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11ECHNOLOGY, PRICES ).\ND INCOHES IN ~RES'r PAKIS r1'2\N AGRIClJUJ:Ul'U!: ~

SOfilE OBSERVl\.'rIONS ON THE GRlmN R.E\}'01Jt]'I'IONi~

I. Introductioh
._~---......--

An astute definit:ton of "pro9resr~1I is that it is a

process in which one set of problems is exchanged for. ano~

ther.. 'rhough the obse.rva t.ion may be a bit shopt-Jorn, it ap-·

pea.c~ to be the most apt description of thE! p.t:"ofound eco"-

nomic, social, and political changes tha.t are currently tak-

ing place' in a number of the less dcvelopl;>d c()l~nt.rie:f.1 of

the world: the so-ca.Ved "~:p:'een revolutio!L .\1/ IJ.'he story

of these radical increaaoa in agricultural output has been

widely told: how .research \\To.r.k 0n cereals, 1nitially under

the Rockefeller Pounda tion auspices in .Mexi.co 2Eld ::3ubsf!ql.H:mtly

under a joi.nt Ford-'Rockefeller' ventu.r~~ in the. Philippines,

produced ne\'l genetic mate.x:'.i.als capa,bJJ:'! of utilizing much

highe.,t:' ferti.liZf.~r. dosage3 i how these v;::u:'·i{'-.:ti<::~S '!Jere £.;pread,

again largely throuqh the work. of private foundations but com···

plemented by u~s. technical assistancE: p to a Lu~ge number of

cou.ntries thro\J9hont the l,!o:r.1.<,l: and how the "miracle seeds."

coupled in m;;;,ny areas ~Hi. th wa te.t' development ~ have resulted

in an entirely different attitude t9ward the potential contri-

bution of the agircul tural alector.' in a numbc.i: of lE:ss developed

2/countries Q _. Al though the first wa.ve of enthusiasm (a t least
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regard:i.ng the extent; t(') which this program provides an an­

seer to the problem of feeding or employing the world's

poor) is not<l begirininq to wear off I th€lre seems to be little

doubt that thes(;-. efforts c~onsltit:ute some of th(-: most far­

reaching technLcal assistan~e programs ever. undert~tene~

But thE~ problems associated 'with th~~ tactical changes

in the underlying p.roductiol1 structure have not been long

i.n showirig t:)E~mselvese Wha.r.~wnf fen' e.xample, writes:

teIt ~.,il1 be no easy task to ach:l.(~ve the p9tential

i.ncreased production offered by the ne~l technology p

parti.cnlarly when. it lnvol'lles millions upon millions

of diverse far.ms and farme..t's scattered over the coun-

t.r:ysidee If the increased production is in fact ob­

tained, this will «ntoma.tical1y produce a whole new

set of: secc.md-90nerat3.on pt'oblems ~lhic;h must be faced

if develo~nent is tc be sustained and accelerated o

'l1f..erefo.r.e I t,'lO conside!.~ati(')l1s need to be borne in

minde !.'~;i.r~lt, there 1s r.eason to 'believe that thE! fur.-

ther spread of new varieties will not be as fast as

early successes mi.qht suggest" Se(~ond, net..., problems

ar:l.sln~.{ (1), t of the spread of the new technology I what­

ever ito sp~ed, need to be foreseen and acted upon

now. ~he probable developments in each case have

the greatest significance for economic growth and for
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the condu<:lt of international relations. u .1!

The £0110"'1ng study seeks to provide more (fl.\<:J.nti ta·-

·tive evidence on certain o~ the latter issues--particularly

those dealing with the relationship between p.r:ices. tech-

nical changE-} and ~>elected dimensi(.ms o.t the :i.ncom~~ distri-

bution question. Th<'~ vehicle for the investigation is a

case study of a district in the Pakistan punjab, an area

that, in i;idditic.n to 11avins.; a rather large body of bas0 .

data for agriculture, has experienced a g~een revolution

of unparalleled swiftness.

I:r • X£.£h.1l9].~QgY>.e.~.R£i c!?~_~l1.d ._the,_Q.P..!~im~L1i!1:g.EE..t~,lJ.n .~().:C,.E.~.~
sources on a Renr.:esentative Farm6P"..ntlllo:Jl~__~__......~_...~·~_......._ .....

'rhe mi.cro analysis of varic>t:!s types of J:epresentativc".1'

farms has been (:a.l:.:d.rad out wi thin a li.near programming frame-

work. ~~e basic model has been presented elsevn1ere and has

been supplemented ~:Ct.l:- thi.s paper 'ii'li th several crop activi~

ties (\1.,.neat, rice and maize) "'Those input-'ol1tput coefficients

are assumed to re::lect the new high yielding cereal v.arie-

Data fo.l:' the advanced technologies \V'erG dra\·m

largely fl.'om the a9.1;·onomic:.: r€sea.r:ch ca.r:.I:ied out 'by th(-} De-

pi:u:"cment of: Agl:icml ture of the Gove.rnment of West f'akistan ...

At some points, these results were' modified by discussions

\\1i th agricul tu.ral i~xperts assigned to tlH:: techn~cal assis-
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tanae programs of the Ford FO'l1ndation and the U"S~ Agency

for International Development.'~
. I

There a:ce no general censu,s mQ.J:e.r.ials .that provide a

basis for a9certaini1'lg the lmpact of the new technology on

the .t'elative incomes of various social classes in tberu.r:al

areas of w.;::st Pcl'Jd.s tan.. Consequently I the bect that can be

done is to build up quant:ttative f;H~timates of its likeiy

affects by fi.rst exarnini'ng ita' efr.ec:t$ on i.ndividual. fa.rms

and then applying the results. to a distribution of land by

farm size~ Section II takes up the first question in the

context of a set of farm management models that seek to

determine what happens to th.;: optilllal allocation of re-.

sou.r.C€:JS when the input-'output coefficientt:1 in agriculture

have changed signif;;.(~antly from thei.r. t.t.'wH tiona.l values ~

These results aJ:e then appli.ed to a farm si.ze distribu ti,OI1

taken from Sahhml Distt'ict:. the area in "'Thieh the data for

the model 'were collected... :A brief epilogue deals wltb the

'.
likely political fallout of the calculated. changes in the

structure of. in(~om.es.

Ta'ble 1 p.r.esentsil nlunbt'U: of solut.:i.()X1S to tll;.,?: ltbas:i.c"

model.. The assumpt.ions ar.e that this 12 .. 5 acr.e farm repre-

sents a typicml small holdi.ng in the Ct.~.mt:r.al Pl.ll1j ab, that. it

the source of pl'lv'or isa sin91e pair l.,f bullocks and that the



Table 1. Optimal Cropping Patterns in the Mixed Farming Area of the Central Punjab (12.S-Acre Far~>. .

leD. Crops Traditional J...dvanced Wheat Adva.nced Rice Advanced ~neat and Advanced Wheat,

t..cres
'technology . Technology Technology Rice Technology Rice, ~~ize Tech.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Withl)ut t-Jith Without With Without With Without: With Without With
Tubewel1 Tubewel1 Tubewell Tubewell Tubeweli Tqoewel1 Tubewell Tubewell ~lbewell Tubewell-

NET REVENUE (rupees) 2337 3180 2552 3577 2415 3231 2652 3678 2963 4320

eRe Coarse Rice .28 1.08 .87 1 "''1 1.16 3.45• 1'-'

SFa SUnL'11er Fodder ~-. .&7 .60 .67 .64 .6: ~,60 .67 .60 .·67.0./

(required)
SPO Summer Fodder ~67

,...,
.60 .. 67 .64· .67 .60 .67 .60· .67.0 i

(o?tional)
CTD Cotton 2.1'..2 6.86 2.45 2,.25 1 :;~I 5.91 2.220-'4

KVG Su~~r Vegetables .10 .10 \to! 0 .10 .10 .• 10 .10 .10 .. 10 .10
WHF Wheat 4.74 1~69 5~5i 6.26 5.87 1.69 5.51 7.00 5.12 6. i5
GRM Gram ~ L62 l.80
OIL OUseeds 2.39 1.97 2.06 1.88 ~23

HER Winter Fedder .80 .as .30 80 .80 .89 .80 .89 .80 .89 ~. --
(required) ~n

l
BEO Winter Fodder .• 89 .85 81:< .65 .89. ~

(optional)
MAl Maize 2~7S 4.45
SUG Sugarcane .. 60 l.00 l.00 .80 1.00 .14 l.OG 1.00 1.00
RVG Winter Vegetables .20 .20 .20 .20 .20
FRT Fruit .30 .30 .30 .30 .30

TOTAL CROPPED ,ACREAGE 13.77 It?:; 7 D.H: 14.49 . 14.10 15.34 13.15 16.23 13.82 19.02

CROPPiNG INTENS ITY no 117 105 n6 113 I?" 105 130 no 152~j

-
1~ Cropping intensity is defined as ~rop~ed acreage/cultivated ac~eage. Complete double cropping would
produce a crl?Pping intensity of 200 percent. Sugarcane and fruit are counted tT.lice. --.. -_. '.'_ A .........._

** The following maximum constraints are operative in the model: optional summer :fodder-200 maunds; optional
winter fodaer-400 rnaunds; sugarcane-l acre; summer vegetables-.lO acres; winter ·vcgetables-.20 acres; fruit-·
.30 acres. See Appendix A i'or a justification of these constraints.
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available surface water supply is proportional to the l.and

owned under a typi.cal i~rigation distributary.. In Qddition

·to .these fix~d assets, it is assumed there are two types. of • .01 I

resource augmenting activities. The farmer mav hire addi-.J'

tiona:l labo'r in peak seasons at the prevai.ling wage .rat4~

and he owns a 1/6 share in a tubewell which he uselS to

pump supplementary watere

Several interesting conclusions about the effect of

the new technology emerge from'these solutions. First,

the !~ncl"ease i.n net revenue under II advanced II conditiona is

Substantial.lI A comparison of col~mns 1 and 8 suggests

tha t under tIle assumption~ indiJlated above Q prof! t roaxi-

mizing farmers could improve their net revenues approxi~-

roatoly 85 percent by introduci,ng the new methods. Several

fac.:tora are respons3.l:'.>le: due to better irrigc-:.tion facili-

ties" there was a sizea.ble "acreage effec.:t. It On a farm

assumed to contaln 12 .. 5 ac.rE~a availab::'~ fo.1: cultivation,

the c.t'oppe'd acreage incrl~ased from 13 .. 8 acres to 17 .. 7

acres, or about 35 percent. A second contribution results

from the lIyield effect ll of thf~ new va.rieties w Farm demon-

stration plots suggested that wheat yields could be expected

to increase by 60 .percent, J:ice by 100 pe.t"cent, and maize

by 90 pe.rcent~ tlHlse estimates were incoeporated i.nto the

"advanced" activi'cies of the model. Lastly, for most tech-
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nologi.es, there w€I.t:e substantial "cropping pattern effects. II

This reallocation of land resources between crops was again

due primarily to the flexibility of·'the suppl'ementary wa­

ter originating from the tubewell" (Note, for example, that

with the exception of maize in.Column 9 .. the "without tube-

lJL II • t •. ·'1 )we cropplong pat .erns are qUJ.te S,;tIDl..I,ar..

The .i.nteractiorl of these fact;ol'."s in the model i.s sig-

l1.if:lcant. If the (.w~ changes f.r:om t.t..~ditj,onal tf) advanced

technology (tubewells. and HYV·' are taken independel1tly,

the~r yield an increase in net revenue of 35 and 25 per­

cent respectively. lJ.lle sum of their individual irlcreaSes,.

(60 percent:), however,is well below' the 85 percent in-'

crease produced 'ttJhen both are introduced simultaneously.

ThiE3 'has nothing to do \vi th the ldnd of physi.cal complemen~'

tarity of which ag.r.onomi.stsspe~k, hut results rather from

the opportunity to inc:.z'e·a.se· the acreage under the profit.:­

abJ.e lJYV when a flexlble supply of supplemental i.cri.gation

water is available.

The effect of vaJ.~la:tions in output prices on net reve-

nue under. different technological assumptions is also of

interest. For example, Figure 1 shows that the introduction

of tubewells tends not only to shif't the predicted supply

curve of w'heat but toir·.crease its elasticity as ,well. This
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is particularly evident in comparing the~ and ~1Ul

tubewell case under traditional technology. The use of sup­

plementary water decreasGd the comparative advantage of

wheat with respect to cotton (the two com~ete for land dur­

ing the overlap of the summer and winter z~asons), and

shifted the wheat supply curve to the left.. At the same

time, the possibili.ty of altering the seasonal distribution

pattern of water has made for greater'sensitivity to the

wheat-cotton price ratio~ The ,r:esult is that the two nor­

mative curves shewn for traditional wheat varieties cross.

~le same mechanism produces the crossing of the curves de­

picting the impact of additional water supplies with hi9h·~

yi.eldingvarieties.. 11:S effect is less visible l however,

because the profitability of t?e n&il varieties insures that

c. major part of the winter acrf::age in irrigated areas will

be planted to wheat .f2...q,eEE..le,fts, of thf;~ availability of sup­

plementary water.

!l..E!g}.::.Qlli!!.~Q.i.~.f~.;:.£ri9c!:!: From the foregoing description

of the in,pact of high yhilding varieties (HYV) and tubewells

on agriculture in the Central punjab, it is obvious that a

number. of changes in the cropping patterD can be anticipated

as new ~gricultural technology becomes available. Not alt

areas in west pakistan have this versatility, however, and

a rather different picture of the effect of the "green revo-
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lution" emf'.J.r:ges from an examinati.on of J-.e;;·b.rI.)log~cal c.hang ..."

in the p.r.oviuce:;;, Q~ £i.n4 and the l~()~·thwest f'r.'ontier.

As Figure ~ 'indicates, the Sind (Areas VI VI, VIX-

VIII, and IX} is compt"'isnd of. a number ,')£ diffc ceet canal

systems. Those des:i.gH~:r"'-das lInon-perennicdll s\.~pp1.y water only

du.t'i.ng t1H1 SUfmUf,r months when the ril:~~rs l:m" full from the

monsoons nnd SI'l':lW melt.s in the NO.i:.~th, Mnst of the~e areas 8

. .

except fo.t' Ie·ad that is near."'the river 'cUld the large.t: ca-

nals , a.r.e, underlain with saline groundwate.t' This, cOll'bin-

ation of (1) surface water concentrated in the likhafif ll
.

{spring plant"-eCl}" sea~onl and (2) o!'... inab:i.li ty to st-:l,re wa-

:tarmers have n

. Indeed, until additional fall (, II rabi II) water becomes

available fr·om 'llax:bela D·nu t tile t:radittc'nal .r.lcA'-f?,lJ.')~lv,

Even i.n the paremj{ ;.'l1. CdlM':" i:t' ' there is unlikely

to be much change in land aJ.lot~ation as a result: of the seed..

fertilizer re't101utiorJ. 'Yields on the existing wheat and

rice areas have be~n increased significantly. But as long
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as the areas are constrained in their cropping intensities

b~' the availabil.i by of wate.r, the land trade-offs that

fig'ure so prominently in altaring the supply cu~ves for

orops g,ro\tm with tubewells (Figu.r:e :t.) will not be opera.-

tivc.

The predicament of the dryland areas of the Northwest

Frontier Province (Area I) is si.milar to that of the- rice

tracts of the Sind. Rai.nfal1 is virtually the sole deter-

minant of the cropping pattern and t.he advent of the new

varieties of whea.t is unlikely to produce a.ny significant

~lterations in land use patternss Fortunately, several re-

cent studies suggest that in a sizeable portion of the

area, earlier pessimism can be somewhat modified regarding

the ability· of HYV to react to rainfed conditions.g( But

t]-'.e general conclusion that the supply curve of 'ltJheat in

the rainfed area is likely to be highly inelastic remains

·9/
valid.,:.t

. I II 0 ~~wc:.m}Ql09..Y.J. .•Er i C(?~9- ~~he..EJ.Etri.J:E.rti<?~_r.nC0ill..Eti!

The pre\·;J.ous section dealt with the impact of ne\'1' tech-

nology and \lur,labla prices on the reSOl.l.J:ce allocation deci-

sions of a representative {-arm. In, "t.l'.e following para-

9'.r~phs, these results are extended to p.l:.'oduce several 21.1-

ternative estimates of the effect on the distribution of

incomes among the small farmer class. Each of the alter-
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natives correspond::3 to an ctmunlption about the prices and

nvailability of seed, f~.t'tilizer and water to vad.oue hold·~

ing sizes.

Estimates of the relationship between farm size and

incomes were obtained from the programming model by pa.r.a­

metrically va.rying the land sll.ria.co wateu:: and tubewell

capac!ty cons tX.'cd.n ts • E'or example, while fami ly 1abbt: and

bullock. power .remained J:ix(?d,. the size, of the "baslc"

flU''1\\ (12 .. 5 ?d::l,'es} was varied downward to ;) ac.:r:es and

upward to 25 acres" The net revenues obtained were then

reduced by such fixed iteme as the dep.reciat:i.on of equip­

ment and building's and the various ta.Jces and ceases that

are norn1"'11y paid l)y the cult:J.vatoL's (see -I'able B-1).. The

resulting incomes by farm size can be ,read fl:om the soiid

lines in Fi.gure 3.

As expected, where the HYV technology is available to

a11 17 small farme.rs benefit relatively mor.e t:ha:··! do the;*r

larger neighbors. For example, on the 5..·acre farm, i.ncome

increases from Rs 350 to 1(8 1250. or app.t:'ox.imately 250 per­

cent: on the 25~acre farm, the increase is from Rs 3750

to Rs 5875 or 57 percent ..

A more genel~al i:"~lpressiol) of the e:i:fects of the tech·­

nDlogy can be gained by comparing the relative inpome dis­

tributions of the 11 traditional ;, and "advancedl! solutions.
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Table B-2 gives the frequency distributions Q~ £arma, in the

5 to 25-acre category in Sahi.\l7al Distt'ic'l:. It also 131'10\'18
I

the total incomes of each clasm' obt$tined. ,..,hen the income

of a particular representative farm is weighted by the num·~

ber of farms in that category.

Lorenz c',;u."'Ves constructed from the data in Table B-2

show that incomes under. traditional technology 'tend to' be

less equitably di.str'ibuted than land (Figure 4).' The rea..

son for such a result is not difficult to find. Examina-

tion of the p.rog.r.amming model indicates th.at under tradi-

tional technology I .!'!£!:..~~ increases in proportion

to the increases in land and its associated surface wat~r

over. almost the entire 5 to 25-ac.r:e rnage. 'l1J1e ltdual" of:

the model indicates that const.raint;s on bullocks and fc.\mi.ly

labor are not binding and thus. are not the bf."ASif:J for di-

minishing returns to lando 'I·h~.s Lorenz curve describi.ng

~ E_~'{_e~~ hy farm size under traditional technology would

be 'virtually idE,')nti~al '!tJith the Lorenz curve of the distri-

bution of land~

Subb:action of similar fixed costs fo.t:' the net reve-

nue of each holding, hCMever, generates a Lorenz curve of

inCOlUf) thrlt Lies below the c:urve representing the dist.r.ibu·..

tion of land..

'rlle e.,fect of fixed costs is also evident on the dis­

tribution.f£ income under advanced technology .. However, due

J
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to the signi.ficant increases in int~ensity resulting from

inc~x'eased wat:er su.ppl.ies and the ine.reased. lahor requj.re­

ments associated wi.th HYV, bullock and. human labor constrai.nts

quickly become binding as .farm size increa~H::s. As are-

Bull, -~h(1 :1ispropo.r.t:Lonat.e impact of f.ixed cost~") on the

sl'nall t:at'rn i~l off·-set by a comparative advantage in hi.gh

valne, labor J.j·ltenslve activities.

rrhe reslll ts shO\..,rn in Figure 4 flO'''' directly from pro-

duction the:o.1:y. But they are extr.·emely impor.tant fot' 1:hey

illus tx:ate virt,.'\ally tl1e only conal tions shor.t of lan..:', re-

distribut.ion in which the distributivo eff.ect of the green

revolu tion can lead to greater i.nc:omt3 equali tyu 'l'he as sump','

tiona are strong: all nm-l inputs are di",:lj:<ib18 I t~i t.her In·..

tr'tnsic<..'\lly or through a competi,tiv(~ I'llClrk€:t .tor hired ser·~

'V ic!~s q and everyone lHlf:~ equal access t:o the i.n!?· ti tutiona.l

iz~d by Roehm (7~irdicates thr.!t there is little difference

a~ong different iarm size groups regarding the percentage

ThQ ll;~rlle i a

tr~~ of f~ctilizQr althougKl here there ~~ some difference
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betweel~ large and small farmers in the J._~ve.l of use.. It

seems t'.tmt despite the general lack of concern rsgardin(,'t

small .f.:t.nners that has traditionally been associatE.ld with

VariO\HI ,government agencies, the simplicity, divisibility

and p.r:of.ttabili ty of seeds and f~:u~;tilize..:Sl have been

suc.h that tbJ! diffusion process has penetrated to all

size gr.OU·J?S.

Ilthere is, however, one aspect of the resear.ch that is

crucial ;,-::'lld provides cons.iderable cause for cnnce.r:n. Ac­

cording to ;;). ,ceCtmt survey by ~1ohclmmad~Eell (17), he too fi.nds

11 ttle dlffF.lrencE.\ !:H~tween farm sizes i.n the diffusion of

the Beed-fertD,izl::.:-.: p~'ck.age, but the !\;c1mlo~ cannot b(~ said

of access to spppl~~~nt~r.y water., :rhis is to be expected

since the tubewell is l.1 lt):i..'mPY I inpl.li: whose spatial immobiJ.·­

i ty imPOtH';:;d rather. severe 13.nd tations on the emergence of

tt compe to,t live tili'lrltet ior watex· ..

ImpoZJing cons train'ts on tlw a'\7~i.lability o'f supple­

menta.t:y water. on the small farme.l::2 maJdng up the lowe.t:'

portion the holdi.ng size fr-=quency C1Jrv~ would undoubtradly

produce a Lorenz curve of income dist~!bution that lay be­

low that assooiated wi.th traditional technology 0 That

is, small farmers would be better off in absolute ·terms

but sUbstantially less well off than their larger neigh-

... .
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b~rs in relative terms •
.

Thus far the a~alysis has dealt almost exclusively

with the distributive effects of the highly divisible tech-

nology associated witl} the seed-fertilizer revolution. Of

interest also, however, are the distributive effects of a1-

ternative prices under conditions of changing technology.

W11at would the impact be, fot example, 'of permitting wheat

prices to fall to approximately world market levels? Th~

·dotted lines in Figure 3 .show the results of pal.·ametrically

varying the land:and water constraints in the model under

an assumption that wheat prices have been decrea~,ed by one

third. (Farm income was obtained by subtracting the fixed

costt, aa in the prelJio".ls exercise.) Lo.r.enz curves "<lere oa1-

culated from the income estimated by si7;e of farm class

(Table B-2) and compared with those obtained when wheat was

set at its prevailing domestic market value_ The results

are shown in Figure 59

In the case of both technologies, the decline in

the price of wlleat has altered the distribution 6£ income

in favor of the larger farrne.r;'s.. The familiar fixed cost

or "ltul'lpy input" phenomenon--here represented in large

part by the family and the bullocks associated with tradi-

tiona1 agriculture--again provides the mechanism by which
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this increase in the inequality. of relative income distri­

bution occut:'s" Both large and small farme.l:'s would suffet"

a decline in inccyne under the circumstances postulated ..

However t for thO::E~ whose income '.",as al.ready f;mal1 I a fur·,·

ther decline would ~~lv accentuatE,~ the dispr.oportipnace

·impact.of fixed.costs. 'rhe smaller" the income relativr;~ to

a constant fixed nost, the more disparate the income dis­

tribution among groups.

Table 8··2 o.lso S~!O'-'1S, however I that a reduction in

the price of: wheat would tend to produce greater ineg~~.lit.Y..

among sir-;e gr.oups under the assumption that advanced rather

than traditional technology is being used.. Ali examinat·ion

of the c~.r:opping pattErns associated \vi th vay:.ious fa.l:"!n sizes

q'uickly .reveals ",hy this ·is so.. AS fa.nn size inCl~eases4

the acldi tional flex.i.bili. ty associated \.,i th ag.Y.fi.IJced techn~logy,

especially supplem{:~ctary w<'1ter, causes the ~"heat activities

to (~xi t from thi.? mod(~·L lonq 'b~;J:of'e tlll::y de: unde!.' .tr.:~li;'!:~.2n~l~

conditlons.. Consequently" Ow dm<lnwa.r·d cllClnge .in wheat

prices have littl'.:':: effect on the l<u'ljer fa.r.mers with farm

sizes abOV(~ 12" 5 acres for they have no lvh'&f:J.t in th<:1 crop­

ping pattern. Small farmers, who do not fe~l th(~ p.t:essure

of power constraints to the same degree p do not seek to re-



dues their wheat acreage. The ~esult is a relatively

greater decline ill incomes when the wheat price falls

and an increase in income disparitY9

The most significant dis ri'butive effects of a fall

in wheat prices, 11m-lever 1 \ljonlc1 again be associated with a

8ituation in which the smalJ.eJ.:' t',:u:mers do not have access

to the new technology. In, this ;~itu.atiorl the inelasticity

of supply, particularly among thl)se wi thou t supplementary

water, means thHt fallil'l<] p.r.ic""''' vi11 O..r.'od'..Ice significant

declines in income. On the other hand, tholse \'\Those .fa.t1ning

c>pt1ratiollS have a t:·tained a h1g11 degree of flexihil.i. ty

through the use of rnodElrn inputs can he expected, under

f:.'h0 same concU'!::iOllS, to ~~hift but of ~llJeat. an.d into more

profitable alternaci-ves.. The J::'esult wou':d tend to be a

marginal decline in incGMes and,f \u'hei.-:: compdred with the posi·­

tion of those unable to alter their cl:oppin~' patterns,

an increa~e in incQm(~ di.spa,;-ity.,

.~~9.i-o!:2.!.. ~:Eft:"~.~~!:.:~.:; as r.t'\~eeten has pointes out:

"'l11e theory [of stagnation] contains thx'0e basic

elements J:!~ i!2~. .t2. J..l~div1A~~.aJ.a., Q?.9.:i.o,ns .Q£ group~:

(a) they are <::on£ront;ed by factors which require ad-·

justments in resources, products and technology,

(b) they h:1vC identifS.able characteristics which give
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rise ·to differences in ability to ad:j\lst to factors

in (a)~ and finally (e) when the forces requiring

adjustments are large relative to the ability to ad-

just, a liminal level of adjustment in reached at

which the envJ.!'()Y'.Jnent develops anomie and' other dis·~

fu.nctional syndromes inirnica;l to .rapid change.. The

area environment then becomes less rather than more

c~ndu~ive to satisfaGtory economic adjusouents to

10/
changing conditions. "_.'j (my italics)

'I'his comment is Or:! true of regional developme'nt in

West Pakistan as anywhere else.. Whether one is talking

a.bout the "flexibility" of an area or an indivi.dual fa~mer,

the lack of alternati.ves in the face of changing conditions

is the essence of increasing disparity.

The characte.risti.cs that ar:e perhaps most relevant

in identi.fying the likE::ly couJ:'se of z:egional growth in agri~

culture have ~:'o do with the distinction between (1) areas

in which only the yield effects of new technology are avail-

able, and (2) areas in which changes in both yields and crop-

ping pattern effects can be anticipated~

An example of the first case is much of the dryland

wheat area in the northern portion of the Indus Basin.. {Area
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I on :Figure 2). A~ Rodlin t s recent work has shown, there is

now reason to believe that at least in the higher r.ainfall

areas (30-50 inches) some benefits can be expected from the

seed-fertilizer t~chnOl0gy.1l:1 His field survey, based on

a· sample oJ farm.~t'·::.;, shows that avet'age yields of 19 maunds

per qcre were o'btainac.1 in Hq,zara Di.strict usi.ng modern tech~

nology. This was an average increase of 103 percent over

the control group.
. .

r.lClW.r.ence also .l.~epo.r.ts significant yield

increases associated with tractor power cultural practices

(deep plov,dn9 and falll)'lo!) similar to those practl.l::1ed .in the

dryland areas of the United State~).JY

As a consequcnc~e (If thes(,~ findings, the extreme pessi-

rei$1'ft of earlier y~ars is g.iviA19 ",Yay to a 50me~'I1hat more opti-

l'\'iistic vi'!~w that yield increas€t:i in BonK: parts of the d.J:y-

land a.rear1 will be sufficient to rnak'!!! disce.c1i.ble improvements

in tlle welfare of fa rm families li.ving there ~

An even more optimistic picture fo~ future progress

is presented by anoth~r traditionally backward area of West

paki.stan: the southern portions in th<::~ P.rovince of Sind

(At'eas V, VI, and VII on 1!'igure 2)" . lUJ indicated els~where,

the n~7 rice var.ieties have shown themselves t:o be unusually

~dapted to the dry~ sunny climatt~ of the nrea. Alt.hough

tber~ again appea.t'~s to be 1 it-tV;:! possi'bi.li ty of crop diver-
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sification, farm incomes can be expected to iluprove signifi-

cantly through the yield effects alone.. The latest report

of the rice research stations at Kala Shah Kaku and Dokri

indicates, for. example, that yields of 60 maunds of rice are

1 11/now c~~onp ac~. Severe .i.nstit\\tional and marketing con-

strili.nts continue to exist; but these are p..t;'oblems;, that, un-

like the basic climatic, soil and water constraints, can in

time be sblyed ..

The ,r.eal beneficiar.ies of the fru:l.ts of technical

change, however, are farmers in the more vors(.~tile areas of

the Central punjab (Areas 'Il: and IlIon the map). Not only

are they able to take advantage of the increased produ~tivity

associated with. the seed-f'e.rtil1z'et' revolutio!.'.l# the \'Jater

diin:.ribution .is SUc:11 that they can res~)"':''''.d in cropping pat-

tern .terms to the inc.cease in comparative advantage of the

n~-'l varieties of ri:cf.) and wheat.. Agi:llin 4 if the evidence

of more developed ag.t'icu.1 tu.r.es is a~y g'1.dde 1 this basic

flexibili.ty (here demonstrated by the ability to take the

ultimate advantage of nevI technology) will prove to be the

cent~al fact in maintaining the dominance of this area in

West pakistan a9.riculi~ure in the lon9 .t'Ul'1$

Thus far, comments on the effects of modernization on



..regional incomes ,have focused on the J.mpact of the n.ew tech'"

nology itself.. Nt') attention has been give.n· to the' indirect

effects produced by the. impact of increased outI>ut on. the

pr:tces of sach widely grown commodities as \-lheat and rice ..

Given the recent 91uts on thw world cereal markets, it is

probably unrealistic t:o assume that the gove.t'n.ment will want

to aminta.in cU,t,".rent p!.'iCt~ J.~elat;ives in the face of signifi­

aant by increased domestic suppl:i..e:£l.. 91'he moat reasonable

assumption would be t.hat some type of dO'Ylnward adjustment of.

those cereal pricE!:J that are most ~Je.r:iou2..~ly distorted will

take place ~ at least over the 1r.ed:i.um a.nd long r\.m ..

No~ surprisingly~ the vulnerability of various areas

'to p.d.ce c·.hc.\j:lges is closely l.inked to theiL' ability to adopt

nelJJ' technology.. Ars i.n the case .of technology alone, flexi~

.bili ty or: range of choice is the key ~ 'The dryland ;~.r.eas.

cH·'>l').stJ.:'ai.ned by thE:. rigi.di.ty (,)f t:.1'1e envii:onment from adopt:'"

ing ne\./ te<.~hn{jl-?'1Y I 7iQCe exactly the snme i.:;et ot constrain­

ing fact:or,'3 l:..s far as p.rfce response 18 con.c~~rned.. Indeed,

tlleJ cropping pat,i:ern effe<.~t, described earlier. <:tS an acre­

age response to the changes in comparative net revenues, is

the same phenomenors rega.rdlens of whether the alteration .in

net rEnrenues resu:l t:s from a' chJ:ll1.ge in the market pot'ice of



the output ox' a change in its unlt COSt:S4 One \'lOuld there­

fore expect the severes 't ~ffect on inCOmnf.i of declining

wheat: price.s to occur in these a:ceas '\vhic11 hcrv€ highly in­

elastic supply curves f.or wheat. (The obvious caveat that

this onl.y applies t.o t;he roarl';',eted sur'plus must 'be mc,dei

however~ nearly every farmer sellB sometrd..ng, and to that

extent he is vulne,l:able.. .At"'best u Ol\~ could say that sharp

declines ·in ~leat priCQ8 will mako it more difficult to ,raise

living st~ndards above the subsistance lt~velv)

Incomes in tb(~ rice "He-as of the Sind are also affected

almost propor.tionately by d(~cline~; in the pricE'~ of rice.

Al thou.gh the supply <::U.eV4; has shifted aut, it remains quite

lnel"'lstic" (Some oh;).tlges :Ln tlw level oE pt..L'<:.~hased inpu. ts

may occur. as variable costs ar.e adjusted to lower output

px:i.ces" Hot<1€ver, glven the shape of the production function

of the new 3:'ice val:-ieties, it is unl5.kely that this wl11 be

, a ver.y important phenomenon,.)

':r'he ability either tn profit f.t't.:nfi OX' to minimize the

2'1dV~:'U7se consequenc(-;?s of v~:t.ri{)us price poli.cies is obviously

again g.r.eatest In. the Central punjap.. Irl1c .reader will by

now .t"eco9n:tz~~ tha t th,:::'! smu:ce of l?.g~ the abili ty to respond

"·0' p.rices an,d. the abili ty to adc;pt th<.~ nt';:",' technology have
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their origin in the avaJ.lal):i.li ty and s(;~asonal flexibili.ty of

the irrigation water supply.

J\S any student of pUblic policy is awa.re~ Gover.nment

programs are deeply elllbeddec1 in the political processes of

a count.ry. 'rhe decisions ~lJ.rrcmnding polic1.es regarding
" ,

agricul tural p.r:tces and technology in west Pakistan are no

exceptionQ (Indeed, tltere' is much about i:l1e makeui:> of that

society that: pe(,~l1its sc)me fai.rly convincing analogies to

be drawn between the experience of de'lf.doped countr:i.es-·-par....

course of agricul t\.u4 aJ. tt'ansfo.nnntion in the Indus Basin .. )

The prf»v;1.ous section's disCUS8icrl of the distr.ib\ltive

effect of tf'chnology tooK a v~ry na.r.r~J·."t static v:i~v" of the

than 25' ac.r.e~-·~perha·ps 't.1'l$ key group in the proces~ since

they make up thf:~ majority of the cUltivators--the dynami.cs

io'us studies .have shol,vn l howeve.c, that the rates of return

Moreover, there is ccns:i.de.t~able casual evidenco ~hat,

among th(;) l ar9 fH• far.mers (50"·IDQ ca:l~substantial <1ffiounts of



these .returns ar.e being used to modernizt"ll further tlH:d.r al-
I

ready pr'ogress:i,ve ent(;}.t.'p:cises ... 'l'hul,3, the cQmpound effects

of growth among this g.t"CoUP a.r.·e 1IlelJ. und(~x.· way.

At the 8ame time that 0coIlom.i.c modeJ:nizatiOll is tak-

ing place, howtwerl' anothe.r. p.r:OCEH3S--l'1 politieal one.... -ls

1.1/also undetway.--; A5 subsequent paragraph~ will argue,

the weal tl\ of th'Ls new clcH,s of. ftu:me~:i=J, partly derived

from the.ir- use of technoloqy, but equally suppa.rted by a

distorted set of ""'orcunodity pricHs, i.s refl4:.,cted in their

lncreasing poli tical inrlu.ence. Th.is if; a matter of funda-

mental importance. For the histor:y of agricu.l tural policy

in virtually every society underscores the fact that this

most of the ff\(.~to,r.'s of pY.'()d.uction but contai ni.ng a t.1inori ty

of the people wilL if per.'mitted, attt,rnpt to speak for. all

of agriculture on matters of technology and 9ric~s. Based

commerci.al secto.i:' can be anticipated:

an~' reduction in the GOVCc'lX'nment' ~~ Cl.'lx-rent Slll?PO.ct of out·..

put prices ~ AI' example of their waxin9 p'O·v.Pf~:C was the re-

cent l:'C:~M·establi.lhment of. the vlheat suppo.r:t pri.ce .in the

fa.c.e of the almvat unanimous opposition of economists in



the Provincial alld ce~"),t.r:'al planning agenc:i.es~ (~~he self-

serving .rationale that wi.ll be put fox.'\,m.rd by the 1<~·.t·ge

farmers 1.8 also well knc>,\·m from thc":: expE~r;i.ent::e of developed

nat:tons: tlIt wLll sEwerely ~~ffect tIle incom(~ of the sma.ll

farme.t't':;. ")

(2) The large.t:· farmt:=?,t's will be agi:d.ast any program

of sel~ctive mechani2:i'..l.i~ion. Th(~re i.s al.t·t;~?dy considerable

1i te.rature on the pr.ematu.t"~ mecht..'lnization of agricu.ltural

:i.n Pakistan, pi:t.r.t:i.cula.t:ly since tht-; (.;ql1ipment 1s bcin9 iro-

rorted at a subsidized. exchCl.n9~ rat€J and provided under

• 1 -,. 15/ '( 'tspec:t;:L c.rer.u t i:.U: r;mgements ~ ~~.. S"::-!Vr;i.t'dJl, ~tU t111."r.~:; 'A'lave al>~

g'lled that thls mibsidy should J::-e ·elil:1inat>::d~ .and obvio\.\sly

question as to ",ih(~ther this will 9r'eatly }~(~tard the x:apidity

vd tll which the larg~r land owne.ri:1 VI ill inodt~rnize· thei,r: ope.r:a·~·

tions .!..V Fil:st" cractoL'S ar.e UJu'!ly to be prodtlced soon

in Pakistan~ It is exce f;';ding1.y diff.icul t to see 110'V/ plannors

O.k:' concerned adm.:tniGtl~;.'i.t()t~S ,,."ill be able to resist the p.res-

cur.rent shado'l.., p.l:'.i';;:'2 of capitai, p.d.vate cost.;, and benefits

WOl1ld still dive,t:ge fx'om their sQ(.':!i';.tl va.1u.';;)s. So lon~1 as
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·ground \'17ater' supplies are not under public control" Ute

" .
150 percent oropping intensity figure for West Pakistan

cannot be regarded as an effectJ.ve constrai.nt. with app.r:o-

priate equ.ipment and eno\.\gh tubelf..r<.=::ll capac! ty, the.ee is

every reason to believe that in the near futuJ:e, t~ffici(:1nt

operators will be able to double-cr:op fully thl,(~ land they

operate.. Such an intensive use of land. only feasible if

modern. equipment is ava:Llab1.e 6 p.t'ov:Lde:s privHte .c-atcs

of return that: make ag.r:ic'l\ltu.r.e one of the most profit-

able enterprises in the economy ..

(3) The larger farmers will resist p1.lblic eontr'ol of

the water-bearing acqn:i.fer. C'Llr.f."Emt.l-:, the "'.later tabl,~ is

within the .rec~ch of the c:t~ntX'·.i.fttgal pumps that even the

slightly above aver.age .EarmBr can lns tall on his tubew.e1.1.

to drop below tlw rei:ich c·f the 'pump~; cU.r.t:ent,ly in use, to

depths that .t:equir.(~ modern turbine .i?urnps, ~ The 1.11 tt(~r are

expensive and nl':1(~{.']~w:l..tat.B a ~~apital olltlay many times that

of the cent.ri.fugal pump.. Obviously, as t:114.?: watE~r table

continues to fall" only tluHH1 havIng ~\c:cess tc) co.pita-l

for pumps that can tap the deeper layers of the <lc!quife.r.

will be able to continue to k~xpand theil.' operatiOlls ..

(4) Lastly, the inc.cei'.l.singly powerful pol.i ti.cal posi~·
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tion of the, new a.gricul turul class will make diffic\.ll t the

institutional reforms needed to capture--in a progressive

fashion--some of t~e overall increase in agricultural pro-

ductivi ty .for development purposes.. pakistcU''l f s current

mc.,oilization of domestic resources a.s a percentage of GNP

is extremely low, even by devel(.)ping country standar.ds.

with a deteriorating foreign aid pictctre, it must rely

more heavily on in·t;ernalJ.y. generated sources. Yet the

Fourth Five Y(~a.rPlan gives no t:vidence of a wi.llingness

to deal \\'i th these hard issues ~ :i.n particular, nothing of

significance is p.t:oposed f.OY.' appropriatin9 tIle windfall

gains referred to ea.t:"lieJ.:< xf anytl'd[lg, th.e tntcodtlc-

tion of the necess:ry institutjonal refonns ~eems as dis­

17/
tant 1'10\'1 as it ,.;A5 a dec.:ade ago.~

t,I(l1e pre\~eding desci:-iption of the forces on the stage

in West pakista.n pa:tnts a not···unfamiliar pictur(~ to students

of u.s. agricultural policy. Indeed, t:lomc foreign agricul-

turalists a.r.e actually pleas€~d by the prospects outlined

abbve since .in the short: run at least it will undeniably·

lead to a e(,mtimmtion of the high rab,':l of ag.ri<:mlt:l1r;:ll

growth.. '1'0 others .. hm....eve.r t t'lle prospect of modernizing

8gJ:'iculture "u.s. style ll 1s distinctly unappetizing.
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4rhis j,~; particularly tr:ue irlh<.:1n one ad.ds to the p.r.evi.otlsly

indicated components of change a thr(~/~ per.cent .tate of pop'"

u1.ation grm"th. As J'ol:mston and CI)\·mie ~3how( th(;~ (:}mploy~'

ment proble:ns fhat-. ariHE! wi. th E~vcn conS0t:"va tiVf~ projections

of migraticn and optimistic increases in non-agricultural

1 t · 18/amp qyment~ are 8 .aggeJ:'1ng,,-~=.t

V. Conclusi.ons and He("~ommenda.t:i.ons.._ ....... •·............·~"......"... ......._~......~_...._.__...M ..........__"n,....• ..........._-.._,.

It is 01ear that the green revolution has set in mo-

t:ion a pr.ocess tha.t will en ta:U. significant sh.l.fts in the

allocation of west Pakistan's agricultural output. It

thx'ouqh both the ccnl'K\mic and poli <;.ical st.(,l1ct:\ln'.~ of the

society II can be expected to exace:cbat>?: an alr.:eady hi.gh de-

to promote efficiency ~~nd to make possible a more humane

type 'of struc-tu.l::al change t.h~.m that. which has prevailed in

(1) Fi.cst, tlH.H.'!i': if-) a n(,H~d on eff:i.clelK:y g.rcmnds to

b.r.·ing domes~;l.c L'elative prices in lil1e "lit}, w·o.r.ld rnar.kE.~t

relatives. 'rhis is trl.\e of cereals: it is f:Jven mo.re im-

portant in the case of sugarcane. Finding tile correct
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absolute levels~ hOWeVRl.'..' ~ Ypill pe 110 easy task.. rrhe terms

of trade between agriculture and n()n-·C\9).~iculture are badly

distorted. Hence Q without considering a radical alteration

lower.ing prices to the rt'bsolnte level of \¥orld, pi'lces would

least effect:lve) t.-".rtic ".,mk11:;e;U:) aODt'oach \Vc)rld relatives from
J.. I~

both above and 1)010\·1.. Thiri> v)'ould reauLr:E! dowm'lard adjust-

menta ~or suga.t'c~.ne# maiz(:! and, 'tv'hEH",'I;, upwat:d adjtH-1tments

for rice and cotton~

(2) th~ insti tu tional assumpt;i.ofW. that u.nde.rlay the

tic indeed~ ~lere is litt~e evldence that the current in-

st:ltutiow;ll st.t·llctUr:t~ is capable of il1suJ':.i.ng {:.hat ,~]J;..1. fal:-

countries suggests that efforts to ptovide such a guaran-

tee th.r<:>Ugh nation.al burt;;~aucracie8 is p.r.ohlb:L tivc;;ly expen-

sive. Ellminatin<:} the poss.i.b:i.l.i.ty of .;~ Utop~dm'm" strategy

leaves no al tE'l.t:'native but to accept .the poli tical x:islts of

promoting various fo.rms of grass-.:ccots l fcu:mer···dominated

oJ:."ganiza.t:i.ons.. Whether: t'h<:!y be in the :form of coopera-
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tives or c.:OlnmuneSt small farmers and the la.ndless have .no

weapon against the ~:ryst€'m but o\7ganhw.tion ..

(3) West Pakistan must take s("Ir.iously th.(~ probl.em

of rt.~gim1al iuibalance.. No ().ne p.r.09t:am 0.1:" po1.icy will s\.lf­

f..ice; wha t is .i.€qnixed is an approach tlla t permi ts ~30me

people to stay on th(~ f;l.rm by {~xpanding their holding size,

others to be educated for migration to areas of demand for

industrlal and agJ:,ic\.~ltnral la'bol:.. W11eri~ possible, effOL"ts

at decentralizr3tion (."If industrial activi ty into g.>;:'owth cen-·

ters cl.ose to the affe(~ted :.:'e~jons It/ould have a high pay­

off.

S'uch ~~ffor:ts a'l;; mi ti.~F\tin9 the g,r'C1wth of i:~egiona1.

d:tspa.dt-y ar.e. of course, ~)tan(.{al~d x'ecoHlF',('mdat·;,111S 'm.d

s()me observf.;:r',,; haVI~ cautiC'.:"12d that tl1(}.V ...:).y be t,oa expen-·

sive in term::t of na.tion~.l g,cowth foY' i' country at paklstan' s

level of devcIopment to afford. Tht~ i'J;Jp.t;opriate e.ffort

is ind\1.:ed a mattel':' f()2: c-;alGl.llationo However, th~~ evidence

from developt.Kl CQufl.t.t:ies 'isthat thl?i downwar.'d spi.ral of

poverty that is St) p.l.~onlinenL a i:eatuy.'/3 of:bc:l.ckward regions

is difficult to reverse.

(4) I'll!;' 'pr('~r"lsalsrece:ntlY made'bV a n'l.lYnb(~r {~~f peo­

ple regarding the n~~ed to Ci;:\ptU,t'€"1 S01Ot~: of t116' v>findfall
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gains of technological change must be implemented. Even

casual arithmetic shows that the i.nC01\Ha terms of trade
""'...."""'~ .._otot_

have turned in agri.c\.l.l ttlre 's fe:1VOt" du.r.i.ng recent years D

Rather than capturing some of ~le surplus associated with

the green reyolution for the provision o~ non-agricultural

employmen t I the C..ovcrru\)cn t has permi. tted .:i. t to remain in

the hands of agriculture~

. (5) Lastly, what is needed most is a national policy

to\'la.r.d technological change" By investigating fu.rther

the effect.s of the. economics of me(.,hanization 6 for· example.,

it shcml.d be possi.blE) to define mo:ce carefnlly the ma9'n:J.·~

tudes of such parameters as tvage rates, interest rates, ex-

c.i.f3e taxes and subsidies: that: would c.ceC:1te an environment

for et,,"uctural transformation in agriculture that was Gon-

Edstent wi. th the non-c:lgricultural economy j s ab1.1:i. ty toab-

sorb surplus l:u.l.'al .labor .. Once thes(~ havl~ been ascertained,.

the 'government should not hesitate to :i.ruplement a program

which might resul t in significa.nt deviatiom) from that dic-

tated by the uru:egul.rJ.t.ed market.

The above ter.~hnical reeowmendatJ.ons are la.r.9'el.~t the

product of simple (:<:wnom:l.c analysis. If they are to have

1:oa1 credibili ty /I ho\,;eve.r. D they should also be accompanied

by a description of the. poli..tical and social. ro,~c"hanisms by
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by whlah they a.re to be impl(~mented.. 'rllif~ means, abovo all

else., a desl.::.t:'iption· of the natur.e of the clas!~ interests

that dominate '!.~he v"u7i.ous .a.spects of p?,'.!d.. stan t Ii; ecohcmic

lution of t'he pol:l tical consc;'ousness of these groups., and

porposals for alliances th('~t would move in. the right direc-

tion.

Such an ~,malysis is beyond the SCOPI.;:: of this. paperi

however, I would arqu.e that on(~ cal1 be anything- but opti~·

mistic about the' ability of west pakista.n's society to

develop inst.r:·ur.t\(·mts capable of coping1j;:'p,. th the co't.mtry IS

.. . l'tgrowl.ng .1..nc:ome J.rH·.H;rua. l. y ..



Appendix: A
xJ1!!w p.l:"o..g£amfgj.nLl19'§'~)1

manta shO'itJn in Eqnation l~

(~.x. ­
.1. 1.

(1)

where ·the parameters ·O.re defined as follm·/s ~

.th
(~;,. ~ the pet' acre net revenue ()htained from the:t crop ac-

(grosscevenue minus variable coats)

d
j

- the cost assoeiated tllith pUJ::chasing a unit of. tubewell

. . ~h .th . d
wa~er ~n ~ e J pcrJ.o ~

e
j

::;; the wage aSt~ociated with hir.-:i.rl':~ ~ ~In:it of hu.man labor

G • 'f,-;h •1n the J p~r~od~

The decision var:l.l1bl.e~3 a.ce:

x. c the level (number ot 3.c.r.:es) at \'.'h.ic..:h to employ p.roduc·­
l.

t ·! t" . .
.~on ac 1 V':l. ~y 1.

W
j

- the lev€":lat. which t(.) supply tu!)er.vell \,tate.l: in period j

j t.:; 1,2•• ,,1'

L
j

~~ the level (houl's) at whicl1 t.o t-.ire lah!).!:' :in period j

j := 1, 2 ..... 7!

Equation 1 ls ma:?~mized sUbject. to a s('1tries of conl'3tJ:aints



·n
oS"
41 y X s~'V +8.£=1 ij i j J

-A2-

( 2)

(3.)

where i .. is t'he gross water input (irtcluding losses) to
1)

th . th .. , h ' th . d Th I 1e:l act:tVl. ty l.n t e J perl.O ,.. . e V o. a are ca cu..,
J.)

late~ after netting ou.t the effective .rainf~11. S. is the
J

t t: f t: i 1 '1 1 f' • , t ' 1.'n J' thamoun o. sur a.ce wa ~er: ava . a,). e or 2.crJ.ga ~on

period. P is tub~~el1 capacity~

n
.E, Q•• ~ A
1=,/. 1.J

,!,and constraints

(4)

particular crop activity and ti.me period ..

where A is the total a.vailable acreage, and Q,., 0 S Q •• s 1,
l.J 1.)

for all 1j, is a coefficient of land use specific to ~le

In general Q •.
J.)

~11 1 n h th .th. t 1 i i h,~;.. :be 0 or .# '') W en ~....~ J l.U ·e.t:va s wholly n t e

gJ:'O'wing season of crop i.. Fractional values would indicate

that onA.y part. of the nionth falls in the growing season of

crop i.

!Ja'bor Cons traints

j r:.: 1~ 111, T

j l';S l,t 111, rr

(5)

(6)

"'"where L. is the upper limit of labor fixed to the 'farm (family)
:J
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.available In the j.th period, L. is the upper. limit of the
J

labor available for hire in the jth period. The .coeffi-

cients A. •• al.~e the total units of labor.' needed in period
1.)

j for activity i. Equaticl11. set 6 states that for' each

period, labor demand m'.1st be less than or equal to total

suppl.y.

Bullock power. Constl'aints
n

i~l a.ij Xi' S Mj
j =: l, .. ",T (7) ,

where M. is the upper limit of the bullock labor fixed to
J

the farm that is availahl~,} in the j th period and a... are
:1.)

the bullock power. inputs for tne i th crop in the "i th per·...

iod ..

special Crop and Sub~istence Constraints

i .;;# E t.k Xj, ~ Ak

Xi d! As s

....
k .... l~ ..... , k (8)

(9)

where As and l\ are .l':esp~ctively r.he lowe.r and upper limit,s

. imposed on the prod.uction of the partlcular crop. The s,et

k is the set of all activities which produces crop k o ·

Given current relative prices q there are several signifl-

cant dj,sequilibria in the cropping p:attern (prirtcipiU..lly

sugaroane and fruit) that must be held in check via acre-

8ge constraints" The a<:ti.vity indicated by is sUbscript
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of the variable x. produces crops f:C)!' consumption.. td.ni­
1.8

-mum acreage of certain crops suell as wheat and fodder must

be p~oduced to provide subsistence for the family and the

bullocks fixed to the farm.

The resulting linear programming mcdel is then of

the for.m:

Maximize R ." CZ

SUbject to AZ S B

B ;c 0

where the vector Z is the set of d(.ci:.:d.on va.r:iabl.es I C the

vector of act1.,t1 ty pJ::i.C:0S~ B the vector of .r:es()nrc:e avail-'

abilities and A the aotivity coefficient matrixo



'fable B-1
Calpulation of Farm Income at Domestic Prices

...............--.J_._....__......_lM ._._..._......, .....,..~............_~_........._~_.,~_~. .,,~ .......

...._ ..• _p~1~:!~'lJ._.!E_91Ul'21g.9'.Y __._~ ~~ ._~. ~

Size Fixed Costs J:ncome

SoO
7 .. 5

10 .. 0
12 .. 5
15 .. 0
17.5
20 .. 0
22 .. 5
15.0

Rev­
enue

836
1361
1864
2337
2787
3180
3543
3900
4240

nullocks*

250,-­
250
250
250
250

.250
250
250
250

Equip­
ment**

136
136
136
136
136
3.36
136
136
136

Build-·.
ings

100
100
100
100
100
100
100
100
100

Tube- 'rotal
well*'k*

486 350
486 875
486 1378
486 185J.
486 2301
486 2694
486 3057
486 3414
486 3754

Advanced 'rechnology

5 .. 0
7.5

10.0
12 .. 5
15.0
17.5
20 .. 0
22.5
25 .. 0

1784
2939
:,757
4442
4943
5319
5770
6250
6675

250
250
250
250
250
250
250
2,50
250

136
136
136
136
136
136
136
136
136

100
100
100
100
100
100
100
100
100

62
94

125
156
18'7
219
250
281
312

548 1236
580 2359
611 3146
642 3800
673 4270
705 4614
736 5034
767 5483
798 5877

~ :I • I_ ~~ _1>,, .._ ~ .._V'tl..~_..._p~--~ _"'~
*one pair. hullocks assumed to cost Rs 2000 and 'have a

~TO.r.ld.ng lifetime of 8 years ..
*'Ifgquipment list and life taken from Singh, Day & Johl

(22) .~

***~~bewel1 assumed to cost RS 100,000 and have a life­
span of 10 years.
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TABI..E B~:t DISTRIBUTIVE EFFECT OFAI:l'ERNATIW, WHF.AT PRICgS

Farm Size Income

She Number·

",~_~d..-,rIl'M"'\> ~_'_"'II' 1 ~__~ .......",_...........;u...~,.~_._~--_....___ .""__.._~

6.25

8.75
.

11.25

13.75

16.25

18.75

:23 .. 15

104

85'

57

45

35

21

20

14

26.9
(26.9)
22.0

(48.9)
14.7

(63.6)
11.6

(75.2)
9.0

(84.2)
7.0

(91.2)
S.2

(96.4)
3 .. 6

(100.0)

62.4 10.0' 52.0
00.0)

93.5 " 15.0 80.8
(25.0)

91.2 14.7 19.8
(39.1)

94.5 15.2 93.2
(54.9)

87.5 14.1 78.8
(69.0)

78.3 12.6 10.2
(81.6)

64.0 10.1 59.5
{9L9)

50.4 8.1 46.9
(100.0)

9.4 187.2
(9.4)
14.6 233.7

(24.0)
1I~.5 199.5

(38.5)
15.1 182.2

(53.6)
14.3 156.6

(67 .. 9)
12.7 131. 6

(80~ 6)
1O .. S 10~).O

(9L4)
6.5 79.1

(99.9)

14.7
(14.1)
18.3

(33.0)
1!j.6

(48.6)
14.3"

(62.9)
12.3

(15.2)
10.3

(85.5)
8.2

(93.7)
6.2

(l00.0)

135.2 12.5
(12.5)

178.5 16,5
(29.1)

163.9 15.2
(44.2)

159.8 1l•• l3
(59.01)

141.8 13.1.
(72.1)

122.8 11.4
(83.5)

10l.0 9.3
(92.<»

77.7 7.2
(l00.0)

621.8 551.2 1080.. 7

GOtsch/199



NOTES

* This paper. is a summary and extension of work carrieCl

out under AID/NESA Contract 403. :c M\ grc~teful to Walter P.

It'alcon both for coolaboration on the original work and for

comments on the specific contents of this paper. I am, of

course, :resp~sible for any errors that remain.

Y The term "green revolut::i.on II is taken to include the com­

plex of factors that have lE!d to rapid growth in the ~9'ri-

cuitural sector: tube~le1.1sI seeks I fertili.zer:, insecticides I

etc. It explic.i. tly does not c<:msider the impact c>f tractor

mec.~hanization for, as yet, the latter has had no widespread

2/ A samplt~ of the more recent wri ti.ngs migh-t include: Randolph

Barker /2/; Lester Brm<1n /5/; T.ow",,11 H,c\3t'd~,-n /10/ i Bruce F.

Johnston and ,1ohn C()wnie /12/;.' \"Jalter p, F'alcon /7/3 Hiromit.su

Kaneda /13/.

Y My colleague, Mort Grossman, continues to speak of.the "green

:w:evolution: in de~cl:i.bing the Indian si.tuation. As he points

out, the increased productivi.ty is thus far confined to a limited
.

number of crops in a limit:ed number of areas'. 'rhe case for a

cautious inte.r.pnltation of the i.mplication s of recent events

in India is givenempi.rical backing on B.Sn Minhas /15/.

4/ Clifton Wharton /23/.

5/ Carl H. Gotsch /8/.



'.,

, ..

§/ Much of this information is cont.ained in the Annual Reports

published by the Governrne,nt. of PakiBtan. See r for example t

Z. A. Munshi at al. /16/.

y Ne·t rew~nue is defined as gross revenu(~ minus variable or

out:-of~t.he pocket costs inOrf.:lased durin;) l::h(~ crop year.

Y Will Rodlin /20/.

,V Carl Gotsch and t'lal tel' Falcon /9/; Si:u:.frf.\z Khan Qureshi /19/.

~! I~uther G~ Tt-Teeten /22/.

!JI vJ:U.l Rochin. /20/.

11/ Rasul Abbasi': et.. "11. /1/.

1·11 In a recent paper, Bi:r:ki .:"rgues that the polit.ical inf.luencE?.._.I

of th.is class was t.he cat.alyst 1:.0 the economic transformat.iol'l

described above. v-Jhat.(~ver the dil:ection ()f cfl,usali -ty r there is

no disagreemE!l1t rf"';Flrding t:he b:too.d~n,i.ng of t:he political base

of ag,ci~ult:ur.al int.erest.s since the, middle. 60 's. Shahid Javed

Eu:dd 16/.

15/ An excellent discussion ,,'rnd sumJila:r:y of this whole argument

is to be found is S. R. Bose D s unpublished pap(~H:' dissenting

from the conclusions of: the GovBl·nmt.:.ml:. Commi ttet:;. set 'Up to in-

vestigate thJ;~ farm Illechanizatiol1 problem. 'J.'he latter report

does a disservice of ·those: in Pak.istan commil;ted t.o rational

policif)S for 1:; tl:u.ct:uX'i,;;1 chan9'~ i.n agriculture. Gov~:;'):nment. of

Pakista.n /18/. See aJ..so Hiromi tstJ. Karl(~da /13/.

1f,1 S~ladesh R. BOSf.:l and Edwin H. Clark /4/; 'Johnston and

Cownie /12/.
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