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.The hope had been cherishel that the rapid increa'ses in ngricultural output especially
'foodtjrains, as a result uf the Green Revolution, would help triCger off general economic
growth by raising the level of available savings. There was also good ason for suchr 
a hope. but crucial. to itL realisation is the capacity ,f government policy-'ouse the 
Green Revolution's potential benefits to greatest adv gov.Ne p.y there use 

Me problems that have attended the productive success of the Grecn Revolution have, how- I- ever, yet to be un,.ounted. edonl these,u onevorof the most serious economc and politi
cal stability is the unequal distributio of the ;ainn lrom change and the perverse - .is-.tribution of the burdens of ,hanGe among those who gain least from i " .
 

This paper examines the problem of inequitable distribution by a theoretical analysis. It 
centres on the distribution of incame,,n s revealed in the changes In production-functions 

and derived supply-functions for farms and for the sector as a whole. The impact is dis
:cussed asitrelates to (W chinges in factor shares and (2) '"Iagesin the relative income positions of farms in the different income classes. A quasi-empirical dezonsfration 
'is included to assist in flhe exposition of the logic., 
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The hope had been cherished that the rapid increases in agricultural output especit fly foodgrm nso 
as a result of the C.een Revolution. would help trigger off general economic growth by rusing the level 
of available savings. There- itas also good reason for such a hope. But rucial to its rea ivation is ihe 
capacitri of government poiicy to use the Green Recvolution'.- potential benefit. to greatest c~vata.tge. 

The probleons that have attended the prmluctive success of the Green Revolution have, however, 
yet to be surmounted. Arno,:. these, one of the most serious for ccoimic and political stability is the 
unu lquuf of th, gains from change and th3 perverse distribution of the burdens of changedistribution 
amnong t. ose who gain least from it. 

7' s paper exami.-ies the problem of inequitable distribution byt a theoretical analyeis. it centres 
on the , stribution of i,tcome, as revealed in the changes in produrtion-functions and derived supply

[, O.'tifs for farms and for the sector as a whole. The impact is di.icussed as it relates to (1) changes in 
fat(,r shares and (2) chrages in the relative income positions of l rms in the different income classes. A 
quasi.empiricaldemonstration is inciuded to assist in the expositior of the logic. 

[Thif paper was written as Journal Paper Number 1-7009 o,' the iowa Agriculture and Home Eco
iomics 1.xperiment Station, Ames, iowa, Project Number 1558.) 

TilE Green Revolution has raled the 
hope in India and othr Aiian countries 
that, finally, rapid increases in agri wil. 
tural output (-"]. especially foodgrains. 
will make it possible for more general 
economic dcvtlorxnent to proceed. There 
is hope th;t domestic production vill 
eliminate the countries' dependence on 
Unittd States for food aid. that .ilr-
pluses might exist which could be .-Id 
abroad as a means of financing ned-
Cd imporU of strategic capital and 
mairstrn.snce gixds. and that If the spx. 
Ire of the Malthwia dilemma --,an 
be F'eld in check 1k'ig enioutgh surpluses 
would exist to finar-re dometic non-
antrictiltural growth simultaneously with 
a rise In rural per.capita living stand-. 
ards. 

Early sign show that these Icp.s 
are not groundless [8, 01 if govrmtst 
policy is appropriate to reap the potest-
tlia beicfis. It is true that, Iroth larn. 
sector ernployment and farm-sector in-
eome have Fis-n 115. 10. 171. But ras-
nomists Sealise that boons generally we 
W. given free, and this has become 
obvious in the second and third geners. 
in prublc.is that the Green lItvoloi. 

tion has created (11, 24, 251. 
Of these, one of the most seno is 

from the standpoint of stability--cco-
nrisic and political-is the high proha. 
hility that, in spite of mEasurable F'en'. 
fits for the agricultural sector and the 
cinstry's cmomis. as a who!e, the 
Green Revolution does not hrld b i.e-
fit%for all the farm families which make 
up the sector. Thus, the Green Besclu. 
elo poses the same problem for A.an 
countries, and India in particudar today. 

as have all malor technologcal changes 
in the history of ag'irulture. That is. 
it wi!l create an unequal distribution of 
the gains from change, as well as an 
unequal and perverse distributiou of the 
hurdens of change among those who 
gain least from it. 

This paper examines the problem of 
iir,mitiblie distributiois by a theor't. 

is. The paper centres eon the 
ii ,o, of income, as ievealed in 
th., i,inges in production functions an 
dvrived supply functions for farms asd 
for the iector its a whole. The cffect 
of the GCreen Revolution is traed 
through these tools, atd its impact is 
discussed as it rtelstes to (i) changis 
s,, actor share and (2) changes In the 
relative Income pisitiutts of :arms in 
the different income classer. A quawl-
empirical Icmostiatiun is included to 
asistt in the c.pmsition of the logic. 

NA1VX or Tim CtEEI RvOLtlTON 
Technological innovations In agriesli. 

hure can be divided ito two bIo.id 
types: (l) biological and (2) mechatai-
cal. Biological innovatioms refer mainly 
to inputs that Incrcaie the productivity 
of a given land base. high-yIelding 
plant v",ticties and hirtilisr are ex.m,-
pies. lDiolotical innovations tend to 
raise total farm costs. itrchanical in. 
novalions mainly art tlose that c~il.e 
a ithiition in total cost. While biolo-
gical innovations ae labour-a suisig. 
rr-hsncal innovations are mainly 
labnur-savisg (13). 

The Green Revolution Is frequently 
desusibed as a seed-lcrsliscr techno:(gy 
121). In this ses-, it falls in the clda, 

of biological lnnovat;ons. But when 
classified so sImply, itt bAsic technologi. 
cal nature is obscured. liological In
nuvatioui of the seed-fertiliser type be. 
came more elective, and in sonme Is
tances were possible, only with the 
Support of mechanica' innovation. 
Hence, the Green Revolution is better 
chatucterised as a biological-mechanical 
innovation. Whether the green revolu
tio Is labour-saving or capital-saving 
ta;CpCids oss lthe net effect of the forces 
simutanously generated by the two dif
ferint types of innovations. Similarly. 
%hctlt'r total costs of production am 
icnrr.ssd or deerrased d:pe ,il on 
ult'lhi'r the cot Lncreases due to blo
logical innovation are greater or lea 
itsas, the cost decreases due to mecha
nical inovations. Based On data pre
srnted in Tables I and 2. Figsre I can 
ie used to illustrate this prwpositiomi. 
Figure I shows total cost. total revenue, 
and total output, with old and new 
techniques for agriculture taken as a 
single industry. The curve TR :.pre
snts total revenue. C, represents the 
cost before t.c innovation and Ca re
presents the cost after the innov-tion. 
Pert-unit costs are lower with C2 than 
with C5, as shown by the lesser slope 
O OC with rpect to OA. We assume 
that the normative profit maximisations 
motive prevails, henre the equilibrium 
for the Industry, total cosv, total r
venue, and total output are U5A, 
U1 B and ,. respectlive'y, before the 
iliivistion. Total rcvcnue increases as 
might total cost, at equilibrium undr 
tihe nw technique (C2 ). but net prufit 
(CD) 6 much larger than profit under 
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TABLE I : SEucT!Dr.IfNtCAryg OF IMIAN AorC-uLrlpE 

Production Yield Area u.dcr CrosIndex (1961-62-100) FriceSYears Index (1961-62 -100)Numbers lndt. (1961-62 -100)Numbers Index (1961-62-100)Number-
 N:mbersTotal Total 
 Tot.il Total
Cereal Wheat Rice Ccral \Wheat Rice Cereal Wheat1161-62 Rice Cereal Wheat
209.0 lId)0 100.0 Rice1o00. 1000 1)0.01962-fI 100 0 1(.096 7 S').3 41.I 1o).0 21l.0 10).0 100 0216.34 S, 0 :.i3 90.6 I so.6 96.599 4 (11.6 103.7 11128 102 9 9S.419t,4.65 8.C 104 1 110.5 1WO.2 99.5 103.2 105.3108.4 I01.5 110.2 '01.7 7 1120 105.7 I1I.51965-6.5 104 104.8 1(o1.3 98.9 105.187.7 m6.3 135 2 137.8 127.3S5.9 92 71966-67 h'! N4.5 '1)7.992.8 94.4 85.3 117.2 91.9 93.2 161.7 2)6.4 149 2 136 71967.68 91 9 200 ! 94.6116.9 137.0 105.5 I.o 9 20M8 101.6 173.7 177.7 161. 6 
1,)(,qAl 117' 15.5 

1M 4 1 f 2 110.5 105.0 206 4 213. 200.5111.5 i48 16I 114 7 Ii), h 117.6 O', . 1)5 3 204.3 I'm 4191.
Sourre 1218. 


the old technique (AB). This, the agri. clv.. ntify the 
partialelasticities
implies th:,t
cultural sector increases its output and of the t,-chnnlogical change toproduction. The ratios
improves iti income 

of the partial non-nwutral. Let the growthNcauie of in Ca nidthe elasticilies
new indiczte the rlative ,actortechnohloy. The ditribution of this C, ,'njmiidy a technicalshares between inputs, and, as Brown change (thegain among :ie ,atioul fictnr Green levolution). A new producins
aMonsg famis of 

hn7d shows [0, 7J for the Cohh-Douv'las pro- functiun tlhen resultsvatiuus sizes, is the (the t,'chnicalduction function, the elasticity of ub.subject cJ the ,iext change revealing itselfse.ctions. in changed parastititinn between the factors Is unity, metes) as follows:
 
CISCL:S IN- REATV. r;::udlcss of scale-returns.
FACrO ThisSILOss dhtiun implies conratios (suhshttionhat,.chaligcs in factor X AIbetween factor,)12 = 1: P. C CpWith the greater use slid cost of lae, (siative 2Inptstheabslut factor shares unchangCd.
inomeofail pro- change CtCinputs, the absolute income Factor shares only when the epnso 

i s sof altt ~ s ~ah nCIs aoruinduction factors Increases. Te change fco ht nhnd Empirical studies suggest anIn addition of that. ana cw npt (replacing orth expansionfactor shares, however, depends on (1) i-dile.intinq In CA Is labour-using antiofxaingwhether inut) embodies that anthe t'chnTcal chance is n'u. a technical change. 
expansion in C islabour-sac' 

ins J2,3, 4, 31: hence countervailingtralor non-neutral. (2) whth-rr the kurnof production elasticities varies unde'r forcys prevail.In essence, the embodiment quality The net impact of theItonical changes, and embodied technical change(3) whether the will depend,Ficamr 1: Civs'scp tis Nr flEvvois, (tc.inm 'V/capitaIratio varies. )isms Tce4ozoCALTo analyse .. 
 N , 
 , r "
 these possibilities, we distinguish i.. 

ween five clasose of Inputs: (a) land, Costo 

I C 
(b) human lalxmiu, (c)bullock hilmirmr, and(d) capital lnrs'a Including irrig.sti,,n Revenues
charges and all farm machinery (C)

and (e) such non-mechanical inputs as
 

ew ,liical inp uts ( .;,rij seed .) 
 C ,
f 'rtiliwrs, pesticides, new cultivationtechniques (C,). With the 2Cret.n Ilt-vo-

lut~on, C has been the major expand. TA
 
ing factor, complemented 
 by a more 
modest Increase In C,. Cmpazing the 
gross producUon function for agricl.

lure. before 
 and after a growths In C aand CA,we expect that, ,..hen /. CA TR2 D 
> 0 and A C, >0 . output Increases. 
and the partial elasticitiesof production

of all factors 
 change. WVe illustrate
this point n tile framnework of the ful
lowing Cobb-Donglas Prodluction fune- TRVan (which satisfies neoclassical nations I 
(if a 'well-bvhaved functiun*).' .
 

t p

X-AL E8 HC4 C TC A
I 


Where A, s. P. v. t and t, w2 
constants,=human Xlabour D,-eutput..= 1bullockL := labour, tland, 


-C, = mechanical capital Inputs, 
t 

Cand 0Ca = non-mechanical Inputs. The Ic.-
satnts a, f.6, TOMl outputI and p. numerf ........ 
 2 
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TABLt 2: CHANCES IN TOTAL Cy 
PAM TOTAL RZ"uVms A' WurAT, 

TFlOM1r qA If, the nt effectofthecause 
SrATFS ININDIA 1 the net efect of the Creen Reve. 

Tod.I Co,t I Total Rov,- uir Is,In fact. to reduce Iaboura 
States Ttal _.71t title I share in total, the net change baa to 

To.sI I(,e. Im as foilows: 
__________i _u 1 ' ' 1logy.

11t. rPradcsh 1.73 2 4- F > -7 + 
1inj'.93P.n ab -5 6 5.71 I E d.7J rML..,r.shira -066 4..M 

Ri i.%Ih.tn 9 -1 I''coazm DL.r rnouo ExcTm sy 
Nott's : C,,A I iand%Ior the cos (f FAIrtI Siz 

production of hybrid Wseajt with A non-neutral technical change may 
new aray of ui', &,liaied b2 suf~cient to change the ditrabution 
rable by new tc%;hnoio 13. b!Sufcett agtiedsruio 
Cot It stan,- for the cost of of income cvcr fact-rs, but it is only 

rrdJution or iIdif.ini %hcat chai.e in the, a necccuay cundition for a 
wunh irrigatiun and ol.1arry of d, traidutin of ;ncome by farm sre. On 
inputs, the other hand, esn .odwdte'ndi lugiral 
Total Revenue I and It s:.nis hin-t* and dlihrins in adoption satis 
for he sade as the coly. re~pc- anor;g the dllereist fann sizetzrips,
tirovl).
 

Scrce : I5. 16, 17. 18, 20). are suliicicnry ct~sritions for a than 
in the di,trihution of income hy farm 

therefore, on the outcome Or"a statijtica size 
erpefrent utoe a t ticalex. For this wedeparproductive 

eaperinentiIoOx- CEr ever, a theoretical this an-lysi, we dept from the 
planaumn of expected outcomes can lii usual naro-economic dfinitions and
giv n. For example, if C, is a labour- distinguish between cmbodied and dis. 


saving input, [2, 3, 4. 5, we erpect ,1ildid teliological change for a 


s3.<sie fi~rmnfinn. Technical change is 

that t =-, and tha. labour's share disembodied whet' the farmer is con. 


u ' strained from -i,,ng it only by hisper. 


.ih respect to C, declines. Further. if sonal and non-economic characteristicts, 


C5 complesienus labour, we expect that or through his ignorance. In contrat, 

FICulut 2: SIIO'V'Ji ., C DEsOl orISOQUA.T, R5A-'vE 4 TE E:I.Asncr 
S KSrITUTIOx h Xn oRt X1. 

Intenaive Marlgin of In
 .........................
I 

- u "1 ° 


sub 


I 
I 

I 
I 
Sgugeneralised 

I 
sub 

I or xt) 


.. u... of X
alve KargIn
J ...................................
....... ........
 

I ' 

n_,,,_" 


X, 
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an er.oed technical chutge Is ow 
that cannot be adopted by a fa-mer be. 

of ecoomic constraints. The 
nfarer's incon., and ametcurrent 

psiti'vn Is the maost likely economic con
straint, siace 'embodiment' implier pur

chase of Inputs to employ the techno. 
The economic status of the far 

is binding because the farmer cannot 

inmncea new purchases and/or the 
basIc production structure cannot prol

tably incorporate the new Input. 
Because of past decisions., a predr't-r. 

distribution of wealth, and so nn. 

- wide dsparity prevails In farm income 
Itvls. Thus farmers ace a teclmologl,'a 
change, such as the Green llevolution, 
on uncqual footing. Farmcis In dHffr. 
tnt income groups r.;ght be expected 
to exhibit dvcri:y in bel.haviour, since: 

(a) the markmal prolnity to consume 
could d#cline at higher Income's, (b) the 
m; rginal propensity to invot in new 

inputs might rise with 
highcr incomes, and (c) th items far 

wihich the invcstm'nt are made. could 
r
 

dfaic economic grounds to explain 

variance in adoption rates of Creen Ir'. 
volution tchnology are thus Implied by
the fact of embodiment the I ital 
divrsity of incomes nitthe fanm ta

munity, and variance of absolute avid 

marginal spending behaviour at ditfrrent 
inuine lehvels. Further, as we will noy 

demonstrate, variance in adoption rate 
ensures that the initial Income Spread 
In the farm sector will widen. 

First, we assume the ab:nce of gov
.nilmant programmes to make credit 
available at non-commercial rates for 
Iw.i~icome farmers. The allocation of. 
loans, then, will be based on risk-aver
alan and potential profitmotives of 
lenders. If govemment cndit Ts
grammes require collateral or a detun. 
stration of near-tenn profitability before 
loans are made, the programme Iscoam
eetclally bastd. As will be discussed 
later, credit programies of non-commer
vial nature are necessary to reduce the 
extent to which technical change Is 
embodied for the firm. We now we a 

algebraic example to prove 
that the Income gap will widen under 
these postulatce and assumptions. An 
illustrative numerical example will 
follow. 
incrcitse In odpul visa-vis flam siwCgrsp~S:
LetPy, Px. Y andX beteout. 

put price time input price, the level of 
uutput, and the level of inputs u ed, rei
pectivrly, exprrss'd In islex form. Let 

R be the ratio of output to input prices, 
PylPj, so that R pottrays that real 

http:i.%Ih.tn


ptI~tboilty f proddlwon; it is a pery TAlm 3: QUALrATUV Sumtm&4 or Looic or Ner INCOSE DrsPARmr GRowH 
for net revenue. R is also In Index form.
 

Ti1e elasticity af supply 
 vith respe D nt Intl EhIv.kity Change in .hinge in (hnge in 
to the profitaility of production can be to Prodluct Priirc Totl Revenue Total Cot Net Aevente 
written wi die followiug identity:

dy J Y ,o> ll a • p. 1.0o>dy " > lrge > 0 >0 >0
[ at Ij ; I Small - 0 0 s 0 

[ x* ]
K 0 - 4:pPi .01.0 Lirge <a > 0 >0 

lh] prwhtlon. d . is- t1 , lip, Y I S <___ _ 0 

i.ast.it.v nf producotio, and TAUL 4: M tICr StLtLrtnn FOR SLL..t MUMrIt'sM Awn I mto.E l-AIU.s, 
the Wt~city of derianad 'AL-TI.(*NOLOGI(AL (.'IANGE, ON PLX 1:ARM41BASIS
 

dK X
 

for inputs %s.ithr-spect to the tncft- Small .Ic'dium 1-1'te 
abht, of uing them. When a produc- Price 6.52 6.52 6.52
 
lion findion for a ip'cifie fame is de. Qlanlly
 
rive., tw 'Iaticity of producton wil
 
Ie titiqr.y f -cern:ntIas wi:l the qSi 0.516 0.723 1.04i' a-fiit t)" of dem and for illr.b . Q iT he 1.291 5.4 6 13.02 !. 

r+idlic" nf ,Imamd for inpits. As Total rcvenue 8.416 35.378 84.901hre. incnr )rtm both I Itn,.nnput usethe I Tota cost .0026 0.012 0.(340.125 0.574 I.700
 
corn-W ,'fr anti the ilrice effects with 'ct revenue 8.2l 34.804 F3.200
 

hit e t %ii - as r, cotrnied in con.
 
,,imi r Iwhiviegur. .4 rhanee in produc.
 
tisih" if ipiits ran b. rflectre in the SUply IS then given by: 
 for his addition to gross out:.At will be 
thi"o"in real pric- per unit of input. 0Y (LY Xt )t Xt , IX , I Rl 

Now we subdivide total inputs (x) = At - • Rt )It X dR
 
Into tw e clast -s, ti t'itia ,a . X . ,' t ,Y , Xt -X 
 n O A n R n 
new. Xn The prefia, iihi of eme:yin, RI-- . -- X, R t.n . '.L. 
these classes of inputs are and Rn.ilt ., aXn aR.1 R
 
res1wctively. Therefore. X = Xt + If. in addition, productivity o tradi F JXt aY 
 aXn Rn 

-~ anXn- 11 = Py+ Pqtional input is not aITLVcld by the *i-. Y Rxn, ii =., ;Pys "F nPn)- (wh-re Citcn Revolution (anotwr estreme as. 0xOX Dn R.

the drenmiatnr Is the average cost of sumption since 
 it edichdes in-farm ceco. 

rl~lics of scale. but is totally cuulsistelit .L- ' . y RI 
%untus) ant f 1 - PY/Ps. Rn %i fithleciimihdinirit potulu. le).5 andl. Xn A R" 

Iy /Psn. Input and output prices do not vary 
signiGcantly, the profitability o1 tiadl. This expression for the growth of

The elasticity of bupply can be given tf,'nal inputs remains constant and thus output Is clearly greater than that ol 
as: aX the smiall f nmers. because the indivi-
Y R JYn _ -- 0 . lence the small far-dual terms on theo right.hand side areJOYY.R Xt Xt aY Xn .Rt all Tioritive. Where there are no ex' "X t " VY + aXnt "- - eIre' lev-i of production, before %nd terralhtiv%, so that the traditional Inputs

A R , z R Iultr the technologieal change, should dito gain greater productivity and 
SRw Rl be the same. aXt 

1aR't " + n By contrast, t6e lrgr farmer ( S.+iL.. pric ,nan c,,tant. . 0. 
islush Is redtced to the following ex. Ligh-lnconi, farmr) is not Gincially '-hus, the output of the large fannrr 
pession after dividing by 1IY. constrained from buying the new in. grov,-s. This s in cont.,ast to thre smaHlr-ts If their purcd.e is prfitable. If famer's output which remair-s constant.AX Xn i, ues titm, the foomg ichtbw.s In the more likely event, however. 

aIR "X + n X haid il General: thu new inputs substitute in part the 
XIt > t.9intiunal inpit,. The outcome, then.

;ftIX t - & "Rn I ->0 > 0 Is less ccatly defined. "ihe existeuce 
'" "in el substitutian is prinma lade evidenceK 

Xn l.) ta qIR. lceP cnt~ 
To 'ake an extreme case ashe-re the I > > ... w cconst.1 % 

small fumser (a low-income farmer) I The signs of the cross-<f'ects will be 
does not purchase the nesv ipttts. The new Inputs can be either con'. 7Xn IX 

plemcnt, or substitutes, for traiitnnif - < 0 01 ! < 0. 
Ann Jxt inputs. in the situation where the for-

X 0; hRnle 7C- - 0, -0, mer views the new inputs as strict sul- [or output to increase, (that is for 
pletnrtnts it taditilinal iIuts ( . croxi- aY > 01.a X- es 0 lscag n ,#clit with respect to the profitabi~ity A." 1 |)l~n uq~l~ethe fellwsing Inequalities 

at of other in'iuts is yero). the exprmioum wnuld have to be true.4 
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TARLE S : M4Xr SOLUJT14 FOR S-UJ.. MrmMt AND LAISU F . 
Pon-. cHwo.oGotcA. C5IA.%O, FlRs? APVXoxaLMAroN o PLA.FAzM BAW 

Price Py 
Quantity 

qsi 
QsI 

Totl revenue 
Input ue 
Total cot 
Net revenue 

> 	 >R ' .,-' and I2i<I~~I~:i> I~ 	 are aItu 

be easily retfird from agncul-Given a constant P the wequall-	 wall not 
ture, land will not b quickly with. 

ties state that high-income (large) far. 
, and traditional capital will roll

Feil would Increase outpit if the growth 
largely emplyed, then traditional

In 	 the demand fIr one type of input Le 
(say new inputs in this situation), t,. input employment will at least be con-
siting from a growth in its own pr*- sant. Thus,

su~tng rom poa~h Tusbetxs'cenr-.Itsown ro.stan. 
I .lafitability, exceeded the desire to reduce 

-- '>widen.the uwc of a crwmptng input %hen 
the uwofitability of the fanner input ! At A 

t v) forces tend to wo~k Lastly, It seems intuitively tne that4grows. These 
19ainlt each other; the profitability of the potetial of a rise in new Input 

empaoying X n irads to its greater use productivity to negatively influence the 

but the mrgi. ue of traditional inputs %ould quanti.at the exp~ense of X,.
althe exofluse of em. bunt: t m -tativuly exceed (in absolute terms) the 

nal proftability of employing an adii. 
tional unit of X n %ill decrease (we 
stipi~e th.t the produer is in the ceo-
nomic range of declining elasticity far 
X. ) . Vl:e dceresie in peodu..ivity of 

X. kplies Wusaaii~g re'ative profit. 

bility of marginal units of X,. Ilince 
a 	 growing tesistance it) further subtit. 

iof X for X, will prevail. The 
t ,e

Morsc~traints in emalo~ ing mare 
X. intensify because of its declining 
restive profitability Lis-a-tus X. 

The relative strengths cf the conflie. 
ting forces can be observed in part by 
considering th elsticity of sibstitu. 
tios oi X, for X,. Being newly rm. 

ployed. It Is likely that X, i used 

more chusely to its extensive 
martin than Xt is to it (Figure 2). 

X X 

I hat is, - ', or rzaditional 


X X 


Inputs stili dominate the Input Lriz evcn 
though 
implies 
Gio, 
Under 
that:, 

both types are u'.ed. But t1, 
that the elasticity of substu-

X for X, exc s uatty. 

thee conditions, it is expectedI 

> a X,
,Under

PaR,I aRP-,I 
Further, iL we maintain the hypol-

A-iM 

-of 

S:qll] folimvn Lirge 

6.59 6.59 6.59 

0.516 0.740 1.069 
1.5 7 1337 

8 50'4 36.552 88 020 
.t027 00i 0.037 

0.'36 0.652 1IS 
P6 ietect8.373 35.900 185 

a*,v /a)-ntefr eto;l..lbuIthesis that tralitioinal inpt 

potential of changes in traditional input 
productivity to negatively influence the 
use oi Lew inputs. Institutional pres. 
sure to eipand ne~v input use, say 
throu-s government programmes, n 

.as!y solved or reversed once started, 

night in itself be enuush to make tS. 
true. Thus, 

>1×.x 

1R,.RItotal 
Under these COL litiOnS, therefore, 

output would expand even when X 
; 

and X were partial substitutes. What 
s more, the expansion of output wsovld 

be due to the ac.vity of the adoption 
of technology who, in the sitLltiou Pow 

discussed, wou!d be the lae fanner. 

Net insomis elft of Iacreiwd output 
lV fatrm_,jie groips: 

We now consider the income distil-
bution effects of the relative int.,-ases 
In output on low and hrh-lncume fans 
%shen consumer deriard is elastic, 

y 
'. > 1 .0, and price inelastic. 

I . I 
ay p i 


(0 < i, r i ). 


the price elastic camhitions, n 
incease In output wall increase tie 

total revenue depending oanthe degree 

of demand elasticity. 710 InOs 
howeic:. %ill sduce tile pric per unit 

output. For the rmall famer who 

does not increase output, total' sewue 

'Aill fall. Also, if the small farm- do.., 
riot alter the input cf tidl. 
tional resources, 0. total cost 

0a 
(ir.ruted as well as incurred) will 
not decilne. on realised 
will decline. lntIa!;y the 
effect will prevail for the 
when consumeT dersm.n 
with to price. 

Yet, even the lower 

net income 
same income 

small fanmer
is inelastic 

product puce 

age fanners. Although his total courca lead to higher tratol revenues for the 
%il.l ln-iease as more inpts are used, 

the rational producer will restrain In. 

put purchases so that the marginal re. 
vcaue is not exceeded bv marginal cost. 
ljs net income will rise (or at worst 

stay constant). Thus, Income disparitylarge arnd Nnall farm rs, will 
be__Xc a allatimeoe, il 

These nualitatie reaionship 
am shown In Table 3. 

when conrum-r demands are price in
elatlc, an increased offering !owers both 
price and total market revnue for the 
farm sector. If we maintain the claim 
khat the small producer does not con
tribute to the expanded oliering or re
duce his I.put use, his total and net 
income position worsns. But the ibrgr 
producer does not necessarily lose total 
revenue In this case (although he might, 
if sectoral total revene falls faster than 
the total revenue of small producers). 
Indeed, it is also possible $or large 
farmers to experience rising total re
venue In spite of a deterioratiiinn 

revenue. In lher case, tMeeco. 
nomically ratinal producer will only 
spaid on new Inputa and to add to 
total ots, to the point at which 
chanes :a net reviue are equal to or 
exceed zero. Again, tie iconse gap 
will wides.a 

lz.Lusmsnvz NuI.c5AL Macs. 

We now use r hueulstie model to 
better illustrate the mechanics of the 

preceding economic reasoning. Although 
simplifylng assumptions are used, the 
quantites employed are numerical ap
proximations of current magnitudes in 
India. This illustritive model is appli. 
ed to three stages: Stage I depicts the 
market solutiom before the technological 
breakthrough, State 11 portrays thm 
changes multing from the Green Revo

lution, and Stage Ill envisages the 
changes in Income in successive produe.
Lion cycles. Our d:-cusslon of stages Is 

mer.ly for conveiienci and has no co, 



Ceem 	 w.h Roafteto tag of eoo. TA.et 6 : MAtrr S Lu 
mil grj 

Stage I 

Suppoit that equations (1), (2) and() represent per-acre production fun-
tions of small, medium, and large
farm s, respecti lys 
(1)q, 5 + 0.1,.I ( J 
(2) ql, .7+ 0 fXg"9 (medium) 
(3) q, 1.0 0. 8X, (loir) 

where. now q, (i=, 2, 3) is p Ylt 


output per acre on f"m size cx ed L 
and X, Isall inputs viewed as homo-
gcSseou: mas. 

Equation (3) ruppo-e that the tdgincome farmer has t 
knowledge, and olier fixd asse to 
prbgress over the precewing prolucuon 
period; hence he will exh-sst mwre of 
the potential scale econon,ies than wi!l 
the i.w ifljor e fanner' V e am,of course, aware of the long ad somewhat 
lnconduaive d-bate that surrounds the 
questirn of the irlative ell-citncy a; 
small farmers in India [I. 23J. For the 
time being, however. our mode-l shl. 
tracts 	 from the hypc ss bag.az~dtratj romthehypt;,d onon 

previous emphical results and rests on 

standard theoretics-.l logic.

A square.root form of the prodictiom 
function is selected for demonstration 
psprposcs, because its properties give

easily added supply functions (we sup. 

pose that the farmer is operating in a 
range of :he production fuuction, with 
production elasticities of less than tinity)
1!21. Equations (hal (2a) and 13a) tx-
press the level of inputs ucnd for the 
respective proL jction functi,)ns:
(la) X, - (ta -0- .5;(0 5)j 

(.1,)X@- - 0.7)},(0.6)* 

(3a) X, - (q, - I.O)mio.1t), 

From (Ia), (2a) and (a).and theusumption of profit inaximisation, the 
peracre supply functions and the per-
lanm jupply functions are derived. 
These are pr'sented s equations (4).
(5), (0), (40). (5a) and (a), respective-
ly. In the formulation, Pi Is the In. 
put price per uit of input, P,. isout-
put price, q., (i=1, 2, 3) is per-acre
supply and Qa Is per-farm supply, 
We assume that small farms (i=l) have 
an averape acreage of 2.5 acres, me-
dium farm-ihave 7.5 acri, and large
farms have 12.5 acres [IlJ. W2 as-
saline, further, that intra-farm econo-
mics of setle do not exist, but that 
there a,, possible iiter.farm scale Co-

(4miel) 

(4) q.i- 0.5 + 0.12 P. -s 

(per-acre supply oi small farm) 
(5) 	 q4.- 0.7 + 0.1 'P N. -' 

(per-are supply of medium (an-,) 

oM ma $.LL, .ILf)t5IM os 1w.,AND LARGzE 
Po5'TIf'CINOL.OOCAL CIIANOL. Src'O"D APPrOXIM.T-nN. ON PLR-FAMSI IS.,43 

Sinall Mc.iium Lirge 

PrCe P5y .39 6.39 6.39 

Q untity
 

0.521 0.784 .190 
Qs1 1.303 3.878 14.878
 

Tot.I revenue 8.325 37.5 0 95.073
 
rs 'nl!tUlc .0036 0.027 0.101 

ToLIIcost 
 0.180 I..33 5.066
let revenue 8.145 36.Z.3 89,997 

-

6) c,,. I 0 -+0.32 P P-
(ocr-acre supply of hnrge- tarm) 

(4) 	Q.,- 1.25 + 0.3125 Py ps- A 
(per-farm supply of small farm) 

.-
1.3a P(5:-,) Q,su + pl o.25,pr.,

(per-farm supply o medium farm)
( 6a) Qq,,- 12.5 + 4.00 PPs 

(per-farm supply of large farm) 

We suppose an agriculture compos-
ed medium.of 60 per cent of small,cent!!0ofper centof and 20 per large

I a 2 
I'arms. 1n1ece the aggregate supply fr.ne-

n 
Qn - 2150 + 629.75 P Ps _n .7)
where Qrn ismarket supply (physical), 
P, is output price, and P. Lslaput 
price. 

Let the sector be essentlg!y closed 
with respect to the trde In agricultual
products, and letthe regional demand 
functJon be 

Qd - 1100-R 900 P, . .()
'The demand function Is Inelastic with 
rspect to product price6(but Just 0) 
over the range9 3P, >0. 

The market Lacleared when Qm"Qd,
and the product price has the value: 
p. - 590 P, / (-,00P. + 628.75) .. (9) 

NVeassume P. = 0 monetary units 
per puch.ized iit, given the current 
situation In Indin, especially n the use 
of high-yi-lding varicties. Wh e per

feet otnipeition exists In both Input
and output markt't, 1, P are 
the same for all farmer,. 

Prlce quantities sold per farn, total 
fr rvenue total farm cost, and per
fa, -let revenue under market equili-
brium are given n Table 4. Prolit per 
largo farn is 10.035 times that for 
smal; 	farms, and ,'391 times that of 
medium farms (Table 7). In turn, pro-
fit of medium farms Is"4.siS timesr 
hger than that of small farms. These 
ratios indicate the extent of the WUstial (14 Qs0.7+0.300 lPyp-I
income dLparity. qper-acw supply function, medl-,- fare) 

Stgs II 
As a rmult of the Green Revolution, 

w suppose !lure .oRcnou shocks that 
can b reflected through the mnudel. 
First. the price of output fro farms 

i the c nology. X aril 
adoptig the technulnsy, (Pyn). will 
declin since they will produce a red. 
coloun-d grain (which consumers trmt 
ats inferior to the traditkmal white 
wheat). So we assume that 

- 0.6 P Secondly, the price 
Py -
pr unit of the new input, (P ) 

Yn
 
will exceed that of traditional input. 
(Pyt) (actual or Imputed), thus PX1 

"n12 Pt.1 h the pro

ductivity of new Inputs, X.. greatly 
excemes that of traditional Inputs, X 
so that one unit of new input coneeptually praducs the same volume of out
put as a multiple number of traditional 
input units. Therefore, X,, - X. " 
Thee equations, when substituted Into 

te originally defined prdaeton fune
t6m. permit a comparison
ost-tvchnological of pme-witachange 	 (since both%ituationsare reduced to common terms). 

The production, per-are supply, and 
per-fr.m supply functons,fo thew 
medium, and large farmers, will b 

5 given in (10) (12),(13.) (14).
(15), (13a), (14a) and (15a).
 
(l - 1 C.s X's
 
(per-acre production, small frarm)
 

i q,=0.TO.492X'
 
(per-acre Producilon' medium farm)
 
(12) q,-i O1fi 2656 X's 
(per-acre production, larg farm) 

(13) u,,- 0 5+0 125 PyP,.l 

(per-acr supply func small farm) 
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S.AL1. FAnSm NET VjVcsUt, O•IGINAt., AND Futsr AND SECOND 

NR,/NR,* 
NR1INRm 

NRm/NRs


S 
NR, 


NRm 

(15) qso-l.0+0.520 P1pI 

(per-acre supply function, large farr)
"1 


(13.x) Q, 1 .2S+0.312S PrP 
(per.farm supply function P%- farm) 

(4 .)Q,,.2S-2.22? PyP 1-l 

(er.fazm supply function, medium 
farm) 

(lea) % .-12.5+6.5%l PPs 

(per-farm supply function, large farm) 

(16) Q'm"2150 i 969 . 4 36 P1 Pa.-


(aggregate st'-pply function)

liens we nsplne that, on the plan.
ning;w atleat,no faSfane w!l 

ning horizon at Icast, no farmer will 
plan to leave agr:cultu.e. Thus, the 

AppitoximATwNs 

Origiinll First AMproxi- Scc.trv Anproxi-
(Iable 4) 

10.035 
2.391 
4.198 


n . .reason. 
nictsie~ntic. la-rgcarm. 


net revenue, small farm. 

in rin mtion 
(Tr.ble 5) (1ible . 

10.293 11.035 
2.401 2.435 
4.28) 4.447 

provement in raditional white wbertt 

priccs resultlng from the es Lton Ol 
lay e and medium farm production of 

grains (Table 8). But thistraditional 
good fortune would be short-livrd even 

More gene.if it were actually realied. 
the smaller far.rally, we would expect 

We emphnis that the nsmerlmZ 
quantit;er used are for the post-.echno

gical change period. T ey reflect a st 
oA economic relationships ditelnt from 
those that existed before the new tech
noIgy made lnvestmnt prsfitable for 
large farmers. 

It is well documenAd that, before 
the Green Rlevolution, the average pro
pensity to invest in nor-lant' inputs di. 
creasmd as farm size Increased [20]. The 

Lot this might be as follows. 
Under traditional technol.' gy, large 
(arms could have come cL,, to Txhaust-
Ing the potential for p:L. .i.le new in
vestment in traditional inputs well in 

the small farmer advance of small. economically coumodel shows that even 
Hence, large farmers'

could realise or anticipate a slight rise strained farmers. 
innet income, possibly owing to an tam- new net rc'ienue might be sp.wnt etlhe' 

from purchasing. Altr the Green 
1,olution, it would again become pro

mer to lose welfare, even relative to his trainctl 

former T 
for large farmers to invest In new 

olabl: 
inputs, and, because of the Iowe' mar

it 
ginal utility of consumption c*4-4V 

We suggested in the theoretical dis- small farmers, large farrs would de

ession that, farm spending behavious monstrate larger margin! and average 

O consumptiorn toods or land. to In

crCae ah".lute income in direct prOpr
tion to the number of new acres bought. 

Small famiers, on the other hand, oou! 

still find it profitable to invest (out of 
new income) in the nun-lan

3 inputs 

%lich they had previously been cons

supply fu,,c. as related to thi farm's net Income piopeaiiUes to Invest In non-zIa1inputr.post-technological mark,-t 
tion. (16). is the weighted sum of the position. We now formalise those pre

behavioural relationships Bcau- revenue of all poi the netsupply functions, with original viously statedfarm period. tiCe 
The new function is and hypothesise that, the change in ducers incerased in the first

weights. supply 
expressed in terms of the original prices, farm expenditure is linearly related to 

It incorporates the supply-increasing in- the change In net futrm Income over the 

fluences of rising ir.put productivity, 
dampened by the supply-depressing in. 
fluence of falling product prices and 

If pcpulation grows by 2.5 per Celt 
and disposable income per mr"', in-
creases by a similar percentage., total 
demand shifts upwards to 

Q - 8505 - 945 Pr .. (17) 
In equilibrium, the product price is 

expressed inthe form 

Py+6355 P,'(945 Px+969 436) 

again in terms of the pre-technolugy 
prices. 

The full market solution, given the 

input pr;ce P. =50, is given In Table . 

The ratios of net revenue for large to 

small farms, medium o smnai farms, 

have increased (see Table 7), "t the 
ratio of net revenue btween large and 
medium farms has not changed. Thus. 

the fir-t-roundit is demonstrated that 

impact of the technological change is to 
widen the Income gap between adopters 

and non-adopters. 
As a side note, we observe that the 

prnereding period.U When subscripts 
(t+l) and t indicate the present and 

(t+I) ~ metadhe~ ~ past time prends. 

PX (I+ I).X (t + 1)- Px(t) .Xt 
= o (NRt - NRt-i) .. (19) 
We assume that the market price for per-acre supply functions. and per-Iwo 

Input does not change over time; hence 

Px (t+ i) = Pxt. Dividing by Px, 
and transposing. 

t 
X(t + 1) = Xt +- .i(NRi t-NR I ) 

Px 

(W'Ihen NRt- > 0) . .(20) 
The factor ai (i=l, for small, 2 fat 

medium and 3 for large farms, respeo. 

lively) is the product of the marginal 
propmnsity to invest out of net income 

and ihe margina propensity to pur-
clase non-land Inputs (traditional Ior 
small farms, new for large and ciea) 

out of ivestment funds. In the exam-
pIe. 01-0.04, 22m.07, and 7.m.1.11. 
These magnitudes reflect the curnt 'be-

havinural xituation n India, [15, 16. 17]. 

use of non-land Inputs will Increase ,tor 
all farmes'-The solution to equation (20) 
shows that, small farmers should in
crease input use (trd Lional inputs) by 

4. per tniaelv fArmens bycet Msedium 
24 per cent, and the large farmers 

by 278.9 per cent (both on new Inputs). 
The resultant production functions. 

supply functions, are given in equations 
(ZB), (243).(21). (22), (23). (24). (25).

(25a), and (20s), respectively.
(21) q, =05+057 X 

(production function. smaU farm 

TAE8 : RN-ios or FARM Nt 
%R posr.TLCiII)LOGICALRLI~ICT TORtv'tu, winlrsC',A' u 

P•c.TtC.4NOLOICAL CHANGE, 
My FARM SIZU 

___Wait_________ 

NIL (:a-st N. (Second 
Aon) 

- -On--i-a 
.lion 

Originri 

0 9%2Small farm 1.01 
Medium farm 1.032 1.041 

1.082Largc farm 1.036 

* NR - net r,:vcaue 
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(22) 	 q.m0.7+I.4W X' 
(prorhictis fuitise, Medfam 
farm) 


(23) 	 q)=1.0+2.113 X6 
(production function, large farm) 

(24) 	 q,, =0.5+0.105 PIK-,
(per-acre supply. small farm) 

Sou PoLC= WPLCATMI S 
The analysis presented has some poll-

cy ipl.atsous for India and other de-
virloping covnt i-s. Tie are not dmlt 
on here. but sae suggested as a target 

tow.uds %hich nan onuiry should be 
ldred. 

(25) 	 q-, =0.7+0.M5 Pp-' ~ Sice necha-idation may dampen the 
(2er5ace W0+ P:,PI". farm) increase in bILes denjid, rcsultingm-(., .ace supply, q%=1tn far4) lum 'he espa.iding !2cfor of seed-feriti. 

(.CO) q%=1.0s1.489 PP 
(p2.r-ae supply. large farm)

PyP-,3 

(pet-l)arm supply, small farm)

( er-farm s% pysau & 

('2Sa) Qts,52544.914 pyp-.& fahe 
(per-larnm seippli. nwtma farm) 

(2Ma) Q% 'm12.5+1.861 PP-' 
%per supply, large fam)¢z.m 

Again. assuming no net eht.-y or ezat 
Irom 	agriculture, the aggregate supply
fuict eo
fno b. 

Q,=-2150+2470.305 PyPo .27) 

The demand function remains a.given 
In (17). In equilibrium the market price 
of output would be given by 
y=635'.'.'5
Py/(05 Pc+~l0.47 6")

A (28) disparities lxbtwveri small, mnedium, and 

The model now shows 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 2.48, or by about 4 per 
cent (Table 7). An even more dramnetle 
growth in diparity is seen between 
largo and small farms. Te ratio of nt 
Incomes grew from 10.0a to 11.03, 0: 
by about 10 per cent. Further, the 
small farmer is worse off relative to his 
own former position (net Income falls by 
Shout 2 per cent) (Tilbe 8). so that one 
can conclude that the small farmer will 
be even less able (than he was former. 
ly) to employ the ne technology in an 
attempt to catch up. The Income Sap, 
thfrrtorr., will continue to widen in sue-
ivssive production -ycleso 

Thus, we have demonstrated. hoth 
tisrMMcICAllY aindquasi-empirically that. 
esisodied technical cha-ige, like that of 
the Creen iRevolution. will exaggerate 
existing inter-farm income disparities, 
The gap will growy because the initial 
pre-trchrilogit-l charge income di M. 
leition means an sirrt opportunity 
for farmers to attempt to adopt the 

'technology. Further, the eonomic be-
haviour of farmers in different Income 
classes differs, and differs in a way that 
reinforces the tendency for Incoses to 
diverge. 

h.rrs, the polwices that encourage pr'nl5-
te ineclnisutkim insArplus-labour ecr-
nnies, such as India's. do not seem 
ondurivz to slving the problem of 
conguc. e s 
gsoing umedinlou-nt. policies 
we JueitionI onlL.-e grounds are the 
indiscret subsidiLation if farm ms-
chinery and credit svailabiUty for the 
same. In addition, the import and ic"-
,ign aid policies that encourage and 
biacilitate the use of hige labour.dls.placing farm machinery also require 

rc-examnation. 
As we have d-m otnted, the --

ldied teclnolo.-icd innovation marked 
by the Green levolution, left to itself, 
has an Inherrnt tendency to widen the 

Again, with all quantities expressed in large farmers, not only in the Initial 
terms of the initial product and Input staizesbut asi in successive prduc-
prices and assuming that P =50, the tion cycles. This tendency can only be 3 
foll market solution is presented in counteracted by Government's poliy 

Tapolie 6.tionTable o. 	 measures. Altemitves that bemight 
studied could include: 

(i) A policy measure aimed at ratls 
Ing the produ-tion levels of small 
farmers, c g, cheaper credat facilities 
fortnse farmers subslca tio of scle/ 

fcrtsiLe.-s and so on. Caution wuld be 
needed, howeer, for many ills have 

suled n olincointresInsuhted In other ountries which have 
embarked on this course (particularly 
the United States). 

(2) A progressive system or taxat;on 
on rural inomes that are rong withaller. 
the Creen Rievolution. There is hardly 4 
any effective measure of agricultural In-
-me tax now, although !as.-s are on 
the books in several states. 

(1) A comprehensive scheme of i.-• 
come tr or pay-ments forpfers wehfare 


the .fr rwlfr art o
 
the small farmers, possibly financed nut 
of tax revenues from large farms. 

(4) An effective implemenstation of 
laws pertaining to land ceilincs to it-
duce the basic disparity In income. Bait 
s amin, is for to cloecaution needed, 
off the possibilities of added economies + 
of scale by setting too low a ceiling 
would be criunter-developmental. 

These suggestions can only bpplaced 
in operatio:al perspective, and discussed 
with wisdom, if the magnituc!es assumed 
In this paper are cmpirically vrified. 
Furthermore. many behavioural rela-
tionshipa assumued here requise sttisti-

eel grounding. The real evidence do
manded canot be adequAtely supplied 
by sore)%. and studies Lased on t&e 
MUzvv:i, that were conducted a decade
Ald-a-l"df Ago - boMvcve gofi these 
lMu.v'*s and %'udies miesht hav. men. 
llopdul'ly, new tAtiiticAI fight vil now 

be 3hed on thse policy zmaier1' soon. 

Notes 
I These are: (a) ali marinal pro

2 o 

duct: exceed rero, () dirminished 
maigr-:,l product exists, (c) homu
gencity is guaranteed, b..t rot spe
ried 	a -rumiland (d) there is a 

finite limit to output AShnputs in. 
crease to infinity. 1I6. 
We 	do not wish to limit ow Uof th word "lina.,a" to th pe
curtanent of funds in the Lon mer
kEt or to the sectsng ot reditfrom 	 distributors o production n
pu. 	 'rhere aloe could be a tiunPuati between the l el o s t 

ncome in real nte s sod the 
5P 	 iiut farmer bethat would 

'Ailling to reinvest to finance Wa own 	 cnterpuise. 'hat is, Vie aver. ag. 	 propensity to ca:uume may be 
scealle for a lsrge farmer than a 
small la mer. Attitudesrisk-taking might be ,awardsalso expected 
to vary directly waib t pctooe. 
tT a dret form of anasis.Vl could 
7 esedfo oval e cou-
Also be used to evaluate the Itu. 

in which disembodied teds.
1.1cal change occurs. slice in this 
could be technologicalcase, the Interpreted as increasingchange 
the productivity t traditeal in
puts as well as adding newuputl. 

> 0. 
aR . 

s
this case growvth in output 

would le partially due to the out
1 iut of small farmers as well as 

ge. Even so, the large farmer 
outpadd proprtionally more to 

Y , { 
" 0, if 

{x .X, " 

+ I 
+ 	 layn

T X 
X X R 

aR ae, R 
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