussed as it relates to (1) changes
ve lactor shares and (2) changes i the
relative income positions of larms  1n
the diffcrent income classer, A quasl-
empirical Jemonstration is included to
asust in the expasition of the logic.

Natunk or ™ie Green Revorution

Technological {anovations In agricul-
ture can be divided into two broad
types: (1) biological and (2) mechaui-
cal. Biological innovatums reice mainly
to inputs that increase the productivity
of u given land base. High-yielding
plazt varictics and fertiliser are esam-
ples. Biolozical inmuvations temd  to
raise total farm costs. Mechanical in.
novations mainly ar: those that caue
a sduction in total cost.  \While biolos
gital innovations are labour-abisurhinng,
mezhamical  imovations  are  mainly
lubous-saving {13).

The Creen Revolution s frequently
discnbed as a seed-eruliser technoiogy
[21). ln this sense, it falls in the clas

of binlogical Innovations, But when
cluswified so simply, its busic technolom-
cal naturs is obscured. Biological Ine
novations of the seed-fertiliser type be.
camu more edective, and in some ins-
tances were possible, only with the
supporit of mechanica’  innovation,
Hence, the Creen Revolution is betier
charucterised as a biological-mechanical
innovation. \Whether the green revolu-
tion is lsbour-saving or cepital-saving
uepends on the net effect of the forces
simultancowsly generated by the two dif-
ferent types of innovations,  Similatly,
whether total costs of production are
mereawd or decrrased  depends on
whether the cost increases due to blo-
logical innovation are greater or  lesa
than the cost decreases due to mecha-
nical inpovations. Based on data pre-
sented in Tables 1 and 2, Figure 1 can
be used to illusteate this proposition.
Figure 1 shows total cost, total revenue,
and total output, with old and new
techniques for agriculture taken as a
single industry. The curve TR :epre-
scnts total sevenue, C, represents the
cost before the innovation and C, re-
presents the cost after the innovation.
Yer-unit costs are lower with C, than
with C,, as shown by the lesscr slope
of OC with respect to OA. We assumeo
that the normative profit maximisation
inotive prevails, hence the equilibrium
for the industry, total cosy, total r=-
venue, and tetal output are  UA,
U,B and QU,, respeciively, hefore the
imiovation, Total revenue increases  as
might total cost, at equilibivm under
the new technique (C,), but nct profit
(CD) is much larger than probt under

Reprinted from Ecemnrwic and Political Veekly, Vol VI, "0 52, Review of Agriculture, December 25, 1971,
Pagination as in original, advertisemcnts excludei. A-183
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Taste 1 : Sriecttp INvicarors or INDIAN AaricurTurs

uader Crons Frices

Yndclhc (1961-62=100) 3ndex (1961-62=100) lndex (1961-62=2100) Index (1961-62=100)
s it

Nimbe

Total .
Wheat  Rice  Cereal Wheat Rice

Production Yicld Arca

Years Num Numbery WNumbers
Total Total . Total
Cereal Wheat  Rice  (ereal Wheat  Rice  Cereal
1961-62 1.0 100 1000 0.0 000 10¢ 1no
1962-63 9% .7 £9.3 931 0 I | 9,6 [ILAN
1963.¢4 99 4 d.6 1037 8i.C 104 100, 100.2
1904.68 108.4 101.5 1102 01T 1087 jus.8 ol .3
1165-65 R7.7 &h.3 85.9 927 LY K3.8 97.9
1966-67 c28 98 4 §5.3 a7.2 91.9 Y9 fm) o
IV67-68 169 1370 1055 109 foag M4 (042
IRIASY] 117.8 145 11].s 1248 1081 g 7 1on s

0.0 1Mo 1nmo 1010 1000
9.5 1028 1029 954 105.3
99.5  103.2 1120 108.7 118.5
9%.9  105.1 1382 1378 1273
93.2 617 064 My 2 13697
94.6 Jol.e 1737 17717 163.6
110.5 1050 2064 213.7 200.5
[17.6  40n.% 1983 2043 |up 4

Sources : (18, 19).

the old technique (AB). T 13, the agri-
cultural sector increases its output and
improves its income because of the
new technolopy, The distribution of this
gain among the various factors wad
among farms of varicus sizes, is  the
subject of the next sections,

Cuwers v Retatve Facror Siares

With the greater use snd cost of
inputs, the absolute income of ali pro-
duction factors Increases, The change In
factor shares, however, depends on (1)
whether the technical change is neu.
tral or non-neutral, (2) whether the sum
of production clasticities varies under
teennical changes, and (3) whether the
laijaur/capital ratio varies. To analyse
these possitilitics, we distinguish bt
ween five clasies of inputs: (a) land,
(b} human labow, (c) bullock laboar,
(d) capital inpu's including  irrigation
charges and all farm machinery (c)
and () such non-mechanieal inputs oy
new hiolotical inputs Gy brid seeds)
fertilisers, pesticides, new cultivation
techniques (C,). With the Crern Revo-
fution, C, has been the major expand.
ing factor, complemented Ly a morn
modest increase in C,. Comparing  the
gross production function for agricul-
ture, before and after a growth in C,
and C.. we expect that, when n G,
>0zand A C, >0, output Increases,
and the partial elasticities of production
of all factors change, Ve illustrate
this point tn the frarework of the fol-
lowing Cobb-Douglas roduction func-
tion (which satisfics neoclassical notions
of a ‘well-behaved function’).d

X=aL?EB Bfch cP

Where A, ;. B. v b ard ¢ are
constants, X = cutput, L = lard, B,
= human Jabour B, = bullock labour,
C, = mechanical capital inputs, and
C, = non-mechanical taputs, The con-
stans q, B, ¢, 3 and 7, numerk

callv avantify the  partial clasticities
of production. The ratios of the partial
elasticitios indictte the relative ‘actor
shares between inputs, and, ss Brown
shows [6, 7] for the Cubb-Douclas pro-
duction function, the clasticity of sub-
stitution between the factors s unity,
tenardless of  scale-returns, This con.
ditivn implies that, changes in factar
ratios  (substitution  between factors)
leaves relative factor shares unchang~d,
Factor shares change only when the
addition of a new input (replacing or
canplementing existing input) embodies
a technical change,

In essence, the embodiment  quality

implies that the technological change s
non-neutral, Let the yrowth in C, and
C, vmindy a  technical change ~ (the
Green Revolution), A new  production
functivn  then  results (the technical

change revealing itself in changed para-

mcters) as follows:

a'f ¥ yp
X =AL BBP. c'c
1 2 ! 2

Empirical studies suggest that, an
expansion In C, Is labour-using anl
that an expansion in C, is labour-sav-
ing {2, 3, 4, 5); henee countervailing
forces prevail. The net impact of the
embodied technical change will depend,

Ficene 1: Ciaxer v Ner Revevur, (1 — ), wimn Teoworoacar

Cuianer:
Coste
and
Revenues
-
C. e .
- 2 ‘\
-~ TR
<1
™ ()
. b
'I'RI 8
c

Total output

A-163


http:19t,4.65

Tansts 2: CHANGES IN ToraL Cost

AND TovAL  ReviNtUts 1IN WHFAT

Provucnon or Majpz Prapicsg
STATES IN INDIA

Jotd Cost T Total Reve-

Stares Total Cost fU nne |
Total Keves
— nue 51
Utt. r Pradesh 1.1 2.4 )
Pun sb 293 5,79
Malorashtra  —0 66 4.5
R.i sthan 1 9y LI

Notes : Cost I stands for the cost of
production of hybrid wheat wih
new arnay of inputs made amile
able by new tevhnology.

Cost Il stands for the cost of
rroduction of indig:nous wheat
with irngation and old array of
inputs,

Total Revenue I and I stunds
:'qr "hc same as the costs respece
ively,

Scuree : [15, 16, 17, 18, 209).

therefore, on the outcome of a statistical
esperiment. [owever, a theoretical  ex-
planation of expected outcomes can be
given,  or example, if C, is a labonr-
saving input, [2, 3, 4, 5], we erpect
that :pi.'<_2'nnd that labour's shase
7] 7]
with respect to C, declines. Further, if
C, complenients labour, we expect that

B +

AT

1f the nct effect of the Creen Revo
lution Is, in fact, to reduce labour’s
share in total, the net change has to
b= as fuilows:

(£ 2] [£ 2]

IscoMe  Dismowunion  Errzcrs sy

Fanm Sz

A non-neutral technical change may
be sufficient to change the distribution
of incoine over factors, but it is  only
a necessary condition for a change in the
ditnhution ol incume by farm slze, On
the other hand, embodied te-hnological
chanze sand dilerences in adoption sates
amorz the different fann size groups,
are sulficiency comditions fur a change
in the distnbution of income by fann
size,

For this an-lysls, we depart from the
usual  macro-economic definitions and
distinguish between embodied and dis-
vmbodicd  tedhinological change for 8
specfic fann fimn,  Technical change fs
disembodicd wher the farmer is  cone
strained from nang It only by his pers
sonal and non-cconomic characteristics,
or through his iguorance. In contrast,

Ficune 2: [soquant, Sunownic Rmamive Macstivpesor Tue Erasman: or
S ISHTUTION B 1) X, 10R Xt.

| Intensive Margin of X
© X a -
a ssssnsdeecvon esrsssrsncserenstsseecnn e
|
) |
|
|
|
{
|
|
l
.
i
|
| .
‘ Extensive Margin of X ——
i
|
n ]
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an emhodied technical change Is one
thet cannot be adapted by a fasmer be-
cause of ecomomic constraints, The
farmer's  current  inconis  and  asset
pasition Is the most likely economie con-
straint, sivce ‘embodiment’ implies pur-
chase of Inputs to employ the techno-
logy. The economic status of the farrm
is binding Lecause the farmer cannot
finance? new purchases  and/or the
kasic production structure cannot profl-
tably Incorporate the ncw input,

Because of past decisions, a predetcr.
qincd distribution of wealth, and so on,
« wide disparity prevails in farm {ncome
levels. Thus famiers Jace a technological
change, such as the Green Revoiution,
on uncqual footing. Farmzes in duffer.
ent income groups might be expected
to exhibit diverily in belaviour, since:
(a) the marxmal propensity to consume
could decline at lugher incomes, (b) the
m: rginal propensity to invest in new
productive  inputs  might rise  with
higher incomes, and (c) the items for
which the investmeots are made could
differ among income dlasses, and so on,

Basic cconomic grounds to  explain
variance in adoption rates of Green e
volution technology are thus implied by
the fact of embodiment, the initial
diversity of incomes i the faam com-
munity, and variance of absolute and
marginal spending behaviour at diferent
income levels. Further, as we will now
demonstrate, variance in adoption rates
cnsures that the Initial income spread
in the farm sector will widen,

First, we assume the abzence of gov-
croment  programmmes to make  credit
availablo at non-commercial rates  for
low-income farmers. The allocation of.
loans, then, will be based on risk-aver-
sion and potential profit motives of
lenders. If  govemment credit n -
grammcs tequire collateral or a deawn-
stration of ncar-term profitahility before
loans arc made, the programme {s com-
mcrclally based. As will be discussed
later, credit programres of non-commer.
cial nature arc nccessary to reduce the
extent to which technical change 1s
cmbodicd for the firm. We now use a
generalised algebraic example to prove
that the incume gap will widen under

these postulater and assumptions, An
ilusiative  numerical  example  will
follow,

Incrcuse in oufput vis-a-vis farm sizc
groupss ' .

Let Py, Py, Y,and X be the out-
Fut price, the input price, the level of
vutput, and the level of inputs used, res-
pectively, cxpressed in inclex form. Let
R be the ratio of output to Input prices,
Py/Pg, 50 that R portrays the rcal
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puobitability of production; & s & proxy
for nct sevenue, R is also in index form.
The elasticity of supply vith respect
to the profitahility of production can be
wrilten in the {vllowing identity :

ar . R dY . X7 .
Y = Ldix 'i"]"

kY
[il‘-i
dK x]

. dY . X .
In this espression, [~ : -—] is th
Y e\ 3 ox v ©
elasicity of productioa, and
JdX Ry. -
—_—_ ‘it
[dK A]L the clasticity of demand
for inputs viith respect to the ynchit.
ablit, of wing them. When & produc-
tion function for a2 <pecific farm is de-
rived, the clasticity of production will
lee wmiquely  determined as will the
castinty of demand for inputs. The
elutiaty  of demand for inprts, as
ewen here, incorporstes bott, the ine
come efieet and the piice eflects with
rqualitative signs as rcommived in con-
simmer behwiour, A chance in produc-
tivity of inputs can be reflecte 1 in the
dechie in real pree per unit of {nput,
Now we subdivide total inputs (X)
into twa classes, taditional, Ne.  and
new, Xn. The profitalulity of emploving
these classes of inputs are My ynd Rn,
respectively, Therefore, X=X, +
.\'n. R= Py /-'.'(P(l -+ P(n ), (wbere
the depominator Is the average cost of
foputs) and Ry Py/Py Ry =

" ,plu.

The clasticity of supply can be filven
as:

W RN X a¥ X
R'Y ™ % 'Y *axacv

X R, X Ri
*]5R X toRn X
which is reduced to the following ex.
prcssion after dividing by n/Y.
N_ Y X Y X
R {3)(( ‘X tRn X
15Rt 'K *iRa R
To *ake an catreme case where  the

small fumer (2 low-income  farmer)
docs not purchase the new imputs,

- 0: hene 2Xn 2Xt
x. 0. hglhc JRn —o. m- o'

R + His change in

Tante 3: QUALITATIVE SUMMARY OF LociC oF NeT INCOME Dnparity Growmi

Demana Elasticity Change n Change in Change in
to Prodluct Price Tutal Revenue Tuotal Cost Net Heveane
. lage >0 >0

© > l?l.. . P_ > 1.0 ® > °
e, v | small <0 -0 <o
Y P, Large < >0 'S 0

0 <|--- " l<t0 >
JpP, Small <0 U] <0

TASLE 4 : MagxiT Sowenor for
Pat-TrovsoroGiear Ci

SusLL, Mepitm axn LaroE Fanns,
IANGE, ON PR Farn Basts

Sl Medum Large
Prie T, 6.52 6.52 6.52
Quantity
Gej 0.516 0.723 1.042
Q; 1.291 5.4% 13.022
Total revenue 8.416 35.378 84.941
Iaput use .0026 0.012 0.034%
Total cost 0.125 0.574 1.700
Nel revenue 8.2 34.804 £3.200
suprly I3 then given by: for his addition to gross oulput will be;
EA (aY X Xt Rn) A X oY aXt R,
R axe* X J - R 'R R-AX g sR¢ R
=2Y_ X n Y 2Xn Rp

T core (Xt = X.R ~Ri)

If, in addition, productivity of tradi.
tional input is not affccted by the
Cieen Revolution (another extreme ase
sumption since it excludes in-farm cco-
nomics of scale, but is totally cousistent
witl: the embeddiment postulate),? and
fnput and output prices do not vary
ugnificantly, the profitability of  tradi-
tinnal inputs remains constant and thus

a X1

&Rt 0.
wer's level of  production, before and
ufter the technological change, should
be the same,

By contrast, the luger farmer (a
Ligh-incoma farmer) is not  Gaancially
constrained from buying the new in-
rets Uf their purckwe {3 profitable, If
iis uses them, the following relativns
hold in general:

Henee the small far-

Xt 27n_ 49
l>)T>o on >

X X,
H >i—'>o J-Rl >0

The new inputs can bo cither comr-
plements, or substitutes, for traditionai
inputs. In the situation where the frr-
mer vicws the new inputs as strict sup-
plements to tiaditional fnputs (i e, crose.
¢fAects with respect to the profitability
of other inputs s 7¢10), the expresiion

X, Y IXi Ry

x. JXn aR[ R
This expression for the growth of
output s clcarly greater then that of
the suall farmers, because the indivie
dual terms on tho right-hand side are
all rositive. Where there are no ex-

temalitics, so that the traditional inputs
do not gain  greater productivity and

. . 2Xt
when prices remain constant .
1 . )’E‘ -

Thuy, the output of the large fanner
grows. This i3 m contast to the smal)
farmer’s output which remaits constant,
In the mote Lkely cvent, however,
the new inputs substitule in part the
traditivnal inpute.  The outcome, then,
iy less cleatly defned,  ‘ihe eristeuce
ol substitution Is prima fucle evidence
that Ry>Ry, where Py it constant,
The signs of the cross<fects will be
2Xn aXt
aRt <0_M3Rn <o
For oulput to increase, (that fs for

:: > 0. the fullowing Inequalities

would have to be true.s
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Tantk $: Maxxer SOLUTION FOR SMALL, MeDt g AND Laraz Faress,
Post-TECHNGLOGICAL CHANGE, FIRST APPROXIMATION ON Pta-Fazm Baso

Sl Mativm Large
Price Py 6.59 6.5 6.59
Quantity

Qi 0.516 0.740 1.069

Qq 1.23 5.547 13.357

Total revenue 8 50% 36.552 88 020

Input use L0027 0 013 0.037

Tuotal cost 0.'36 0.682 1.838

Nt revenue . . 8.313 35.900 g6 18
l{_\l > X and I'_\_L > |£’_«_ theiis that tr~ditional inputs are virtu.
2Re . 2Kn IRy I 2Ky allv fived in the farm sector; { S, labour
Given a constant P, the inequali- will not be easily retired from sgricul-

ties state that ligh-iocome (largc) far-
mers would Increase outpat if the growth
in the demand for one type of input
{say new inputs in this situation), 1o
sulting {rom s growth ir its own pro-
fitability, exceeded the desire to reduce
the use of 2 cumpeting  input when
the profitability  of the farmer input
grows. These twun forces tend to work
against each other; the profitability of
employing X irads to its grealer use
at the cipense of .\". but the margl-
nal profitability of employing an addi-
tional umit of X, will decrease (we
supe that the producer is in the eco-
nomic range of dedining elasticity for
X, Tre decrease in peoductivity  of
X, implies wcressing re'ative profitae
bility of marginal units of X.. Hence
a growiog tesistance 1o further substi-
tution of X. for X' will prevail. The
economic vestraints in employing more
X, intensify because of its declining
zelative profitability vis-a-els X .

The relative strempths of the conflie-
ting forces can be observed in part by
considering the elasticity of  substitu.
tion of X for X,  Belng newly -
ployed, it Is likely that X i wed
more clusely to its extensive
margin thar X' is to ity (Figure 2),

X X

That 1s, =-'>..". or traditional
X X

inputs still dominate the Input miix even
though both types sre ured. But this
implies that tbe clasticity of substitu-
tion, X for X, exceeds unity,
Under these conditions, it is expected

that:®

X, l;X,
3§:\!> IaR:
Further, if we¢ maintain the bypo-
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ture, land will not be quickly with.
drawn, and traditional capital will stull
Le largely emplryed, then traditianal
input cmployment will at least be on-
stant. Thus,

I-a_‘f_. X,

‘2R, aRn
Lastly, it seems intuitively treo that,
the potemtial of a rise in new input
productivity to negatively influence the
use of traditivnal inpuls would quanti.
tatively exceed (in absolute tenns) the
potential of changes in traditional input
productivity to negatively influence the
uso of uew inputs, Institutional pres-
sute to  expand new input  use, say
throus,n  government programmes, not
~asily solved ot reversed onoe started,
might in itself be envugh to make this
true, Thus,

= .

X, X,
R, >R |
Under these cotlitions, thercfore,

output world expand even when X
and X, were partial substitutes. \What

is more, the cxpansion of output would
be due to the activity of the aduption
of tcchnology who, fo the situation puw
discussed, would be tho large farmer.

Net incoms effsct of increared  output
by farm-sizz groups:

We now consider the income distri-
bution cfectzs of the relative Inarases
in output on low and h'gh-income fanns
when consumer dersand is elastic,

Y D,
;i;: 'y >1.0, and price inclastic,
(0 < PY P’l <1)
ok, " Y ’
Under the price clastic conditions, an
increase in output will increase tle

total revenuo depending on the degree

of demand elasticity. The increase,
however, will 1educe the price per umt
of output. For the rmall farmer who
does not increase output, total  revenua
will fall. Also, if the small farmer dovs
not  alter  the input of badie
X

— a0,
I
(imputed as well as incurred) will
not decline, sn  realised net income
will decline. Initdally the same income
effect will prevail for the small farmer
when consumer demanl is  inclastic
with reioect to price.

Yet, even the lower product mrice
can lead to higher total revenues for the
large farmers. Although his total cost
will Intrease as more inputs are used,
the rational producer will rostrain ine
put purchases so that the marginal re.
veuue is not exceeded by marginal cost.
ilis pet fncome will rise (or at worst
stay constunt), Thus, income duparity
between large and small farmers, will
widen. These qualitative relativnships
am shown in Table 3.

\When consumer demands are price in-
elastic, an inct=ased offcring lowers both
price and total matket revenus for the
farm sector. Jf we malntain the claim
that the small producer does not ccn-
tribute to tha expanded oilering or re-
duce his iLput use, his total and net
{ncome position worscns, But the large
producer does not necessarily lose totai
revenue in this cate (althaagh he might,
iF sectoral total revenne falls faster than
the total revenue of small producen).
Indeed, it is also possible for large
farmers to experience rising total re-
venue in spite of a deterioratim in soce
toral revenue. In wiher case, tne eco-
nomically rational producer will only
spcud on mew lopu's and 0 add to
total costs, to the point at which
changes [m net revenue are equal to or
exceed zero. Again, lie income gap
will widen.®

tional resources, total cost

ILusTRATIVE NuMsnucaL Moom,

We now uss ¢ hucristic model to
better illustrate the mechanics of the
preceding ecunomic reasoning. Although
simplifying assumptions are used, the
quantities employed are numerical  ap-
proximations of current magnitudes in
India, This flustsative model is applie
ed to three stages: Stage | depicts tho
market solution befere the technological
breskthrough, State 1l portrays the
changes resulting from® the Green Revo-
lution, and Stage 111 envisages the
changes in income in successive produce
tion cycles. Our d:cussion of stages is
merely for convenicnos and has 0o con-



Ceection wich Roctowisn stages of ecuno-
mic gromh.
Stage 1

Suppose  that equations (1), (2) and
(®) represent per-acre production funee

tions of small, medium, aod large
farms, respeuti - ly;
() g = S+0.235%-0 (unall)
) Q= .T+0.€X, 4 (mediumy
() q,=1.0- 038X, (large)

where, now q, (i=1, 2, &) Is physical
sutput per scre on firm size coded L
and X, Is all inpubs vicwed as homo-
goneous mass.

Equaion {3) suppores that the Vdgh.
fnconie farmer hag t! nece-sary cartzl,
knowlzdge, and o'ler fix~d assety, to
progress over the preceuing prosfuction
petiod; hence be will cxhrast mare of
the potential scale econoniies than will
the low incume fanner.' We are, of
course, aware of the long a..d somewhat
inconclwive debate that surrounds the
auestirn of the iclative effidency o,
small fartaers in Indis (1, 23). Far the
time being, however, our mude] ahs-
tracts from the hypctiesis bavd on
previous empiical results and rests on
standard theoretical logic.

A square-root form of the productimm
function is selected for demonstration
purposcs, because  ts properties  give
‘canly added’ supply functions (we sup-
poso that the farmer is operating in a
range of the production fuuction, with
production elasticities of less than nnity)
{12]. Equations (la%, (2a) and 132) ex-
press the level of inputs used for the
respective procaction functions:

(la) X; = (¢, — 0.5;%(0 3)?
() X4 = (qy — 0.7%(0.6)?
(33) X3 ~ (q, — 1.0)%(0.8)*

From (la), (2a) and (3a), and the
assumption of profit maximisation, the
per-acrd supply functions and the per-
iamm Jupply functions are  derived.
These are presented av equations (4),
(5), (6), (42, (53) and (Ba), respective-
ly. In tho formulation, P s the in-
Put price per unit of input, P {s out.
put price, q, (i= 1, 2, 3) is per-acre
sipply snd Q,; is per-farm  supply.
We assume that small farms (i=1) have
an average acreage of 2.5 acres, me-
dium farms have 7.5 acres, and large
farms have 125 acres [14), Wa as
sume, further, that intra-farm econo-
mics of scale do not  exist, Lur  that
there are posuble inter-farm scale eco-
numies,

@) Gi=C.5 + 0.125 P, Py -
(per-acre supply of small farm)

(5) qu=~~ 0.7 4- 0.1 Py P, -?
{per-acze supply of medivm fans)

Taste 6 : Marxer SorLvrion For SAALL, MEDIUM AND LARGE Fajus,
Post-TronNoLoGIcAL CIIANGL, STCOND APPROXIMATION, ON PLR-FARM Lasrs

Siall Me.lium Lurge

Pree P, 4.39 6.3 6.3
Quantity

L] -0.521 0.73% 1.190

Qi 1.303 3.878 14.878
"I'ot;.l revenue §.328 37.50 95.073
Fapu? use .0036 0.027 0.101
Toul cost 0.180 1.038 5.066
Net revenve 8.145 36.22 89,997

(6) Cu=~ 10 4 0.32 P' Pyt Slagc n

(oer-acre supply of lowgs farm)
(41) Q.= 1.25 + 0.3128 Py Pyt
(per-farm supply of smal} farm)
(53) Q= 5.25 + 1.38 Py Pe -t
(per-farm supply of medium farm)
(62) Quure 12.5 + 4.00 P, Py =1
(per-farm supply of large farm)
We suppote an agriculture compaos-
ed of 60 per cent of small, 70 per cent
of medium, and 20 per cent of large

‘arms. Hence the aggregate supply frnee
tion is

Qn — 2150 + 628,75 P, P, -} A7)
vhere Qn 1s market supply (physical),
P, Is outpul price, and P, is lput
price.

Let the sector be  essentidlly closad
with respect to tho trade (n agricultural
products, and let the regiona] demand
function bae
Qq — 8100 — 900 P, . {8}
The demand fuaction Is Inelastic with
tespect to product price® (but just so)
over the range 9 » P, >0, .

The market Is clearcd when Qm=Qy,
and tha product price has the value:
Py == 5950 Px/ (A0 Py + 628.78) ..(7)

We assuwne P, = 50 monctary units
per purckazed nit, given the cument
situation in India, especially in the use
of Ligh-yirlding varcties, \Where per-
fect cumpcetition exists in both input
and output markets, P, and P, are
the same for all farmers.

Prices, quantities sold per farm, total
f~m revenue, total farm cost, and per
farm qet yevenue under market equili-
brium aro given in Table 4. Profit per
targo famrm s 10.035 timnes that for
smalt farms, and 2.391 times that of
medium farms (Table 7). In tumn, pro-
fit of medium farms is 4.198 tmes
lasger than that of small farms, These
ratios indicate the extent of the infia)
income disparity.

As 8 result of ihe Green Revolution,
wt suppose thuice =xogcnous shocks that
can b2 reflected  through the  nudel.
First, the price of output from farms
adopting the technulngy, (Pyn ) will
Cecline since they will produce &  red-
volound grain (which consumers treat
as inferior to the traditional white
wheat). So we assume that

Py =087 ." Sccondly, the price
’a "

per unit of the new h'u:m!,("y )

n
will excoed that of traditional inputs
(P"t) (actual or imputed), thus P‘

2

Third, the pro-

ductivity of new inputs, X,, greatly
exceecls that of traditional jnputs, X
8o that one unit of new Input concep-
tvally praduces the same “olume of oule
put as a multiple number of traditional
input units. Theeclore, X, = 25X,
These equations, when suhstituted into
tke originally defined production funce
tims, permit 8 comparison of pra. with
post-technological change (since  both
situations are reduced to common terms).

Tbe production, per-acre supply, and
per-farm supply functions, fo the small,
ocdium, and large farmers, will be
those given In (10), (11, (12), (13), (14),
(15), (13a), (14a) and (15a)

(10) q,=0.5 +C.$ X'S

(per-acre production, small fann)

(1) g,=0.7+0.9492 X3

(per-acre production, medium farm)
(12) Qyu | 041 2056 X3

(per-acye production, large farm)

(13) 4y~ 0 $+0.125 P, Pyt

(per-acro supply functicn, small farm)
(14) Gs;=0.740.300 PyPy-!

(per-acrs supply function, medium farm)

=]2 Px‘."

A-100
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Suatt Farm Ner Favenue,

ORIGINAL,

AND Fizst AND SEconD

APPROMIMATIONS

Qriginal ffirst Annrovie Sccond Anproxie
(tablc 4) mation nation
(Table 5) (Table 9
NR,/NR,* " 10.038 10.293 11.035
NR,/NRa 2.39 2.401 2.488
NRa/NRs 4.198 4.289 4.447
® NW, : net revenue, large farm,
NR, + net revenue, small farm,
NRa @ net revenue, medium farm.

(15) Quy=1.0+0.520 P,Pet
(per-acre supply function, large farm)
(13a) Q4 =1.2540.3125 PyPyl
(per-farm supply function, small farm)
(1829 Qy=S5.25+2.253 PPyt
{per-farm supply function, medium
farm)
(142) Qyy=+12.546 54 PPyt
(per-farm supply function, large farm)
(16) Q'm=~2150+969.436 Py P,-?
(aggregate svoply function)

Here we awsume that, on the plan.
ning horizon at lcast, no farmer will
plan to leave agriculture. Thus, the
post-technclogical mark~t  supply fuuc-
tion, (16), is the weighted sum of the
farm  supply functions, with original
weights, The new supply function s
expressed in terms of the origimal prices.
It incorporates the supply-increasing in-
Auences of rising irput  productivity,
dampened by the supply-depressing in-
Auence of falling product prices and
tising input prices.

1f population grows by 2.5 per cent
and disposable income per cap’. in-

creases by a similar percentage, total
demand shifts upwards to
Q4 = BSOS — 943 Py (7

In equilibrium, the product price is
expressed in the form
Py +6355 Po/(545 Px-+969.436)
again in terms of the pre-technology
prices.

The full market solution, given the
input price Py =50, is given in Table 5.
The ratios of net revenue for large to
smalt farms, medium ' sman  {arms,
have increased (sce Table 7), ¢t the
ratio of nct revenue between large and
medium farms has not changed. Thus
it is demonstrated that, the firt-round
impact of the techmnlogical change is to
widen the fncome gap between adopters
and non-adopters.

As 8 side note, we observe that the
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model showss that even the small farmer
could realise or anticipate a slight viss
in net income, possibly owing to an im-
provement in taditional white wheat
pricss resulting from the cessution  of
large and medium farm production of
traditional grains (Table B). DBut this
good fortune would be short-lived even
if it were actually realised. More gene-
rally, we would cxpect the smaller far-
mer to lose wellare, even relative to his
former porition.

Stace 111

We suggested In Lhe theoretical dis.
cussion that, farm spending  behavious
was related to tha farm's net Income
position. We now formalise those pre-
viously stated behavioural relationships
and hypothesise that, the change in
farm expenditure 3 lincarly related to
the change In net furm income over the
proceeding period?  When subsoripts
(t+1) and t indicate the present and
past time periods.

Px(t+ DX+ 1) =P Xe
= ai (NRt — NR¢1) - (19)

\Ve issume that the market price for
input does not change over time; hence

Px(t+ 1) =Px. Dividing by P,
and transposing,
~NR¢_3)

X(. +1= Xt +a.i_@_£|.____.
Px

(When NRy — NRi—1> 0) ..(27)

The factur 2; (i=1, for small, £ for
mcdium and 3 for large [arms, respeo-
tively) is the product of the muasginal
propeusity to invest out of net income
and ine margingd propensity  to pur-
chase non-land inputs (trsditional for
small farms, new for large and mecium)
out of investment {unds. la the exam-
ple, ’1|-0-N. '12-‘).07. and 7.4, =0.11.
These mapnitudes reflect the current be-
havioural situation in India, {15, 16, 17).

We emphasise that the numerioal
quantitier used sre for the post-techno.
gical change period. They reBect & set
of econumic relatinnships difierent from
thuse that existed before the new tech-
nolagy made {nvestmmt profitable for
large farmers,

It is well documeniud that, before
the Creen Revolution, the sverage pro-
pensity to invest in non-land inputs de-
creasad as farm size incrensed [20). The
reasons fot this might be as  follows.
Undeir  traditional technoliqy, largs
(arms could have come clv. to sxhauste
ing the potential for p:c..role new ine
vestment in traditional inputs well o
advance of small, economically cons
strained farmers. Hence, large farmerns’
new net revenue might be spent, either
oo consumption souds oc land, to ine
crease ahwlute income in direct propars
tion to the number of new acres bought.
Small farmiers, on the other hand, cou'd
still find it peofitable to invest (out of
new income) in the non-land inputs
which they had previously been cons-
trsincil from purchasing. Afier the Green
Nevolution, it would again become pro-
fitabla for large farmers to invest in new
inputs, and, because of the Jower mar-
ginal utility of consumption cls-a-ols
small farmers, large farmens would do-
movstrale larger marginy! and average
piopensities to invest in non-land {nputz.

Becauss the net revenue of all pro-
ducers increased In the fint period, the
usa of non-Jand inputs will {ncrease for
all farmers> The solution to equation (20)
shows that, small farmers should io-
crcase input use (traditional inputs) by
242 per cent, the medivm farmers by
218.1 per cent, and the large {ermers
by 2789 per cent (both vn new inputs).

The resultant production functions,
per-acie supply functions, and per-fann
supply functions, are given in equations
21), (22), 3, (24), (25), (26), (24a),
(25a), and (20a), respectively.

©1) q, =05+0557 X* .

(production functon, smail farm)

Taste 8: Ramios or FarM Ner
RevinNuts, Post-TECHNOLOGICAL
Cianot  WitH Riseict - 1O
PRE-TECHNOLOGICAL CHANGE,

By Farm SizE
NR (First  NR (Sccond
Approxima- Approxim-e
tion)® tion)
Original Onginal

Small farm 1.01 0 982

Medium farm 1.032 1.041

Large farm 1.036 1.082

® NR == net geveaue
‘
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" (27 q,=07+1.402 X*
(production  funitios, mediam
farm)
q,=1.0+2113 x-*
(production function, large farm)
g, =05+0.165 PP’
(pet-acre supply, small farm)
Qs, =0.7+0.655 PyPy~"
{iwz-scre supplv, medium farm)
Qs,=1.0+1.469 PyPy '
(psr-acre supply, large farm)
Q. =1.2340413 PyP"
(per-fanm supply, small farm)
Qy,=5.25+4014 PyPy~"
(pez-farm supply, medivm farm)
Qy,=125+1.561 PP~
{pec-farm supply, large farm)
Agam, assuming no net  coly or exil
from agriculture, the aggregate supply
function becomes

Q.,=2150+2476.305 P,Pc~"..(27)
The demand function remains a. given
in (17). In cquilibrium the market price
of output would bhe given by
y=0335 P(/(345 P¢+2476.3505)

(23)
249)
(25
(20)
24a)
(25a)

(262)

. (28)
Again, with all quanlities expressed in
terms of the initial product and input
priccy and assuming that P =50, the
full masket solution is presented in
Table 6.

The mode! now show; that the income
disparity, even among adopters, will
grow over time. The ratio of large-to-
m=dium farms' net income has grown
from 2.39 to 248, or Ly about 4 per
cent (Table 7). An even more drametic
growth in disparity Is scen between the
largo and small farms, Tae ratio of net
incomes grew from 10.03 to 11.03, or
by about 10 per cent.  Further, the
small farmer is worse off relative to his
own former position (nct income falls by
about 2 per cent) (Table 8), 5o that one
can conclude that the small farmer will
be even lcss able (than he was former-
ly) to employ the new technology in an
attempt to catch up. The income gap,
therefore, will continue to widen in suce
cessive production cycles.

Thus, we have demonstrated, heth
throrctically end quasi-empirically that,
rmbodied technical change, like that of
the Green Revolution,  will exaggerate
existing inter-farm  income  disparities.
The gap will grow  because the initial
pre-techeologics]l charge  Income distrie
bhution means an uncqusl  opportunity
for farmces to  attempt to  adopt the
‘technology. Further, the economic be-
haviour of farmers in different income
classes differs, and differs in a way that
reinforees the tendency for incomes to
diverge,

Somxe Porxcy IMrracaTiOns

The smalysis presented has some poli-
cy implications for India and other de-
veloping count is. These are not dwrlt
on bhere, but s7e suggestod as a target
tow.ards which noie inquiry should -be
directed.

Since mecharcation may dampen the
mwrease in lalcur  demand,  resulting
fiom *he eapaudmg factor of secd-fertie
lisers, the policies that encouraze prema-
ture mechanisation in swrplus-labour ecn-
noanies, such as Iadia’s, do not secm
conducive to selving the problem ol
growing un.onloy sent.  The policies
we question on ilose grounds are the
indisczect  subsidisation of farm ma-
chinery and credit availability for the
same. In addition, the impost and foce
vign aid policies that encourage and
facilitate the use of hnge labour-dis-
placing farm machinery also requircs
re-examination.

As we have demonstrated, the em-
bodied technological innovation marked
by the Green Revolution, left to itself,
has an Inherent tendency to widen the
dlisparities bitween small, medium, and
large farmers, not  only in the initial
stages but abe in successive pruduce
tion cycles. This tendency can only be
counteracted by Government’s policy
measures.  Alternatives that might be
studied could include:

(1) A policy measure aimed st rais
ing the prodution levels of small
farmers, cg, cheaper credit facilities
for these farmers, subsidisation of seed/
fertuliess and so on. Caution would be
needed, bowever, for many ills have re-
sulted in other countries  which have
embarked on this  course (particularly
the United States).

(2) A oprogressive systern of taxation
on rural incomes that are growing with
the Creen Revolution. There is hardly
any cflective measure of agricultural in-
tome tax now, although laws are on
the books in several states,

(3) A comprchensive  schema of ine
come transfers or welfare payments for
the small farmers, possibly financed nut
of tax revenues from large farma,

{4) An cffcctive implecmentation of
laws pertaining to land ccilings o 1e-
duce the basic disparity in income., But
arain, caution is needed, for to clote
off the possibilities of added economies
of scale by setting too low a ceiling
would be cnunter-developmental,

These suggestions can only be placed
in operatioasl perspective, and discusved
with wisdom, if the magnitudes assumed
in this paper are cmpirically veribed.
Furthermore. many  behaviours) rels-
tionships assumed here requiie statisti-

cal gromding. The real evidence de-
auanded cannot be adequstely supjplied
by surveys, and studies Lased oo the
surveys, that were conducted a decade-
and-a-half ago =~ hoveever good these
surveys and s'udies micht have been,
Hopcfully, new ctatistical light will now
be shed on these policy matterr soun.

Notes

1 These sre: (a) ali arginal pro-
duct: exceeq zeto, () (iunmilhed
margr:) product exists, (c) homu-
geneity is puaranteed, bot rot spe-
cified @ 2r0rf and (d) thete is o
fimte limit to output as fuputs io-
crease to infinity. {6).

2 We do not wish to limit owr use
of the word ‘tnance’ o the pvo-
curanent of funds in the loan mar-
ket or to tho »secuning of credit
from distributars of production -
puts. There also could be a »trung
rclation between the  level of net
incorne in teal terns  and the
amount that a farmer would be
willing to reinvest to finance bLus
own cuterprise, That (g, the aver-
age {yropcnnty to coasume may be
seialler for & large farmer than »
small fa mer, Altitudes ‘owards
risk-taking inight also be expected
to vary directly with net fucowne,

3 The present form of analysis could
also used to evaluate the sity-
ation In which disembodid teche
nical change occurs, shrce in this
case, the technological change
cuuld be interpreted o increasing
the productivity of traditiunal ine
puis as well as adding pew mputs,

A,
——

aR,

Thus, > 0.

In this case h in output
would be partlally due to the out.
Imt of small farmers as well as
arge.  Ewven so, the large farmer
would add propurtionally more to
output than would the smaller.
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