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TECHNOLOGY, PRICES AND INCOMES IN WEST PAKISTAN AGRICULTURE:
SOME OBSERVATIONS ON THE GREEN REVOLUTION®

I. Introductior

An astute definition of "progress" is that it is a
process in which one set of problems is exchanged for ano-
ther. Thouygh the observation may be a bit shopworn, it ap-
pears to bhe the most apt description of the profound eco-
nomic, soc¢ial, and politicalﬁchanges fhat are currently tak-
ing place in a number of the less developed countries of
the world: the §Q~calﬁed "green revoluﬁiong“l/ The story
0f these radical.increaseﬁ in agricultural ouvtput has been
widely told: how ;esaarch work on cereals, initially under
the Rockefeller Foundation auspices in Mexico and subsequently
under a joint Ford-Rockefeller venture in the Philippines,
produced new genetic materials capable of utilizing much
highey fertilizer dosages; how these varietices were spread,
again largely through the work of private foundations but com-
- plemented by U.$. technical assistance, to a large nunber of
countries throughout the world; and how the 'niracle seeds,"
coupled in mEny areas with water development, have resulted
in an entiresly different attitude toward the potential contri-
bution of the agifculturai sector in a number of less developed
2/

countrieg.= Althcugh the first wave of enthusiasm (at least
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regarding the extent to which this program provides an an-~

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

poor) is now begiﬁninq to wear off, there seemg to be little

doubt that these¢ efforts congtitute some of the most far-

. : . aven. >

reaching technical assistance programs ever undertaken,
put the problems associated'with the radical éhanges

in the uwnderliving production stxﬁcture have not been long

in showing thamselvam; Wharton, for examplé, writes:

"It will be no easy task to achlieve the potential
increased production offered by the new techﬁologyo
particulariy when it involves millions upon millions
of diverse farms and farmers scattered over the coun-~
tryside. If the increased production is in fact ob-
tained, this will antomatically produce 2 whole new
get of second~generation problems which must be faced
if development is te¢ be sustained and accelerated,
‘yherefore, two considerations need to be borne in
mind; First, there is iaéwon to believe that the fur-
ther spread of new varieties w&ll not be as fast as
early successes might suggest. Second, new problems
arlsing ont of the spread of the new technology, what-
ever its speed, need to be fcﬁeseen’and acted upon

now. 7The probable developments in each c¢ase have

the greatest significance for economic growth and for
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the conduct of international relationa."é/

The following stuﬁy seeksg to provide more quantita-
‘tive evi&encg on certain of the latter issues--particularly
those dealing with the relationship between prices, tech-
nical change and selected dimensions of the income distri-
bution guestion. The vehicle for the investigation is a
case study of a district in the Pakistan.Punjab, an area
that, in addition to having a rather large body of ba&é
data for agriculture, has cxperienced a green revolution

L]

of unparalleled swiftness.

I, ZTechnology, Prices and the Optimal Allocation of Re-
sources on a Representative Farm

The micro aﬁaLysis of various types of representative
farms has been carried out within a linear programming frame-
work, The basic model has beén praesented eclsevhere and has
been supplemented Zor this psper with several crop activi~
ties-(wheat, rice and naize) whose input-output coefficients
are assumed to rellect the new high vielding cereal varie-
tieg,g/ Data for the advanced tecﬁnologias were drawn
1axg¢1y from the agronomic ressarch carried cut by the De-
partment of Agriculture of the Government of West pakistan.,
At some points, these results were modified Ly discussions

with agricultural experts assigned to the technical assis-
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tance programs of the Ford FPoundation and the U.8. agency
_for International,Develapment.é/

There are no general census materials_that”pravide @
basis for ascertaining the impact of the new technology on
the relative incomes of various social cléssas in the rural
areas of West Pakistan. Conseqguently, the bezt that can be
done is to build up quantitative egtimates of its likely
effects by first examining its effects on individual farme
and thgn applying the results to a distribution of land by
farm size, Section TT takes up the first question in the
context of a set of farm management models that seek to
determine what happens to the optimal allocation-of rew
sourees when the input-ocuiput coefficlients in agriculture
have changed significantly from their traditional values,
These resulits are then aéplie&lto a farm size distribution
taken from Sahiwal District, the area in which the data for
the model were collected. A brief epilogus deals with the
1ikéiy poiiﬁical fallout of &he calculated changas in the
structure of ilncomes,

Table i presents a number of solutions to the "basic®
model. The assumptions are that this 12.5 acﬁe farm repre-
seﬁts a typical small holding in the Central Punjab,,that.iﬁ
ig owned and oprrated by-a cultivator and Lis famiiy. that’

the source of piwer is a single pair of bullocks and that the
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Table 1. Optimal Cropping Patierms in the Mixed Farming Area of the Central Punjab (12.5-Acre ?arg}’

I.B. crops Tradit%onel Advanced Wheat Advanced Rice Advanced Wheat and Advanced Wheat,
" Acves Technology : Téchnology~ Technology Rice Technology Rice, Maize Tech,
B {1} {2; {3) {43 (3} {6) (7} {8) {95 - (10)
Withnut With - Without With  Without With Withour With Without With
Tebewell Tubewell Tubewell Tubewell Tubewell Tubewell Tubewell Tubewell Tubewsll Tubewell
NET REVENUE (rupees) 2337 318¢ 2552 3577 2515 3231 2652 3678 2863 4320
CRC Coarse Riee 28 1.08 w57 1,70 1.16 3.45
SFR Summer Fodder .67 .87 .60 .67 64 87 .50 67 . 5C 67
{reguivred} ' ' .
SFO  Summer Fodder 87 A7 .60 &7 .64 C W87 3t &7 .0 57
{optional} : : '
CTD Cetton 2.42 .88 2.45 2.25 1.52 5.97 2.22
X¥G Summer Vegetables L0 18 310 .10 10 CL1C .10 16 .10 .10
RHE Wheat 4,74 i.69 5.57 &.26 $.87 i.6% §.51% 7.00 5.12 5.75
GRM Gram ' ) ¢ 1.62 1.8Q
OIL Oilseeds Z.8% 1.97 2.86 1,88 W23 _
BER Winter Fodder .84 .88 .80 .Bg .83 ,89 -80 . 8% .80 .29 ;
{required} ) . b
EEQ Winter Fodder L .&5 .8% .65 .89 '
{opticnall
MAZ Maize 2,75 4. 45
SUG Sugavcane .60 1,00 1,00 .80 1.00 .14 1.06 1.00 i.00
RVG Winter Vegetables .20 .20 20 .28 .20
FRT PFruit .30 <30 . 30 : .30 .30
TOTAL CROPPED ACREAGE 13.77 i3 13.16 14,49 - 15,10 15.34 13,15 16.23 13.82 18,02
CROPPING INTENSITY 110 117 1G5 118 ii3 123 - 105 130 110 152
* Cropping intemgity is defined as cropped acreagefcultivated acreage. Complete double cropping would

produce a cropping intensity of 200 percent. Sugarcane and freit are counted twice. il

**  The following maximum constraints are operative in the model: opticnal summer fodder-200 maunds: optional
winter {odder-400 maunds; sugarcane-l acre; sumner vegetables-.10 acres; winter vegetables-.20 acres; fruit-
.30 acres. See Appendix A feor a justification of these constraints,
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availéble surface water supply is proportional to the land
owned under a typical irrigation distributary. In addition
‘to .these fixed assets, it is assumed there are two types. of -
resource augmenting activities. The farmer may hire addi-
tional labor in peak seasons at the prevailing wage rate
and he owns a 1/6 share in a tubewell which he uses to
purnp shppleméntary water,

‘Several interesting gonclusibns about the éffect of
the new technology emerge from these solutions. PFirst,
the increasé in net revenue under "advanced" conditions is
substantial.Z/ 8 comparison of columns 1 and 8 suggests
that under the assumptions indicated above, prof@f maxie
mizing farmers cmﬁld improve their net revenuvues approxi-
ﬁately 85 percent by introduci@g the new methods. Several
factors are responsible: due to better irrigation facili-~
ties, thére was a sizeabie "écreage affect." On a farm
asauméd teo contaln lé.S acrea availabic for cultivation,
the.cropped agreage incteasedmfrom 13.8 acres to 17.7
acres, or about 33 psrcent. B2 sacon& contribution results
from the “yield effect" of the new varieties., Farm demon&
stration plots suggested that wheat yields could be expected
to increase by 60 percent, rice by iOO percent, and maize
4 by 90 percent; these estimates Qere incoeporated into the

_"advanced" activities of the model. Lastly, for most tech-
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nologies, there were substantial "cropping pattern effects,"
This reallocation of land resources between crops was again
due primarily to the flexibility of-“the supplementary wa-
ter originating from the tubewell. (Note, for example, that
with the exception of maize in Column 9, the "without tube-
wall" cropping patterns are quite similar.)

The interaction of these factors in the model ié.sig—
.nificaht. If tﬁe.awu changes fxoﬁ traditional té édvancéd
technology (tubewells and PV} are taken independently,
they yield an increase in net revenue of 35 and 25 per-
cent respectively. The sum of their individual increases.
{60 percent), however, is well below the 85 percent in-
crease produced when both are introduced éimultaneouslya
This has nothing to do with the kind of physical complemen-~
tarity of which agronomists spéak, but results rather from
the opportunity to increase the acreage under the profit—
able HYV when a flexible supply of supplemental irxigatioh
Watér is available.

The effect of variations in oﬁtput prices on nat reve-~
nue under different technological assumptions.iﬂ also of
interest. For example, Figure 1 shows that the introduction
of tubewells tends not only to shift the predicted supply_

curve of wheat but to ircrease its elasticity as well. This
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is particularly evident in comparing the with and withonk
tubewell case under traditional technology. The use cf sup-
plementary water decreased the écmpérativeAédbantége of
wheat with respect to cotton {the two compete for land dur~
ing the oﬁerlap of the summer and winter secasons), and
shifted the wheat supply curve to the left. At the same
fime, the ?ossibility of altering the seascnal disﬁribution
patterh of wate; ﬁas madea for éreéter=sensitivit§ Eo the.
wheat~cotton price ratio. 7The result is that the two nor-
mative curvés shewn for traditional wheat varieties cross.
The same mechanism proéuces the crossing of thé curves de-
plcting the impact of additional water supplies with ﬁighw
vielding varieties, 1Its effect is less viéible; however,
because the profitability of the new varieties insures'th&t

a major part of the winter acreage in irrigated areas will

be planted to wheat regardless of the availability of sup-
plementary water,

Regional pifferences: From the foregoing description

*

of the impact of high yielding varieties (HYV) and tubewells
on agriculture in the Central pPunjab, 1t is cbviousrthat a
nuwber of changes in the cropping pattern can be anticipated
as new agricultural technology becoﬁeé available. Not all
areas in West Pukistan have this versatility, however, and

a rather different picture of the effect of the "green réva~
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lution' emerges from an examination cf'%eﬁknoiag@cal chang=
in the Provinces ;ﬁ gind and the Nosthwest Frontiecr,

As Figure 7 indicates, thc Sind (Areas V, VI, VIX.
VIiT, and I¥} is comprized of a number of diffcrect Ccanal
systems. Those desiqsrdas "non-perennial® supply water only
during the summer months when the rivers rur full from the
ﬁonsoena and snow melts in the North., Most of these sreas,
exaagt for lzud that is near-the river 'and éhe larger ca-
nals, are underlain with saline groundwater  This combin~
ation of (1) surﬁacelwaﬁgr concentrated in the "kKhafif"
(spring planted}- season, and (2) an inability to store wa-
ter underground, severcely limita the cropping options that
farmers have.

" Indeed, until additional fall (“"rabi®) water becomes
available from Tarbela Dam, the traditicnal rice-faliow-
vice or rice-dubari-rice rotatien is virtunlly the onlv ale-
ternative. {fhe res daa) iiar muaisture which is curreantly

¥

usaed to gr. @ a crop ol vaitu we chickpeas in the rabi sea-

son is insufficiint for a crop of mMe | ' wheat.)
Even in the perennial canal &t ' . there is unlikely

to be much change in land allocation as a result of the seed-
fertlilizer revolution. Yields on the existing wheat and

ricé.areas have bern Increasged significantly. bBut as long
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as tﬁe_areas are constrained in their ¢ropping intensities
by the availability of water, the land trade-offs that
figure 80 prdminent;ylin altering the supp}y curves for
crops grown with tubewells (Figure i) will hot be opera~
tive.

The predicament of the dryland areas of the Northwest
Frontier Province (Area 1) is siﬁilar to that of the rice
tracts of the Sind, Rﬂinféil is virtually the sole deter-
minantlof the cropping pattern and the advent of t@e new
varieties of wheat is unlikely to produce any significgnt
nlteratiéﬁs in land ﬁse éatterns. Fortunately, several re-
cent studies suggest that in a sizeable portion 6f.the
area, earlier pessimism can be somewhat modified regarding
the ability of HYV to react to rainfed conditions.§/ BUt
the general conclusion that thé supply curve of wheat in
the rainfed aves is likely to be highly inelastic remains

validgg/

- IXT. Zechnology, Prices and the Distribution of fncomep

The previous section dealt with the jvpact of new tech-
nology and varliable prices on the resource allocation deci-
éiqnﬁ of a representative ilarm. In the foilawingAparam
graghs, these resﬁlts are extended to produce several al-

ternative estimates of the effect on the distribﬁticn of

incomes among the small farmer class., ¥ach of the alter-
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natives corresponds to an sssumption about the prices and
availability of séed, furtilizer and water fo various hold-
ing sizes.

Botimates of the relationship between farm size and
incomes were obtained from the programming model by paré~
metrically varying the land surface water and tubewell
éapacity constraints., For exampie, while family labor and
bullock power remained fixéd, the size of the "basic"
farm (12.5 acres) was varied downward to 5 acres and
upward ﬁo 25 acres. The net revemes obtained were then
reduced ﬁy such fixea items as the depreciation of equip-
ment and buildings and the various taxes and cesses that
are normAlly paid by the cultivators (see Table B-1). The
resulting incomes by farm size can be read from the solid
lines in Figure 3, |

As expected, where the HYV technology is available to
all, small farmers benefit relatively more tha: do their
larger ﬁeighborsa fdr example, on the 5-acre farm, income
increases from Rs 350 fo Rs 1250 or %pproximately 250 per-
cent; on the 25-acre farm, the increase is from Rs 3750
to Rs 5875 or 57 percent.

B more general impression of the effects 6f the tech-
nology can be gained by comparing the relative iﬁgome dig-

tributions of the “traditional" and "advanced® solutions.



e - iy o e S04t ¢ s b et

[ §-ee 0°8z  S°LI 0°¢1 §°TT B
P n d ) i ;
i ;

- | PU/QI "SH 3T IBOUM -~ - =

———— e s s i o o w4 — ek ..(.|..rl‘05|;|vl||du!\lv - o e

.
P . BT v
‘4

vt 3

PU/CY °5Y¥ 3T I@IUYM
AR T i0en S 1 S 0 A S 0

TR TR e A 4 4%1..14.443;. :

i T i

wirs ae

w— e

?r

” . ) S U S i
CoojaILo o LT SR R S P R TR To0e% -

, ” . m
wIeg IC 8218 Lo swmedul £ sIndid: . :

y 5 | | B

e

v



w], Do

Table B-2 gives the frequency distributions of farms in the
5 to 25~acre catggory in Sahiwal District. It also shows
the total incomes of each c¢lags obtalned when the income

of a particuiar repregentative farm is weighted by the num-
ber of farms in that category.

Lorenz curves constructed from the data in Table B-2
show that incomss under traditional technology tend to bhe
less equitably distributed than Iaﬁd (Figure 4). The rea-
son for such a result i€ not difficult to find. Examina-
tion of the programming model indicates that under tradi-

tional technolegy, net.revenue increases in proportion

to the lncreases in land and its associated surface water
over almost the entire 5 to 25-acre rnage. The "dual" of
the model indicates that constraints on bullocks and family
labor are not binding and thus are not the basis for diw
minighing returns to land. This Lorenz curve describing

net revenue by farm size under traditional technology would

be virtually identical with the Lorenz curve of the distri-
bution of land.

Subtraction of similar fixed costs for the net reve-
nueé of each holding, however, generates a Lorénz curvea of
income that lies below the curve representing the distribu-
* tion of land.

The egfect of fixed qosts is alsc evident oh the dis-

tribution,@? Income under advanced technology. However, due
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te the significant increases in intensity resulting from
increased water supplies and the increased Yabor require-
ments associated with HYV, bullock and human labor constcaints
guickly become binding as farm size increases, As a Lo-

sult, che disproportionate impact of fixed costs on the

small darm is off-~gset by a comparative advantage in high

‘ .
v

value, labor intensive activities,

The results shown in Figure 4 f£low directly from pro-
duction theory. But they are extremely important for they
illustrate virtually the only conditions short of land re-
distribution in which the distributive effect of the green
revolution can lead to greater income equality. The assump-
tions are strong: all new inpqts are divieibls, either in-
trinsically or through a conpetitive market tfeor hired ser-

vices, and everyoneé has equal access bo the inseitutional

services that dispense the knowledyge and credit required

Recent researvih curgests that these assumptions are
at least in part correct, Work by several authors sumnmar-
ized by Rochin(Zirdicates that there is little difference
smong different farm size groups regarding the percentage
of cultivatore row uzing improved geeir. The same is

trne of forrilizer although here there jis some difference
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between large and'small farmers in the level of use, It
seems that despite the general lack of concern regarding
small farmers that has traditionally been associated with
various goverpment agencies, the simplicity, divisibility
and profitability of seeds and fertilizesrs have been

éush that the diffusion process has penetrated to all
éize'groups.

Thepe 18, however, one aspect of the research that is
crucial and ﬁrovides considerable cavse for concern. Ace-
cording to 3 cecent survey by Mohammad Nesean (17), he too finds
little difference hetween farm sizes in the diffusion of
the seed-fLertilizer prcokage, but the same cannot be said
of access to supplarentery water.. fhis is to be expectéd
gince the tubewell lIs a"luvapy input whose spatial immobil-
ity imposes rather severe llndtations on the emergence of
) cnmpéhitive market Lor water.

Imposing constraints on the availability of supple-
mentary water on the swmall farmern m;king up the lower
portion the holding size frequency curve would undoubtedly
produce a Lorenz curve of income distsibution that lay be~
low that associated with traditional‘t&chnologyt That;
is, small farmers wogld be beétter off in absolute terms

but substantially less well off than their larger neighe
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bors in relative ;erms.

Thus far the analysis has dealt almost exclusively
with the distributive effects of the highly divisible techQ
' nology associated with the seed-fertilizer revolution. Of
interest also, however, are the distributive effecﬁs of al-
éernative prices under conditions of changing technology.'
What.wouid the impact be, fér example, :of permitting wheat
prices to fall to approximately world market levels? The
dotted lines.in Figure 3 show the results of parametrically
varying the land and water constraints in the model uhder
an assumption that wheat prices have been decreased by one
third. (Parm income was obtained by sﬁbtracting‘the fixed
costs ags in the prewvious exercige.) Lorenz curves were cal-
culated from the income estimated by size 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 é;

In the case of both technologies, the decline in
the price of wheatrhas altered the distribution of income
in favor of the larger farmers. The familiar fixed cost
or "lumpy input" phenomenon--here represented in large
part by the family and the bullocks associated with.tradi*

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

bution occurs, Both large and small farmers would suffer

a decline in incone undér the circumstances postulated.
However, for thos: whose incomé was already small, a fur-
ther decline would only accentuate the disproportionatce
'impact.of fixed.costs, The smaller the income relative to |
a constant fixed cost, the more disparate the income disg-
tributidn amonyg ¢roups.

Table B~2 also shows, however, that a reduction in

the price of wheat would tend to produce greater inequality

amonyg size groups under the assumption that advanced rather
than traditional cechnology is being used. An examination

of the cropping paierns associated with various farm sizes
quickly reveals why this is 500. 2s farm size increases,

the additional flexibility associated with advanced technology,
especlally supplemechkary water,-causea the wheat activities

to exit from the model long before they do under traditional

conditions, Conseguently, the downward change in wheat

prices have little effect on the larger farmers with farm
sizes above 12.5 acres for they have no wheat in the crop-
ping pattern. Small farmers, who do not feel the pressure

of power constraints to the same degree, do not seek to re-
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duce their wheat acreage, The result is a relatively
'greater decline in incomes when.éhe wheat price falls
and an increase in income disparity.

| The most significant dis ributive éffects of a fall
in wheat pri¢es, however, would again be aésaciated with a

situation in which the smaller (armers do not have access

L-

ta the new technology. In this situation the inelasticity
of supply. part;vularly among those without supplementary
water, means that falling pricee vill oroduce significant
declines in income. On the other hand, those whose farming
operations haﬁe attained a high degree of flexibility
through the use of modern inputs can be expectied, under
the same Lwnﬂk dons, to shift but of wheat and into more
profitable alternatives.» The result would tend to be a
marginal decline in incumes and, whe: compared with the posi-
tion of those unable to alte; thelr croppine patterns,

an increase in income disparity,

Regional Differences: as Tweeten has pointes out:

"The theory [of stagnation] contains three basic

elements that apply to individuals, regions or groups:
{a) they are confronted by factors which raguire ade
justments in resources, products and techndlogy,

(b) the" have ildentifiable chardcterlstlcs which give
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rise to differences in ability to adjust to factors
in (a), and finally (¢) whén the fotdes requiring
adjustments are large relative to the ability to ad-
just, a liminal level of adjustment in reached at
vhich the environment develops anomie and other dis~
functional synd;omes inimical to rapid chaqge. ‘fhe
area environment then becones léﬁs rather than more
wonducive to satisfactory economic adjustments to
changing conditions."ég/(my italiés)
This comment is as= true of regional development in
ﬁest Pakistan as anywhere else. Whether one is talking
. about the "flexibility" of an area or an individual farmer,
the lack of alternatives in the face of changing conditions
is the eséence of increasing disparity.
The characteristics that are perhaps most relevant
in jdentifying the likely course of regional growth in agri-
culture have <o do with‘the distinction betwsen (1) areas
in which only the yield effects of new technology are avail-
able, and (2) areas in which changes in both yields and cropn
ping pattern effects can be anticipated,
An exanple of the first case is much of the dryland

' wheat area in the nofthenmporticn of the Indus Basin. {Area
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I on Figure 2). As Rochin's recent work has shown, there‘is
now reason to beliéQé tha% at least in the higher rainfall
areas (30-50 inches) some bhenefits can be expected from the
seed-fertilizer t%chnalogy.;i/ His field survey, based on

a sample of farmers, shows that average yields of 19 maunds
per acre were obtainsd in Hazara District using modern tech-
nology. This was an average increase of 103 percent over
the control group., Lawrence also reports significént yiéla
increases asgociated with tractor power cultural practices
(deep plowing and fallow) similar to those practived in the
dryland areas of the United Sfates.ég/

As a consequcence of these findings, the extreme pessgi-
mi=m of carlier vears is giviasy wav to a somewhat more opti-
mistic view that yield increases in some parts of the dry-
land areas will be sufficient to make discernible improvements
in the welfare of farm families living there.

An even more optimiétic picture for future progress
is presented b§ another traditionally backward area of West
Pakistan: the southetn portions in the province of $ind
{Aveas ¥, VI, and VII on Figure 2).. As indicated elsewhere,
the new rice varieties have ghown themselves to be unusualiy

adapted to the dry, sunny climate of the nresn, Although

there again appeacs to be little possibility of crop diver-
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éification, farrm incomes can be expected to improve signifi-
cantly through the Qiéld effects alone. The latest reporct
of the rice research stations at Kala Shah Kaku and Dokri
indicates, for example, that yields of 60 maunds of rice are

13/

now commonplace. Severe institutional and marketing con-

Straints.cbntinue to exist; but these are problems.that, un-
like the basic c¢limatic, soii and water constraints, can in
time be solved,

The real beneficiaries of the fruits of technical
change, however,'are farmers in the more versatile areas of
the Central Punizb (Aréas 1 and III on the wap). Not only
are they able to btake advantage of the increased productivity.
agssociated with the seed-fertillizer revolution, the water
distribution is auch tﬁaﬁ they can respond in cropping pat-
tern terms to the increase in comparative advantage of the
new varieties of rice and wheat. Again, if the evidence
. 6 more developad agriéultmres iz apy guide, this basic
flexibility (here demonstrated by the ability to take the
ultimate advantage of new technology) will prove to be the
central fact in maintalning the dominance of this area in
West Pakistan agriculture in the long run,

vhus far, comments on the effects of modernization on



~2)e-

.regional incomes have focused on the impacﬁ of the new tech-
nology itselﬁ. No attention haé heen given‘tovthé‘indiract
effects produced by the impact of incr&asgd output on the
prices of such widely grown commodities as wheat and rice,
GivenAthe recent gluts on thw world cereal markets, it is
probably unreslistic to assume that the governmentvwili want
.to amintéin adrkeht price xalativé@ in the face 6f‘signifi~'
aant by increased domestic supplies. Yhe most reasonable
assumption would be that some type of downward adjustment of
those cereal prices that are most seriously distorted will
take place, at least over the medium and long run.

Not surprisingly, the vnlnerabiiity'of various areas
to price changes is closely linked to their ability to adopt'
new technology. As in theg case of technology alone, flexi-~
bility or range of @hoiée is the key. The dryland areéas,
c@nstxained by the rigidity of the environment from adopt-
ing‘Q&w technology, face exactly the same set of constrain-
ing factors as far as price response is concerned. Indeed,
the cro§ping pattern effect, described @arlie; ag ah acre-
age response to the ¢hanges in comparative net revenues, is
the same phenomenon regardless of Qhetherrthe altzration in

nat revenues results from a change in the market price of
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the output or a change in its unit costs. One would there~
fore expect the sévexest effect on incomes of declining
wheat prices to occur in these areas which have highly in~
elastic supply curves for wheat, (The chbvious caveat that
this only applies to the marketedlsurplus must be ﬁade;
however, nearly every farmer sells something, and to that
extent he is vulnerable, At best, opre could say that sharp
declines dn wheat pricoz will make it moge difficult to raise
living standards above the subsistance level.)

Incomes iﬁitha rice areas of the Sind are also affected
almost proportionately by declines in the price of rice.
Although the suppiy curve has shifted out, it remains quite
inelastic., (3ome ohanges in the level of purchased inputs
may occur as variable costs are adjusted wo lower output
prices, However, given the shape of the production function
of the new rice varieties, it is unlikely that this will be
a very important phenonenon.) .

The ability either to profit from or %o minimize the
adverse consequences of vaxious price policies is ohviously
again gxeateﬁt in the Central Punjab, The reader will by
now éecognizm thaﬁ the source of poth the ability to respond

+o prices and the abillty to adopt the new technology have
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their origin in the avajlability and seasonal flexibility of

the irrigation water supply.

iVv. Sechnology, #rices and Political infiuence

———

As any student of public policy is aware, Government
prograns are deeply embedded in the political processes of
a country. The decigions ﬁugrounding;policies regarding
agricultural prices and technoclogy in West Pakistan are no
,exception; - {indeed, there iz much about the wakeup of tﬁat
soclety that permits samé fairly convinzing analogies ﬁo
be drawn between the experience of developed countrieg--par-
ticularly the southern poriiun of the U.g.--and the likely
course of agricultural transformation in the Indus Basin,)

The previous section;e discussicn of the distioibutive
effect of technology took a very narruw, static viow of the
problem, EBven in terms of its foous on farmers wich less
than 2S'acraa~mperﬁaps.tha key group in the process since
" they make uvp the majority of the.cuitivatoréuwthe dynamics
of the distiribuitive effects have not been examined. Freve
ious studies have shown, however, that the rates of return
‘on the new seed-fertilizer-water combimations are high.
Moreover, there is cconsiderable casual evidence that,

among the larger farners (50-I00 s substantial amounts of
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these returns are being used to modernize further thelr ale
ready progressive enterprises. ' Thug, the conpound effects
of growth among thiz greup are well under way,

At the same time that econonic modeﬁnization ig tak-
ing place, however, another procesg-w-a political one--is
also underway.;é/ As subsequent paragraphs will acqgue,
the wealth of this new class of farﬁexs, partly derived
from their use of technmlogy,.but equally supported by a
distorted set of rommodity prices, is reflected in thelir
increasing political influence. This is a matter of funda-
mental. importance. ¥For the history of agricultural policy
in virtually every society underscores the fact that this
group of better educated, more progressive farmers, oWn.ny
most of the factors of production but containing a minority
of the people will, if permitted, attempt to speak for all
of agriculture on matters of technology and pcices., Based
on the U.3. euperience, the following pressures from the
commercial sector can be anticipated:

(1) The larger farmers will be strongly opposed to
any reduction in the Government's current support of oute
put prices. Ar example of their waxing power was the re-
cent re-establishment of the wheat support price .in the

face of the almust unanimous opposition of esconomists in
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the Provincial and Central planning agencies. (The self-
serving rationale that will be put forward by the large
farmers is also well known from the esperience of developed
natidns: "It will severely affect the income of the small
farmers.")

(2) The larger farmers will be against any program
of.selectiva mechaniéation, There is already considerable
literature on the prematurg mechanization of agricultural
in Pakistan, particularly since the equipment is being im-
Forted at a subsidized exchanage rete, and provided under
épecial credit arrangements }é/ Several authors have ar-
gued that this subsidy should he elinminated, and obvicusly
guch proposals should be supported., put there is some
question as to whether this will greatly reotard the rapidity
with which the larger land owners will woderaize their opera-
tionﬁ.ié/ First, tractors are likely to be pruduced soon
in pakistan, It is exceedingly difficult to see how planners
or concerned administrators will be able to resist the pres-
sure  of an alliance betwean the industrialists (foreign and
private) and the larger farmers Lo such plants, Second,
even if trartors and equipment were inported at the economy ' 8

current shadow price of capital, private costs and benefits

would still diverge from their social valusms. So long as
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ground water supplies are not under public control, the

150 percent cropping intensity figure for West pakistan
cannot ke regarded as an effective constraint. with appro-
priate equipnent aﬁd enough tubewall capacity, there is
every reason to believe that in the near future, efficient
_operators will be able to double-crop fully the laéd they
operate. Such an intensive use of land, only feasible if
nmodern equipment is available, provides private rates

of return that make agriculture one of the most profit-
able enterprises in thé economy .

(3) The larger farmers will resist public control of
the water-bearing acquifer, Currentlv the water table is
within the reach of the cantrifugal pumps that even the
alightly sbove average farwar can install on his tubewell.
In the long run, however, the water t&blé can be expected
to ﬁfcp below the reach of the pumps curvently in use, to
depths that reguire wodern turblne punps. %he latter are
expengive and necessitate a capital owtlay many times that
of the centrifugal punp. Obvieusly, as the water table
continues to fall, only those having access to capital
for pumps that can tap the deeper layér& of the acquifer
will be able to continue to expand their operations.

(4) lastly, the increasingly powerful political posi-



tion of the new agricultural class will make difficult the
‘institutional reforms neadéd to capture-~in a pragressive
fashion-~gome of the overall increase in ag#icultural érOw
ductivity for development purposes., Pakistan's current
meoilization of domestic resources as a percentage of GNP
is extremely low, even by developing country sfandards,
With # deterioratingjforeign aid picture, it must rely
more heavily on internally_ generated sources. VYet the
Fourth rive Year Plan gives no evidence of a willingness
to deal with these hard issues; in particular, nothing of
significance is proposed for appropriating the windfall
gains referred to earlier. Xf anythlag, the introduc-

tion of the necessary institutional seforms ceems as dige

, | 17/
tant now as it was a decade ago. -

The preceding desaripﬁion of the forces on the stage
in west Pakistan paints a not-unfamiliar picture to students
of U.8. agricultural poiicy. Indeed, some foreign agricule-
turalists are actually pleased by the prospects outlined
above since in the short run at least it will undeniably
lead to a continuation of the high rate of agricultural
growth. To others, however, the prﬁapect of modernizing

agriculture "U,.5. style" is distinctly unappetizing.
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this is particular;y true when one adds to the previously
indicated ccmpanenté of ¢hange a three percent fate of pop-
ulation growth. As Johnston and Cownie show, the employ-
ment problems that arise with even conservative projections
of migxaticn_amd optimistic increases in non-agricultural

'3
employment, are gtagg&ringa;§/

V. Conclugions and Recommendations

It is'ﬁlear that thg green revolution has set in no-
tlion a process that will entail significant sh’fts in the
allocation of West Pakistan's agricultural output, 7Tt
seens equally obvious, that these same forces, working d
theough both the ecnnomic and political structure of the
society, can be expected to exacerbats an already high de~
grae of incoma disparity. Tilven this disginsis, war. soct
of teﬁhnical recomuerdations aould be wade that would fead
to promote efficiency and %o make possible & more humane
type of structural change than that which has prevailed in
most developed societies?

(1) Pilrst, there is a need on efficiency grounds to
bring domestic relative prices in line with world market
relatives, This is true of cereals:; it is even more im-

portant in the case of sugarcane. pinding the correct



absolute levéls, however, will be no easy iask. The terms
of trade between agriculture and ugnwagricultufe are badly
distorted. Hence, witﬁout considering a radical alteration
of the overall forelyn exchange policy{eq oubetiom), sinply
lowering prices to the absolute level of world prices would
be inappropriat¢. The least discuptive {(but also perhaps
least effective) tartie waldbetw approach world relatives from
both above and bhelow. This wﬁuld reguire downward adjust-
ments for sugarcane, mgiz& and wheat, uwpward adjustnents
faé rice and cotton,

(2) the institutional assumpticws that underlay the
aralysis of income distribution by farm size were optimis-
tic indeed. There is little evidencs that the current in-
gtitutional structure is capablé of insuxing that all far-
mers have access to those inputs that are by their nature
infinitely divisible.: Moreover; the experience of other
countries suggests that gff@rts to provide such a guaran-
tee thiough national bureaucracies is prohibitively expen-
give, Ellminating the possibility of a “top=down" strateqy
leaves no alternative but to accept the political risks of
promoting various forms of grass-roots, farmer-dominated

organizations. Whether they be in the fowm of Cooperam
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tives or cowmunesy small farmers and the landless have no
weapon against the system but otg&niﬁatimn,

(3) West pPakistan must take serisusly the problem
of regional imbalance. No one program or policy will suf-
fice; what is reguired is an approach that permits some
people to stay on the farm by expanding their holding size,
others to be educated for migrati$n to ér@as of demand fdr
industrial and agricultural labor., Where possible, efforts
at decentralization of industrial activity into growth cen-
ters close to the affected regions would have a high pay-
off,

Such efforts at mitigating the growth of regional
aigparitv are, of course, standard recomrendatiomz and
some observers have cautionsd that they ..oy bhe too expen-

i Pakistan's

&Y

sive in terma of national geowth for o countey
level of development to afford., The appropriate.effart
is indeed a matter for éaiaulaﬁion,, siowever, the evidence
from developed countries is that the downward spiral of
poverty that is sc prominent a feabure of backward regions
is difficult to reverse,

(4) The pronmsals recently wmade by a numboer of Pag-

le regarding the need to capture gsome of the windfall
9 F
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gaing of technological change must be implemented, Even
'casual arithmetic shows that the income terms of trade
have turned in agriculture's favor during recent vears.
Rathér than capturing some of the surpius assoclated with
the green reyoluticn for the provision of non-agricultural
employment, the Govermment has pernitted it to remain in
the hands of agriculture,

(5) Lastly, what is needed most is 2 national policy
toward technological change. By investigating furtﬁer
the effects of the economics of mechanization, for. example,
it ghould be éossihle to define more carefully the magni-
tudes of such parameters as wage rates, interest rates, ex-
cise taxes and subsidies, that would create an environment
for structural transformation in agriculture that was con-
sistent with the non-agricultursl economy's ability to ab-
sorb surplus rural labor. Once these have been ascertained,
the government should not hesitate to implement a program
which might result in significant deviations from that dic~
tated by the unregulated market,

The above technical recommendations are largely the
product of simple economic analysis. If they are to have
real credibility, however, they shouid also be sccompanied

by a description of the political and spcial machanisme by
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by which they are to be implemented. This means, above all
else, & descripﬁioﬁ‘of the nature of the ¢lass interests
that dominate the various aspects of Pakistan's econcmic
policy, an identifivation of the extent and potential evoe
Jution of the political monsciousﬁess of these groups, and
porposals‘for alliances that would move in the right direc-
tian; |

Such an anzalysis is beyond the scope of this. paper;
however. I wouid argue that one can be anything but opti-
mistic about the;ahility of West Pakistan’'s society to
develop instruments capable of coping with the country's

growing income inequality.



Appendix A
The Programming Model

The objective function of the wodel contains the de-

mants shown in Eguation L.

n T yA

R= 2 oX ~ 2. dw, -~ o el
B St A B, £ M S R £ A

where the parameters sre defined as follows:

5
2
#

C e e L th
s the per acre neft revenue obtained from the i

{gross revenue minug variable costs)

faX
4

o’

(1)

crop ac~

j = the cost associated with purchasing a unit of tubewell

. .th . '
water in the j period,

@j = the wage associated with hiring & unit of human labor

in the jﬁh pariod,

The decision varlables are:

%, = the level (number of zcres) at

tion activivy i io= 1, 2...

=
.

:i L2 19 2«.0?

Gte

j == l: Qone'y

the level at which Lo supply tuhewell watey

L, = the leval (hourst! at which tn tire Lahor in

to employ produge

in period j

BEquation 1 is mazimized sukiject to a series of constraints

of the following Fforms
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X, SW, + 8 ’ d % LypeersT (2)

Wj = P 3= Ly wear? (3)
where iij is the gross water input {(including losses) to

5. ﬁh L4 - kd gth > ) '
the i activity in the j period. The Vij 8 ara calcu-
- lated after netting out the effective rainfalil, Sj is the
amount of surface water available for irrigation in jth
period, F‘is tubewell capacity.

Tand Constraints

Qij ::A 3‘ "u'"!lg z‘san‘i‘ (4’)

g

L

whefe A is the total available acreage, and Qij' 0 s Qij £
for all ij, is a coefficient of land use gpecifiz to the
particulayr crop activity and time perviod. In general Qij
will be G or 1, 2 when the ﬁth interval is wholly in the
gﬂwwihg season of crop i. Practional values would indicate

that only part of the month fails in the growing season of

crop i.
Labor Constraints
n L
k 'S J g * 1 = F] ..
féi g4%; F By + I =3, ML, T (5)
L., § T, = 1, 111, T ‘ 6
3 5 7 3 (6)

where E? is the upper limit of labor fixed to the farm (family)



‘available in the jth period, ﬂj ie the upper iimit of the
labor available for'hire in the jth period, Thelcoeffiw

cients hij are the total units of labor needed in period

j for activity i, Eguation set 6 states that for each

period, labor demand wast be less than or equal to tbtal

supply.
Bullock POwer Constraints
n
LY . }
a . & A e
ié-fl i3 X, Mj 3 K | .~ (7)

where Mj is the upper limit of the bullock labor fixed to
the farm that is available in the jth period and a;j are

the bullock power inputs for the ith Srop in the jﬁh per-

iod.

Special Crop and Subsistence Constraiants
i=5M x =5k K= 1,uu.s k (8)
xisgztns Sz‘zlybw*p B8 {9)

where As and Ak are reap¢ctive1y'the lower and upper limits
" imposed on the production of the particular érop. The set
k is the set of all activities which produces arop X.-
Glven current relative prices, there are several signifi-
cant disequilibriaAin the cropping pattern {principally
sugarcane and fruit) that must be held in check via acre-

age constraints., The activity indicated by is subsgeript



qf the variable xis pro@uces crops for consumption. HMini-
-mum acreage of cértain erops such as wheat and fodder must
be produced to provide subsistence for the family and the
bullocks fixed to the farm.

The resulting linear programming model is then of

the form:

Maximize R = C%
Subject to A% 5 B
B 2 0

vhere the vector 7 is the set of decislon variables, ¢ the
vector of activity prices, B the vector of resounrce avail-

abilities and A the activity coefficient matrix.
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_ ~Pable B~1
Calculation of Parm Income at Domestic Prices

Traditional Technology

Size

5.0
7.5
10.0

12.5

15.0
17.5
20,0
22.5
25.0

® e ® [ ] ] L] L] v

NN C it O3,

a

IS SE R ol ndk ndl vy
B el Be il ReRy el Ne

Rev~

gnue

836
136l
1864
2337

2787

3180
3543
3900
4240

1784
2939
3757
4442
4943
5319
5770
6280

- 6675

Bullocks®

250~
250
250
250
250
. 250
250
250
250

Fixed Costs

Equip~
mentsd

136

- 136

136

. 136

136
136
136
136
136

Build~
ings

100
100
100
100
100
100
100
100
100

Advanced Technology

250
250
250
250
250
250
250
250
250

136
13e
138
136
136
136
1238
136
136

100
100
160
100
100
100
100
100
100

Tube-~
well®ks

A
o
o«

um

62

94
125
156
187
219
250
281
312

Total

486
486
486
486
486
486
486
486
486

548
580
611
642
€73
705
736
767
798

Income

. 350

875
1378
1851
2301
2694
3057
3414
3754

1236
2359
3146
3800
4270
4614
5034
5483
5877

working lifetime of 8 years.

(22).

*Opne pailr bullocks assumed to cost Rs 2000 and have a

##fauipment list and life taken from Singh, Day & Johl

ke Ppubewell assumed to cost Rs 100,000 and have a life-

.span of 10 years.



TABLE B~ 8 DISTRIBUTIVE EFFECT OF ALTERNATIVE WHEAT PRICHS

Farm Size income
Traditional Technology Advanced Technology
Size Number . % Re 15/md R& 10/md Rs 15/md Rs 10/md
, Total "% Total % Total - % -Total - %
‘thousand) (million) (million) " fwillion) (million)
6.25 104 26,9 - 62.4 10.6 -~ 52.0 Yol 187.2 1.7 135.2 . 12.5
) €26.9) (10.0) (9.4) (14.2) (12.5)
8.75 85 22.0 93.5 15.0 20.8 14,6 233.7 18.3 178.5 16.5
, (48.9) (25,0) (24.0) (33.0) (29,0)
11,25 57 14,7 91.2 14.7 79.8 14.5% 199.5 15.6 163.9  15.2
(63.6) (39.7) {38.5) (48.6) (44.2)
13.7% 45 11.6 6.5 15,2 3.2 15.1 182.2 14.3 159.8 14,8
{75.2) C(54.9) (53,8} {62.9) (59.01)
16,25 35 9.0 87.5 14.1 78.8 14.3 156.6 12.3 i41.8  13.1%
oo (84.2) (6%.0) {67 .9) (75.2) C(72.1)
18.75 27 7.0 78.3 12.6 70.2 12,7 131, 6 10,3 122.8  11L.4
(91.2) (8L.6) y (80.6) (85.5) (83.5)
21,25 20 5.2 4.0 10,3 58.5 10.3 105.0 8.2 101.0 9.3
(96.4) IS (9%.4) (93.7) (92.8)
23.75 14 3.6 5N.% 8.1 46,9 8,5 79,1 6.2 77.7 7.2
140,0) {£100.0) {99.9) (100.0) {(160,0}
621.8 551.2 1274.9 1080.7

Gotsch/i99



NOTES

K 'This‘paper.is a summary and extension of work carried
out under AID/NESA Contract 403. I am grateful to Walter P.
Falcon both for coolaboration on the original work and for
comments on the specific contents of this paper. 1 am, of
course, resposible for any errors that remain.
1/ Thé term “green xevolution® is taken to inélude the com-
plex 6f factors thatlhave led te rapid growth in.the ggriw.
cultgral sector: tubewells, seeks, fertilizer, insecticides,
etc, It eipliaitly does not consider the impact of tractor
mechanization fof, as yet, the latter has had no widespread
effect.
2/ A sanple of the more recent writings might include: Randolph
. Barker /2/:; Lestexr Brown /5/: Lawall Howdin /10/; Bruce T.
Johneton and John Cownie /12/: Walter P. Falcon /7/; Hiromitsu
Kaneda /13/.
3/ My colleagﬁe, Mort Grossman, continues to speak of the "green
revolution: in describing the Indian situation. As he points
out, the increased productivity is thus far confined to a limited
number of crops in a limited number of areas. The case fo# a
cavtiocus intekpretation of the implications of recent events
in India is givenempirical backing on B.S. Minhas #15/.
4/ Clifton Wharton /23/.

5/ carl H. Gotsch /8/.



6/ Much of this information is contained in the Annual Reports
published by the Governuent of Pakistan. See. for example, |
Z. A, Munshi et al. /1i6/.

1/ WNet revenve is defined as gross revenue mMinus variable or
out~of-the pocket costs increased during the crop year.

Will Rochin /20/.

2 @

Carl Gotsch and Walter Falcon /9/; Sarfraz Khap Qureshi /19/.

i‘!—*
<
~

Luthexr G. Tweeten /22/.

Will Rochin /20/.

5

12/ Rager Lawrence /14/.
12/ Raszul Abbasi, et. al., /1/.

14/ In a recent paper, Birki argues that the pmlitiéai‘influence
of this class was the catalyst o the economic transformation
described above. Whateveyr the direction of causality, there is
no disagreement regarding the btmédening of the political base
of agricultural interests since the niddle 60's. Shahid Javed
Buxki /6/.

15/ An sxcellent digcussion and sumvnary of this whole argument
is to be found is 3. R. Beosa's unpublished paper dissenting
from the aonclusicns of the Government Commitiee set up to in~
vegtigate the farm mechanization problem. The laﬁt@r report
does a disservice of those in Pakistan committed to rational
policies for structural change in agriculture. Government of
Pakistan /18/. See also Hiromitsu Xaneda /13/.

16/ Swadesh R. Bosgse and Edwin #, Clarxk /4/; Johnston and

Cownie /12/.
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