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CHAPTER I
INTRODUCTION

The spread of high-yielding cereal wvarieties particularly of
wheat and rice since 1965 has ushered an era of great'agricultural

transformations in manyparts of Asia., This has allayed the fear of

the Malthusian spectrel/ and generated new hopes for these countries,
‘ The realizable potential iImproves the prospects for sustained growth
| of these economies. The challenge facing policymakers and planners of
these and'ogher less developed ;ountries_is how to convert the potential
into a sustained basis for thé furtherance ;nd continuation of the.
process of transformation.
Whereas the technological breékthrougﬁ in cereal prﬁduction in
_Asia popularly known as 'green revolution' has obviously generated in-
creased agricultural output and farm incomes, the distribution of these
gains by no means seems to be eveﬁ. Larger land owners--in addition
to the increased farm incomes-—are realizing large capital gains on
- thelir landed froperty. They are thus benefitting far more than are

small farmers and laborers. This may constitute another challenge to the

policymakers of these countries, that is, how to design fiscal programs

EJFor example Myrdal (1968) considers India and some other densely
populated areas of Asia as evidence of Malthusian thesis, Also see
Paddock and Paddock (1967) for a dramatized view of famine possibilities
and Cochrane (1969) for an optimistic view.




which will redistribute the gains from the new agricultural technology
more evenly among the various social classes.

The answers to these challenges are by no means easy to intuit,
At the very least if requires an understanding of the nature and impact

of the transformation that has already occurred in several LDC's and is

i

underway in many others. What we need is not a simple impressionistic
assessment of this change but quantitative measurés which could be use=-
fully employed in applications of ecomomic theory for developmental
policy.

The replacement of older cereal varieties by the high-yielding
varieties can conveniently be described as "technical change," that is
as a change in the produétion function, It follows that the theory of
production is the relevant framework to analyze this change. 1In the
case of wheatl/ nor thwestern parts of India ana Pakistan have aghieved
significant increases in yields and.output. For the purpose of this
study an attempt is made to determine empirically the parameters of
this change in the case of Indian Punjab,Z/ in the center of the

Indo-Pakistan wheat growing region.

— The Punjab farms are multi-enterprise farms. This study deals
only with wheat,not all enterprises on these farms.

Q/See Chapter III, for brief discussion of the Punjab Region

of India and Appendix‘ I for some of the problems which havc a bearing
on motivation for this study.



Objectives

1. What is the-nature of production technology of the “"New
Wheat" comparéd to the "Old Wheat?" That is, is the technical
change in the form of high~yielding varieties of the neutral or
non—neugral type? What are the differences in the ldng—run cost
functions of dew and old wheats? What kind of differences have these
ch#nges created in the factor demand functions, pafticularly the labor
- demand function? And what is tﬁe magnitude of gains to the country from
adaptation of high-yielding wheat vérieties? The first objéétive of
the present study is to provide answers to this set of questions.' In
obvious ways this infﬁrmation will ha&e great importance and use in
furtherance of the process of agricultural transforma;ion.

2. Another set of questions describés the second objective; How
dées the economic efficiency of small wheat farms compare with large
ones, and how doas the eéonomic efficiency of tractor-operated wheat
farms compare with non-tractor-operated ones? Are there differences in-
their technical and/or price efficiency? Are they price-efficient,
that is, are they able to maximize profits? Such knowledge ﬁas impiica—
tions for land reforms, poiicies for mechanization, informational
services and improved efficiéncy of resource use,

3. Did the iﬁtroduction of high-yielding varieties of wheat--
technical change~-create some sort of disequilibrium hetween the pro-
duction and cost relationships on the one hand and profit-maximizing
attempts of the whgat'producers? 1f so what type of behavioral adjust-
ments occurred over the four year period-~1967/68 to i970/7l? lHow did

the long=-run cost function change over this period? Answers to these



questions will provide information to evaluate the various kinds of
influencgs on the factor markets,

4. Another objective set ﬁorth for this study is to develop
estimates of the elasticities ;f output supply and labor demand with
respect to output price, wage rate and quantities of land and capital.
These estimates are of crucial importance in planning for output and
employment objectives,

3, Lastly we want to explore the role of educatiqn in production.
The'problem assumes greater significance and interest in the context
of recent technical shifts which may have raised the demand for ﬁhe<édu-.
cational input.

The pursuit of these obje;tives will also provide information on
the .-eXistence of economies of écale in wheat production and enable us
to explore its implications with respect to farm size adjustmeqts:

The Assumptions for the Analyses and the Economic
Characteristics of Wheat Industry

| For the purposes of subsequent anélyses in this study we make the
following assumptiqps.
1. Farmers are pricetakers in both the product and factor markets.
For the prodq;t market price of wheat is supported by the govern-
ment, and is announced before the marketing season starts., During the
past four. seasons the procurement price of 'New Wheat' has been stable
af about Rupées 76‘pér quintal and '0ld Wheat' at about Rupees 81 per

quintal. Thus, even though procurement prices are announced only a little




while before  the harvest season starts, the farmer's.expectation is a
continuation of the last year's price as more or less an assured price
.for his decision making pﬁrposes. And in fact, all his marketings are
carried out at this assured price on which his revenues depend.

For fébtor markets the following situation hoids: fertilizer
prices are set by the govermment and are maintained at a uniform level
all across the rggion during a production period. Supplies at fixed
prices are made available at the village level by the State Marketing
Federation thirough the village cooperative societies.i/

 The level of wages of both annual and daily hired labor are pretty
much determined in competition in the village market. This market
sometimes extends over several small contiguous villageé.

The annual rental of rented lands also is fairly competitively

determined in village markets. he hiring of land services is quite

.

common.é- The form of payment, i.e., cash or share in ocutput, does
not seem to distort the underlying competitive demand and supply con-
ditions,

The assumption that markets for labor and land services are com—
petitive does not mean that there are ﬁo price variations among farms,
only that these vériations are dge to geographical location, Put
differently the'levels of the supply curves for these factors can

differ from firm to .firm but not the elasticities of these curves.

l-/It is a private cooperative almost completely controlled and
dominated by the state government,

'EJSee Sethuraman (March 1970, p. 16).



The\caﬁital market does ekﬁibit certain kinds of imperfections.,
First of all, long-period loans are not easily available to smaller
and poorer farms. Also transaétions cosfs are independent of the loan
amounts. In some cases certain types of capital costs are indirectly
subsidized fo;/larger.prodﬁcers. Supply of electticity for irrigation
purposes is a cése in point.l/ The influences of these distortions will
be discussed in appropriate cases, Since we do not have data about these
imperféctions the assumption of a competitive capital market wili be
maintained.

2. The privately managed farm is the economically relevant unit

of analysis,
/

>

Punjab farming is dominantly of the peasant-proPrietor type. Singh
and Billings (January 1971), report that 52 percent of the cultivators
farm entirely owned land, 34 percent rent some land to augment their
operational units, and 14 percent are exclusively tenants. Average
operational farm size is about 12 acres, wi;h about 60 percent units
largerlthan 7.5 acres and 12 percent smaller than 2.5 acres, - Nearly.

all wheat is produced by privately managed farms.,

3. Since technical change (both neutral and non-neutral) can con-

veniently be defined in terms of certain characteristics of a production

1/

—'Electricity, charges are at a fixed rate of approximately Rs 8.50
per month per horse power of the motor used and are thus independent of
the clectricity used. See G.S. Brar and H.S. Sandhu (1969) for details
of rate structure for different sizes of electric motors. Also see C.l.
Hanumantha Rao (Feb. 1972) for arguing that farm machinery has been made
artificially cheap through liberal import policy and through the exten-
sion  of institutional credit for the purchase of tractors on unduely
liberal terms. :



function the neoclassical production theory is the basic tool for
analysis in fhis study. In view of the simplicity énd the desirable

set of neoclassical properties 6f the Cobb-Douglas production function--
properties which facilitate the measurement and interpretation of tech-
nical change~~this function is considered quite suitable for purposes

.

of this study.

- The framework undérlyi@g the empirical analysis is developed in
Chapter II, 1In Chapter iII, the data and the variables used are dis-
cussed, _In Chapter IV we present the empirical findings comparing
changes in production and cost functions for old and new wheats and
study the resultant shifts in factor demand functions, The nature and
magnitudes of change in the new wheat production and cost functions over
.the four year period }967/68 to 1970/71 are explored‘in Chaptef V. In

this chapter Qe also cdmpare the production function esfimates obtained
from three different estimation techniques and present estimates for

the labor demand and output supply elastiéities with respect to wage
fate, price of output and the quantifies of land and capital. lerewe;
also study the rolerof education as a factor of production and intro&uce
draft animals as a separate input. In Chapter VI the relative economic
efficiency of émall'andllgrge farms is compared, Chapter VII compares
the relative ecqnomic‘efficiency'of tractor operated versus non-~tractor
operated wheat farms, .Finally in Chapter VIII the empirical findings
~and the conclusions that emarge are sunmarized and the implications

of the analysis for developmental policy are explored,



CHAPTER II1
.f>THEORETICAL AND OPERATIONAL FRAMEWORK

For empirical implementation of the bbjedtives listéd in Chapter I,
three different but interrelated models are proposed, An examination
of 'Technicél Change'. can most conveniently be carried out by use of
the theory of production; We first develop a simplé prqduction model
based on the standard neoclassical production function. Second, we
make use of a cost function model essentially developed by Nérlove
(1965). Aﬁd third, we adapt profit function models &eveloped by Lau
(MEmoréndums 86A and 86B, 1969) and subsequently used by Lau and

Yotopoulos (March 1971,‘Febxuary 1972 and Memorandums 104 and 108).

None of these models>singly accomplishes all our objectives., Each

has shortcomings for our purposes but their combined use enables us
to accomplish what we want. Before proceeding further it seems worth
to mention again that we are dealing only with wheat not all enterprises

on the wheat farms.

-

Production Function Model

Let wheat produetion function be represented by:
(2.1) Y = F(N,L,K)

where Y is physical rate of output and N, L and K are input rates of
labor, land and capital services respectively, during a given period

of production.




If we assume that the form of the production function is of the
. . I'd .

Cobb~Doublas type, (2.1) may be written: -
_ 2 .73 .
(2.2) Y=ANTL K" exp (§j +'u)

where 6j denotés the eoefficient of the jth dummy variabie designed to
capture appropriate ‘'effects'. u is the random disturbance term in-
deéendently distributed with zgro mean and finite variance. We have
here decomposed the usual error term into two components, a measure

of the neutral variations in efficiencyl/ among farms §, and the
residual term u. This formulation enables us té.identify neut%al
productivity differences among old and new varieties of wheat, among
small and large farms, among tractqr and nontractor farms and over
tine, maintaining the hypothesis.that there are no non—neuéral differ-
ences in the feSpective technologies; Because our objective -is to

sort oué the nature of differences among these ﬁechnplogies, the
hypotlhiesis that non-neutral technical differences are absent (technical
change is of the neutral iype) iskempiricaliyutested in each case,’

‘

In case we wish to assess the impact of additional variables

’

like fertilizers, animal power and education, the model can be appro-

priately extended to more than three variables. There are two points

1/

~' Neutral variation in efficiency in this case means that only the
constant A varies from farm to farm and not the output elasticities
‘with respect to various inputs. An increase in the efficiency para-
meter A represents a neutral technological gain. See also Zellner et.
al. (Oct. 1966, p. 786) for a discussion of the neutral disembodied
productivity differential, ° '
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form, Firstly, does such a function represent the conaitions of
" wheat production correctly? Put diffefently the point is associated
with substitution possibilities between different inputs. The form

of Cobb-Douglaé production function implies a unitary elasticity of '
substitution between any pair of inputs-and the question is whether

it should be tested rathér than assumed beforehand. Hayami (May 1970),
Hayami-Ruttap (1971, pp. 102~107) in their test using intercountry cfoss-
section data found their results consistent with unitary elaéﬁicity of
substitution. Lau aﬁd'Yotopoulos>(June 1970) report that they fitted
Indian data to a CES production function directly ' with nonlinear
methoﬁs, and found the elasticity of substitution not to be signifi-
cantly different from one.l/ Following Kmenta (June 1967) we esti-
mate a CES production function using our data for the four year period
(1967/68 to 1970/71)'for_New Wheat. The results (Appendix IT) indicate

that we cannot reject the hypothesis that Cobb-Douglas form represents

the -data adequately.

There is, however, another property of the Cobb-Douglas functiom,

which is both an advantage and a defect, The degree of returns to

2/

scale=’ is invariant with the level of output (Nerlove 1965), We can

l/They.have reported this result from another paper by Yotopoulos,
Lau and Somel (1970) not reviewed here. With respect to proper specifi-.
.cation of a relation, see also Theil (1971, pp.. 540-556).

E/The degree of returns to scale for the Cobb-Douglas production

function is equal to the sum of output elasticities with respect to all
inputs.
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measure to s%é if the degree of homogeneity of the function is greater
than, equal tq or less than one, This is valuable in itself. But it
"is not possible to ascertain if there are additional economies of scale
within the output range studied or to ascertaln the sources of the
economies of scale. Griliches (August 1963) discussed this point and
concluded: "To study the subject of economies of scale adequately will
require the use of a production function that is not homogeneous over
at least some range of the inputs." If. the sample size is large enough,
one way out of this difficulty is to Splig the sample into a f;w size
groupéland fit segments of functions linear'in.Logrithms and see how the
degree of homogeneity behaves for different output ranges. Ulvelling
/

and Fletcher (May 1970) introduced an interesting modification by
postulating input elasticities of the Cobb-Douglas production functidn
as functions of some influencing variablé(s) (for example, capital in-
tensity), thus converting the conventional Cobb-Douglas function into

a variable returns to écaie production function,

On the use of straightforwa?d single equation least-squares regression
techniques for‘estimation of production models, there are numerous ad-
monitions and warningévin the literature. Thevearliest one came from
Haavelmo (January 1943) when he considered the‘imporfance and implica-
tions of introducing error variables in equations of a simultaneous system.
He emphasized that without defining the statistical properties of all
the vafiables iuvolvéd, we cannot know the meaning of the statistical

results obtained by fitting separate equations to the data. The
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1/

problem, i? brief, can be described as follows:=

In a production system the production function is not an isolated
relation. Data observations are generated by profit maximizing (or
cost minimizing) considerations of the firm and thus the output and in-
put levels are simultaneously determined. The production function is
only one of a system of simultaneous.eqﬁations énd single equation esti-.
mates are in general biased and inconsistent. In dealing with problems
originating from the simultaneous nature of determination of the outputs
and inputs in production systems, the first major thrust was the im-
portént paper of Marschak and Andrews (July-October 1944), They place
spec;gl emphasis on management to explain differences émong firms and
split these differences into those due to differences in the productioq
functions (technical efficiency) and those due to differences in
abilities to maximize profits (ecpnomic efficiency) among firms.' By
imposing restrictions it is possible to restrict’parameter estimates of
the Cobb-Douglas production.fuﬁction to narrow ranges, but unique esti-
mates aré still not poséible.

Subsequently the analysis of covariance approach using combined
time-series and cross-section data has been suggeste& by Hoch (July
1955), but this approach cannot be used in a siﬁgle cross-section. In

another paper (October 1958), Hoch advances a more serious criticism of

l/For this and other related problems see Walters (January—ApriI,
1963), survey article on "Production and Cost Functions."
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single~equation 1east-sqgares estimates in thé Cobb-Douglas case.
He showed that, under the assumption that disturbances in various
eqqations'of the system are independently distributed but that the
error term of the production funcfion is related to independent variables,
the sum of the estimated coefficients has a pronounced ﬁendency‘towards
a sum of one regardless of the true sum., This tendency, however, is
not so apparent if the assumption of independence of the error terms
is dropped. But in that case, single equation estimation procedures
are not valid. Hoch argued further that, when variable input levels
are determined for the current period by maximizing with respect to anti-
cipated output, the disturbance in the production function affects ounly
output/and not the other variables and so the simultaneous equation bias
may not be serious.

© Griliches (May 1963),~and.Mundlak and Hoch (October 1965) also ex-
pressed similar views. Griliches argued that, because inputs in agri-
culture aré largely predetermined because.of a considerable lag'in
production and error being largely weather determined, simultaneous
equation bias will be émall for well specified production functions.
Mundlak And Hoch (Section 3, Case B) argued in a similar vein. They
argued that, at the fime of application of inqus, the disturbance is
unknown to the producer in view of the lag between input.application and
the realization of output and thus, the assumption that error term in
'produétibn'function.is equal to ome is justifiable and that least-

squares estimators are consistent,
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For a stochastic production function of the Cobb-Douglas type
Zellner, Kmenta and Dreze (October 1966) argued that for non-—
instantaneous production processes, "... the effect of the disturbance
on output cannot be known until after tﬁe preselected quantities of
inputs have been employed in production.," They assumed that ti) en-
trepreneurs maximize>méthematical expectation of profit, i.e., they
are aware -of the stochastic nature of production, (ii) input priceslare
either known with certainty or statistically independent of the pro-
duction function disturbance, aﬁd show that inputs are independent of
the di;turbance in the production function. They further argued that
disturbances in the production function arise largely from "acts of

4

nature” and those in the profit-maximizing equations due to "human

' and are thus uncorrelated; that simple least-squares esti-

erfors,'
mators with these assdmptions are consistent and that under normality,
or with stronger assumptionéﬁthey are also unbiased,

‘ The production environment in the present study does not seem to
be any different from the speéification requirements of the studies
referred to above. "Our production function is thus well specified
and we take it'that there is no problem of identification, Neverthe-
lesg, subsequently we develop Cost Function and Profit FunctioqlModels,

' LR,
the two alternative approaches which are free from the simul-tdneous-
equation bias problem, and compare the resﬁlts.

"Another difficuity in production function studies is that some

variables (management, for examéle) cannot be included in the analysis,

Griliches (February 1957) showed that in a Cobb-Douglas framework
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returns to scale are underestimated if the excluded input varies

less than proportionately with the included inputs and vice versa, and
that exclusion of ﬁanagement imparts an upward bias to the capital
coefficient and downward bias to the returns to scale, Mundlak
(February 1961) also shows that exclusion of management results in
biased estimates of the production fun&étion parameters. He demon-
strates that covariance analysis can be used on two year cross-section
data to obtain unbiased estimates, Mundlak also suggests that aware-~
ness that management (the left out variable) is correlated with other

inputs. is helpful in interpreting the results.

; Cost Function Model

The production'modeﬁ deve}oPed in the previous section does not
permit us to obtain estimates of long-run cost function or to make
direct comparisons of the shifts in the cost functions of ¢ld and ﬁew'
wheats » < For this purpose we will use a cost function model
' first used by Neriove (1965, Chapter 6) with slight modifications.

Let

(2.3) C=wN+ tL + iK be the'total cost of production where
C = total pfoduction costs in rupees
w = hourly wage rate of labor
t = per acre rent of land for wheat
i = price of.caﬁital
N = labor iﬁput in hours
L = acres of land, ané

K = capital input
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Minimization of costs (2.3) subject to the Cobb-Douglas pro-
duction function (2.2) yields the following marginal'productiﬁity

1

conditionsi

(2.4) wN - tL - iK

The derived input demand functions for N, L and K can be obtained
by simultaneously éolving the marginal productivity conditions (2.4)
and the production function (2.2):

[+ o

1 L2 (S
wY tY iY e\y |
(2.5) N =8 ¥
N
2“_2“_3_(__6+u
1LY ¢y v Y)
- t
(2.6) L =8, ¥V = .
t
i A e S (T
Ly Y 4y e \Y
(2.7) K =8y Y72 - =
a o o 1
where Bj = aj<? all ay a33)- Y " j=1, 2,3
and Y = ey + a, +'a3.

The total cost function can now be obtainedl/ by substituting (2.5),

(2¢6) -and (2.7) for N, L and K respectively in the cost equation (2.3):

l-/'I.‘he procedure followed for this derivation is essentially that of
Nerlove (1965, Chapter 6). Also see Heady (1961, pp. 11-14), Heady and
Dillon (1966, pp. 59-64), Henderson and Quandt (1971, Chapter 3) and
Johnston (1960, Chapter 2) for some variants of this procedure.
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(2.8) C
where

3 oA\~
B + B + 63 Y <§ a azz a33).Y -

w
i

Let the cost function (2.8) be written in logarithms of the

variables:

2,99 WmcC=lnf+itly+Lhw+X2nme+Bmi-S-2
Y Y R Y T

which forms tﬁe basic estimating equation for this model.

There are several points to be néted about this model. The para-
meter y. provides a direct single estimate of returns to scale as a
reciprocal'of~the céefficient of logarithm of Y, which is independent
of thé le&el.df output and inpqt prices. This is a considerable ad-
vantage., At the saﬁe time the invariance ofly with respect to output
‘level does not permit us to ascertain whether the degree of returns

2/

to scale varies over various ranges of output,— This difficulty can,

however, be overcome by dividing the total observations into several

E/See Heady (1964, pp. 364-9) for long-run cost possibilities in
agriculture., He argues that agriculture is perhaps characterized by
first falling, then constant over some range of output, but ultimately
increasing long—~run average costs. For an excellent discussion which
explains the existence and observed wide range of firm sizes under in-~
creasing returns to scale see Lydall (March 1971). In his argument the
existence of a falling long-run cost curve instead of telling what is
available to all potential firms tells what may be available at each
point along the curve to a firm which is already nearly at that point.
In other words expansion to the next size requires learning and ex-
perience. His point is developed primarily for the nonagricultural
sector where he assumes economies of scale to be pervasive, It should
be equally applicable to the agricultural sector if in fact economies
of scale exist in some output range.
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groups and fitting separate functions or by introducing (In Y)2
as an additional term in model (2.9). In our empirical analysis,
both techpiques are used.

Secondly, the inclusion of iﬁput prices directly in the cosf
function helps us to obviate some usual problems with statistical
‘estimation of long-run cost functions. We don't need to deflate

cost figures cross=-sectionally or over the four-year period studied.

Unique correspondence between the empirically estimated cost function

1
and the underlying production function is assured,*j that is the

E: parameters of the prpduction function can easily be evaluated. Further-

I

its coefficients can appropriately be estimated by least squares, that

|
{ .
_i 3 more since all our independent variables in model (2.9) are exogenous
|
| . 2

| is, there is no problem of identification.—

l 4 (%) in (2.9) can be interpreted as coefficient(s) of the durmy

variable(s) which can be introducgd to compare neutral differences in

cost functions of ©ld and TDew wheats and overtiﬁe.

s

For purposes of empirical estimation, model (2.9) has to be fur-
ther amended. This is necessary because data on capital price i is

4 not available for individual farms. We can write (2.9) as:

|
|
i
!
i
;
E i-/See Shephard (1953, 1970) and Uzawa (May 1964) for the 'fundamental
‘ 2 duality' between the cost and production functions,
fl :é ) : E/Much, however, depends upon the authenticity of input price data.
; To the extent interfarm price variations reflect input qualities rather
than true price variations due to location and time, our estimates may
be defective. This could be a more serious problem with land rent
g which in spite of being determined competitively may include land.quality
component. '
i
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1 o o
(2.10) InC=8%+—1nY +-—L Inw +-—£ In t - $_u
Y Y Y Y Y
o
where % = 1In B + 3 i.
Y

Since y = ay + o, + Ay, 04 the outpu; elasticity with respect to
capital input can be evaluated from this restriction, The elimination
of capital price i from the model, however, causes somé specification
problem (Griliches, 1957) and imparts biases to the coefficients of the
remaining variables, 1In particulaf, based on our discussion of likely
imperfection in the capital market,'it can be argued a priori that output
Y and capital érice i have a‘neg;tive corfelation. This imparts a down-
ward bias to Q%) the estimatéd coefficient for logarithm of output,
~and thus an upward bias to y the measure of returns to scale. This
is a weakness of the model in the sense that the estimated oﬁtput

elasticities with respact to various inputs and the measure of returns

to scale are not reliable estimates.

Profit Function Model
The receptly devgloped theory of profit functions.has made available
to us an alternative approach which helps overcome the problem of
simﬁltaneous equation biﬁs if present and provides answers to the re-
maining or other questions.
The theory and appliéations of profit function approach have been

1/

éeveloped at length by Lau and further used by Lau and Yotopolbus— in

1/

~'The concept of profit function is reported to be first introduced
by D. L. McFadden; "Cost, Revenue, and Profit Functions" in a forthcoming
book, The Econometric Approach to Production Theory, ed. D. L. McFadden.
Having not seen tinls article, my work is based on the five references
by Lau and Lau and Yotopoulous cited in the first paragraph of this
chapter, page 8. '
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analyzing Indian agriculture. We are not interested'in the theo~
retical details of their work. An operational model is constructed to
provide answers as‘well as poésible for the purpose of this study. The
procedure is, first, to provide the bare essentials of profit functioq
theory and its assumptions, and then to develop a Cobb-Douglas version
applicable to wheat production. Appropriate estimating equations

are then developed.

To start with, let the production funetion (2.1) be written as:
(2.11) Y=F (N3 L, K

where Y is output, N is labor, the &ariable input, and.L and K the fixed
inpuég of lénd and capital respectively, The production function is
assumed to be. concave in N, continuous and increasing in N, L, and

K; twice differentiable in N and once differentiable in L..and K'.-l—/
The profit P,.ffom wheat production is equal to total revenue

minus total variable labor costs:
(2.12) P=p,F (N; L, K ~wN
where p is wheat price and w.the wage'rate.

l!These assumptions are necessary to insure the existence of a
unique, optimal solution to the profit maximizing problem and con-
" sequently the existence of single-valued supply and derived demand func-
tions as continuously differentiable functions of normalized wage rate,
L and K, ‘
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The profit maximizing conditions for this case imply,

3F (N3 L, K)

2.]1 °
(2.13) P 3§
3 _
52.14) , oL T W where
w' = %- is the normalized wage rate,

Also (2.12) can be written as:

(2.15) P¥ =L = G55 LK) - w' N
| ,®maﬂ%‘
which, in the langﬁage of Lau and Yotopoulo8-. (Feb. 1972), is called
the 'ﬁnit—Output-Price' profit or UOP profit.
Solving- the margihal productivity condition (2.14) for N*,’the

optimal quantity of laber, as a function of the normalized wage rate

and quantities of L and K gives:

(2.16) N

|

£ (W', L,K).

Substituting (2.18) into the profit equation (2.12) we get the

prdfit function:l/

(2.17) 7 =p. [FA%; LK) - w' 8

which gives a maximized value of profit for each set of values {p,w ,
L, K}. Since ¥" is a function of w', L and K from (2.16), we can write

(2.17) as:

1 . : : :
—/Sinca land and capital are treated as fixed inputs, Lau and
Yotopoulos: (Feb. 1972) refer to it as the partial profit function.
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(2,18) . m=rp g* (w'; L,K)

which gives the UOP profit function:

(2;19) y o=

which is decreasing and convex in w' and increasing in p and the
quantities of L and K. . It is continuous in w', L and K; twice differ-
entiabie in w' and once diffefentiable in L and K.l/

Lau and Yotoﬁoulos' (Feb., 1972), based on what they call Shepard's
Lemmagl——which prévides a set of dual éransformation relations connect-
ing the prddyction function and the profit functiong/-—derive the supply
and factor demand funcfions from the UOP profit function.l Following
' 7

their approach, the labor demand function N* and supply function ¥

can be written as (2.20) and (2.21) respectively,

(2.20) N® = - SaF(u', L,K)
a Wl".
] (2.21) v* = px (', LX) - 2 (", LK) w'

o w'
For purposes of this research the labor demand function (2.20)'and
the output éupply function (2.21) are of crucial importance, A tre-
mendous advantage of the profit function approach is that with the help

of duality theorem and the conditions stipulated above for the UOP profit

i-/Sec: Lau (Memorandums 86A and 86B) for these results.

2/ghephard (1953).

3/¢
l_above.

hese relations are proved in references cited in footnote
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Another distinct advantage of this approaéh, inter ailaz;/

is that it is normal to assume the influencing variables w', L and

. . .ﬁﬂ””V%LL/ | e
K as exogenous, This -should help overcome the §£g,ltangous equation ~
bias if presént.gj

The system (2.19), (2.20), and (2.21) can‘be cast in a Cobb-

Douglas framework and estimation equations developed. But this basic
model needs to be further extended in order to-answer a wider range
of questions, particularly those related to farm size efficiency.

Farm size efficiency of Indian agriculture has béen extensifely
studied and debated. 3/ Data used in these dis@ussions came mostly from
the mid~fifties when Indian agricultﬁre was relatively static or
closer to Schultz's (1964) traditional agriculture. There appéared to

be a consensus about the existence of constant returns to scale in Indian

agriculture. There does not seem to be a similar comsensus on whether

l-/'J.’hése advantages are spelled out in detail in Lau and Yotopoulo3,
(February, 1972). -

2/There is some problem here though., The capital input K in-
cludes fertilizer costs in it. It would be more normal to treat
fertilizer as a variable input of production. Thiss however, is im-—
possible in the above formulation because of the 1nst1tut10nally
determined uniform level of fertilizer prices.

Q/See for instance Sen (January, 1962; May 2, 1964; February, 1964),
Mazumdar (July, 1963), Agarwala (April 11, 1964; and November 21, 1964)
and Bardhan, K (August 22, 1964) for articles in Economics Weekly;
and Khusro (October, 1964), Mazumdar (May, 1965), Sen (October, 1968),
Paglln (September, 1965; March, 1967), Bennett (March, 1967), Sahota
(August, 1968), Hopper (1965), Lau and YotopouloS . (February, 19723
March, 1971, Memorandum 104), Rudra (July, 1968; and October, 1968),
Sanyal (August, 1969), and Saini (June, 1969; and June, 1971). Also
see Bhagwati and Chakravarty (Sept. 1969) for a summary of most of
the researches prior to 1969. ’ )
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relatively smaller or larger farms are economically more efficient.
‘Researches by Lau and Yotopolos' indicate that smaller farms are
relatively more economic efficientl/ and that this is due to their

1/

.
being technically= more efficient--both types of farms being equally

1/

and absolutely price—efficienf. The technique they have used to
decompose economic efficiency into technical and price efficiency
lends itself to éimple manipulation with some further extensions of
the aboye model, It is important that this model be confronted with
new and recent data, in order to verify their conclusions for wheat
farms 6f Punjab and to compare the efficiency of tractor versus non-
tractor farms.gj

/

In order to study relative economic efficiency let us start by

rewriting the production function (2.11) for two farms (1,2) as follows:

1 1 1 1)

.22y v =alr @l ok 2 g%

s Y2 =a%F % 14, K

where management, some intangible inputs or envirommental differences

l/Subsequently these concepts are given specific meaning,

g/In Indo-Pakistan wheat growing areas the introduction of high-~
yielding wheat varieties appears to have shifted the demand for labor
rightward. This is being reflected both in increased demands for labor
and labor-saving technology, tractors in particular, Thus, the point
whether there exist any technological gains from tractor farming is
of great importance., If in fact there are no such extra gains, the
shifts in labor demand could be exploited for better employment oppor-
tunities by restricting a faster growth of labor-saving types of tech-
nologies which may not be in the best interests of these countries.
See for example Krishna (September, 1969), Johnston and Cownie
(September, 1969), Kaneda (1969), Shaw (1970), and Falcon (December,
1970) among others warning about the consequences of labor-saving tech-
nologies in the context of "Green Revolution.'" For an opposite view
see Johl (1971),
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could create neutral differences in the technical efficiency para-
meters Al and A2 of the two farms.
Let us also rewrite the mafginal productivity condition (2.14)

for these two farms (1,2) as below:

/
1 1 1 .1 2 2 2 2
(u23) QAFEQUS L, KD gl 01, 3AF (WG L0, K o g2 o2
a N 9 N
k20 k2 20

The meaning of (2.23) is that the two farms may not be attaining
price or allocative efficiency in the sense of maximizing ﬁrofits by
equating the marginal product of labor to the going normalized wage
rate w' and may be unequally inefficiént. They may in fact be operat=~
“ing upon’ their own firm-specific (or effective) wage rate,l/ which is

simply a firm-specific constant k, times the ruling normalized wage

rate.,

—_— e e m - e e s

In other words, for two firms, with equal technical efficiency and
facing identical input and output prices, differences in k's represent

differences in managerial—entrepreneurial ability.

i/Lau and Yotopoulos (March, 1971, p. 99) provide several reasons
for this: " (1) Consistent over-or under-valuation of the opportunity
costs, (2) Satisficing behavior; (3) Divergence of expected and actual
normalized prices; (4) Divergence of the subjective probability dis-—
tribution of the normalized prices from the objective distribution;
eeees'' Also see Bhagwati and Chakravarty (Sept. 1969) for a summary of
the viewpoints of Sen, Khusro, Mazumdar and Rao as to why small family
farms evaluate their family labor at less than the going wage rates,
For more recent attempts to explain this point see Srinivasan (Jan.
1971) and Bardhan (1972).




Technical efficiency of the two farms would be equal if the

farm specific efficiency parameters Al and A% in (2.22) are equal.}/

2

If and only if Al = A2 and k! = k* would the actual UOP profit

functions and/the labor demand functions of the two farms coincide

with each other. Economic efficiency thus comprises of its two

components: technical efficiency and price efficiency. A more

tecﬁnicgl efficient firm.phaﬁ another produces larger output from
given quantities of inputs., A firm is price efficient if it maximizes
profits by equating the marginal value product of variable inputs

to their prices. But firms could be price inefficient (and to vary-
ing degrees) if tney are unable to maximize profits. Thus differences

in economic efficiency could originate in differences in their tech-

nical efficiency, price efficiency or both. It may be noted that the

two farms.can have equal economic efficdiency with varying degrees of -

" technical and price efficiency. Our purpose now is to develop a metho

to make these comparisons.
Following Lau and Yotopoulos.. (March 1971; and Memorandum 104),
i

(2.19) may be written as the behavioral UOP profit functions for the

two farms corresponding to their production functions (2.22) as:

(2.24) it = atg® lurizat; Li, ki) i=1,2

l'-/See. also Herlove' (1965), Hoch (July, 1955). Timmer (July-
Aug., 1971), Farrell (1957) and Seitz (Nov. 1970) are three other
approaches for measuring technical efficiency.
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The actual labor demand and supply functions corresponding to
(2.20) and (2.21) now are (2.25) and (2.26) respectively:
: \ . * i ,1 i i i
(2.25) /e gt e (W /AT LK
5 (Kt wl)

_Atag (%?"l [ ats it
kl d wh

i=1,2

{ KA ST A N, e, §
i ¥ { ,1i9g (k At.LY Kk
2.26) YL =alg” ety A ol gly oAb dgeile (wU/ATLE,K)

aklll
i,i
. . . AL K
= Al{%* hari/at;l gty - i 22 dk w! )]
‘ 9 w1
) ‘ 1=1,2

. #i *i ' | o
N and Y in (2.25) and (2.26) are the actual quantities of
labor demanded and output supplied by farm i given farm-specific

A* and kl. From these actual demand and supply functions we can

-

obtain the actual UOP profit fumctioms (2.27).

*A' . . .
(2,27) mr=Y " -yw'd N*i

A,i * (k.w /A Li Kl) + (1—k1)w'l aj; (k w'l/A 1t SK )]
& k1 ] wl

i=1,2.

It should be noted that because of profit identity in empirical
\analysis only-two of the three functions (2.25), (2.26) and (2.27)

need be estimated. We will subsequently work only with (2.25) and (2.27).




The Cbbb—Doﬁglas Framework

Let the Cobb-Douglas production function (2.2) be rewritten
N :
with decreéasing returns in labor input as:

(2.28) vy=anNt L2 g3 - 7
wheréj a, <1,

For (2.28) the UOP profit function is given byi&j

(1-a1)_1

-1 -1
-0 (l-a ) a (1-aq) Gq(l-aq)
(2,29) o= A ' (1—a1)( ) 1 1 2 t K3 1

o1,

which can be written in natural logarithms of the variables as:

/

, % .
(2.30) In7 = 1n A* + Bl 1n w' + By InL + 83 InK

where
(L-a,) oy (Lmay) L
A# = A L (l—a ) ay 1 L
8. = - a, (l~ap)~t <0
1- 1 1
B, = ef, (l-a )_l >0
- -1
83 = oy (1 al)

l-/Productlon function (2.28) and the profit max1mizing equations
for labor can be solved for the optimal quantity of labor N*. The
UOP profit function (2.29) is obtained by direct computations by sub-
stituting N in the UOP profit equation (2.15): P* = Y - w'N.
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If we multiply both sides of the labor demand function (2.20)

by —w' /7 we get:

(2.31) - ¥ 3w, w' _ 3 ln wk
/owk s W' % 3 ln w'

which for the Cobb-Douglas UOP profit function (2.30) becomes:

- w' NF
(2.32) N - 5.

Equations (2.30) and (2,32) are the basic estimating forms.
Since B; appears in both the UOP profit function and the labor demand

function, the two functions are estimated jointly and tlhie restriction
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that B8+'s in the two equations are .equal -is imposed.
1 q P

For the purpose of studying relative economic efficiency (2.27)

can be written as the actual UOP profit furnction for farm i with ef-

ficiency parameter A- and the farm and labor specific parameter k',

For the Cobb-Douglas production function (2.28) it is given by:

. (1map™t R T S B

(2.33) wt=al ' (1-ay /KD (b B o pe

—ay (l-a )™t a,(-a)r g (l-ag)t

wh T ah Y @y
i=1,2
or. ‘
) . . By .B, B

(2.34) n*l~? Ay(w'h) ! @h 2 &) 3 i=1,2

where




*

-1 -1 -1
s (l‘(’-l) . ;"0 (1-aq) a. (1-a,)
Ai = Al (l—al/kl)(kl) 1 oy 1 L Ci=1,2
s (L-a, FY) (1ea) Tt o ie1,2
N s | 1 . S
B, = —a, (l-a;) T < 0
1~ 1 1
-1
az(l-al) >0

T »
o
11}

-1
By % ag(l-a)” > 0

. 1
And the labor demand function for farm i is given by:fj

(1ot

1
. 3 L
(2.35) NI a=al L O e N

=1 -
-al(l-al) algl-al)
1

-1 -1 ' -
) -al(l-al) 1 oy (L-ay) i a3(l-al)

(w'h) (L) (K™)
| i=1,2
or
#_ 1 il gic=l el 4 eict1 182 4 B3
2.36) N T =-Ap B (k)T T (k)T W) T T RY)
i=1,2
or, by substitution from (2.34)
, i %i
w'T N _ il i1 - i _
(2-37) ——1}?— = (k ) (1\*) 61 = Bl i= 1’2

1/

='The labor demand function (2.35) is obtained by direct com—
putations from the production function (2,28) and the marginal pro-
ductivity condition for labor.
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Equations (2.34) and (2.37)'indicate that tne actual UOP profit
functions and the labor demand functions of the two férms differ
only by constant factors which are functions of Al and ki. Thus
in order to compare the relative efficiency of the two farms we have

to compare the magnitudes of Al's and ki's,

If in (2.34) for farms 2 and 1 we write A2 and AL for Al we can
rewrite (2.34) as (2.38) and (2.39)

_ . 8 8 B.
(2.38) PLoal el aly 2 b 2

By

. « B B
(2.39) 2=l a2l @t a2«

And taking natural logarithms of (2.38) and (2.39) we have
(2.40) In 7t = 1n AL + g, Inw'l + 8, 1ot + 85 1n gt

(2.41)  In w72 = 1n AL + 1n a2/AL) + 8. 1n w? + 8, 1n L2 + B, ln K°
% xS 1- 2 3

Méintaihing the hypothesis that there are no non-neutral differ-

ences in the technologies of the two farms, for empirical estimation

(2.41) .and (2.37) can be rewritten as (2.42) and (2.43) respectively:

(2.42) lnn =1nAS+ 6% D" + 8, Inw+ B, lnL+83 InKk
w'N_ L _L S S
(2.43) - e B D+ B D

where T, and S stand for large and small farms réspectively,

s = 1n (A&/Ai), and DU and D° are dummy variables taking the value

1/

of one for large— and small farms respectively and zero otherwise.
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l/In this study farms with more than 10 acres of wheat are defined

as large fiarms and farms with 10 acres or less as small farms. This




! , S . : Lo p i
% For Equal relative economic efficiency AL=A* or‘¢L=ln(A§/A§) = 0, P

For equal relative price efficiency B; = go

1 in (2.43), and for

absolute price efficiency of large farms and small farms re-

}
i
. L S . !:#
i spectively By = Bl and Bl = Bl. When we analyze and compare tractor i
] i

operated (T) versus non-tractor operated (NT) farms DL and DS in

. 3
equations (2.42) and (2.43) will be replaced by DT and DNT re~ NE
spectively with no other change involved, DT and DNT wiil gake Eh
thé valué of 1 for tractor and non-tractor farms and zero otherwise.

Output price p of wheat is govermment supported at uniform level i

throughout the state. This helps to further simplify equations (2.42)

and (2,43) as follows:

(2.46) lnt*=1lnm-1Inp=1nAS +sip" +8; lnw -5y Inp
or
In w = In AZ + obpl + (1-31) Inp+8; Inw+ 8, InL + B85 In K i

where 7 is actual money profit, w the money wage rate per hour and

p the output price.

For the case when four years (1967./68 to 1970/71) data are ?
i
analyzed, year dummies can be introduced to capture the effects due

‘to (l-Bl) In p and weather, etc. and rewrite (2.44) as:

seems to be quite realistic dividing line between large and small b
wheat farms for Punjab where the average farm size is 12.5 acres )
(Singh and Billings, January 1971). Also it facilitates comparisons L
of our results with those of Lau and Yotopoulo$ (March 1971 and ;F
- Memorandum 104) who use this criteriom for small and large farms. iy
' |
|
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: S L.L 3

. (2.45) 1n 7= 1ln A* + 6"+ L 6iDi + 8y Inw+ By In L + 83 1In K

i=1 .

where

D1, Dy, Dy are the year dummies with the value of 1 for 1968/69, 1969/70,

1970/71 respectively and zero otherwise.

But for the individual years we have to write (2.44) as:
(2.46) lnwm=2x+ stpl + B1 Inw+ B, In L + B3 In K

where

A =1n A + (1-8)) 1n p,

from which 1n Ai can be evaluated at (lnp) for the sample.

Equation (2.46) can be estimated with or without a farm size dummy.

Without the dummy we write it as:
(2.47) Inm =X+8) Inw + B8, 1nL + 63 1n K,

The labor demand equation (2.43), however, holds independently

of the price of output and can be written as?:

| W N _. _WN_ LL, S8
T n
In recépitulation we - . have three systems of two equations each

as our three models as below:

Model I: Equations (2.47) and (2.32) comstitute our model I. They
_are estimated jointly and since Bl appears in both equations we - '
impose the restriction that it be equal in the two equations. This

model is used to compare efficiency of old and new wheats and to obtain
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various elasticity measures.
- For purposes of comparative efficiency studies we have models II

and III as follows:

Model II: Equations (2,46) and (2.48): wused for comparing efficiency
of small and large farms and tractor and non~tractor farms and to ob-

tain various elasticity measures.

Model III: Equations (2.45) and (2.48): wused for comparing efficiency
of small and large farms and to obtain various elasticity estimates
from the pooled data over four years.

ABain in models II and III the restrictions that g = B; and
By = si -are. imposed,.
| For statistical spécification of these models following Lau and
Yotopoulos (March 1971, Feb, 1972 and Memorandum 104) we assume- . -
an additive erxrror wifﬂ zefo exﬁectation and finite variance for each
of the two eqhafions in all three models, The covariance of the errors
of the two equations for the same farm-may not be zero but the co-
variances of the ‘errors of either equation corresponding to different
farms are assumed to be zero. With these assumptions an asymgto;ically
-efficient method oﬁ estimation as proposed by Zellner (June 1962) = .
is used.lJ
In terms of the objectives of this study additional gains by work-

ing with the profit function technique are as follows:

1/

~ This will also make our results comparable to those of Lau and
Yotopoulos as reported in the above references.
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(1) Various output supply elasticities and labor demand elasticities |

crucial for policy decisions can be directly obtained by differ- , !

entiaﬁion‘of the logarithmic output supply and labor demand functions.

(ii) Conceptually, the indirect estimates of the input elasticities

of the Cobb-Douglas production function derived from the side rela-

tions Gdentities) in (2.30) and (2.34) are statistically consistent.

(iii) Operationally simple and straightforward criteria are available

to compare differing sources of efficiency among farm groups,

(iv) Rates of return to the fixed factors of production land and capital

can be easily obtained for the mean (or any other) level of use,

(v) A very simple test for testing returns to scale in all inputs

(Lau and Yotopoulos, Feb., 13972), is available. It is equivalent to
(testing whether the sum of the elasticities of the profit function with
respect to fixed factors of land L and capital K is equal to one ife.,

the hypothesis B, + By = 1.
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CHAPTER IXII
THE DATA, TIIE REGION AND THE VARTABLES

The purpose of this chapter is to describe and identify the
naﬁure, sources and converage of data used in this study and to provide
~a_brief descriptioh of the area to which the investigation pertains,
The_underlying assumptions, sampling procedures, methods of data col-
lection and construction of variables are examined, with a view to
placing the findings of this study in proper perspective. This 1is im—
portant since most analyses of Indian agriculture have expréssed reserva-
itibns about the quality.of earlier data. Because of the nature of the
'investigation we need farm level primary data. Such cross-sectional

data for the four years 1967/68 to 1970/71 form the basis of this study.

Samples and Sources

The three different samples which form the data base of this study
have somevhat different geographic coverages and also differ in terms

of size and purposes of stratificatdion. Each is discussed briefly.

Feroquur Sample
This sample has a coverage of 150 farms spread over 15 villages for
the years 1967/68 and 1968/69, in the district of Ferozepur (FZR) which
forms the soﬁthwestern part of In&ian Punjab, This district has

_approximately 20 percent of the total area as well as 20 percent of




the total cropped area of the state.l/ During the year 1967/68 wheat
production in the district was 21.38 percent of the total wheat pro-
duction in Punjab.gj This éample thus constitutes a fairly representa-
‘tive situation for the state.

The Directorate of ﬁconomics and Statistics (Ministry of Food and
Agriculture, Government of India) collected data oﬁ these 150 farms for
ail farm enterprises for the crop years 1967/68 to 1969/70, for Studies
in Economics of Farm Management in Ferozépur District of Pnnjab. Wheat
~da;a forms only a part of these data and was copied from their recbrds.éj

The sample itself can be characterizéd és a "Multi—stagé Stratified
Random Sample." For the selection of farms, three steps weré involved,
after the selection of the district, First éhe district was demarcated:
into three relatively homogenéous zones with respect to soil-crop com~
plex. Second, a total of fifteen villages was selected in tﬁé dis~
trict, such that the number of villages in each zone was proportional
popits cultivated area, and the villages in each zone beiﬁg selected
at random with the probability of each proportional to its cultivated

area, Third, for the selection of cultivators, a consolidated list

l-/Economic Adviser to Government of Punjab (Jan. 1971, pp. 10,

65) .

Z/Seé A;S; Kahlon, S.S. Miglani and S.K. Mehta, "Report for
1968/69," p. 8.

2-/’IA‘he data for 1969/70 from this sample have not been available
for purposes of this study. Tor the first two years, however, data
for both "01d" and "New" wheats have been made available. The number
of observations for each kind of wheat is reported in Table 3.2.
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‘of all farms in the selected fifteen villages was prepared in ascend-
ing order of their cultivated area,}and divided into five classes,
with each class having equal>total cultivated area. Two farms were
selected from each class in each village, thus giving 10 farms in
each village and 150 farms in the district,

The recording‘of data on 10_farms was done by a trained in-
<'.'vest:igator thfough daily visits to the farms by what is commonly

referred to as 'Cost Accounting Method.' For subsequent discussion this

sample will be referred to as 'FZR Sample.’

Tractor Cultivation Sample
This sample is larger than FZR Sample, both in terms of number of
farms gnd‘its geographic coverage. Also it has a wider range both in
" terms of land area and output per farm. It covers the crop year 1969/
70,
There is a total of 304 farms in this sample, These farms ‘are
siread practically over the whole of Punjab in 19 villages with 16
farms in each village. Six farms out of 16 in each villége owned and
operated tractors. So this sample can be used for somewhat wider pur-~
poses, The sampling design for this sample also was "Multi-S$tage
Stratified S;mplingf' The data collection work was carried out essenti-
ally as in case of FZR Sample, by''"Cost Accounting Methodi’ The data
were made available from their files through the courtesy of the Eco- t

nomic Adivser to the Govermment of Punjab. As in the case of FZR

\Sample, the wheat data were ' only a part of the data collected for
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all enterprises. The basic purpose of the sampling design was to
study effects of tractor cultivation in Punjab farming. TFor future

reference the sample will be called-"TC Sample,'

Regionally Stratified Sémple

As suggested in Appendix I, agrociimétic regions (11), (iii) and
(iv) are relatively more important for wheat praducéion in Punjab.
These regions have some distinctive features—--for example, annual rain-~
fall and soil profile. A.regionally stratified sample was designed to
determine wheﬁher these differences affect the underlying production
transformation relationship for wheat.l/ A total of 128 farms was studied
during the crop year 1970/71--46 in zone (i1), 31 in‘zone (11ii) and 51 £n
zone (iv). The number of farms in each zone is roughly proportional to
the—wheat area in that zone. 1In consultation with Soils Department Staff
at Punjab Agricultural University, Ludhlana, a site was picked in each
zone that is more or less central and representative of the zone, In
zone (lv) two sites were picked in view of its larger size relative
fo other zones. At each site, lists of farms were prepared, large
enough so~that randomly selected 10 percent of the farms would give the
desired number of farms to be studied at each site. In the case of
smaller villages, neighbo?ing villages-were included in the list.

Table 3,1 gives the characteristics of this sample:

1/ The agroclimatic zoning was done when Punjab and Haryana were
one state and the three zones Gnder consideration actually cover both -
the present States of Punjab and Haryana--extending from northwest to
southeast. It is supggested that the sites selected for the Punjab
- investigation are reasonably representative of the counterpart zonal
areas lying in Haryana State as well,,
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TABLE 3.1

DESCRIPTION OF THE REGIONALLY STRATIFIED SAMPLE, 1970/71

Name of" . Villages Number of

Zone ~ District Site Included ‘Farms:Studied

(ii)  Jullundur 1 Birak and Endhna 46
A Kalaske

(iii)’ Sangrur . II Shergarh-Cheema, 31

) Kasa-Pur and

Abdula~Pur ,

(iv) Bhatinda II1 - "Maur-Khurd 30

IV  Jaid . 21

The author was responsible'for the design and supervision of
data collection work fot this sample. Whereas the data sheets or
proformas and approach used were similar to 'Cost Accounting Method,'
the farm visits were nof as intensive. Each farmer was contacted
periodically--not daily--to record his wheat—reiated aétivities; This
sample will be referred £o as 'RS Sample.'

A brief summary of the coverage and déta used in this study is

4

provided below in Table 3.2..

-
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TABLE 3,2

BRIEF SUMMARY OF THE SAMPLES AND DATA

No. of ‘
Geographic Villages MNo, of Crop Wheat Observations
“'Sample "~ = Coverage  Iuncluded Farms Year  Type Available
FZR Distiict~ 15 150 1967/68 New 105
Ferozepur
1967/68 0ld 132
1968/69  New 144
TC . Punjab 19 304 1969/70 New ‘ 287
RS Punjab 7 128 1970/71  New 128

The Region

The geogréphic area to which this investigation relates éom-
prises tﬂe present state of Punjab., The state lies in the northwestern
part of India between the latitudes 29° 30' and 32° 30' North and the
longitudes 73° 53' and 77° East., The state is approximately 50,376
square kiloﬁeters in area which is l.54 percent of the total area of
Indial/ and is inhabited by 13,47 million people (Census of India;
1971), Estimated iabor force is 3.88 million workers. Cultivators,
agricultural laborers and other workers are 42.75 percent, 20.03 percent 
and 37.22 percent of the total workers in the state respectively.

Punjab agriculture is characterized by two distinct agricuitural
seasons. Maize, cotton, groundﬁutg, rice and sorghums are the im-

portant crops grown during summer, called the kharif season. Wheat

1/

- /Geononic Adviser to Government, Punjab (Jan. 1971; pp. 10,66,
69,122),
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wﬂich is grown in winter or rabi season follows in rotation almost all
kharif crops. Barley and gram are the other two rabi crops, but wheat
occupies more than 85 percent of the area pianted to rabi crops.lJ

The state is mainly a flat alluvial plan with western Himalayan
Mountains in the north. The soils are deep and fertile.. The étate
has a well developed and diversified system of irrigation. The snowfed
rivgrs entering the Punjab plains from the mountains have been well
tapped for perennlal irrigation through a well established canal system.
The ground water is mostly sultable for irrigation and is easily reached.
This has made tubewell irrigation quite popular. Diesel engines and
.electric motors ranging from 1 H.P. to about 25 H.P, capacity are common
as power sources for lifting groundwater. During 1969/70, 74 percent
of the total gross éown area was reported as irrigatedrg/

The rainfall distribution over the year is heavily skewed during
the monsoonsﬁonths of July to middle of September with about 20™-24"
of rainfall as compared to about 1"-3" duriﬁg Japuarj, February, and
March., Thelremaining months are almost completely dry. Temperatures
range from freezing a.few nights in January to aboﬁt 110°-112° F in
June,

The state has a well established rail and ;oad transport system.
Most villages are connected with some metalled (paved) road., Industrial

units are generally small, agro-based and fairly well dispersed.

L 1pid,

" 2/1b14., page 41.
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The Variables

The variables used in this study are defingd as follows:

Y = physical output of wheat measured in quintals per farm including

by—products.}/ The by—producﬁs are converted into quintals of

wheat by dividing the total value of by-products by wheat price. .

N = _the labor input per farm used for wheat production measured

in hours. It includes both family and hired labor. Child and

female iabor_is convertéd into man-equivalents by treating tgo

childrea (ox women) eﬁual to one man,

1 L = the land input measured as acres of wheat grown per farm.

F = the current value of fertilizer and farm-produced manureg
measured in rupees per farm.

K = a measure of flow of capital services going into wheat pro-
duction per farm., An hourly flow of services i§ derivedlfor
ecach durable input including capital in the form of.livgstock
that the farm uses in wheat production. It includes depreé-
ciation charges, interest charges and operating expenses.
Depreciation schedules are based on the specific life of each
input, but interest costs are estimated at a uniform interest

rate of 10 percent for annumrg/ The actual number of houss

1/

='The major by-product is wheat straw, which in chaffed form is
fed to cattle. Sometimes Sarson (an oilseed crop) is also grown mixed
with wheat. : ‘

ng.S. Kahlon, S.S. Miglani and S.K. Mehta (1963/69, p. 7J) report
that 68 percent of the amount borrowed in case of FZR Sample for the
year 1968/69 was at an interest rate of 9-10 percent per annum., The
range of interaest charges varied from 6,5 to 20 percent,
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of use times the hourly flow of services of each durable input
gives its total service flow.}/ Aggregation of these asset-
specific service flowé plus the seed costs yields a measure
of the capital services.g/

B = a value measure of flow of services of animal power going

into wheat production.

K = the flow of total capital services less F and B, i.e., Ky =
K~-F - B, It is the flow of capital sérvices other than
fertilizer and animal power.

‘KZ = the flow of total capital services less F i.e., K, = K - F.
It includés animal powar but does not inclﬁde fertilizer,

p = the price of wheat per quintal,

wN = thé total wage bill in rupees for wheat production per farm.,

It includes payments to labor hired on daily wage bésis, labor
hired on annual contract basis and the imputed value of ser-
vices of family labor. Family labor services are valued as
equivalent to those of the annual contract labor for. each farm,
For-farmé which do not employ labor on annual contracfs,‘the.
average rate of those farms in the saﬁple which do employ con-
tract labor was applied for evaluating the services of family

labor.

L/For the RS Sample (1970/71), this procedure was carried out by
the author himself. TFor FZR Sample and TC Sample, essentially the same
procedure was employed.

sznless the estimating models have the value of fertilizer F as
a separate variable K also includes F.




45

T = the total rental value of land services in rupees for wheat
production per farm. It includes the actual rent paid for
rented-in land in cash or share of the produce and.the imputed
rental value of owned lands. For impufing rental values of
owned lands, the actual rental rates of the fields in close
proximity considered as equivalent in land fertility are
applied. Tor lands producing two crops during the year half
of the annual rent is treated as the share of the wheat crop.

w = the hourly wage rate of labor., It is obtained simply by divid—
ing the total wage bill wil by total labor input N,

t = the average rental price of laund per acre per farm. It is ob~
tained by dividing the total rental value of land per farm (T)
by the wheat land per farm (L).

i = "price" of capital input.

E = the educational input calculated by dividing the sum of
years of education of members of farm family older than 13
years of age by the number of these_members. The members who
do not directly participate in farm work are also inéluded,'
assuming that their interaction influences the over-all

decision making of farm houscholds.

: R = the total revenue from wheat production per farm in rupees.
E

It is obtained by multiplying the total output of wheat ¥
k by the reported price p.

c = the total cost of wheat produced per farm in rupees. It is
the sum of wage bill wH, total land rent T, capital costs

K,-
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the profit from wheat production is defined as total

revenue less total variable labor costs.




47

CHAPTER IV _ ' !

EMPIRICAL RESULTS AND THEIR INTERPRETATION: ) !
OLD VERSUS NEW WHEATS ‘
The main objective in this chapter is to evaluate the nature
and magnitude of change in technology of wheat production from old
- to new wheats. For this purposé the pfoduction function model (2.2),

the cost function model (2.10) and profit function (Model I) are used

employing 1967/68 data from the FZR Sample. Old wheat continued to
be grown to some extent. during the subseQueﬁt two years 1968/69.and
1969/70. Bﬁt, sinée the number of farms growing this wheat and the area
planted to it had been substantial;y reduced, no meaningful compara-

tive analysis for these years is possible, Subsequent analyses for

the new wheat, however, will be pursued using data for the four year
period 1967/68 to 1970/71. 1In this chapter the main focus is to study K

the nature of technical change in wheat production as a result of the

introduction of new wheats.,

~ jz' Production Function Model

The results from the least-squares regressions linear in natural

logarithms for (2.2) are presented in Table 4.1, The output elasticities

with respect to all inputs have the right signs and have reasonable
values. There are three important conclusions that are obtained from
these results. First we compare the separate regressions I and II ‘

L3 with the pooled regression IV; and separate regressions V and VI with




TABLE 4.1 -

5 . =N
ESTIMATES OF PRODUCTION TFUNCTION FOR WHEAT, 1967-68, PUNJAB, INDIA

. Type  Number of . Returns
Regression ¢ Observa- Coefficient of - to
Number Wheat  tions Constant DV N L K or K, F R? SEEﬁj Scale F-ratioE/
I 0ld 131 -0.254 0.098 0.500 0.429 0.835 0.352 1,027 0.42
(0.585) (0.082) (0.086) (0.093)
I New -~ 105 -0.330 0.086 0.503 0.482 ' 0.943 0.395 1.071 ' 6.38%x
(0.680) - (0.093) (0.092) (0.128)
I1I Pooled 236 ~0.906 0.089  0.406.  0.552 0.914 0.381 1,048  4,60%"
(0.419) (0.062) (0.056) (0.073). g
Iv Pooled 236 -0.195 ~-0.219 0.099 0.511 0.449 0.919 0,370 1.059 7.00%*
(0.446) (0.056) (0.060) (0.061) (0.076)
v 01d = 131 1.096 0.209 0.623 0.060 0.092 0.849 0.337 0.984 0.19
(0.549) (0.080) (0.081) (0.094) (0.016) :
VI New 105 0.175 A 0,091 0.528.  0.328 0.116 0.943 0.395 1.062 4,75%
(0.625) (0.091) (0.091) (0.110) (0.045)
VII Pooled 236 0.350 0.173 0.531 0.213 0.108 0.918 0.373 1.025 1.20
(0.409) ‘ (0.060) (0.058) (0.073) (0.015)

VIII Pooled 236 0.693 -0.186 0.163 0.593 0.195 0.088 0.921 0.365 1.039 3.20
' , (0.415) (0.056) (0.059) (0.060) (0.071) (0.016) ° ’ :

N

- 8%

(Notes: see following page.




TABLE 4.1

(continued)

~Notes:
Regressions linear in logarithms are estimated by least squares.

Dependent variable is output of wheat Y, in physical units.,
DO is a dummy variable with a value of one for 'old wheat' and zero otherwise. : ~
N, L, K or Ky and F are labor, land, capital costs and fertilizer costs per farm. K=Ky+F. In regressions I to IV,
4 : K includes F.
Standard errors of coefficients are in parentheses.
*Significant at 95 percent level.
**Significant at 99 percent level.

.E/Standard errorsof estimateare in natural logarithms of output of wheat measured in quintéls.

E/F—ratio is calculated to test the hypothesis of constant returns to scale.

B

R2 is the coefficient of determination adjusted for degreces of freedom.
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the pooled regression VIII,respectively. Analysis of covariance for
these comparisons gave F-ratiosl/ of 0.27 with 3 and 228 degrees of
freedom and 1.39 with 4 and 226 degrees of freedom; these are not
significant at 90 percent level. Thus we cannot reject the hypothesis
that.output elasticities with respect to various iﬂputs are the same
in separate regressions‘for old and new wheats, if we allow the con-
stant terms in the two regressions to differ. |

'Second, it can be observed from regressions VIII.and IV that in-‘
tercept terms for old wheat are lower by 18,60 percent and 21.90 per-
cent:respectively. Alternatively it means that the intercepts for new
wheat are higher by 22.85 percent and 28,04 percent respectively as
.éompared to old wheaf. Economically this can be interpreted as a
neutral upward shift in the wheat prvoduction function resulting from
the intfoduction of new wheat.

The third importént point to be noﬁgd is that when the model
does not treat fgrtilizer as a separate input mildly increasing re-
turns to scale are indicated for new wheat, in regressionSII and III.
as well as the pooled regression IV, But for the pooled regressions
VII and VIII constant returns to scale are indicated. It may also be
noted that the last mentioned two regressions indicate substantial im-
proveﬁent rélative to regressions III and IV, both in terms of the
standard errors as well as the plausibility of the elasticity esti-

mates. It seems that fertilizer as a separate input of production

Y see Johnston (1963, pp. 136, 137) and Chow (July, 1960) for
an explanation of this test, :
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and an intercept-shifting dummy to capture the effects due to change
in wheat type make slightly bétter specificétion for the production
function model. The finding of a neutral upward shift of the order
of 22.85 to 28.04 percent in the production function for wheat result-
ing from the dntroduction of new wheat is of gréat importance. The
magnitude of the shift is almost unprecedentedl/ in the history of
agricultural research effort. It has resulted in tremendous value to
the society in terms of the savings of resources going into a unit of
wheat and thelconsequent increased supplies of wheat made possible.
Later in the chapter we evaluate the impaét of this shift in terms of
the resulting dovnward shift in the long run uniﬁ cost function for
wheat.gj

The findings that the shift in the production function 'for wheat
' is of the neutral type and_that constant returns to scale preﬁail in
wheat production, facilitate considerably the quantification of the
resulting shifts in the factor demand functions and the study of their
consequences. We pursue ﬁhis matter in the next section( In.a latef
section we also compare the marginal value products of various inputs
for old and new wheat. About the implications of the finding of con-

stant returns ‘to scale we will have more to say in later chapters.

ya

1 :
—/Later from the profit function formulation, we find this shift
to be still larger.

E/It would be possible to use these results to compute a rate
of return to the applied¥fresearch effort incurred in India on adapting
the high-yielding varieties of wheat. But we have not been able to
obtain the relevant data for this purpose on the expenditures incurred.




Input Demand.Functions

The derived input demand functions are obtained by solving sim-

52

ultanéously the production function and the marginal productivity con-

 ditions, For the Cobb-Douglas case equations (2.5) to (2.7) are thus
obtained as demand functions for N, L and K respectively. The

demand function for fertilizer can be obtained in exactly the same
way. It is imporﬁant to note that for the case 6f constant returns

to scale, since y the measure of returns to scale is equal to one,

these demand functions should be written without Y. This also permits

us to evaluate these functions on a per acre basis by using the per

acre sample mean levels of autput Y for old and new wheats and compare

their shifts.

For this purpose we run a least-squares regression restricting the

estimates to constant returns to scale, These results are presented

in (4.1):

1
(4.1) 1a(Y¥/L) = 1.001 - .164D° + .1391n(N/L) + .1731n(K/L) + .0881n(F/L)j/

~ (.383) (.055) (.057) (.071) (.016)

seg2/= .367, ®% = .370.

where D0

is a dummy variable with a value of one for old wheat and zero

for new wheat, A 17.30 percent neutral upward shift of the production

L

i/Figures in parentheses are the standard errors.

E/Standard errorgﬁ’%stimate is measured in natural logarithms
of per acre output of wheat measured in quintals.,
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function for new wheat is indicated relative to the old wheat,
From (4.1) the production function estimates for new and old

wheats can be written as (4.2) and (4.3) respectively:éj

.139 L.GOO K2.173 F.088

(4.2) Y =2.718 X

M

(new wheat)

(4.3) "y = 2,316 Ne139 L'600_K2'l73 F.088

(old wheat)

Equations (4.2) and (4.3), are the estimates for old and new
wheat obtained with the restriction of constant returns to scale in
(all) the inputs of labor, land, capital,(Ké and fertilizer.

It should be noted that the input elasticities with the re—
striction of cdnstant returns to scale in{42) and (4.3) differ slightly
from the unrestricted estimates of regression VIII in Table 4.1.

By substituting the production coefficients from (4.2) in demand func-
tions (2.5) to (2.7) and a similar function for fertilizer, the input
demand functions for N, L, K and F by farms producing new wheat for

the constant returns to scale case are given by:

(4.4) .

2
I

s
|

éJThe coefficient for land L is derived implicitly from estimates

of (4.1), Per acre production function with four inputs can be written:
. (!l a3 0L4
X.: A (E) (E%) .E) « Thus
L L L L
ay (l—al—a3fa4) a; o

K F that is, coefficient for land

Y=A N 2

=
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600 i—.827 .088

= .189 Y w0139 .tc pf

=~
!

.096 Y w139

600 i.173 pf—.912

e |
it

tl

By a similar substitution of the production coefficients from
“ (4.3) in demand functions (2.5) to (2.7) and a similar function for
fertilizer, demand functions for N, L, K and F by farms producing old

wheat are given by

.178 Y W-0861 t.600 10173 Pf-088

=
i

(4.5)

L = .770 Y w°l39‘ t-c400 iol73 pf.088

K = .220 Y wi39 ¢-600 ;-.827 Pf.ogs

0139 t.600 -1.173 p -i912

F=",112%Yw p

If we divide both sides éf the demand functions for N, K and F
in (4.4) and (4.5) by L, we get per acre demand.functions. By sub-
stituting the sample mean per acre output of the respective wheat in
the righthand side and multiplying it by the respective sémplé mean
pricel/ we find that these per acre demand functions for new wheat |

\ \\
are higher by 25 percent compared to the old wheat. This shift in the

factor demand functions in wheat industry has important implications

l/These sample means for the year 1967/68 are:

. New Wheat ~ 0ld Wheat
Output per acre (quintals): 13,00 8.50
Price per quintal (Rupees): 76.37 79.86




for factor markets and the labor absorbtive capacity of ‘green

revolution'. By way of illustration we work out one example to

throw some light on this point;- The wheat area replaced by new

wheat in Punjab was 3.6 percent, 35.4 percent, 48.5 percent and

65.5 percent during the years 1966/67, 1957/68, 1968/69 and 1969/70
1/

respectively.~ If we assume perfectly elastic labor supply, a

25 percent rightward shift in the labor demand function implies that

labor absorption in wheat production in Punjab during these years
increased by 0.9 percent (1966/67), 8.85 percent (1967/68),
12.13 percent (1968/69) and 16.38 percent (1969/70). Similar re-

percussions in other factor markets could obviously be expected.

Cost Function Model

In this section we provide a quantitative assessment of the

nature and magnitude of shift in the long-fun cost function of wheat
resulting from the introduction of high yielding Wheats.v Since the
cost function and the.underlying Cobb-Douglas production function’are
relafed to each other by the duality theofem, ffom Ehe estimated cost
function we also obtain the input elasticities. Also we examine the
question of returns to scale. Least squares regression results separ-
ately for old and new wheats and for the po;led data for equation

(2.10) are given in Table 4.2; the indirectly derived parameters of

the production function are given in Table 4.3.

l/See Appendix Table I.2.




TABLE 4.2

ESTIMATES OF COST FUNCTION FOR WHEAT BASED ON EQUATION 2.10, 1967/68, PUNJAB, INDIA

‘Type Number of Retarms
Regression of Observa— Coefficient of ) : to
Number Wheat tions Constant DY A~ W, t R sggd/  Scale
I B 0ld 131 3.871 0.821 0.059 0.155 E 0.845 0.307 1.128%
(0.361) - (0.031) (0.090) (0.057)
IT New 105 3.907 0.868 0,118 0.089 . 0.943 0.358 1,152%
(0.516) (0.023) (0.119) (0.085)
III Pooled 236 3.764 " 0.872 0.077 0.126 0.918 0.342 1.146%
(0.306) (0.018) (0.075) (0.050)
Iv ' Pooled 236 3.695 - 0.184 0.857 0.089 0.130 0.923 0.330 1.166%*

(0.296) (0.044) (0.017) (0.072) (0.048)

1

Notes: :

Regressions linear in logarithms are estimated by least squares. Dependent variable is total cost C of wheat
in rupees per farm, DY is a dummy variable with a value of one for 'old wheat' and zero otherwise.Y,w and t
are the output of wheat per farm in physical units, wage rate per hour and the rent. of wheat lamd per acre re-
spectively. The standard errors of coefficients are in parentheses.

a/ Standard errors of estimate are in natural logarithms of total cost of produclng . wheat per farm in rupees.
*#Indicates that returns to scale are different from one atg5 percent level of significance.

&
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TABLE 4.3

INPUT ELASTICITIES AND RETURNS TO SCALE DERIVED FROM ESTIMATES
OF THE COST FUNCTION PRESENTED IN TABLE 4.2

Regression Input Elasticities of Returns
Number Labor ' Land Capital (K) to Scale
I 0.072 0.189 0.957 1,128%
11 0.136 . 0.103 - 0.913 | 1.152%
III | © 0.088  0.144 0,914 1.146%
v 0.105  0.152. 0.909 1.166%

Estimaﬁes in Table 4.2 indicate that comnstant terms of old and
new wheats differ by 18.40 percent. An analysis of covariance test

comparing the separate regressions for old and new wheats (I and II)

with the over~all regression IV yields an F-ratio of 0.79 with 3 and

228 degrees of freedom. This means that ‘the two cost functions differ
only in the intercept and not in slopes. This is quite a valuable
result. It implies that with the introduction of high-yielding wheats

the long-run unit cost function has neutrally shifted downward on the

order of 15.54 percent.

~

The estimated coefficient (é) for the dummy variable DO is 0.184
Y

for regression IV and the estimate for y is 1.166. Thus & = 21.45

percent, which is the neutral upward shift in the production function.




Both for the separate and pooled regressions increaéing returns
to scale are indicated. But (%), the coefficient for logarithm of
¥, could be biased downward since the model does not include the
'capital price' as an explanatory variable, which on a priori con-
siderationsk/ may be negatively correlated with output., Thus returns
to scale méy be over-estimated.

The second difficulty with these estimates is indicated by im-
plausibly low values of output elasticities with respect t§ land
(Table 4.3) and vice versa for capital. Again the omitted variable
effect is probably the reaéon. The per acre land rent t and output
per farm Y are positively correlatedg/ and this implies a negative cor-
relation between t and the omitted variable 'capital price.' The
éstimated coefficiedfs for logarithm of t in Table 4.2 and the derived
output elasticities with respect to land (Table 4,3) are thus biased

downward. ‘

Profit Function Model

5
e

In this section we have two purposes in hand: to reassess the
magnitude of the neutral upward shift in the wheat production function
and to obtain consistent estimates of the.output elasticities with re-
spect fo the different inputs.

First we reproduce equations (2.47) and (2.32)--Model I-- as

(4.6)-andv(4.7)-witﬁ minor changes:gj

1/

—'See discussion on this point in Chapter I, p. 0.
E/The‘simple correlation coefficient is 0.395.

ngquation (4.6) 1s written after introducing a dummy variable pY
with a value of one for new wheat and zero otherwise in equation (2.47).

58
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(4.6) 1lnm=2x+ sNpN & By ln:§?+ By In L +'B3 1n K
'where
A =1n AQ + (1-8)) In p
p¥ is a dummy variable with valﬁe of one for new wheat and zero for

the old wheat.
6N if significantly different from zero and positive indicates the
percent upward shift in the profit function.

Ag is defined by the identity in (2.34) and the remaining variables

and parameters are as defined earlier. Superscript O stands for old

wheat.
4.7) <-‘L.’i =

Equations (4.6) and (4.7) are estimated jointly using Zellner's
methodl/ of estimation by imposing the restrictions that B1 = By in
the two equagions and requiring!that 82 + 63 = 1, that is, assuming .
constant returns to scale. These results are presented below in

Table 4.4:

Also notice that (2.32) holds without output price and can be written
as (4.7).

l/See Zellner (1962) and subsequent applications by Lau and
Yotopoulos (March 1971, February 1972).
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TABLE 4.4
; RESULTS OF JOINT ESTIMATION OF COBB~DOUGLAS PROFIT FUNCTION AND
f - LABOR DEMAND FUNCTION FOR WHEAT, 1967/68, PUNJAB, INDIA
E e : Estimated Standard
Parameter ' ~ Coefficient Error : . i
A = 4,872 (0.965)

&N - 0.485 (0.129)

81 : = 0.254 (0.013) in both‘equations

By = 0.670 (0.155)

83 = 0.330 (0.155)

From A = 1 Ag + (l—Bl) Ilnp we evaluate Ag by substituting sample's
mean value of\lnp for old wheat. Then we get AO éhe efficiency

parameter in the cobb-Douglas productign function for old wheat from
the identity in (2.34), the computed value of vhich is 5.641. 1In !

the same way, from A = 1ln Ag + N 4 (1-61) inp, we get AN the ef;_

ficiency barameter for new wheat = 8,166, Thus maintaining the

hypothesis of neutral technical shift we find that the efficiency { }

parameter for the new wheat production function is larger by 44.70 i

percent, It should be noted that this increase in efficiency parameter

4 * of wheat production function, as a result of the introduction of new ‘

wheats, is much larger, relative to the direct production function

estimates of 22,85 percent to 28,04 presented earlier (p. 51).

Iy




This larger efficiency gain is quite consistent with the percéntage.
increase of output per acre resulting from the introduction of new
wheats, which, calculated at the respective geometric mean levgls
for old and new wheats, is of the order of 47,93 percent, It may
well be thé result of superior estimation properties of the profit
function model. :

The indirect estimates for the output elasticities with respect
to inputs of labor, land and capital are obtained from the identities
in (2.30) or (2.34). In Table 4.5 these estimates are compared with
those derived from the cost function estimates ana direct production

function estimates of regression IV, Table '4.1.

TABLE 4.5

-

ESTIMATES OF OUTPUT ELASTICITIES FOR WHEAT PRODUCTION
... ..FUNCTION 1967/68, PUNJAB, INDIA
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Indirect Estimates Derived From Direct Production

‘Parameter Profit Function Cost Function Function Estimate
Labor oy 0.202 0.105 0.099
Land 0.535 0.152 0.511

0.2 V
Capital  ay 0.263 0.909 0.449




. R

b4 . TS BN
. Tt e ~
| P \l . L ’

~—. -

e vwﬂ_,}N*“ o 62

- {:;/‘/‘

. \] ¢
e To the extent simul-taneous equation bias exists the direct pro-

e

i ener s

Rxgggiiggﬁggtimates_mgx_nggwhgwfgge from it.{ Also as argued before,

e R LTS

indirectly derived elasticity estimates from the cost function suffer
from fhe bias created by the excluded variable effect. On the other
hand, indirectly derived from the Cobb-Douglas profit function, esti-
mates are statistically consistent and also look quite reasonable.

In Table 4.6 we use these output elasticities along with those from

direct production function estimates (regressions VIIT and IV, Table
4.1) to calculate marginal value products for various inputs in the
production of old and new wheats and compare theﬁ with their oppor-
tunity prices.

Twé broad comments seem to follow from the informatién presented
in Table 4.6, Tirst, the calculated marginal value product of land
is considerably larger for new wheaf compared to the old wheat and in
either case much above the sample's geometric mean value of land rent
per acre. This increase in land productivity resultiug from the in-
troduction of high-yielding varieties of wheat was in subsequent years
;eflegted in rising land values. and land rents. In view of the rela-

" tively inelastic supply of land, lafge winafall gains (economic rent)

accrued to the owvmners of farm land.l/ Second, a seemingly unreasonable

~

1/sce Robert W. Herdt and Willard W. Cochrane (1966) for a per-
- spective on capitalization of the gains of technological advance in
the form of increased land values.,




TABLE 4,6
AVERAGE AND MARGINAL VALUE PRODUCTS FOR DIFFERENT INPUTS IN THE PRODUCTION OF OLD AND
NEW WHEAT., 1967/68, PUNJAB, INDIA
"(Calculated at geg?etric means)

L i :
Geometric Average Value Marginal Value Products Using Output

Means ' Products Elasticities From: . Geometric Mean
Regression VIII Regression IV  Derived From . Price From
(Table 4.1) (Table 4.1) Profit Function the Sample
Input (Table 4.4)
0l1ld New 01ld New 0ld New 01d New - 01d New

Wheat - Wheat Wheat Wheat Wheat Wheat Wheat Wheat  Wheat Wheat
rupees per unit of input

Labor (hrs) ~ 1064.30 590.11  4.09 4.21  0.65  0.67  0.41  0.42  0.82 0.8  0.692
Land © 6.62 2,67 658.66 931.59  388.61 549.60 335.92 475,11 355.68 503.06 139,152/
(acres) } .
Capital,K(Rs) 1313.40 820.72  3.31 3.03: | 1.49  1.36  0.86  0.79
Capital K, (R$) 1107.60 590.50 3.3 4.2 0.79 0.8

Fertilizer(Rs) 100.48 184,93  43.39' 13.45  3.91  1.18

Qutput(quintals) 54.60 32,57

Output price® 79.86  76.37
(Rs/quintal)

il'/Samples geometric mean wage rate per hour.
E/Samples geometric mean land rent per acre.
*Sample arithmatic means.

. (For definition of variables see Chapter III.

€9
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magnitude for the value of marginal product of fertilizer in the pro-
duction of old wheat--about three and a half times larger than in
the case of new wheat--provides an interesting verification for the

hypothesis of 'yield ceiling' in the case of old wheats.l/ The main

point of this hypothesis is that old Indian varieties of wheat which

! have tall-gfowing tender straw are susceptible to lodging under heavy
fertilization and that this characteristic works as a limiting factor

for increasing their yields beyond a certain upper limit called the

'yield ceiling.' ihe observed high value for the marginal product of
fertilizer in the production of old wheat is thus explained by the
existence of a discoﬁﬁinuity iﬁ the marginal product curve for fertilizer.
It should have no connotation for a poésible irrationality on the part

of producers in the use of fertilizer or for the possibility of in-

creasing output of old wheat by increased fertilization,

i '_ ‘Summary
The results shown above indicate that the high~yielding varieties
of wheat have shifted the wheat production function upward in a neutral

way. The direct production function estimates IV and VIII, Table 4.1,

indicate the magnitude of this shift as 22.85 percent and 28.04 percent

respectively. The cost function estimates show this shift as 21.45

: percent whereas the profit function estimate is a 44.70 percent shift.

E/See Appendix I, p, 186, for further discussion of this point,




From the cost function estimates we also find that the long-run aver-~
age cost function for wheat shifted downward by 15.54 percent.

The calculated marginal value products for labor, land and
fertilizer at the geometric means are significantly above their oppor-

tunity prices. The difference is quite large in case of land and

fertilizer.

oy
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CHARTER V

EMPIRICAL RESULTS AND THEIR INTERPRETATION: PRODUCTION
‘ AND COST RELATIONSHIPS FOR THE NEW WHEAT AND
ROLE OF EDUCATION IN PRODUCTION,
1967/68-1970/71
In this chapter we attempt to analyze the nature of change in the

new wheat production function and in the long-run cost function over
the four year period 1967/68-1970/71, to study the role of education
and animal power as factors of production, to provide the best possible
estimates of the production function and to obtain some useful elésticity
measures. The basic tools for these analyses are (1) the production

function, (Model 2.2), (2) the cost function, (Model 2,10), and (3)

the profit function (Model I: Equationé 2.47 and 2.32),

Production Function Model

The results of the least-squares estimates as suggested by Model
2.2 are summarized in Tables 5.1 and 5.2, Régressions in Table 5.1
treat fertilizer as a separate factor of production in the specification
of the production function, but in Table 5.2 fertilizer is included in
the capital variable K, the flow measure of total éapital. At a 95 per-
cent level of siénificance mildly increasing returns to scale are indi-~
.cated for the years 1967/68 and 1970/71. TFor these yeérs fhere is a
relatively large number of observations with output level below the re-
spective sample means, and these probably account for the mildly increas-
ing returns. By and large, however, constant returns seem to prevail,

In order to test the hypothesis of the cqualiéy between sets of

production coefficients in the production functions for the years
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1967/68, 1968/69, 1969/70, 1970/71, we compare the separate regressions
I, II, III and IV with over-all regression V in Tables 5.1 aund 5.2,
The respective F-ratios are 5,30 with 15 and 636 degrees of freedom
and 6.17 with 12 and 640 degrees of freedom. These F-ratios are sig-
nificant at 99 percent level., Thus, the ﬁypothesis of equality between
the sefs of coefficients.in the four yearly regressions is rejected,
indicating that the production function for the new wheat over the four
year period has been unstable. It is, however, necessary to go a step
further. 1In over-all regfessions VI we note tﬁat each of the coeffi-
cients for the three 'year dummy variables' has a negative sign and is
significant at 99 percent level, and the analysis of covariance com~-
paring the separate yearly regressions with over-all régreséions VI
(Tables 5.1 and 5.2) gave F-ratios of 2.27 wifh 12 and 636 degrees of
reedom and 2,05 with 9 and-640 degrees of freedom, Both these F-ratios
are significant at 95 percent level (but not 99 percent). That is, the
hypothesis of equality between the sets of slope coefficients allowing
the intercepts in the yearly regressions to vary, is rejected less
strongly. Thus, while we reject on statistical grounds the hypothesis
of neutral variations in favor of non;neutral variations in the pro-
duction function over the four year period, the evidence is rather weak.
Unusually small standard errors‘for the coefficients of the 'yeaf
dummy variables' support the view that exogenous factofs like weather
1/ |

and deterioration~ in quality of seed may account for the downward

ifDuring my farm visits in 1970 and 1971, farmers in Punjab gener-
ally complained of defective seed quality after 1967/68, that is, that
seed did not perform as well during later years. I think mixing of some
Jlower quality seed with better seeds occurred at various levels of seed
distribution channel. During 1968/69, 1969/70 and 1970/71 crop years
weather as well was somewhat adverse relative to 1967/68.
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TABLE 5.1 _ g

ESTIMATES OF PRODUCTION FUNCTION FOR NEW WHEAT, 1967/68 -
1970/71, PUNJAB, INDIA

Year 1967/68 1968/69 1969/70 1970771 Over-all
Regression:
Number I II IIT v i VI vid/ !
No, of i
Observa— ' N
tions 105 136 287 128 656 - 656 656
Constant 0,175 0.678 1.064 -1.733 0.333 0.304 =2.549
(0.625) (0.898) (0.305) (0.564) (0.230) (0.253) (0.092)
Dy . -0.298 -0.477
: (0.047) (0.049)
D, -0.282 ~0.462
' (0.044) (0.046)
D, : -0.171 -0.411
: (0.048) (0.049)
Labor 0.091 0.198 0.113 0.473 0.209 0,190 0.194
(0.091) (0.146) ( .052) (0.094) (0.040) (0.040) (0.032) .
Land 0.528 0.577 0.723 0.305 0.604 0.613  0.500 3

(0.091) (0.135) (0.062) (0.099) (0.039) (0.043) (0.032)
(’Capital, 0.328 0.108 0,127 0.173 .0.099 0.161 0,244
K (0.110) (0.127) - (0.051) (0.072) (0.015) (0.039) (0.035)

Fertil-  0.116  0.110  0.031  0.110  0.082  0.066 0.068
{zer (0.044) (0.033) (0.018) (0.032) (0.016) (0.014) (0.014)

R2 - 0.943  0.875  0.837  0.922°  0.908  0.915 0,916

sgEb/ 0.395  0.405  0.324  0.255  0.359  0.347 0.343

Returns

to scale 1.062  0.993  0.993  1.061  0.994  1.030 1.006

F-ratioS/ 4.75%  0.04 0.09 4,51%  0.23 2,50  0.15

Notes: Equations linear in logarithms are estimated by least squares,
Dependent variable is output of wheat in physical units.

D. (i =1,2,3) are the year dummies taking the value of ome for
1968/69, 1969/70 and 1970/71 respectively and zero otherwise.

Standard errors of coefficients are in parentheses.

E/The inputs for this regression are measured in value “terms,

b/standard errorsof estimateare’ in natural logarithms of wheat output
measured in quintals. .

E/The calculated F-ratio is for testing the hypothesis of constant
returns to scale, '
*Indicates the F-ratio is significant at 95 percent level,

R% is the coefficicnt of determination adjusted. for degrees of freedom.
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TABLE 5.2

ESTIMATES OF PRODUCTION FUNCTION FOR NEW WHEAT, 1967/68 -
1970/71, PUNJAB, INDIA

Year 1967/63 1968769 1969/70 1970/71 Over—-all
Regression

Number I II 11 IV \ VI vid/
No, of ' '
Observa~- _ _

“tions 105 136 287 123 656 656 656

Constant ~0.330 =0.116 0.757 =-2.157 -0.310 -0.073 -2,804
(0.880) (0.923) (0.330) (0.574) (0.272) (0.266) (0.095)

Dy . | ~0.308 =0.473
‘ (0.047) (0.048)

D, . - 0087 - 0454
| | (0.043) (0.046)

Dy | ~0.169 -0.396
' (0.048) (0.049)

Labor 0.086  0.172  0.096  0.418  0.156  0.163 0.181
(0.093) (0.148)- (0.056) (0.094) (0.042) (0.041) (0.032)

Land 0.503  0.522 -0.692 0,282  0.531 0,582 0.475

(0.092) (0.139) (0.063) (0.098) (0.044) (0.043) (0.033)
Capital , 0.482 0.325 0.206 -0.369 0.313 0.291 0.357

X (0.128) (0.133) (0.054) (0.083) (0.044) (0.042) (0.038)
R2 0.943 0.871 0.879 0.924 0.909 0.915 0.917
SEED/ 0.395  0.411  0.321  0.252  0.359  0.345  0.342
Returns ’ '
to scale .1.071 1.019 0.994 1.069 1.000 1.036 1.013
F-ratio 6.37% 0.31 Q.06 6.24% 0.01 6.00% 0,85

Notes: Equations linear in logarithms are estimated by least squafes.
Dependent variable is output of wheat in physical units.,

D; (i = 1,2,3) are the year dummies with a value of one for
1968/69, 1969/70 and 1970/71 respectively and zero otherwise.

Standard errors of coefficients are in parentheses.

E/The inputs for this regression are measured in value terms.

b/standard errorsof estimateare in natural logarithms of wheat output
measured in quintals,

¢/The calculated F-ratio is for testing the hypothesis of constant
returns to scale.
#Indicates the F-ratio is significant at 95 percent level.
RZ2 is the coefficient of determination adjusted for degrees of freedom.




shiftij in the new wheat production function in the years subsequent
to 1967/68. Another explanation could be that during the year 1967/68
the new wheats were planted on the best available wheat lands and
mafginélly inferior lands were added during the next two years. It
seems reasonable that all the three factors, adverse weather, deteriora-
tion of seed and addition of marginally inferior lands in production,
may have contributed to é dovmward shift in the production function -
after 1967/68, but an assessment of their relafive influences seems
impossible.

By inference the results raise an important question. We observe
that the absolute size of the coefficient for the yéar 1970/71 is
' much smaller than the coeffieients for 1968/69 and'1969/705 which
means that the downward drift was to some extent reversed. The question
is whether the downward drift is a temporary phenomenon or a lomng-run
tecégélogical regression in the production of new wheats. The problem
seems to be worth investigation by the wheat breeders and agronomists,
Later in this chapter the magnitudes of these shifts are measured some-
what more precisely from the profit function model.

The introduction of year dummies into the model in regression VI

improved slightly the estimates of the input elasticities both in terms

l/Because the observed shifts are dowaward, we scem to be .involved
in a terminological problem. Normally, the production function shifts
due to neutral or non-neutral technical change would be expected to
be upward rather than downward. Our usage of the word shift, however,
is intended to relate only to the stability of the new wheat production
relationship during the four year period studied.
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of the fit of the eguations as well as the standard errors. These
estimates seem to be quite reasonable aad will be compared later with
indirectly derived estimates. For regression VII all inputs are measured.
in value terms., This resulted in lower standard errors of all the coef~
ficients and slightly better fit for the equations. Ong possible ex-
planation for this result could be that part of the quality adjustments
for the dinputs (in particﬁlar land) is taken care by the value measure.
Separate yearly regressioﬁs using inputs in value terms are presented

in Appendix Tables IVl and V.2, Cémparison of these regressions with
the over-all regressions VII, however, does not change our conclusion
regarding the nature of,yearl& shifts in the production function.

As was pointed out earlier,.statistical evidence points out
(although not very strongly) that, in the new wheat production function,
©apart froﬁ the efficiency parameter, there have been some yearly changes
ié;the output elasticities as wekl. We have also observed that duringz
the four years studied weather, seed quality and land quality may have
been changing to some degree, It seems possible to argue that the
‘year dummy variables' only partially éaptured the effects of these
factors and that their remaining influence caused yearly changes in
the behavior of output elasticities, It is not difficult to imggine
that weather differences could cause differéntial increase in the rate
of application of various inputs. Bringing marginally inferior land
into new wheat production after 1967/68, also meant a non-constant input
of land services during the four yéars. The ébserved yearly differ-
ences in the behavior of output elaéticities fhus seem to be a rea-

sonable or expected phenomenon. This, however, is not the same thing
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L e R i

s




as saying that there would have been non-neutral differences in the
true new wheat production function in homogeneous inputs during the
four years studied. In fact, subsequent evidence from the cost func~
tion model; which employs exogenous independent variables, shows
)

clearly that the yearly changes in the new wheat production function
are of the neutral type. In subsequent analysis, therefore, we main-’
tain that the yearly differences in the new wheat production function
were neutral in character, that is,.the efficiency parameter in the
production function changed but not the output elasticities, This en-
ables us to pool the four years' data for various estimation purposes.

There'is an additional reasoﬁ for maintaining this hypothesis.
In agriculture weather is an important factor responsible for causing
considerable variability in annual production. Application of least
squares to individual farm observations for estimating the parametérs
of a éobb-Douglas production function is an averaging process. It
seems that the estimates obtained from this averaging process, using
four years' data, should have better predictive value than those
obtained from a single cross-sectiqn. For this reason production
function estimates obtained from the four years' pooled data,
particularly those employing value meaéure of inputs——regre;sion VII
in Tables 5.1 and 5.2--are considered relatively better éstimates.
The consequences of the year to year differeﬁces in the production
function on cost function are traced in a later section where we use

the cost function model.
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Education and Animal Power as
Factors of Production

So far we have not treated education and animal power as
separate variables to distinguish their role as factors of production.

Animal power has been included (as a component) in the flow of capital

services and education has been ignored., Efforts to include animal
power as a separate variable in the production function estimates for
- the pooled data were not successful in the sense that a nonsignificant
“coefficient with a negativé sign was obtained. A possible reason for
this is that in the tractor cultivation sanple (applying to 1969/70),
a large numberlj of tractor—operatgd-farms (observations) had rela-
tively little input of animal power, making the simﬁle correlation
coefficient between the dependent variable and animal power negative.
This in turn resulted in.a weak-correlation between the dependent
(\varlable and anlmal power for the four years' pooled data with the
rcsult that high intercorrelation between the other 1ndependent vari- ‘
ables caused the partial correlation coefficient between them to be

negative, Hence we obtained a negative coefficient for animal power.

The results are somewhat improved if we exclude observations for the
years 1969/70 from our set of pooled data.
For this reason (and also because we do not have data on the edu-

cation variable for 1269/70), in this section we work only with the

v

~' One hundred and five.
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remaining three years' data in trying to assess the roles of educa-
tion and animal power in production, The approach used is stranght-
forward. We introduce education and animal power as additional (separate)

variables in the production function (Model 2.2).

Before going any further it may be useful to point out the in- \
adequacy of our production model for studying the productive value ;
of education. We are dealing with a single crop out of a rather #//

diversified set of enterprises on Punjab farms. In essence, we are§

ST i

abstracting from the great complexity of farmers' decision-making
. ',
routines., We would expect that education would enhance the alloca-

tive ability of the farm household more than it would enhance their

capabiiity to perform various agricﬁltural tasks.l/ But because wéﬂ
are estimating the results from only one crop, tbe effects of allocé;f\
tive abilities do not affect the results very much, Our function - /3
&hus enablég us to capture only one kind of education effect &w&z&g&
e££595>52/ as a direct contribution of education to physical output,
The estimated production elasticity for education obtained from our
production model, will be an underestimate of the true productive
value of gducation. We will say more about this point later,
Yotopoulos (1968), Chaudhri (1969), Hayami (1969), Welch‘(l970)

and Herdt (1971) are some of the recent studies which have éxplicity

viewed education as a factor of production in production function

/see F. Welch (1970) for these ideas.

zjlbid., page 71,
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analysis, Hayami's study (1969) demohsfrates differences inveduca—
tion as an important source of differences in agricultural produc-
tivity among nations. Yotopoulos-(1968) shows that a small amount of
education (2.24 years per household) is an important factor of pro-
duction in Greek agriculture. Chaudhri (1969) estimates a district-
level aggregate production function of gross revenue and treats educa-
tion as one of the influencing variables. His results seem to support
the view that the level of agriculfural productivity in Indian'agri-
culture is significantly related to the level of education even though
the estimated coefficient (0.08) is small compared to 0.4l from
Hayami's study and 0.14 from the study ﬁy Yotopoulos., Herdt (1971)
estimated an aggregate production function (at the state level) for
Indian agriculture for 1965, but obtained negative or nonsignificant
coefficients fo;.education. In part his ﬁroblem seems to be sta-
tistical-~few observations and high intercorrelations--and in one case
an incorrect selection of the measure representing education.l/ As

an explanation of his results (and considering the relatively small
coefficient fér education from Chaudhri'svstudy), Herdt argues that
iack of technological complexity in Indian agriculture and uniform
nature of this technology across the country result in little direct
effect of education on agricultural production. The implication, of

codrse, is that, in view of the stationary nature of techhology, the

1/tie uses the number of village level workers per state to repre-
sent agricultural extension education, DBut the number of village level
workers per unit of population is uniform in all states of India. This
makes the variables 'education' and 'labor' linearly dependent upon
each other,
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extensive observations farmers make of other farmers (education or no
education) result in efficient judgments about selection of factors

and their use. In what follows we consider education and animal pover,
as any other factors of production and try to assess their contfibutiogﬁ
to the physical output of wheat,

In Table 5.3, we present production function estimates of the
unrestricted Cobb-Douglas form (iodel 2.2) for the year 1967/68 using
the usual variables of labor,.land, capital (Kz) and fertilizer, and
introduce education in addition. It is interesting to observe that
the introduction of education has almost no effect oﬁ other coefficients
estimated without education. The coefficient for education is sig-
nificant - at 95 percent level using one~tailed t tests, and remains
unchanged in regressions treating fertilizer as a separate variable
and when it is combined with other capital.

Table 5.4 provides similar estimates for the new wheat by pooling
observations over the years 1967/68, 1968/69 and 1970/71, with animal
power as é separate variable. llere again addition of education has
relatively little cffect on other coefficients estimated without edu~-
cation. Also different specifications of the capital input, ife.,
treating animal power and fertilizer as separate inputs or combining
them into capital, has very little effect on the estimated value of
the coefficient fér education. Tﬁﬁugh relatively small, the coefficient
itself is significant at 97.5 percent level.

It would be helpful at this point to repeat the earlier argument

that our single crop function would yield an underestimate of the true
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TABLE 5.3

PRODUCTION FUNCTION FOR WHEAT 1967/68, PUNJAB, INDIA,
INCLUDING EDUCATION AS A SEPARATE VARIABLE

Number of Observations = 236

Regression Number : I II 11T IV
" Constant. 0.639 0.698 ~-0,221 -0,195
o - (0.414) (0.415) (0.441) (0.446)
D ~-0.185 -0.186 -0.218 ~0,219
(0.056) (0.056) (0.055) (0.056)
Labor : 0.163 0.163 0.102 0.099
(0.058) (0.059) (0.060) (0.060)
Land 0.590 - 04593 0.512 0.511
- ' (0.060) (0.060) (0.061) (0.061) |
Capital (K or KZ) 0.199 0.195 0.444 0.449
' (0.071) (0.071) (0.075)  (0.076)
Fertilizer 0.087 0.088
(0.016)  (0.016)
Education 0,038* 0.037%
- (0.020) (0.020) ’
r? 0.922 0.921 0.920 0.919 .
SEE2 . : 0.363 . 0.365 0,368 0.370 N

Notes: Regressions linear in logarithms are estimated by ‘least: . "
squares., - _ !

Dependent variable is output of wheat ~, in physical units,

K (the total capital). applies to regressions III and IV.

D° is a dummy variable with a value of one for ‘'old wheat,'
and zero for the 'new wheat,'

Ky (K - fertilizer) applies to regressions I and IIL.

Education is the index of education per farm household., It is
obtained by dividing the sum of years of schooling of adult |
members (older than 13 years) by their number. '

Standard errors of coefficients are in parenthesis. : f
*Significant at 95 percent level.using one-tailed t test.

2 /Standard erromof estimateare in natural logarithms of wheat output

.. measured in quintals,
R2 iy thae coefficient of determination adjusted for degrees of freedom.




TABLE 5.4

PRODUCTION FUNCTION FOR NEW WHEAT 1957/68, 1968/69, AND 1970/71, PUNJAB, "INDIA, INCLUDING
EDUCATION AS A SEPARATE VARIABLE
Number of Observations = 369

Sample AVPD MVPD

Means Regres—  Regres-
(Geo~- sion sion
Regression Number ‘ : I II IIT 1Y v VI  metric) I I
Constant 0.005 0.045 -0.209 -0.174 -0.692 -0.684
' (0.325) (0.326)  (0.344) (0.345) (0.360) (0.361)
Dy -0.292 -0.291 -0.299 -0.298 =-0.320 -0.319
' ~ (0.,051) (0.051) (0.050) (0.050) (0.049) (0.050)
Dy ' 0.142 -0.166 0.162 =-0,186 =0.165 -0.188
(0.053) (0.052) (0.052) (0.051) (0.052) (0.051)
Labor 0.245 0.237 0.207 0.199 0.189 0.179 1326.30 3.56 0.87
: (0.058) (0.053) (0.060) (0.060) (0.061) (0.061)
Land : 0.549 0.548 0.536- 0.535 0.500 0.497 5.81 796.94 437,52
' (0.059) (0.059) (0.059) (0.059) (0.059) (0.059)
Capital (K1,K2,0r K) ' 0.132 0.138 0.203 0.210 0.364 0.379 713.58 6.43 0.85
(0.045) (0.045) (0.059) (0.060) (0.067) (0.066)
Animal Power 0.014 0.015 ' 357.00 12.81 . 0.18
(0.014) (0.014) :
Fertilizer : 0.09%  0.097 0.097 0.100 340.00 13.48 1.27
(0+021) (0.021) (0.021) (0.021) S .
Education 0.036%* 0.,035% 0.033* 2,49 1846.04 66.46
(0.0L6) (0.016) (0.016)
R? 0.924 0,923 0.925 0.924 0.925 0.924
SEEZ 0.359 0.361 0.357 0.359 0.358 0.360

‘Notes on following page.

~
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TABLE 5.4 (continued)

Notes

Regressions linear in logaritims are estimated by least squares.
Dependent variable is output of wheat in physical units,

D, are the dummy variables with a value of one for the years 1968/69 and 1970/71 respectively

and zero elsewnere.

K the (total capital) applies to regresolons V and VI, K, (K-fertilizer) applies to regressions
IIT and IV. Ky = RK=-F=-.B w oo applies to regressions I and II.

Animal power is measured in value terms as flow of bullock services used for wheat production.

Education is the index of education per farm household. It is obtained by dividing the sum of
years of schooling of adult members (older than 13 years) by their number.

Standard errors of coefficients are in parentheses.

* Significant at 97.5 percent laevel using one-tailed t test.

E/Standard errors of estimateare in natural logarithms of wheat output measured in quintals.

ElAverage value products (AVP) and marginal value products (MVP) are in rupees per unit of the respective inputs,

R% is the coefficient of determination adjusted for degrees of freedom,

6L




80

coefficient for education., It also may be useful to summarize some of the
ideas from.Welch.(l970), who distinguishes two distinct kinds of ef-
fects which constitute the productive value of education., The first,
what he calls 'worker effect,' is the result of better job performance
which may result from increased education. This may simply permit a
worker to accompiish more from given resaurces, The second kind of
effect—--which Welch lLiolds ié more important in agriculture--is associated
with enhancement of a worker's allocative ability with increases in his
education; he can make better decisions regarding selection of inputs

and their efficient distriﬁution between competing uses. IHec calls this
'allocative effect' and argues:l/ "Agriculture is probably atypical
inasmuch as a larger share of the productive value of education may

refer to ailocative ability than in most industries." He also demon-
strates that when we treat educacioﬁ as a factor in a production function
of gross sales of 'a multi—enterpriée farm, the marginal product of edu-
cation includes gains from both these effects, but in single commodity
production functions only the worker effect is captured., Since farming
in Punjab ié in fact of a multi-enterprise nature and since we are dealing
énly with wheat the inference for our analysis is that the estimated
coefficient for education is probably a serious underestimate, This

view is substantiated by the results of Chaudari's study (1969). He

estimated a gross-sales production function for Indian agriculture and

EJFins Weleh (1970, p. 40).
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obtained a coefficient of 0,08 for education, slightly more than double

our estimate of 0.036.

Apart from this downward bias the coefficients for education in
Indian agriculture (0.036 from our study and 0.08 from Chaudhri's study
(19569) are much smaller compared to the coefficients of 0.4 and 0,14
for an intercountry study by Hayami (1969) and a Greek study by

Yotopoulos (1968) respectively. However, we cannot always judge the

importance of a factor of production by its size. A small mean of 2.49

years of schooling per household member in our sample means that it

is basically primary education. We do not have cost estimates for one

year of primary school education. Since there are almost no foregone

earnings for this age group, it seeuns safe to assume that at least the
private costs (to households) for this level of education are negligible.
The value of marginal product of rupeeé 66.46.(c0mputed from equation

I and shown in the last column of Table 5.4) at the geometric mean of
2.49 years of education per houschold member, does not seem to be
negligible.

Under somewhat restrictive assumptions we can proceed further to
obtain an estimate for the capitalized value of 2,49 years of education
per average housechold member. Let ﬁs make the foilowing assump tions
for this purpose. |

1. . The working age for the average houschold member.is between

13 to 65 years of age, i.e., it is equal to 52 years.,

2. The productive value of education lasts over this period.

|
1
|
\
\
!
|
f
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3. The mafgihal value product of rupees 66.46 for a year of

average education remains constant over the 52 year period. L

oz 122l

With these assumptions the capitalized value for one year of edu-

it

o st B i SR

cation per houschold member is given by:

V = I’NP (1 - l )
Y 1+ n

where

MVP is the constant annual value of the marginal product, y is the

R RETRIE e L e

relevant discount rate and (1 + Y)-n is the correction factor for
finiteness of 1ife, and approaches zero as n increases.

From this formula, for n = 52 and a discount rate of 10 percent, .:
the capitalized value of oﬁe year of education per household member

is estimated at rupees 659,95, Assuming that the marginal value of

one year of education per household member is equal to the average

k\ value, the capitalized value of 2.49 years of education per average

household member is equal to rupees 1643.27. At a lower discount

rate of 5 percent this figure is equal to rupees 3073.73. The small

A

‘amount of education of 2.49 years per household member thus does seem
to be an important factor of production especially when we realize
that our estimated marginal value product is a considerable under-—

estimate. If in the above calculations we used the estimated coefficient

of 0.08 from Chaudari's (1969) studyi/ the computed capitalized value ‘

1/

='As was pointed out earlier our estimate of 0.036 as a coefficient ‘
for education is probably a serious underestimate. If one could estimate ‘
for the farms to which our data pertains, a gross-sales production func—

tion for all crops, we should expect a coefficient close to Chaudhri's

estimate. The estimate of the capitalized value of education obtained

from Chaudhri's estimated coefficient would seem to be quite reasonable.
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is more than double. The importance of education as a factor of pro-
duction thus becomes obvious,

We, however, need to have a second look at our results with re-
spect to animal capital. As was pointed out earlie;, weak correlation
.between output and animal pbwer, and high intercorrelations among other
independent variables, are probably responsible for the imprecise esti-
maﬁe of the coefficient of animal power. The best estimate for this
variable that we could obtain was 0,914 from regression I presented in
Table 5.4. The ﬁagnitude of this coefficient still seems to be im-
plausibly small and the estimated standard error is almost as large
as the coefficient itself. But that is about as far as we can go in
usiﬁg regfession techniques to assess the role of animal power in pro-
~duction. However, a rough estimate of the importance'of'animal power
in wheat production could be obtained as the expenditure share of this
variable in the total costs of wheat or alternatively in the totél
revenue at the geomatric éample means. These two magnitudes for the
three years pooled data (1967/68, 1968/69, and 1970/71) are 0.091 and
0.078 respectively., If we accept 0.078, the expenditure share of animal
power in tﬁe total revenue, as a proxy estimate of output elasticity
with respect to animal power the computed MVP for animal power at the
geometric sample mean is rupees 0.99, This-suggests that both animal

povier and education are important factors of production.
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B f Cost TFunction Model : !

‘E The cost function Model 2.10 has several advantages over the ' '.%
other two models., It yields direct estimates for the long-run cost | |
function, a single estimate of returns to scale, and the use of year

IE. dummies enables us to study the yearly differences in the cost func-~

tion. From this modei, it is also possible to study whether the degree

ufi of returns to scale varies with the level of output, Since this model |
affords a singlé independent estimate of y which is equal to the sum

a; + ap + ag, the output elasticities for labor and land can be B

derived from the coefficients of logarithms of w and t respectively;

and the coefficient for capital K can be obtained from this restriction.
There is, however, one serious weakness in this model. As was pointed
out earlier.(Chaptar II, p. 19), the omission of capital price from the

estimating equation imparts biases to the coefficients of the other

\: variables. Thus, the individual parameters of the production func-
tion are not accurately measured. In this section we explore these

points by estimating tnis model. The results of least-squares regressions

from Model 2.10 are summarized in Tables 5.5 and 5.6. The indirectly
derived parameters of the production functiou from regression V L

(Table 5.5) and regression I (Table 5.6) are given in Table 5.7.

R e

From Tables 5.5 and 5.6 we note that in all cases increasing re-

turns to scale are indicated, The derived estimate of the output

elasticity (Table 5.7) with respect to labor is quite comparable in

maguitude to the direct production function estimates of regressions V,

VI and VII, Table 5.1, lowever, the elasticities with respect to land

e Nl S e R N S e T e T —
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 TABLE 5.5

ESTIMATES OF THE COST FUNCTION FOR NEW WHEAT, 1967/68-1970/71, PUNJAB, INDIA

Regression No, of Inter- Coefficients of o Returns -
Number Year Observations cept Y w t RZ SEE? b Scale
I 1967/68 105 : 3.907 0.868 0.118 0.089 0.943 0.358 1,152%

(0.516) (0.023) (0.119) (0,085)

II 1968/69 136 3.616 0.858 0.437 0.226 0.884 0,371 1.166%
(Q.635) (0.029) (0.127) (0.104)

III 1969/70 287 4,103 0.856 0.127 0.111 0.874 0,301 1,.168%*.
‘ (0.305) (0.019) (0.079) (0.051)

Iv - 1970/71 128 4,800 0.910 0.244 0.046 0.937 0.219 1.099%
(0.319) (0.025) (0.118) (0.069)

v : pooled 656 3.445 0.894 0.236 0.243 0.913 0.339 1.119%
(0.188) (0.011) (0.051) (0,035)

Note: Regressions of logarithms of total cost (C) on logarithms of output (Y¥), wage rate (w) and per acre
land rent (t) are estimated by least squares.

Standard errors of coefficients are in parentheses.

*Means that increasing returns to scale are indicated at 99 percent level of significance using F-ratio test.

E/The standard errom of estimate dre.shown- ' in natural logarithms of total costs measuredrin rupees.

8




TABLE 5.6

ESTIMATES OF THE COST FUNCTION FOR NEW WHEAT, 1967/68-1970/71, PUNJAB, INDIA

Returas

Regression Inter- Coefficients of ‘
Number cept Dy D, D3 In Y (In Y)Z Inw In t R2 SEE2 to Scale
I 3.879 0.402  0.416  0.327 0.863 0,211 0.121 0.926 0.313 1.156%
(0.178) (0.043) (U.040) (0.046) (0,011) (0.049) (0.035)
IT A 0.852 ' 1.175%
. (0.026)
II.B 0.8060 1.162%*
(0.019)
II 3.911  0.406  0.417 0.330 0.211 0.119 0.926 0.313
(0.190) (0.044) (0.040) (0.046) (0.050) (0.035)
IT C 0.8606 1.154%*
(0.016)
II D 0.858 1.165%*
(0.014)
III 3.815 0.395 0.410 0,321 0.899 =0.005 0.206 0.124 0.926 0.313 1.112%*
(0.196) (0.044) (0.040) (0.046) (0.044) (0.006) (0.050) (0.035) '
Notes: Dependent variable was logarithm of total cost per farm.

Standard errors of coefficients are in parentheses.

#Means that increasing returns to scale are indicated at 99 percent level.

E/Standard errors of estimate are shown in natural logarithms of total costs, measured in rupees.

98
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and capital have magnitudes that appear to be implausiblej they are
small for land and large for capital. Our earlier reasoning in Chapter IV,
page 5g (while discussing the results of the cost function model) is

a logical explanation for these results, The omission of the price of

capital from the costvfunction model biases downward the coefficient
of logaritim of output %— and in turn biases upward y, the measure
of returns to scalerl/ This also biases downward the coefficient of
land price (as w;ll as odtput elasticity with respect to land).

An analysis of covariance test comparing separate yearly re-
gressions I, II, III and IV with the pooled regression V (Table 5.5)
gives an F-ratio of 10,51 with 12 and 640 degrees of freedom which is
significant at 99 percent level implying that there are significant
differences in the four years' cost functions. But comparing separate
yearly regressions I, II, III, and IV (Table 5.5) with the pooled

regression I (Table 5.6) which has the intercept-shifting year dummies

in it, gives an F-ratio of 1.12 with 9 and 640 degrees of freedom,

which is not significant at.90 percent level, On the basis of these
tests, we conclude that the annual variations in the new wheat cost
function and in the underlying production function have been neutral

in character, that'is, that only the intercept terms of the logarithmic
functions changed from year to year but not the regression coefficients,
Thus, the estimated coefficients of the dummy variables Dy (i‘= 1, 2, 3)
for regressions I, II and III (Table 5.6) can be interpreted to repre-
sent percentage upward shifts in the yearly total cost functions rela-

tive to the year 1967/63 at given factor prices., - The derived estimates

i/Since, as has already been argued, the price of capital and the
output of wheat may be negatively correlated.
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TABLE 5.7 ’
‘ |
, PARAMETERS OF THE COBB-DOUBLAS PRODUCTION FUMCTION DERIVED
FROM COST FUNCTIOW ESTIMATES, 1967/68-14970/71, . |
PUNJAB, INDIA ’

: Regression V : Regression 1
Parameter Table 5.5 _ Table 5.6
- | ~0.465 1
Gl _
=0.4
62 \ . } O. }81 !
6 _ ~0.378 |
o L 0.264 0,244
A B
a, 0.272 . 0.140 :;%
T
ag _ | 0.583 0.772 ,|§
Returns to Scale . 1.119 , 1l.156 - :a
. . ﬂk
i

Motes: &8; (i = 1, 2, 3) are the implicit coefficients for the year

i
: dunmy variables in the production function and are derived
\\ from - §i, the estimated coefficients for the year dummy
Y

variables for 1968/69, 1969/70 and 1970/71 respectively, ol
and =, the estimated coefficient for logarithm of output }%I
in the cost function, regression I, (Table 5.6). They o
indicate percentage change in the efficiency parameter of C
the production function relative to the year 1967/68.

FTEEEE L

a, (1 =1, 2, 3) are the implicit elasticities of output with
respect to labor, land and capital K. They are derived from
: 1, %1 and %2, the estimated coefficients of logarithms of Y,
Y v Y '
w and t respectively in the cost function and the restriction

A AT gy
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.6
. of 61 (i -2, 2, 3) from - ;i for regression I (Table 5.6) shpwn in
Table 5.7 have negative signs and represent magnitudes in percentage
terms by which.the production function for years 1968/69, 1969/70 and
1970/71 was lower relative to 1967/68. These estimates correspond
quite closely to the ones obtained from direct estimation of the Cobb-
Douglas production function regréssion VII (Table 5.2),

In order to determine whether the degree of returns to scale varies
with the level of output, two variants of the cost function (Model 2,10)

were tried., In thg first case, we divided the pooled 656 observations

into four equal groups of 164 observations each, based on the ascend-

ing order of 6utput per farm. Then by using slope dummies for each group,
we allowed the coefficients of logarithms of output to vary across groups, |
while keeping the coefficients for logarithms of w and t and Dy (i1=1, 2, 3
equal in all groups. These estiﬁates and the values gf v for the four
groups (A, B, C, D) are presented in Table 5.6, where regressio; II is
represented by groups IIA, IIB, IIC and IID. In this regression coeffi-

cients for logarithm of output (the reciprocals of these coefficients

represent returns to scale) pertailn to the output range represented by

each individual gfdup but the coefficients for the three dummy variables,
1ogarithm‘of w and logarithm of t are common to all four groups (IIA, |
I1B, IIC and IID)., In order to test whether fhe coefficient for logarithm
of output and hence & (the measure of feturns to scale) vary among the
four groups, we compare regpession IT represented by groups IIA, IIB, :
IIC and IID with the over-all regressibn I (Taﬁle 5.6). Analysis of

covariance test gives an F~ratio of 0,68 with 3 and 646 degreecs of |

freedom which is not significant at 90 percent level. These results,
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therefore, support the hypothesis that the degree of returns to scale

Y

‘dbes not vary with the level of output in the range of output observed.
3 -
In the second variant of the cost function, the degree of returns
to scale is treated as a continuous function of output instead of break-

ing the sample into groups, assuming that variations in returns to scale

are only of the neutral type. If we let y (Y) be of the farm

= '. l
Y (0 a; +ay Iny’

the cost function model (2.10) can be written

o ' 0 ' S,
5.1y InC=bv*+a InY+a, (In Y)2 +-—£ In w +--2-ln t - 2p, -2,
o™ 1 Y Y Yy 1y

In Equation 5.1 the degree of returns to scale 1s increasing, in-

VHA

variant or decreasing with the level of output‘if a; 0. Re;ults of
applying least-squares to Equatioﬁ 5.1 are presented as regression III
in Table 5.6, The coefficient ai in our estimates is not different
from zero at 90 percent level of significance using two-tailed t test.
Supported by our first test, we conclude that the degree of refurns to
scale does not vary with the level of output in the range of oufput ob~
served, That is to say, there are no additional scale economies avail-
able from enlarging the size of wheat-producing farms in our sample,

As to the size of these economies it has already been pointed out

that the cost function model imparts an upward bias and that the
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estimates from the production function model indicate constant re-

‘turns to scale. The hypothesis of constant returns to scale is also
B
supported by the results from the profit function model in the next

section where this issue will be taken up again,

Profit Function Model

In this section we present results of simultaneous estimation of

the profit functi;ﬁ and the labor demand function. Since these func-
tions are written as functions of variables that aée normally qonsidefed
exogenous, the problem of simultaneous equation bias (to the extent it
may be present) is avoided. In this sense, the indirectly derived pro--
duction function estimates are also superior to our earlier direct
production function estimates. They are also free from the type of
biases introduced in our cost function estimates--biases due to the
omission of capital price. "In addition we derive estimates of output
" supply and labor demand elasticities with respect to output pricé, wage
rate and the quantities of land and capital. ,Aéain the estimates per—
tain to new wheat for the four year period, 1967/68-1970/71.

| For the purpose in hand, Equation 2.47 of the profit function
model (Model I) was enlarged Eo include the year dummy variables for
1968/69, 1969/70 and 1970/71 to capture the effects due to weather,
and so on, Then Equations 2,47 and 2,32 were jointly estimated
usiug Zellner's method of estimation (1962). Since B; appears’'in both
fhe equations a restriction was imposed that Bl be équal in both equa-

tions. We also added to this restriction the assumption of constant
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returns to scale, that is, B, + By = 1. These estimates are presented
in Table 5.8 along with those obtainéd from the single-equation
ordinary least squares. The application of this estimation procedure
resulted in a significant reduction (about 12 percent) in the esti-
mated standard errors as compared with those of single-equation least
squares,

Before proceeding further we test the hypothesis of constant
returns to scale in all inputs through the coefficients of land and

2/

capitali/ in the profit function.

The computed F-ratio is 3716.18 with 1 and 1304 degrees of

freedom. On statistical grounas we thus reject the hypothesis of
constant raturns to scale in favor of increasing returns to scala,
"Since, however, only mildly increasing returns to scale are indicated—-
the sum of estimated valﬁes of 82 and 63 is 1.043 from the unrestricted
estimates and 1.056 with the equality restriction of Bj=-we proceed
with constrained estimatiqn under the assumption of constant returns

to scale. Coustant returns to scale are also cousistent with our
earlier direct production function estimates. These results are pre-
sented in the last column of Table 5.8 and the parameters of the pro-

duction function derived from them in Table 5.9.

1/

~'See Lau aund Yotopoulos (1972) for an explanation of this test.

Z/See estimating equations in footnotes to Table 5.3, page 92.

T K Vi S e e
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TABLE 5.8

RESULTS OF JOINT ESTIMATION FOR NEW WHEAT OF
COBB~DOUGLAS PROFIT FUNCTION AND LABOR
DEMAND FUNCTION, 1967/68-1970/71,
. - PUNJAB, TNDIA

Estimated Cocfficients (ilodel I)
Zellner's Method with Restrictions.

Single Unrestricted 1 Restrictiom 2 Restrictions . 2
Equation : f
Ordinary Bl = 31 , By = Bl %
Para~ Least i3
Function meter Squares ' By + By =1 .
3
uop 1
Profit : - : | 4
Function A 4,409 4.456 4,391 4,683
' (0.333) (0.301) (0.304) (0.292) i
81 ~0.408 -0.385 -0.376 -0.319 .
(0.068) (0.061) (0.062) (0.060)
Sy -0,391 -0.356 ~-0.349 -0.275
(0.063) (0.056) (0.057) (0.053)
83 -0.239 -0.245 -0.198 -0.143 g
(0.070) (0.063) (0.063) (0.063) -3
'
B1 =0.242 0.088 -0.302 -0,2990 ¥ i
(0.079) (0.072) (0.043) (0.043) i'?
By 0.701  0.688 0.697 0.682 , N
(0.055) (0.049) _ (0.050) (0.050) o
o .,
B3 0.359 0.360 0.359 0.313 1S
: (0.056)  (D.950) (0.051) (0.050) P
Labor - . N
Demand B1 -0.422 ~0.422- ~-0.302 -0.290 .
Function (0.054)  (0.054) (0.043) (0.043) ;
Notes: The éstimating equations are . _ i
3 !
Ilnm=A+ L 63D+ B8 Inw+ Bo In L + B3 In K '
i=1
wN _ : . L
...__TT._ Bl . - | l

where Dy are year dummy variables with Dy, D,, D3 taking the value of
one for only 1968/69, 1969/70, 1970/71 respectively and zero
elscwnere. The remaining variables are as defined in Cnapter III.
Asymptotic standard crrors are in parentheses,
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TABLE 5.9

PRODUCTION FUNCTION ESTIMATES FOR NEW WHEAT, 1967/68-1970/71,
PUNJAB, INDIA

Direct Pro-

duction
Function )
Estimates Indirect Estimates
Cost" Profit FunctionC -
Func— 1 Restriction 2 Restrictions
vid vII? tion By = By B1 = By
Parameter : b Bo + By =1
81 -0.308 ~0.473 -~0.465 , -0.221
S9 -0.287 -0.,454 <=0.481 -0.189
83 ~0.169 =~0.396 -0.378 ~0.104
Labor oy 0.163 0.181 0.244 0.231 0.224
Land oo 0.582 0.475 0.140 . 0,536 0.529
Capital K. o 0.291 0.357 0.772 0,276 0,247
Sum of
Elasticities 1.036 1,013 1.156 1.043 1.000

(dl + ag + a3)

Notes: a/y1 and VII are the regression numbers from Table 5.2.
b1 is the regression number in Table 5.7.

EATheseindirect estimates are computed from the identities in
Equation 2,30.
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In Table 5.9 we have summarized the produciion function estimates
for new wheat from tihe four years' ﬁobled data, obtained from our three
models. It is appareat tnat while.the rasults obtained from the pro-
duction fungtion model and the profit function model érc quitg similar
those derived from tihe cost .function model are quite different from
them, The output elasticity with respect to land is inmplausibly smaller
and vice versa for output elasticity with respect to capital. In
Table 5.10 we present the marginal value products of various inputs
using output elasticities from Tables 5.3 and 5.2 and again we find
that marginal value product of land from the cost function model is much
smaller and that for capital much larger. The explanation for these
results, as was argued earlier is that the omission of 'capital price'
in estimating Equation 2,10 of the cost function model biases tue
coefficients of logarithm of output and logaritam of land rent downward
resulting in a smaller derived coefficient for land, Since the
coefficient for capital is obtained by subtracting thevcoefficients
for labor and land from y waich is biased upward and since the coef-
ficieat of land is biased downward, tne coefficient for capital is
biased upward.

Output elasticities with respect to différent inputs obtained from
the direct production function estimates and iudirectly derived from
the profit fuuction cstimatos presented in Table 5.9, are quite similar
and compare quite favorably with the expenditure sharas (Table 5.19)
of the respective inputs in the total revenue or‘total costs calculated

at the geometric means for the four years' data. Tie marginal value
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TABLE 5.10

EXPENDITURE SHARES OF VARIOUS INPUTS AT SAMPLE GEOMETRIC
MEANS IN TOTAL REVENUE AND TOTAL COST IN THE
PRODUCTION OF NEW WHEAT, 1967/68-1970/71,L%/
PUNJAB, INDIA

L Share in Share in
Input - = o o Total Revenue "' Total Cost
Labor | | 0.213 0.241
Land - , 0.267 0,301
Capital, K ' . 0.371 _ . 0.419
Capital, Ky 0.281 ‘ 0.317

Fertilizer ' 0.071 0.080

E/Respective expenditure shares are calculated from the sample data.




— TABLE 5.1

AVERAGE AND MARGINAL VALUE PRODUCTS FOR DIFFERENT INPUTS IN THE PRODUCTION OF NEW WHEAT, 1967/68-1970/71

(Calculated at geometric means)

Marginal Value Products Using Output Elasticities Froms

(Table 5.9) (Table 5.1)

Geometric Input Average Direct ~ Cost
Means Prices Value Production - -Func—-
Products Function .‘tdon Profit Function Regression
B T ' 1 . 2
Input VI VII I Restriction Restrictions VI VII
rupees per unit of input

Labor (hrs) 1636.00 0.762 3.59 0.59 0.65 3:88. 0.83 0.81 0.68 0.70
Land 7.85 198.340 746,87 434,68 354.76 104.56 400.32 395.09 457.83 .373:44
(acres)
Capital X  2165.30 2.71 0.79 0.97 2.09 0.75 0.67
(Rg)
Capital Ky 1636,00 3.59 0.58  0.88
(Rg)
Fertilizer 411.69 14,24 0.94 0.98
(Rg)
Output 76.71 -
(quintals)

Output Price® 76.43
(R./quintal)

a /Wage rate per hour:. - -
b /Land rent per acre .
¢ /Sample arithmetic mean.

96
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products for different inputs obtained by using these outpuf
elasticities from Tablc 3.9 and 5.1 are compared for various fg—
gressions and with their opportunity prices in Table 5.11. From

these comparisons, it seems that our production fﬁnction estimates
obtained directly from tne production function model as well as those
derived iﬁdirectly from the profit function modei are quite reasonable.
The indirect estimates derived from the profit function formﬁlation,
however, have the advantage of being statisticélly consistent. In view
of their consistency property, wé conside£ the estimates presented in
the last column of Table 5.9 as our best production function estimates
of new waeat production function. HMor=zover, because these estimates

' data, they should have better predictive value

are based on four years
-than those obtained from a single crosgs-~section,

It should also be noted tnat the coefficients &; i =1,2,3) for
the dummy variables for the years after 1967/63, obtained from the
profit function model coustrainéd to have coustant returns to scale
(shown in last column of Table 5.9) have considerably smaller absolute
%agnitudes'than tiose obtained from direct production function estimates
or derived from the cost function model. This may be the result of
superior estimating properties of the profit function model. We take
these as more reliable estimates of the dowaward shift in the pro-
duction function due to adverse weather, defective seed quality and
so on, in the tinree years after 1967/68.

In addition to the advantage that iudirect estimates of the pro-

duction function parameters derived from the profit function are
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statistically consistent, we can aiso obtain a number of other important
elasticity estimates from the profit fuuction estimates of Table 5.8.
Next we derive these estimates using pérameter estimates from the last
column of Table 5.8.

Let the labor demand function (2.32) be written as:

B, w B,
N:—l =_l
w' W
or
(5.2) ' In N.= 1In Gﬁl) + ln ™~ 1n vl/
or

In N

it

(-84) + In 7 - 1n w'

1

From Equation 5.2 and by using profit function estimates of last
column in Table 5.8, the labor demand elasticities with respect to
wage rate, land L, capital K and price of output p are obtained as

follows:

3 In N _ 9 1In 5 _
(5.3) dlnw 3 lnw 1
=B, - 1=-1.290%
(5:4) 9 InN_21nw.g - 0,682%
9 In L 3 In L
1/

Kote that ln © is the estimating equation (logarithmic profit

function) shown in notes to Table 5.8, page 92,

J 2/“0Le that 8 W @F), B y in (5.4) and 81 in (5.5) are obtained by
differentiation oF the estimating equation (logarithmic profit function)
shoun in notes to Table 5.8 on page 92, with ruspect to wage rate w,
land L, and capital K respectively and their estimated values are used

from the last column of Table 5.8.
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(5.5) 9 lnH _3Inm_ g =g, 318
3 InK 9 lauKk 3

\(5.6) 9 In W -3 la ¥ 3 ln w' - 1'290—2‘/

3Inp 3 Inw' d1lnop

i

All these elasticity estimates have the signs we would axpeqt on
theoretical grounds. From (5.,3) we see that price elasticity of demand
for labor is negative and indicates that demand is quite responsive
to wage levels, In responsc to a one percent increase in wage rate
holding quantities of land and capital as coastant, an average farm
reduces labor use by 1.29 percent., Positive responses for labor demand
to increases of land and capital and output price havs important impli-
cations for labor absorption in wheat'farming. On an average farm
a one percent increase of wheat land holding wage rate and'quantity
of capital as constant, employs 0.632 perceat more labor; one percent
increase in capital holding wagé rate and quantity of land as constaat,
employs 0.318 percent more labor and.one percent increase in the price
of wheat holding wage rate, land and capital as constant, results in
1.29 percent increase in labor use.

In order to calculate the outpul responszs of the firm Lquation

2.27 can be written as output supply Ffunction:

E/Since'w = ,» by defiaition,.
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(5.7) Y = 1% + w' N*

g (1-Ql)——by a substitution of N* from (2.32).

or.
(5.8) InY=1In 7%+ In (l—Bl).
The elasticity of output supply with respect to the normalized
s wage rate (using parameter estimates from last column of Table 5.3)

. . 4

is given by:

(5.9) o ln ¥ _ 5 lan® - 8j = -0.209
5 Inw' 3 1un w' ’

wvhich siows a relatively inelastic response. This finding along with

an elastic response of demand for labor with respect to wage rate is

of great importance. A one percent increase in wage rate holding
( ~ quantities of land and capital as coustant results in 1.29 perceant
reduction in labor use and 0,29 percent reduction in output.

From (5.8) output éupply response with respect to output price

iz given by

\

(5.10) 9_In Y -3 1ln Y‘ 8 In w' _ 9.200
3 1In p 9 In w 9 In p

This finding is also important, ot only does it show a posi-
tive supply response to wneat price, but the magnitude is important for
any effort to use tiie output price variable as a policy instrument

' for inducing iucreased supply of wheat,
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From (5.8) we caa also obtain the reduced form elasticities with
respect to land and capital using parameter estimates presented in the

last columu of 7able 5.3, R

(5,11) 9 1luY o 9 lan ¥
. aiwL sl

(5.12) " - . o ln ¥ L9 lnw

4 * 8 p ;
= = -)c 3.1.8
0 In K 3 In K 3

These elasticities indicate the output.response/of the avcfage
farm with respect to exogeuous increases intland and‘capital re-
spectively, holding the normaliz;d wage rate and not the quantitics of
lapor as cénstant; A giveu iacrease ia thé quantity of.land (capital)

N

shifts upward'tﬁe marginal productivity curves of labor aad otaer

!
i

iﬂmn before. .Tuus, holding wage rate constant (but not the quantities

factors of production.As'a result more of these inputs arc cmployed

of.laWQr) a one percent expausion in wheat land will result in 0,682
1mrccﬁi increase {a wacat output and one percent increcase in capltal
vill result iu 0,318 percent increase in wheat output. For policy
mmposcs:theirfuse is ratﬁer strqightforward'confrary to the output
ﬂasticitigs thh respect Lo yarious luputs oﬂtuihed from a production
function., wilch measﬁrc taeir effect holding other input levels as
constant. \

T

Lastly we try to reassess. the annual differences in the efficiency
r

aramecer of tie production'fugction relativgito 1967/68, Taese esti=-
ates arc doﬁputed Efom the definitional identiries in (2.30) and

2,40) by using tie estimates for the iute;ccpt term and ycar dummics
or the profic fuaction presented in the last column of Table 5.8,

v
H
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Since the output prihe has been kept constant at 76 rupees per quintal

for the period under study it should not creates any.variation in the

intercept of the profit function. The coefficlents of the year dummies
thus reflect differences due to weather or changes in seed quality,

etc., From the}estimated coefficienté for the year dummies presented

in the last columa of Table 5.8,.thc computed values of the yearly
decline in the efficiency parameter of tne production function relative
to 1967/68 were 22.1 percent, 18.9 percent and 10.4 percent for thé

years 19638/69, 1963/70 and 1970/71 fespectively. hase values are
shown in the last column of Table 5.2, These estimates are consider-

ably smaller thén those obtained from the production fuirction model

and the cost function model, Yet they reflect considerable decline

in the production function after 1967/68. Whether this is likely oo
to be a temporary phelionena o9r a continﬁous technological regression

in tle production of new wheats should perhaps be investigated By

agronomists and plant breeders,

Summary

From the stafistical results presented in this chapter the follow-

ing substantiva conclusions seem to follow:

1. At the firm level there appear to be mildly increasing |
returns to scale in wheat production. But their magﬁitude ?
is s0 ¢lose to unity that any definitive statement against
constaﬁt returns to scale is not poséible. Furtihermore

since tue degree of returns to scale does not vary witn the
|




output level no additiounal scale economies from enlarge-
ment of farm size are possible,

Annﬁal variations in the wicat production function wmay
well be nzutral iun charactery that is they appear only

through the displacement of the efficiency parameter and do

"not involve a change in the marginal rates of substitution

between different inputs, The decline in the efficiency
parameter of the éroduction function after 1967/65 could
have occurred because of adverse weather, defective seed
quality, addition of iaferior laud to wheat production, or
tecimological regression in the production.of new wheats.
Istimates of this decline from our data, obtgined from the
profit function formulation relative to 1967/463 are of'the
order of 22,1 perceat for 1968/69, 18.9 percent for 1969/70
and 10.4 percent for 1979/71.

From (2) it foliows that the long-run cost function siifted
upward relative to 1967/68. These shifis as indicated by
Equation I (Table 5.6) are of tﬁe order of 40.2 percent for
1968/69, 41.6 perceant for 1963/70 and 32,7 percent for
1970/71. |

A conclusion of methodological interest follows from these
analyses: the direct application of least-squares for esti-
maéion of Cobb-Douglas production function compares quite
well (Table 5.9) with the indirect estimatiou.via the profit-

function formulation. Thus for well specified production

103




104

functioné and if tha data are good, application of single
equation least-squares may be adequate.

Estimates for the productiAH finction coefficients and the
labor demand and output supply clasticities with raspect to
wage rate, output price and quantities of land and capital

are all consistent with economic theory and have plausible

values,
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CHAFTER VI

EMPIRICAL RESULTS AND THEIR INTERPRETATION: ELATIVE
ECONOMIC LFFICIENCY—--SMALL VIRSUS LARGE FARMS

In this chapter we have the specifiec purpose of comparing the
ecoanomic efficieucy of small and large wheat farms. It is important
to point out again at this stage that this efficiency analysis is
specific to the wheat crop alone and does not include all enterprises.lj
Since, howavar, wheaf is the dominant cropgj in winter season, it could
be argued that the conclusions would hold to some degree for the whole
farm organization,

Efficiency comparisons of small and large farms have obvious policy
-implications for asrarian reorganization, land redistribution, and
ceilings on land ownership. In India these questions are (and have
been over the past two decades) important policy issues., In spite
of numerous researchesgf the question of relative =fficiency of small
;nd large farms has remained unsettled, The findings of Laﬁ and

Yotopoulos (March 1371 and Memorandum 104) that small farms are more

i L/3ee footnote 1 on page 2.

E/During 1970/71 winter season, 83 percent of the total farm arc
in our sample was planted to wheat. During the winter season of 1968/69,
74 percent of tho total cropped area was planted to wheat in the
Ferozepur sample. '

Q/For list of references and our carlier discussion on tihis poiat
see fooitnote 3 ia Chapter II, page 23. Also see P. K. Bardhan (1972)
and S. S. Johl (April 1972). :
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efficient economically are somewhat more conclusive., However, they
used data for the mid-fifties. Decause Indian agriculture has been
undergoing rapid changes, we use more rccent data and follow their
approach to study.whether smaller or largeni/ wheat farms are more
efficient economically.

Before proceeding further we restate briefly the Various effi-
ciency concepts developed in.Chapter JI. Differences in techaical
efficiency of the two firms specifically mean neutral differences in

he cefficiéncy parameters'of'the production functions. This implies’
that non-neutral differences in the production functioné of small and
laree f -2 o 1 ; s : .
iarge farms are ruled out.~' Thus the firm which produces more output
from given amounts of inputs than another is techaically more af-
ficiert., If a firm islable to maximize profits, i.e., is able to
equate the value of marpginal product of its variable input (in this
case labor) to its price, the firm is sald to be price-—zfficieant. This
is the concept of abselute price (or allécative) efficiency, Differ-

ences in price efficieacy among firms exist if they are uasuccessful

economic efficiency tnus is the result of its two components: tech-
nical efficiency and price efficiency., The two firms could be ua-

egually efficient economically bacause of differences in edithar or

o keep tihis aualysis comparable to Lau and Yotopoulos, ten
acres of wineat is uscd as tihe upper limit for small farms,

'-l- . ~ . . . 3 4 . .

2/In the next scction of tads chanter, we test tihe hypotiiesis of
non-neutral variations in tne production functions (technology) of
small and large farms. '
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| both of these components., Also the two firms could have equal over-all
;o econonic éfficiency even when they havei'if erences in tectinical or
price efficiency or botuu. The relatively more economically efficient
firm will have larger profits for a given range of input prices. We
|‘; use our profit function (Models4II and III)lto study tnese differences
anong small and largs wheat farms in Punjab over the period 1967/58

|
B to 1970/71.
| |

. Production Function for Small and Large Wheat TFarms

Efficiency comparisons of small and lﬁrge farms aré based on the
assumption of no non-neutral differences in the technology of small
and large farms., In ordef to pursus this analysis we first tesct Ehe
vaiidity of this assumption,

1 _ . In Table 6.1, we compare tine production functién estimates in

the farm of separéte regressions of small and large farﬁs and over-all
regressions for the period 1967/68 to 1970/71. The coefficient for
the size dummy variablel/ DU is not significantly differént from zero
ét 90 percent level using a two-tailed t test, either when fertilizer
is treated as a separaté factor of production (regression I) or when

capital input includes fertilizer (regression IV). Analyses of co-

2

variance compariug scparate regressions IT and III with I and separ-—

ate regressions V. and VI with IV give F-ratios (.33 with 7 and

640 degrees of freedom and 0,10 with 6 and 542 degrees of freedom.

1/Tne dummy variable DM has a value of one for farms with ten or
1 more acres in wheat (large farms) and zero for tlhie remaining farms
. - (small farms).
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TABLE 6,1

ESTIMATES OF PRODUCTION FUNCTION FOR NEW WHEAT, 1967/68-1970/71,
PUNJAB, INDIA

Regression Number I IL I1I IAY \Y V1

.Farm Class Over-all Small Large Over-all Small Large
No. of
Observations ' 656 334 322 656 334 322
Constant 0.302 0.297 0.241 -0.077 -0.051 -0.107
(0.253) (0.338) (0.437) (0.266) (0.359) (0.446)
pk ~0.020 4 ~0.017
(0.042) (0.041)
Dy -0.301 -0.283 -0.305 -0.310 -=0.305 ~0.314
(0.048) (0.063) (0.080) (0.047) (0.062) (0.079)
D2 -0.283 ° ~0.275 0.279 -0.289 -0.291 ~0.282
: (0.044) - (0.060) (0.071) (0.043) «0.060) (0.071)
Dy -0.173 -0.,191 -0.131 ~-0.171 ~0,194 -0.141
‘ (0.048) (0.064) (0.081) (0.048) (0.064) (0.081)
Labor 0.191 0.212 0.165 0.164 0,172 0.155
’ (0.041) (0.059) (0.060) (0.041) (0.060) (0.060)
Land , 0.619 0.615 0,615 0.587 0,592 0.573

(0.045) (0.060) (0.072) (0,045) (0.061) (0.073)
Capital (K or Xj) 0.159 0,126 0.207 0.290 0.278 0.302

(0.040) (0.055) (0.058) '(0.042) (0.062) (0.060)

Fertilizer 0.066 0.083 0.046
) (0.014) (0.021) (0.019)
R2 0.915 0.874 0.641 0.915 0.873  0.647
sm:-a[n : 0.347 0.372 0.321 0.345 0.372 0.318
Returns to scale 1,035 1.036 1.033 1.041 1.042 1.035
F~ratiob’ 0.33 2,17 0.55 1.03 ~ 2.00 0.50

Notes: Equations linear in logarithms are estimated by least squares,

Dependent variable is output of wheat in physical units.
Dk is a dummy variable with a value of one for farms with ten

or more acres in wheat (large farms) and zero for the remaining
farms (small farms),

D; (i=1,2,3) are dummy variables with value of one for 1968/69,
1969/70, 1970471 respectively and zero otherwise.

Capital input K does and Ky does not include fertilizer,
Standard errors of coefficients are in parentheses.

E/Standard errorsof estimatear: in natural logarithms of vheat output
measured in quintals,

R/This F-ratio is calculated to test the hypothesis of constant returns
to scale.

RZ is the coefficient of determination adjusted for degrees of freedom.
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These F-ratios are not significant at the 90 percent level. These
results mean that the Cobb-Douglas production function for new wheat

»-‘ - v 1 . * -

does not vary between smaller and larger wheat farms either in the
cfficiency parameter or ia the production elasticities. Put differ-
ently, from tiiese data we cannot reject the hypotheses that there exist
neither neutral nor non-neutral differences between large and small

farms and that the production functions for small and large wheat farms

are identical.

There appears to be no evidence against the hypothesis of con-

stant returns to scale for farms less than ten acres, larger than tea

acres and for-all farms in the sample., It should also be pointed out !

-

here that in Caapter V, the results from the cost function model-—when
the sample is split into four grdups, and also when the degree of returas
to scale is ¥reated as a continuous function of output-—indicate that

the dzgree of returns to scale does not vary with ths level of output.
Output elasticities with respect to all inputs seem to bz quite rea-
sonable. The coefficients for year dummies indicate some éoynward

shifts from the year 1Y67/63. Some possiblé explanations for these

results were offered in Cuapter V.,

) 1

Relative Efficicency: Profit Function Formulation

There are different policy implications associated with each com-
ponent of differences (tecimical efficicucy or price efficiency) in
economic efficiency of small and large farms, TFor example, the find-

ing that small farms are more technical =fficient and that both small
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and large farms are absolute price efficient could lead to the con-
clusion that small farms serve the national interest better (leaving
aside the equity or equalitarian considgrations). If we find that
larger farms are more.price—efficient, it has implications for
policies pertaiaing to extension services) for example, policies which
improve market information for smaller farmers may improve their
allocative efficiency. 4nd if we find no differences in eitier the
technical or price effiéieﬁcy parameters of the two kinds of farms,
the agrarian policies could be based on social and political con-
siderations independeﬁt of efficiency considerations, Itvis thus im-
por tant to obtain knowledgé of the source of differences (technical
or price) in economic efficiency., The profit function (Model II) of
Chapter iI is designed‘to provide this knowledge,

E?e estimation results of this model (iodel II: Equation 2.46 ’
and 2.,48) using Zellner's metﬂod (1962) for each of the four years
1967/68 to 1970/71 are presented in Tables 6.2, 6.3, 6.4 and 6.5,
respectively., Similar results for the four-year combined data based
on (Model III: lquations 2,456 and 2.48) are presented in Tablé 0.6,

.In order to provide answers to the questions of relative efficiency

posed above we carry out the following statistical tests:é/

(1) The hypothesis of equal relative economic efficiency of small and

large wicat farms: : ,

i/The results of all these tests are presented in Table 6.7,




_ TABLE—6. 2

RESULTS OF JOINT ESTIMATION OF COBB-DOUGLAS PROFIT FUNCTION AND LABOR DEMAND FUNCTION FOR NEW WHEAT, 1967/68,
PUNJAB, INDIA

Estimated Coefficients
Zellner's Method with Restrictions (Model II)

Fuaction Parameter Single~Equation Unrestricted 1 Restriction 2 Restrictions 3 Restrictions
Ordinary gl = 8% gL = 8, Y = 8y
Least Squares o
' B = 81 By + By = 1
8 = 8y
UOP Profit A 3.799 3.433 3.446 3.019 3.835
Function (0V748) (0.641) (0.641) (0.667) (0.636)
sk -0.141 © =0.064 | -0.112 ~0.138 0.093
(0.144) (087 (0.123) - (0.131) (0.115)
B1 0.107 0.263 _ 0.262 -0.244 -0.236 -
© (0.159) (0.136) (0.136) (0.034) (0.034)
Bo 0.614 0.506 0.506 0.520 0.537
(0.115) (0.098) (0.098) (0.104) (0.109)
’ Bg 0.487 0.564 0.563 0.599 0.462
. . (0.125) " (0.107) (0.107) (0.113) - (0.109)
Labor Demand ' 3% -0.221 =0.221 -0.274 -0.244 -0.236
Function (0.075) (0.075) (0.035) (0.034) (0.034)
8y ~0.289 ~0.289 ~0.274 ~0.244 -0.236
(0.040) (0.040) (0.035) (0.034) (0.034)
R% 0.923

(Notes continued on next page)

7T



IABLEKETZ“(continued)

Notes: The estimating equations are:

In'w A + 6L DL + Bl ln w + 82 In , + B3 lg K

-wN _ ol ni S 8
“ gt DL + 8] D
where:

T is profit{total receipts less wage bild

w is money wage rate

DL is a dummy variable taking the value of one if wheat avea is greater than ten acres and
zero otherwise. h '

p° is a dummy variable taking the value of one if wheat area is less than ten acres and
zero otherwise,

N is labor in hours per farﬁ used in wheat production.

L is land in acres used for producing wheat.

K is total costs.of capital services for wheat per farm.
Asymptotic standard error§~are in " : parentheses,
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TABLE*ﬁfB

RESULTS OF JOINT ESTIMATION OF COBB-DOUGLAS PROFIT FUNCTION AND LABOR DEMAND FUNCTION
FOR NEW WHEAT, 1968/69, PUNJAB, INDIA

Estimated Coefficients

Zellner's Method With Restriction (Model II)

Function Parameter Single-Equation Unrestricted 1 REstriction 2 Rfstrictions 3 Rfstrictions
Ordinary ’ B1 = Bl ' Bl =8 BT = 81

Least Squares g
. . . R - 8 =8y

UOP Profit A 4,115 3.714 3.725 3.391 3.309
Func tion {(0.994) (0.692) (0.691) (0.673) (0.655)
sL -0.041 0.049 0.026 0.061 0.015

(0.160) (0.133) (0.111) (0.109) (0.070)

By -0.507 0.024 0.024 -0.381 - -0.381

(0.207) (0.144) (0.144) (0.041) (0.041)

By 0.713 0.514 ~ 0.514 0.477 0.498
(0.179) (0.124) (0.124) (0.122) (0.114)

B3 0.334 0.454 0.454 0.495 0.503

(0.170) (0.118) (0.118) - (0.116) (0.114)

Labor Demand gL ~0.406 ~0.406 . =0.421 ~0.381  -0.381
Function * (0.065) (0.065) (0.043) (0.041) (0.041)
B3 .=0.433 ~0.433 ~0.421 ~0.381 © -0.381

(0.059) (0.059) (0.043) (0.041) (0.041)

R? 0.771

Notes: The estimating equations and the definitions of variables are as in Table 6.2.
Asymptotic standard errors are in '~ parentheses.

ETT
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TABLE 6.4

RESULTS OF JOINT ESTIMATION OF COBB-DOUGLAS PROFIT EFUNCTION AND LABOR DEMAND FUNCTION
FOR NEW WHEAT, 1969/70, PUNJAB, INDIA

Estimated Coefficients:

- Zellner's Method with Restrictions (Model II)

Function Paraneter Single-Equation Unrestricted 1 Restriction 2 Restrictions 3 Restrictions
: L _ o8 Z -
Ordinary B =B By = B By = B1
Least Squares 4 1 -
| 8 = 8; By + By =1
s _ .
g By = By
UOP Profit A 4,651 4.748 4,744 4,744 4,694
Function (0.477) (0.411) (0.410) (0.418) (0.408)
L 0.093 . 0.136 0.142 0.142 - 0.099
(0.108) (0.098) (0.093) (0.094) (0.055)
By ~0.278 -0.058 " =0.058 -0.248 -0.247
(0.124) (0.106) (0.106) (0.081) (0.081)
By 0.740 0.714 0.714 0.716 0.742
(0.098) (0.085) © (0.085) (0.086) (0.072)
85 0.259 -~ 0.260; 0.260 0.256 0.257
(0.082) (0.070) (0.070) (0.072) (0.072)
Labor Demand 87 -0.501 -0.501 ~0.482 ~0.248 -0.247
Function (0.153) (0.153) (0.122) (0.081) (0.081)
g% 0,449 ~0.440 ~0.482 ~0.248 20,247
(0.204) (0.204) (0.122) (0.081) (0.081)
RZ 0.776

Notes: The estimating equations and the definitions of variables are as in Table 6.2.
Asymptotic standard errors are in parentheses., :
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TABLE 6.5

RESULTS OF JOINT ESTIMATION OF COBB-DOUGLAS PROFIT FUNCTION AND LABOR DEMAND FUNCTION
FOR NEW WHEAT, 1970/71, PUNJAB, INDIA

Estimated Coefficients

Zellner's Method With Restrictions (Model II)

Function Parameter  Single-Equation TUnrestricted 1 Restriction 2 Restrictions 3 Restrictions
Ordinary gt = gS gl = g gl = g
Least Squares 1 1 1 1 . 1 1
B = 8y By + 83 =1
s -
. L L . o Bl = B
UOP Profit A 2.859 3.287 3.291 3.386 3.438
Function ) . (0.641) (0.595) (0.594) (0.581) (0.576)
sl 0.056 -0.048 -0.051 -0.057 " =0.010
N (0.110) (0.104) (0.102) (0.101) (0.059)
B1 -0.481 ~0.184 -0.184 -0.255 ~0.254
(0.189) (0.176) (0.175) (0.025) (0.025)
By 0.477 0.496 0.496 : 0.512 0.477
(0.131) (0.121) (0.121) (0.117) (0.119)
33 0,581 0.539 0.539 0.523 0.523
(0.112) (0.103) (0.103) (0.100) (0.100)
Labor Demand B% -0.234 -0.254 -0.259 -0.255 -0.254
Function (0.051) (0.051) (0.025) (0.025) (0.025)
83 ~0.304 ~0.265 ~0.259 - =0.255 -0.254

(0.048) (0.046) (0.025) (0.025) - (0.025)
rR2 0.870 : .

Notes: The estimating equations and the definitions of variables are as in Table 6.2, Asymptotic standard
' errors are in - . parentheses.
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TABLE 6.6

RESULTS OF JOINT ESTIMATION OF COBB-DOUGLAS PROFLT FUNCTION AND LABOR DEMAND FUNCTION
FOR NEW WHEAT, 1967/68-1970/71, PUNJAB, INDIA

Estimated Coefficients"

Zellner's Method with Restrictions (Model III)

Function Paranmeter Single~Equation Unrestricted 1 Rﬁstrigtion 2 Rfstrictions 3 Restrictions
Ordinary B =B By =B R =R
Least Squares 1 1 1 1 1 1
BY = 8y By + By =1
S .
L . , By = 8
UOP Profit 1n A2 4.405 4.479 4,475 4.410 4.568
’ (0.334) (0.301) (0.301) (0.303) (0.297)
L -0,025 -0.021 -0.012 ~0,015 . 0.075
(0.059) (0.056) (0.053) (0.054) (0.038)
81 -0.411 -0.384 -0.384 -0.377 -0.336
(0.068) (0.061) (0.061) (0.062) (0.060)
8y -0+393 -0.353 -0.353 -0.347 -0.305
(0.063) (0.057) (0.057) (0.057) (0.054)
63 -0.242 -0.241 =0.240 -0.200 -0.163
(0.071) (0.064) (0.064) (0.063) - (0.061)
B1 -0.243 -0.085 _=-0,085 : -0.279 -0.271
(0.079) (0.072) (0.072) (0.042) (0.042)
B,y 0.709 0.690 0.690 0.700 : 0.663
(0.058) (0.053) (0.052) (0.053) (0.050)
83 0.359 0.358 0.358 0.358 0.337
(0.056) (0.051) (0.051) (0.051) . (0.050)
Labor Demand BT -0.411 ~0.412 ~0.379 ~0.279 -0.271
Function (0.078) (0.078) (0.052) (0.042) (0.042)
8% ~0.351 -0.346 ~0.379 -0.279 ~0.271
(0.078) (0.077) (0.052) (0.042) (0.042)

91T

Notes on following page.




TABLE 6.6 (continued)

Notes: The estimating equations are:

3
= S L L _ .
InmT=1InA; +6 D + I Gi Di + Bl In w + 82 In L + 63 In X

i=1

wiN S

_wN _ L L S
T Bl b=+ Bl D
where the variables are as defined earlier. in Table 6.2.

Asymptotic stancdard errors are in '~ parentheses,

-
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TABLE 6.7

TESTING OF STATISTICAL HYPOTHESES, MODEL II AND MODEL III

Maintained Tested Computed F-Ratio
Hypothesis Hypothesis 1967/68 1968/69 1969/70 1970/71 1967/68 to 1970/71
(1) s =0 F(1,203)=0.22 F(1,265)=0.14 F(1,567)=1.93 F(1,249)=0.23 ¥(1,1302)=0.15
¢ (2) 8L = g5 F(1,203)=0.64 F(1,265)=0.10 TF(1,567)=0.04 F(1,249)=0.02 TF(1,1302)=0.34
©(3) at = 0, F(2,203)=0.73  F(2,265)=0.08 F(2,567)=L.20 F(2,249)=0.14 F(2,1302)=0.20
B =B ’
By = 85 (4) s& = By F(2,203)=7.72  F(2,265)=4.71 F(2,567)=3.44 F(2,249)=0.10 F(2,1302)=5.58
s% = Bi (5) 83 = By F(2,203)=7.72 F(2,265)=4.71 F(2,567)=3.44 F(2,249)=0.10 F(2,1302)=5.58
(6) By+By=l F(1,203)=839.81 F(1,265)=373.61 F(1,567)=384.94 F(1,249)=306.41 F(1,1302)=1812.13

Note -~ Critical F-ratios are: Fo.lb (1, =) = 2,715 Fg g5 (1, =) 3.84; FO.Ol,(l’ «) = 6,63

811
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Ho: oL =0,

that i;, In (A&/Ai) = ) or A% = Ag. " From Table 6.7 we see that we
cannot reject tihis hypothesis at the 90 percent level of significance
for any of the four years.Separately'as well as for the four years
combined. Thus the conclusion that small and large farms have equal

~

over-all economic efficiency is inescapable.

(2) The hypothesis of equal relative price efficiency:

Ho: s; = ei

The meaning of this test is whether in their labor demand func-
tion larée and small farms have the same price e%ficiency parameters,
- This hypothesis also caunot be rejected at'the 90 percent level of
significance (Table 6.7), for any of the four &ears separately or for
£he four yeaf pooled data. Thus the conclusion is that with respect
to labor, small and large farms have been equally successful (or

unsuccessful) in maximizing profits, that is, they have had the same

price—efficiency parameters during each of the four years studied,

(3) The joint hypotheses of equal relative technical and price ef-

ficiency:

0 and \\—

ja iy

(o]

O
li

©w

[l
il

w

t= W0
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The meaning of these tests is whether large and small farms have
equal over-all economic efficiency and at‘the same time have the
same price efficiency parameters Bi and Gi in labor demand fuuc?ions.
This hypothesis also camnot be rejected at the 90 percent level of
significaunce for any of the four years iudividually or for the com-
bined data. This confirms the counclusions im (1) and (2) above, that
is, the small and large farms were equally efficient ecqnomically and
had equal price efficiency during each of the farm years and on an
average for the four years. This implies that they also had equal tech-

nical efficiency.

(4) Next we turn to the hypotiheses of

(a) Absolute price~efficiency of large farms,

N

1

L
Ho: '51 f Bl, and

(b) Absolute price-efficiency of small farms,

For the first two years 1967/68 and 1968/59 and for the four years
pooled data we feject these nypotheses at 99 percent level of signifi-
cance and for tne year 1969/70 at 95 percent level of significance,
But, for the latest year l970/{}_we cannot reject these hypotheses at
90 percent level of significance. This means that, during the years
.1967/68 and 1968/69, both small and large farms were unsuccessful in

their atlempts to maximize profits in the sense of equating the value
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of marginal product of labor to its wage rate. During the year 1969/70,
they were still not succeséful in maximizing profits, but we reject

the hypothesis of profit maximization less strongly than for the years
1967/68 and 1963/69. For the year l970/7l, however, we find that Both
small and large farms were able to maximize profits. Later we discuss
the meaning of these results with respect to the profit—ﬁaximizing

benavior of the wheat producers.

(5) Lastly we test the hypothesis of constant returns to scale in all

factors of production:
Ho: BZ + 63 = 1.

This hypothesis is rejected at the 99 percent level of signifiéance

in all cases. The sum B, + By > 1 for the years 1967/68, 1970/71 and
for the four~year pooled data. But 8, + 83 < 1 for the years 1968/69.
and 1369/70, These differences ffom unity are quite small in either
case, Also, perhaps slightly increasing returns for the yéars 1967/65
and 1970/71 resulted because a larger number of observations éﬁs argued
before, page ¢6) for these years were below tie respective sample aver-
ages., Thus even tnougn on statistical grounds we do--in some cases——
reject the hypotuesis of coastant returns to scale, we do not find con-
vincing evidence favoring the hypothe;is of increasing returns in wheat
farming in Punjab. The results of the first three statistical hypotheses—-
(1), (2) and (3)--presented above show rather conclusively that small
and large waeat farms have no differences in their over-all economic

efficiency, technical efficiency and price (or allocative) efficiency.
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The view that small and large farmers have the same ecénomic acumen
or motivation seems to hold. Because wheat is a dominant enterprise

. ‘ :
on these farms, one can argue that these conclusions would perhaps be
equally applicable when all enterprises on these farms are considered,
There are important policy implications of these findings. The most
substantiﬁe oue is that policles with respect to land redistribution
and ceilings on ownership of land can be based on social and political
considerations without worrying about the farm size efficiency con-
siderations.. Another important implication is that governmental policies

I .

with respect to pricing, supply of agricultural inputs, marketing
facilities, provision of credit and extension services and so on need
not favor eithef large or small farms on the basis of their.economic
efficiency or its components of technical efficiency or price efficiency.
This view is reinforced by the absence of any strong evidence against
constant returns to scale. \

‘he results éf statistical test (4) have interesting implicatioms
with respect to the profit-maximizing behavior (or rationaiity) of the
wheat producers.. They have albearing on earlier price or allocative
studiesri/ The results appear to indicate the existence of a short-
period disequiiibrium between the profit-maximizing attempts and the
actual results achieved by wheat producers; this disequilibrium was

created by shifts in the labor demand fupction resulting from the

1/see Hopper (Aug. 1365), Khusro (Oct. 1964), Schultz (1964),
Sahota (Aug. 1968) aud Lau and Yotopoulos (March 1371 and Memo 104).

N
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+introduction of high-yielding wheats. During‘the first two years
1967/68, 1963/69 the producers were not in equilibriuﬁ in the sense

of equating the marginal value product of labor to its opportunity cost.
For the third year 1969/70 we reject the hypotheseslof.absolute price~
efficiency at 95 percent level of significance (but not at 99 peréent
as for the years 1967/68 and l968/6§), that is, not as strongly as
during the first two years. Aud finally during the last year 1970/71,
we cannot reject the hypotheses of absolute price efficiency, that is,
we find thaf producers on the average (both small and large) were ablé
to equate the méfginal vélue product of-labor to i1ts going opportunity
cost. This seems to be a good demonstration of short-run disequilibrium
being successfully overcome by the fational producer behavior. Pro-
ducers do iﬁdeed;seem.to react energetically to the existence of dis-
equilibria.

Estimates for the Cobb—Douglas production function elasticities
for various inputs are derived indirectly from the profit function
estimates for ilodel III (Table 6.6) using four-year data, and are
presented in Table 6.8, These estimates are obtained from identities
in Equatiéns 2,30 or 2.34 which are the counecting links between the
coeffiéients of the profit functién and those of the production function.
The estimates are quite similar to thoseobtained from Model I pre-
sented in Table 5.9 of/éiapter V. The main advantage of these indirect
input elasticities over the ones obtailued from direct-estimates of the
production function is their statistical consistency. Since B appears

in both the profit and labor demand cquations, imposing the restriction




TABLE 6.8
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ESTIMATES OF THE INPUT ELASTICITIES OF THE COBB-DOUGLAS
PRODUCTION FUNCTION DERIVED FROM THE PROFIT FUNCTION FOR

NEW WHEAT 1967/68-1970/71% PUNJAB, INDIA.

Model IIL
1 R%strigtion 2 REstrictions 3 R%strictions
Sl = BI Bl = Bl Bl‘= Bl
3% = 31 ' Boy + 63 =1
8S = 81
Labor o 0.078 0.218 0.213
Land oy 0.636 0.547 0.522
Capital (K) g 0.349 0.280 0.265

*Table 6.2,
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that it be equal in both cquations improves the effiéiency of these
estimates. TFurthermore, since these estimates are deriyed from four-
year data they should be quite reliable for predictive purposes.

| Next we provide two brief comparisons of our results with the
resca¥ches of Lau and Yotopoul§s (March 197i and Memé 104) regarding
relative efficiency in Indian agriculture,

First we note that all our espimates of output elasticities with
respect to various inputs (including capital) have the expected signs
_and reasonable magnitudes., 'Wé seem to have been fortunate in having
data which yielded reasonable elasticity estimates for capital.gJ

Secondly, whereas our findings agree with theiréaézg;rdiug equal 7<
relative price efficiency and equal absolute price-efficiency of small
and large farms, our findings regarding equal technical and thus equal
over-all economic efficiency are not the same. ‘They find small farms
relatively more efficient technically and thus more efficient eco-
nomically, whereas our results indicate no differences in technical
or economic efficiency of small and lafge farms. A possible ex-
planation for this discrepancy might be as folloﬁs;

Their fiudings pertain to the mid-fifties. Indian agriculture
at that time could be characterized as traditional and in a state of
eduilibrium (Schultz, 1964). Modern inputs like chemical fertilizers

. a s \ P
were conspicuous by their absence. Smaller farms which had more labor

E/Lau and Yotopoulas obtained (because of the problem of measuring
the capital input) negative elasticity for capital and, under con-
strained estimation with constant returns to scale, relatively large
elasticity values for labor and land.




available per unit of landl/ perhaps used it for more intensive land
improvement programs which resulted in superior technical efficiency
compared to the larger farms, Also as emphasized by Lau and
Yotopoulos, under thesé circumstances, the technical-managerial input
bézbmes more intensive on smaller farms. Their finding of superior
technical efficiency of smaller farms thus seems to be consistent
with these observations,

Since the mid-fifties, however, Indian agriculture has undergone
a great transformation, especially so in Punjab where present-day agri-
culture can be characterized as modern, The level of land fertility
which :during mid-fifties perhaps depended on the level of lébor input
and could be higlier on small iabor—surplus farms no longer depends
upon intensive labor input. The availability of fertilizers, other
chemical inputs and increased irrigation input reduces the fertility
(productivity) differences of land on small and large faxrms, Thus a
major source of superior.technical efficiency of smaller farms during
the mid-fifties seems to be absent during the late sixties.

Another explanation can be advancéd in the form of an hypothesis,
There are two elements to.this ﬁypothesis. First, we may agree (in a
somewhat.qualified mauner) with the findings of Lau and Yotopoulosg/

that, in traditional agriculture or in an agriculture in a state of

PN

i/At this point a refereuce is mada again to the studies cited at
page 33, particularly by Sen (October 1966), the survey article by
Bhagwati and Chakravarty (September 1969), aund by Bardhan (1972),

2/ (March 1971).
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equilibrium, smaller labor-surplus farms have greater technical
efficiency and thereby are more efficient economically, Second, we
postulate that large farms_havg better access to research information
because of relatively easier (often free) access to extension services.
Tﬂe peribd covered by the present study immediately followed the in-
iﬂ troduction of higﬁ—yielding varieties of wheat, Thus, it may well be
that larger farms, becauée of their comparative advantage in research
information continued to assimilate the new wheat technology more
rapidly than smaller farms and this offéet the technical suberiority

of smaller farms, This hypothesis can be verified only in the future,.

Summarz

The results and analyses presented in this Chapter show that:

1 The produciion function for new wheat is identical on small
P

and large wheat farms and that there are no neutral or non-neutral
différences in their production fumctions.

(2) The?e are no differences in the technical, price and OQer-all
economic efficiency of small and large . wiieat farms. The first part
of this conclusion actually could be-anticipated\from (1) above.

(3) Constant returns to scale prevail in the production of new

wheat. .
The implication of resul&s (1), (2) and (3) is that one cannot
drgue in favor of large farme on the grounds of économic.efficiency.
t4) The first three years of the peribd studied were char-

acterized by a disequilibrium in wheat farming in the sense that wheat

producers did not succeed in equating the marginal value product of
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labor to its opportunity cost because of the shifts in labor demand

function resulting from the introduction of high~yielding wheats;

and- that finally during the fourth year this disequilibrium dis-—

appeared,
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CHAPTER VII

EMPIRICAL RESULTS AND THREIR INTERPRETATION: TRACTOR VERSUS
. NON-TRACTOR FARMS ‘
Comparative analysis of mechanized versus non-mechanized farming
is a complex problem and is not the pdint-on which this study con-
centrates, Our éim is limited to a comparison of the economic per-
formance of tractor-mechanized wheat farms with the performange_ of
those without tractors, It has been,suggestedi/ that in order to
exploit the full possibilities for multiple cropping made possible
by the use of high-yielding varieties, tractorization in Punjab is
necessary to overcome the constraints of labor and annimal power
shortages during the months of October-November andlApril, the two
périods of peak farming activity, Sometimes it is also argued that

+

tractorization with multiple cropping results in the use of more
1 - 1 2 / - |
labor altogether.=

Unfortunately, the research being reported here deals only with

the wheat crop, unot the full set of farm enterprises on Punjab farms.

We are. thus unable to Q&gouﬂt completely for the effects of tractoriza-

tion on multiple cropping and the resulting use of labor, Since,

however, wheat is the most important crop iun Puniab and the spurt in
’ ' J P

1/see M. 1. Billifigs and A. Singh (1969).
2/

=/See, for instance, S. S. Johl (1971).
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demand for tractors in Punjab occurred after the introduction of high-
yielding varieties of wheat, analysis of the comparative efficiency
of wheat production with and without tractors would throw some light
on the principal issues involved.

The "tractor cultivation sample, 1969/70" forms the data base
for our analysis., Out of a total of 287 farms in this sample, 105 farmers
owried tractors. We split this sample into tractor-operated farms{
105, and non—tractorNOperated farms, 182. Sequentially, the analysis
proceeds by praesenting some basic statistical information and a brief
discussion of the two groups of farms. Then we use our basic produc-
tion function Model 2.2 to examine the question whetaef tractor and
non-tractor farms have the same wheat production function. This is
followed Ly a comparison of the two groups.offarms in terms of their
economic efficiency, tecionical efficiency, and price (or éllocative
effiéiency) by using the profit fuﬁction (Model II: Equations 2.46
and 2,48) in which the dummy variables forlérge and small farms are
replaced by dummy variables for tractor and non-tractor farms with
the other variables unchanged, The modified equations are shown in
" footnotes for Table'7.&. And lastly we compare the estimates obtained
from cost fuunctions--tfodel 2,10--for the two groups of farmsf

In Table 7.1, somc important pef—acre statistics of tractor and
unon—-tractor farms are compared.at mean levels of the respective samples,
There is hardly any difference in the per acre output of the two types
of farms., If anything; average vheat yield per acre is slightly

higher—-on the order of 0.9 percent-—on mnon-tractor farms, contrary




" TABLE 7.1

PER ACRE INPUT USE AND SOME OTHER STATISTICS AT SAMPLE MEANS, NEW WHEAT, 1969/70, PUNJAB, INDIA

Tractor Non-tractor
Farms Farms All Farms
Average wheat area (acres) 24.78 11.38 16.29
Output (quintals) o~ 9.13 9.21 9.16
Labor (hours) 159.84 208.41 181.21
Labor bill (rupees) 121.87 159.28 " 138.43
Capital, Kj (rupees) 183.78 90.86 142.54
Animal power (hours) _ . 17.12 97.78 52.84
Animal power, B (rupees) 20.04 93.62 - 52,61
Fertilizer costs, F (rupees) ' 63.56 55,98 60.16
Capital, Ko (rupees) - 203.83 184.48 195.15
Capital K (rupees) 267 .39 240.46 255,31
Land rent, t (rupees) 209.56 220.26 214,06
Wage rate, w (rupees) _ - . 0.76- 0.76 0.76
Total costs (rupees) ‘ 598.50 620.02 607.80
67.32 66.35

Cost per quintal (rupees) 65.66

Notes: Capital (K) = the total capital flow including physical capital (Kj), animal power (B) and

fertilizer costs (F).
Capital (X2)
Capital (Kj)

flow of physical capital. K; = K ~ B - F.

flows from the physical capital(Ky) plus animal power (B).

TET
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to the view that-tractcr mechanization is necessary for increasing
land productivity.i/ With regard to the use of different inputs
per acre we‘find taat the éVeragc non-tractor farm used about 30.5
percent more labor, 367 percent more animal power, 50.6 percent less
physical capital (X;), 1l.5 percent léss fertilizer,.and incurred
5.3 percent more rental costs, t, for land. Average wage rate for
labor is exactly the same for both types of farms and unit costs of
production of wheat are hardly any different. In Table 7.2, input-
output coefficients at respective sample means are provided, wnich is
only a different way of presenting the information of Table 7.1. The
conclusions that we draw from these two tables are rather obvious,
Whereas we find no evidence of any significant differences in land
productivity and unit costs of producing wheat between the two groups
of farms, the input composition is considerably different. Farms with
e
tractors use mere than 100 percent more capital (Kj) per acre compared
to farms without gractors. This they usc not Onlf to replace animal
power, which of course is curtailed tremendously, but human labor as

well, The labor displacement effect of tractor mechanization on the

order of about 25 percent psr actre is clear from these tables,

K\ Production Function Model

The statistical information presanted above is quite useful in the

sense tuat it allows us to discuss broad differences among the two

L/see . W. Giles (1967), B. S, Patkak (1979), S. S. Johl (1971)
and Roger Lawrence (1970), among others, for this view. ‘




TABLE 7.2

-~

INPUT-OUTPUT COEFFICIENTS PER QUINTAL OF WHEAT, AT SAMPLE MEANS, NEW WHEAT, 1969/70, PUNJAB, INDIA

( Tractor Non-%tractor
Farms Farms All Farms

Labor (hours) 17.49 22,62 19,78

Labor bill (rupees) 13.35 (0.204) 17.29 (0.257) 15.11 (0.227)
Land (acres) 0.11 0.11 0.11

Land rent (rupees) 22,92 (0.350) 23,91 (0.356) 123.37 (0.353)
Capital (Kj) (rupees) 20.22 (0.307) 9.86 (0.147) -~ 15,56 (0.235)
Animal power (hours) 1.87 10.61 ~ 5,77

Animal power (rupees) 2.19 (0.033) 10.16 (0.150) ~ 5.74 (0.086)
Fertilizer (rupees) 6.96 (0.106) 6.08 (0.090) 6.57 (0.099)
Capital (K2) (rupees) 22.41 (0.340) 20.02 (0.297) 21,30 (0.321)°
Capital (K) (rupees) 29.28 (0.446) 26.10 (0.387) 27.87 (0.420)
Cost (rupeas) 65.55 (1.000) 67.32 (1.000) 66.35 (1.000)

Notes: For definition of variables see Table 7.1,

"The figures in parenthesés are the expenditure shares of the respective inputs in per quintal eosts

of wheat.

£eT
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types of farms. There are, however, more important issues in any
econonmic efficiency comparison of tréctor and non—traétor farms, and
thiese issues require the use of a more refined approach, Moreover,
the concept of economic efficiency is quite elusive and this further
necessitates the use of adwanced techniques to study the problem.

The profit function formulation--tModel II--is an appropriate tool for ,‘mjﬁj”
, o

=

oy

‘this purpose by using the profit function, we can compare economic , \

efficiency and its components of technical and price efficiency for / y

. - o -
e B A g AT RN

the two grotps 6f Taris. Thais is essentially what we do in the next

RS R T ARG,

e

section, This approach, however, assumes that there are no non-neutral
P~ H] ]

/

differences in the production functions of the two groups of farms. <

St

e

Put differently we assume that tha two production functions inave only .
' S £
neutral differences in the sense that the efficiency parameters of tie

s

Cobb-Douglas production functions vary but not the output elasticities
with respect to tie different inputs. In this section we wish to test
this assumption for tractor and non-tractor farms by.comparing their
separate production function estimates of Model 2,2 with those from
the pooled data. Additionally we also examine the question of returns
to scale, ‘

Table 7.3 provides the results of least squares regressioné for
separate tractor and non—tractor>functions as well as functions with
poolad data with and without a dummy variable for tractor farms., First,
we perform analysis of covariance tests comparing separate regressions
I and II with the over-all regression VII and separaté regressions

IV and V with over-all regression VIII., These comparisous are for

testing the hypothesis that separate regressions belong to the same




ESTIMATES OF PRODUCTION FUNCTION FOR NEW WHEAT, 1969/70, TRACTOR AND NON—TRACTOR FARMS, PUNJAB, INDIA

N

TABLE 7.3

-~

Type

Regression of

No. of
Obser-

Coefficient of

Capital  Ferti-

R2

Returns

Number Farm vations Constant DY Labor Land (K2 or K) lizer SEE? to Scale F-ratio*
I fractor 105 -0.188 0.339 0.412 0.242 0.013 0.772 0.318 1,006 0.01
' (0.674) (0.105) (0.123) (0.095) (0.046)
I1. Non- 182 1.528 0.047 0.829 0.080 0.032 0.870 0.323 0,983 0.18
tractor (0.354) (0.075) (0.073) (0.068) (0.020)
IIT All 287 1.092 0.023 0.122 0.718 0.118 0.030 0.877 0.325 0.988 0.14
(0.311) (0.0530) (0.061) (0.063) €0.055) (0.018)
IV Tractor 105 ~-0.252 0.351 0.398 0.249 0.772 0.318 0,998 0.003
(0.721) (0.105) (0.124) (0.103)
v Non-—~ 182 1.082 -0.005 0.790 0.208 0.873 0.318 1.004 0.01
tractor (0.383) (0,072) (0.073) (0.070).
VI All 287 0.772 0.011 0.100 0.690 0.202 0.879 0.322 0,992 0.06
(0.337) (0.049) (0.059) (0.06%&) (0.057) : .
VII All . 287 1.064 0.113 0.723 0.127 0.030 0.877 0.325 0,993 0.09
(0.305) (0.052) (0.305) (0.051) (0.018)
VIII All 287 0.758 0.096 0.692 0.206 0.879 0.321 0.99% 0.06
(0.330) (0.056) (0,063) (0.054) :
Notes: Equations linear in logarithms are estimated by least squares.

*Calculated F-ratios are for testing the hypothesis of constant returns to scale,
DT is the dummy variable with value of one for tractor operated farms and zero for non-tractor
2/Standard erromsof estimate are in matural logarithms

‘).
R- is

Dependent variable is output of wheat in physical units.
Standard errors of coefficients are in parenthesgs.

the coefficient of

of wheat output measured in quintals.
determination adjusted for depgrees of freedom,

operated farms.

SET




production structure that is, the sets of coefficicents in the separate
regressions are equal. The respective F~ratios are 2,08 with 5 and
277 degrees of freedom and 2,37 with 4 and 279 degrees of freedom.
Both these F-ratios are significant at 90 percent level (but wot at

95 percent). That is, we reject, at the 90 percent level of signifi-
cance, tihe hypothesis that the two separate regréSSions belong to the

same production structure, Secdndly, we allow the intercepts for the

separate regressions to vary by introducing an intercept dummy for the

tractor farms a.d compare separate regressions I and IT with over-all
regression III and separate regressions IV and V with over-all re-
gression VI. We note that the coefficients for the dummy wvariable in
eitner of tlie over-all regressilons III and IV are not significantly
different from zero. The respective analysis of covariance F-ratios
are 2.54 with 4 and 277 degrees of freedom and 3.15 with 3 and 279
degrees of freedom. Again both F-ratios are significant at 95 percent
level {but not 99 percent). Oﬁ the basis of these tests we reject the
hypothesis of equality between sets of coefficients in the separate
regréssions? though not very strongly. Hence wa camnot say with com-
pléte confidence that there are ao unou-neutral differences in wheat
production technology witir and without tractors,

An alterrnative approach to sort out the differenceé between the
regression coefficients of tractor and non-tractor forms could be
followed by introduciig directly in the pooled data sliope-shifting
variables for tractor farms. Least-squares estimates of such a re-

gression are presented in Table 7.4, Ouly the (negative) coefficient
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TABLE 7.4

ESTIMATES OF PRODUCTION FUMCTION FOR MEW WHEAT, TRACTOR AND
NON~TRACTOR FARMS, WITH SLOPE DUMMIES, 1959/70,
PUNJAB, INDIA

J
Regression

DA Coefficients

—J ) :
Constant . l.164 (0.315)
Labor 0.068 (0.075)
Labor (DY) 0.185 (0.122)
Land ) 0.771  (0.068) '
Land (DY) -0,179*% (0.097)
Capital, K, : 0.129 (0.065)
Capital, Ky (D) . -0.034 (0.979)
Fertilizer _ 0.035 (0.020)
Fertilizer (p7) . -0.042  (0.050)
RZ 0.878

SEE@ : 0.323

Notes: Hquatious linear in logarithmic are estimated by least

squarss, .

Dependent variable is output of wheat in physical units.

Labor (DI), Land (DY), Capital (DT) and Fertilizer (DY) are
the slope-shifting variables for tractor farms. They are

- obtained by multiplying the logarithmic transform of the

original variables of labor, land, capital K, and
fertilizer by DT a zero-one variable with a value of one
for tractor farms and zero for non-tractor farms.

Staundard errors of coefficients are in parentheses.,

#*Significant at 90 percent level using two-tailed t test,

E/Standard error of estimate is in natural logarithms of wheat
qoutput measured in quintals.

R= is the coefficient of determination adjusted for degrees
of freedom,
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for slope-shifting variabie for land is significantly different from
zero at 90 percent level using two-tailed t test whefeas the coefficients
for all other slope-~shifting variables are not significaant. Even for
land this may not be considored as conclusive evidence that tractor
gnd non~tractor farms have different coefficients for land. There are
s
reasons to beglleve that the land variable measured in acres has quality
differences and may ﬁot represent a homogeneous input., Partly the
quality adjustments are taken accouﬁt of if we use a value measure of
land, that is, land rent instead of land acres. We do this in a sub-
sequent section.

A careful examination of the results presented in Table 7.3 makes
us suspect the quality of these results. .Coéfficients for labor and
land éppear to have implausible values in the sénse that labor coeffi-
cients in some cases are not even significant and land coefficients
seem to be unduly large. It seems that because of the high inter-
cog;ziatioﬁsij among the independent variables the coefficieat of land
usurps the coefficient of labor. 1In order to verify this hypothesis,
expenditﬁre shares of each factor of produéiion in total costs as well
as total revenue are calculated at the geometric means of the respective
samples., The resulits of these computations are shown in Table 7.5.

A comparison of tiw calculated factor shares with the.corresponding in~

e . o . - 2 ,
put elasticity estimates of Tabie 7.3 confirms our susp1c1on.—j Whereas

-i/Zcro order correlations are presented in Appendix Table III.1,

g/In making this comparison I do nat wishh to imply that the factor
shares are ideal estimates witil which to compare our estimates. In fact
L am quite aware of the difficulties iuvolved in their interpretation
as coéfficients of tie proluction function. The only purpose for which
we make tals comparison is to highlight the suspect quality of our
production function estimates.




the calculated factor share (Table 7.5) of labor is.larger for non-
tractor farms relative to the tréctor farms, the estimated coefficients
for non-tractor farms (Table 7.3) are not significant, Probably high
intercorrelations among the independent variabies as suggested above
aré responsiﬁle for these rasults. Tie coefficient.for land seems to
have usurped tthinfluenée of Doth labor and capital in the case of
regression II and that of labor im the case of regression V. A part
of the problem, as argued before, could be in the mcasurgmeut of land
services. because of quality differences,

From Table 7.1 we find that relative to tractor farms, non-tractor

farms on an average incur a little over 5 percent more per acre rental

costs for land which implies they may have better land. To account

r—/
for possible quality differences in the land variable, we run least

squ;;;; regressious'usiug value measures for all inputs; for tractor
and non—~tractor farms, as well as with the pooled data with and without
a dummy variable for tractor farms, The results of these regressious
‘are presented in Table 7.6. It turns out that the estimates--ralative
to those of Table 7.3——imprové conslderably both in terms of the
standard errors as wall as the magnitudes of the estimatés. Further-
more statistical tests comparing production funcﬁions for tractor and
non-tractor férms, show that both types of farms balong to thne same
production structure, Taese tests are as follows:

(1) F-ratios comparing scparate regressidns I and IT with
over-all regression III, and separate regressions V and VI with over-
all regression VII are Of67 with 5 and 277 degrees of freedom and

0.67 with 4 and 279 degrees of freedom respectively., Meither of these
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TABLE 7.5

_PUNJAE, INDIA
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SHARES AT SAMPLE GEOMETRIC MFANS, NFW WHEAT, 1969/70,

Tractor Farms

Geometric Share in Share in
Mean Total Costs Total Revenue
Qutput (quintals) 184.93
Output¥* (quintals) 226,24
Total costs (rupees) = 12838.40
Total revenue (rupees) 14189.00
Labor bill (rupees) 2540.68 0.198 0.179
Land rent (rupees) 4230.20 0.329 0.298
Capital (K7p) (rupees) 3827.60 0.298 0.269
Animal power (rupees) 175,91 0.013 0.012
Fertilizer costs (rupees) 1096.60 0.085 0.077
Capital (Kjp) (rupees) 4360.34 0.339 0.307
Capital (K) (rupees) 5760.10 0.448 0.405
\\\ Non—-tractor Farms
Geometric Share in Share in
Mean Total Costs Total Revenue
Output (quintalsg) 75.19
OQutput* (quintals) 104.83
- Total costs (rupees) 5378.70
Total revenue (rupees) 5710.10
Labor bill (rupees) 1339.40 0.249 0.234
Land rent (rupees) 1808.00 0,336 0.316
Capital (Kj) (rupees) 721.10 0.134 0.126
Animal power (rupees) 706.24 0.131 0.123
Fertilizer costs (rupees) 347.23 0.064 0.060
Capital (Kp) (rupees) 1572.20 0.292 0.275
Capital (K) (rupeas) 2038.80 0.379 0.379
All Farms
Geometryric Share in Share in
Mean ‘Total Costs Total Revenue
Output (quintals) 104.58
Output# (quintals) 149,25
Total costs (rupces) 7427,18
Total revenue (rupees) 7925.02
Labor bill (rupees) 1686.34 0.227 0.212
Land rent (rupees) 2465,70 0.331 0.311
Capital (K1) (rupees) 1313.40 0.176 0.165
Animal power (rupees) 424,11 0.057 0.053
Tertilizer costs (rupees) 528.61 0.071 0.066
Capital (X2) (rupeces) 2276.28 0.306 0.287
Capital (K) (rupees) - 2981,00 0.401 0.376

Note:

*Sample arithmetic mean,




- TABLE 7.6

ESTIMATES OF PRODUCTION FUNGCTION FOR NEW WHEAT, 1969/70, TRACTOR AND NON-TRACTOR FARMS, PUNJAB, INDIA

Type No. of Coefficient of
Regression of Obser- Capital Ferti- Returns
Number Farm vations Constant DT Labor Land (K or K) lizer R2 SEE2 %o Scale F-ratio*
I Tractor 105 -=3,101 0.255 0.432 0,243 0.038 0.790 0,305 1.002 0.11
' (0.446) (0.083) (0.082) (0.087) (0.043)
11 Hon- 132 -2.9438 0.164 0,625 0.149 0.051 0.857 0.333 0.989 0.53
tractor (0.231) (0.063) (0.061) (0.065) (0.021)
111 All 287 -=3.057 0.179 0,583~ 0.194 0.052 0.876 0.325 1.910 0.70
(0.181) (0.048) (0.049) (0.048) (0.018) '
iv All 287 -2,980 0.0438 0.199 0.580 0,175 0,050 0.3876 0,325 0.995 0.99
(0.197) (0.049) (0.049) (0.049) (9.051) (0.018) A
\ ~Tractor 105 -3.160 0.270 0.473 0.263 0.790 0.305 1.010 0.04
(0.447) (0.081) (0.084) (0.099) '
Vi Non- 132  =3,157 0.120 - 0.58L 0,296 0.863 0,331 0,397 0.0L
ractor (0.227) (0.061) (0.0562) (0.065)
VII All 287 =3,235 0.161 0.551 0.298 0.879 0.321 1.010 0.13
(0.176) (0.047) (0.049) (0.048) .
VIII All 287  =3.173 0.036 0.168 0.550 0.283 0.879 0.322 1.000 0.00

(0.195) (0.043) (0.049) (0.050) (0.,052)

Notes: Equations linear in logarithms are estimated by least squares.
Dependent variable is output of wheat in physieal units. Independent variables are measured in value terms.
pl is a dummy variable with a value of one for tractor farms and zero for non=tractor farms.
Starndard errors of coefficients are in parentheses,

*F-ratios are calculated for testing the hypothesis of constant returns to scale,

a/Standard errorSof estimate arz in natural logaritims of wheat output measured in quintals.

RZ is the coefficient of determination adjusted for degrees of freedom.
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F-ratios is sigaificant at the 90 percent 1evel. We thus can not
‘reject the hypothesis of the equality between sets of production coef-
ficients in tractor and non-tractor production functions.

(2) Over-all regressions IV and VIII are run to allow the inter-

A

cepts of tractor aud non-tractor farms to vary by introducing an
intercept dummy for tractor farms. In both cases we find that the
coefficients for the dummy variable are not significautly different
from zero, 7The F-ratios comparing separate regressions I and II witn
over-all regression IV, and separate regressions V and VI with over~all
regression VIIT are 0.56 with 4 and 277 degrees of freedom and 0.13
with 3 and 279 degrees of freedom. Again none of these F-ratios is

mr. e

significant at the 90 percent level, This further supports the hypothe-
sis of equali&x\between sets of production coefficients in the tractor

and non-tractor production functions.

Before we go further to compare the over-all economic performance

1

of tractor and non-tractor farms using the profit function model, we

may note--~in Tables 7.3'and 7.6~=~that there is no evidence against the
hypothesis of coustant returns to séale in the range of observations‘
in either tractor or non-~tractor farms. We may also repeat that the
estimated coefficients in Table 7.5 using value measures for inputs,
are better estimates in the sense that they have larger t ratioes

than those for tie estimated coefficients of Table 7.3 where land and

labor are measured i physical units. This is perhaps because part of

the quality adjustments for inputs are taken care of by the value measura.
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Profit-Function ﬁodel

Herz our main objective is to compare the over-all ecoromic
efficiency of tractor-operated and non-~tractor-—operated farms. Wo will
verifyour earlier Ifinding from the productiqn function model that
there exist no differences in the techmical efficiéncy of tractor and
non-tractor farms and also compare the price (or allocative) ef-
ficiency of these two tybes of farms with respect to labor use. Xnow-
ledge of the differences in the parameters of technical and price ef-
ficiency of traétor and non-tractor farms could have important impli-
cations for policy purvoses. If for example we find that tractor
farms are more price-efficient and if the society wishes to improve
the co%saratiﬁe position of ghe smaller non-trﬁcﬁor farms, policies
to subsidize the variable input in question, and the provision of better
(and cheaper) agricultural aducation and extension ser&ices for the
smaller uon-tractor férms would b2 the rclevant measures to consider;
We will comment later on various policy issues in the light of our
findings--{(see pages 153 to 156).

For analyzing rslative economic efficiency of the two groupé of.
farms, we use the profit function (Model II: Lquations 2.46 and 2.48)
after replacing the dummy variables for large and small farms with
tractor and non-tractor farms. The equations and the results of their
joint estimation using Zellner's method (1962) with restrictions are
snown in Tabla 7.7, along with the results from single-equation ordinary

least squares.




TABLE 7.7

RESULTS OF JOINT ESTIMATION OF COBB-DOUGLAS PROFIT FUNCTION AWD LABOR DEMAND FUJCTION

TOR NIW WHEAT, 1969/70, PUNJAB, INDIA

Dstimated Coefficients

Zellner's Method with Restrictions (Model II)

Function Parameter Sinpgle Equation Unrestricted 1 Restriction 2 Restrictions 3 Restrictions
Ordinary | .
Least Squares B'l = gt 8l =8 8l = 3
1 1 1 1 1 1
A
B1T = By B, + B3 =1
37 = 8y
UOP Profit A 4,530 4,778 4,794 4,811 4,934
Tunction (0.501) ) (0.433) - (0.433) (0.441) (0.398)
st 0,039 0.075 0.032 0.041 0,062
(0.073) (0.070) (0.063) (0.064) (0.054)
By -0.286 -0.062 ~0.064 C=0.253 '~0,256
(0.124) (0.197) (0.107) (0.031) (0.081)
8y 0.790 0.785 0.735 0.785 . 0.779
(0.083) (0.071) (0.071) (0.073) (0.072)
By 0.224 0.241 0.241 0.235 0.221
(0.085) (0.073) (0.073) (0.075) (0.072)
Labor Demand B ~0.259 ~0.259 ~0.431 ~0.252 -0.256
Function o (0.203) (0.202) (0.122) (0.081) (0.081)
Bt ~0.610 ~0.610 -0.481 -9.252 ~0.256
(0.153) (0.153) (0.122) (0.081) (0.081)
RZ 0.777

'See notes on following page.
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TABLE 7.7 (continued) g

Notes: The estimating equations are:

T

Inw=x+ 67 D' + By Inw+ 8, InL + B85 In K

T..T NT ~NT
Bl D* + By~ D

where - .

ol is a dummy variable taking the value of one for farms owning a tractor and zero otherwise,

T is a dummy variable taking the value of one fo.r.farms not owning a gtractor (animal operated) and zero
otherwise. ' '

Asymptotic standard errors are in =~ parentheses.
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In order to compare the efficiency of tractor and non-tractor
farms, we carry aut the foliowing statistical tests:
(1) The hypothesis of equal relative economic efficiency of

tractor and non-tractor farms:
oy (ST = 0,

that is, in (AL/ANT) = 0, or Al = AliT.
F(1,567) = 1.13 < Fig;105(1»367) = 2.70, and the aull hypothesis
is not rejected, We conclude that tractor and uon-tractor farms
nave equai economic efficiency.
(2) The hypothesis of equal relative price efficiency of tractor

and non-trgctor farms:

Ho: @

Ll )

= pNT
Bl

The meaning of this test is whether tractor and non-tractor farms have
H 2 - . * . o 4 T - IJT * 1

the samc price efficiency parameters Bl and Bl in their labor demand
functions,.

F(1,567) = 1,92 < F(O.lO)(l’567) = 2,70, and the null hypothesis
cannot be rejected. Heuce we conclude that both tractor and non-—
tractor farms are equally price-efficient, i.e., they have the sanme,

; £4atoan il
price efficiency parameters (k*-'s).

(3) The joiut hypothesis of equal relative technical and

price efficiency of tractor and non-tractor farms:
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The meaning of these tests is whether tractor and non~tractor farms
have equal economic efficiency aund whether at the same time have the
same price efficiency parameter in their labor demand functiouns.

F(2,567) = 1.09 < F (2,567) = 2.30, and again we cannot reject

(0.10) "
the null hypothesis, This actually confirms the conclusions in (1)

and (2) above that tractor and non-tractor farms have equal economic
efficiency ud equal price efficiency and in ‘turn implies that they

have equal technical efficiency.

(4) Hext maintainircg the hypothesis of equal price efficiency

in (2), we tura to the hypotheses of:
(a) Absolute price efficiency of tractor farms,
N
Hot Bl = By, and

(b) Absolute price efficiency of non-tractor farms,

f NT _
ilos Bl = Bl

The meaning of these tests is whether tractor and non-tractor farms
maximize profits by equating tiie value of marzinal product of labor

to its opportunity price,




F(4,567) = 4.31 > F(O.OS)(2,567)

is rejectad. The couclusion is that
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= 3,00, and the null hypothesis

both tractor and non-tractor

farms were not able to maximize profits successfully during the year

1969/70. "In light of the results of
relative price efficiency in (2), we
labor, tractor and non-tractor farms

in their efforts to maximize profits

'(5) The nypothesis of constant

ot B, + By = L.

F(L,567) = 914.34 > Ty 10y (1,56

test for the hypothesis of equal
conclude that, with respect to

have been equally unsuccessful

by using the optimum amount of labor.

returns to scale,

7) = 2.70; and the null hypothesis

is rejected, We, however, observe that the actual sum of B8, and Bj

is only slightly different from one,

Thus even thoughhon statistical

grounds we reject the hypothesis of constant returns to scale, we find

evidence i1s not strong euough to favor the hypothesis of decreasing

returns to scale.

The results of the above statistical tests have important impli-

cations with respect to tractor mechanization policies for Indian

agriculture, But before proceeding witix that discussion, we wish to
2 ’

re-exanine, in the next section, with help from the results obtained for

the cost function Model 2,10, our earlier argument that larger producers

obtain indirect subsidies in the form of lower capital prices. This

will make possible a wmore integrated

tions of our findings.

discussion of the policy implica-
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Cost Function. Model

Tue results from the least squares regression estimates for the

l

cost function Model 2,19 presented in Table 7.8 differ from earlier
 findings in this chapter on iwo major points. First, contrary to
the earlier finding of counstant returns to scale, increasing returns
are indicated. Sscond, we find that the coefficient for the intercept-
suifting dummy variable for tractor farms in regression IV has a
positive sign gnd is significautly different from zero at 99 percent
level using two-tailed t test., The test comparing tractor‘aqd non—~
tractor regressioas I and II with regression IV, indicates that there
are no differenges in the-.sets of regression coefficients of the
two equ;tions other than in the constant term.l/ This means that the
estimated long~ruii average cost function for tractor farms lies above
that of the non-tractor farms. The questions that we éeek to answer
here are what causes incraasiugAreturns to scale in the cost function
model and what causes the long-run average costvfunction for tractor
farms to be above that of tiue non-tractor fagms.

By way of explanation of these phenémena we summarize a few of
the earlier findings and arguments:

(1) TFrom tue production function estimates, we found consistent

evidence of constaut returns to scale for tractor and non-tractor farms

i/The analysis of covariance F-ratio for this test is equal to
1.59., With 3 and 279 degrees of freedom this TF-ratio is not signifi-
cant at 90 percent level., We thus cansot reject the aypothesis of
equality between the sets of regression coefficients of the two
equations while allowing tiie intercept terms to differ,




TABLE 7.8

ESTIMATES OF COST FUNCTION FOR NEW WHEAT, TRACTOR AND NON-TRACTOR FARMS, 1969/70, PUNJAB, INDIA

Ya
Type No. of "~ ‘Coefficient of =~ =~ = Returns
Regression of Obser- to
Number Farm vations Constant' DY Y w o t R? SEL3 Scale
I . Tractor 1905 4,722 0.764 0.223 0.065 0.783 0.268 1.308%
(0.449) (0.039) (0.110) (0.075)
II Non-~ 182 3.963- 0.845 0.056 0,164 0.856 0.310 1.184%
: tractor £0.408) (0.025) (0.097) (0.069)
II1 | ‘ Over-all 287 4,103 - 0.856 0.127 0.111 0.874 0,301 1.168%
(0.305) (0.019) (0.074) (0.051)
v | Over-all 287 4,159 0.127 0.825 0.118 0.122 0.878 0.297 1.212%

(0.301) (0.041) (0.021) (0.073) (0.050)

Notes: Equations linear in logarithms are estimated by least squares.
Dependent variable is total cost in rupees.

L

is a dummy variable with a value of ome for tractor farms and zero for non~tractor farms.
i/ Standard errors of estimate are in natural logarithms of total cost, -~ measured in rupees.

*Indicates returns to scale are significantly different from one at 99 percent level.

Standard errors of coefficients are in parentheses,

06T
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as well.as for_the pooled data. Also from the profit function model
we fouud no evidence against constant returns to scale.

(2) 3By computations based on estimates of regression Equation
IV, Table 7.8, at the respective sample mean levels of output (for
non-tractor farﬁs = 104.83 quintals; for tractor farms = 226,24
quintals) and using the geometric mean wage rate and land rent, we
obtain average cost of rupees 67.2Z1 per quintal for non-tractor
farms and rupees 66.60 per quiutal for tractor farms. These average
costs per quintal are approximately the same as we obtained earlier
from arithmetic calculationsl/, that is, rupees 67.32 pér quintal for
nou-tractor$?arms and rupzes 65,55 per quintal for tractor farms,

(3) The inference from (1) and (2) is that for the sample as
a wyhole the long-run average cost curve is a straight line at about
rupees 66.44 per quintal.

(4) Then, the explanation for increaéing returns to scale ob=
tained from the cost fuunction mcdel could be our earlier argument
~(page 58 ) that the omission of capital price from our estimating
Equation 2.10 biases the Joefficient.é for logarithm of output dowii-
ward and in turn y, the measure of returns to scale upward, It seems
Qorthﬁhile to repeat this argument.

A complete specification of the cost function model is Equation

2.9. he lack of data on capital price "i" reduced our estimating

model to 2.10 which. we estimate without "i'". We have argued on

L/sce Taple 7.1.
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a priori considerations that the real price of capital is lower for
larger producérsi/ relative to the smaller ones. This implies a
negative relationship between the omitted variable, logaritim of capital
price "i" and logarithm of output Y. This, és is well knbwn,zj biases
dowaward the coefficient.% fdr-logarithm of Y and thus we get an upward
bias in y, the measure of returns to scale. It is important to note
here that this bias seems to be somewhat more pronounced in the case of
tractor farms. This seems to lend additional weight Lo our argument.
The negative relationship between logarithm of ourput and omitted caﬁital
price may be stronger in case of tractor farms than non~tractor farms,
that is, more capital-intensive tractor farms producing larger output

’ coula be enjoying still lower real prices for capital compared to less
capital-intensive and felatively smaller farms,.

(5) It seems more difficult to explain why the long-run average
cost curve for tractor-farms should be above that of the non-tractor-
farms as indicated by é positive and significant coefficient for the
intercept-snifting dummy variable for tractor-farms, It could possibly
be due to two reasons. First, we noted above that the unit costs of
production at respective mean levels of output of non-tractor and
tractor farms are almost equal, This implies that tractor farms with
smaller than mean output level (226,24 quintals) of all tractor-farms,

should have larger unit cost than tha non-tractor farms which have

l/See Chapter I, page 6, for reasouns for this,

2/3se criliches (1957) .




larger than the mean output level (134.83 quintals) of all non-

tractor farms. This could happen if the smalier tractor farms are not
able to spread the fixed costs of machinery over large enough levels 6f
output, In tihis situation tractor farms could have a larger intercept
term.: which would show up as a positive coefficient for the duﬁmy
variable for tractor farms. Second, if we accept thé arguments that
omission of capital price from the cost function model may have biased
downward the coefficient of logaritium of output more in casé of tractor
fafms than non-tractor ones, tlifis could enlarge the intercept term for
tractor-farms relative to non-~tractor farms. This in turn would show
up as a positive coefficient for the dummy vafiable for tractor farms

in tae pooled regression,

Sumnary and Poliecy Implications

The major findings of this canapter are:
(1) There are mo differences in the land productivity of tractor
and non-tractor operated farms in the production of wheat.

2

(2) There is also ro differeuce in the unit costs of producing
wheat at the respective mz2an o&tput levels of tractor and non-tractor
farms.

(3) HNon-tractor farms use'367 percent more animal powsr, about
30 perceat more labor, but 50 percent less physical capital per acre,
relative.to tractor farms,

(4) Both tracior and non-tractor farms nave the same wheat

production function,
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(5) There are no differences in over-all economic effi-
ciency and its components (technical efficiency and price efficiency)
between tractor and non-tractor farms in wheat production,

(0) There exist constant returus to scale in wheat farming for
both tractor and uoa-~tractor farms.

It is interesting that duriug a period of rapidly changing agricultural
technology,Atractor aid non-~tractor whzat farms were equal in economic
performance, If in fact during a period of static agricultural tech-
nology.smaller: (non-tractor) .farms-are“economically more
effic%f?t,l/ during a period of rapid change, tractor farms may have
attained equal economic efficiency due to their bet;er (and carlier)
access to agricultural knowledge, cheaper access to capital, or both
during this pe;iod.

We have not examined the issue that mechanization increases the
possibilities for mu;tiple cropping and thus perhaps results in a
net increase of labor empioyment pér acre, Tractorization secms to re-
sult i reduced labor use on the order éf 25 percent pér acre (Table
5.1) in wheat production., There scems to be no logical reason.why
similar results should unot be expected in case of rice, corn, sugarcane,
cotton or any other crop. Yet it seems possible that tractorization
may help in increasing the possibility of multiple cropping, particularly

on larger farms. Waether this increase in multiple cropping results in

£/See Lau and Yotopoulos (L97L and Memo. 104) for this finding.
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net increase in labor use per unit of land should be an important
question for future inquiry. But as far as wheat is concerned the
‘;abor—replacing effect of tractorization is clear,

It sesams worth emphasizing that thls is not an argument against
all types of mechanization or for that matter even tractorization;
Certain kiuds of selective mechanization, consistent with the agron-
omic and physical necessities of farming and as induced by the rela-
tive factor endowments, may be necessary. On noﬁ—tractor—operated

. v
farms one finds clear signs of this type of mechafiization, which,
as a matter of fact, is proceeding fairly rapidly.
\\\ The important lesson from these findings, however, is that it \
will be unfortunate if the increased labor—absorptivg capacity of
agricultufel/ opened up as a result of the ‘green revolution' is |
permitted to be dissipated by fast increases in labor—replaciﬁg' |
tractor mechairization or other heavy maéhinery. Waat could be avoided
at the very least (or perhaps must be avoided) is the mechanization
that takes plaqe as a result of direct or indirect subsidization. Th2
results of the analysis presented above seam to support the argument
that tractor-operated wiaeat farms may be enabled to achieve the level |
of economic performaunce of non-tractor farms through capital subsidies. !
Considerations of social justice and concern for employment 6pportunities \

for the rapidly growing labor force of India make it difficult to defend

i/It may be helpful to refer Dback to our findings on this point
in Chapter IV, pages 54 and 55.
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subsidization policies which help the larger farmers conceal their
inefficlency. It is reported that the labor force may increase

from 210 million in 1970 to 273 million by the end of the decade.E/.
There is wvery littl: hope that the noun-agricultural sector can absorb
increased labor force of such a hign order, Policy measures to dis-
courage (or at least not to encourage) mechanization which causes heavy
displacement of labor are uecessary if the society is interested in re-~

ducing unemployment,

\

ljSee Robert d'A. Shaw (1979, p. 2).




CHAPTLR VIII

SUMMARY AND CONCLUSIONS

In many countries of Asia, the recent agricultural transformations
that are resulting from the spread of high-yielding varieties of wheét
and rice have generated new hopes for the;economiés of these countries.
It is important to understand the nature and significance of these
changes 1if one 1s interested in devising measures for the furtherance
and continuation of this process of transformation.

The main purpose of this study was.d quantitative assessment of
this transformation in the case of wheat during the years 1967/68 to
1970/71, using the Indian Punjab, which .is located in the center of
the Indo-Pakistan wheat growing region as the base area of study.

Put differently we seeked toexplain the process of absorption of new
wheat techmology, that is the process of technical change concomitant
with the introduction of new wheat seed. Specifically the majo?
objectiveswere: (1) to study the nature and magnitudelof technical
change in wheat production technology resulting from the introduction
of high—yielding varietiés of wheat, (2) to c&mpare the long~run

cost functions of old and new wheats and to obtain estimates of
savings in the unit costs of producing wheat resulting from the
adoption of new wheat varieties, (3) to compare the economic per-
formance of small Qéfsus large and traqtor-operated'versus non-—
tractor-operated wheat farms, (4) to investigate the response of

wheat-producers to disturbances in factor markets generated by
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the shifts in factor productivities resulting from the adoption
of new wheat technology, (5) to obtain estimates of several useful
elasticity measures, (6) to investigate the role of education in wheat
production aund (7) to study the existence of economies of scale and then
explore implications for wheat production,

For empirical implementation'oflthe objectives listed above three
different but interrelated models, based on the theory of production,
were used, Questions of differences in the production function of old
and new wheats;‘the productive value of education and returns to scale
were ana?yéed with the help of a simple production model based on the
standard neoclassical (Cobb-Douglas) production function. A cost
function model essentially developed by Nerlove (1965)was used to
compare the differences in the long=run cost functions of old and
new wheats and over timé, to study returns to scale and more impor-
tantly to explore whethér tﬁe degree of returns to scale varies over
the sample range. In order to study relative economic efficiency of
small vef;ué large farms and tractor Qefsus non~tractor farms we used
profit function modelsl/ developed by Lau, - Thesé models also enabled
us to obtain consistent production function estimates, to derive
several other important elasticity estimates, and to study the question
of returns to scale. It was both useful and necessary to employ all

three models in order to accomplish the objectives set forth for this

l/Sec Lau (Memos 86A and 86B, 1969) for the development of these
models .and Lau and Yotopoulos (1971 1972 and Memos 104 and 108)
for their applications. :




research and--in some cases-+to compare the results from them.
Theoretical development and operational aspects of these models are
discussed in Chapter II.

The datﬁgpgn which the empirical findings are Baseq§ came from
private farms., Studies in farm management conducted by the bovernment
of India during the years 1967/68 and 1968/69 in the Ferozepur dis-

_trict of Punjab, and a similar study by the Government of Punjab.during
the year 1969/70 (conducted in 19 villages spread over practigally the
whole of Punjab) are the major sources of data, These data are
éup lemented by farm data for the year 1970/71 collectéd under the
author's personal supe;vision. Sampling proce&ures and methods of
collection of these data, and the definition of the variables used

\

in empirical estimation work are discussed in Chapter IIIL.

Empirical Findings and Conclusions

An essential ingredient of technical change is a shift in the
production function such that a larger output is obtained for a given
level of inputs or a given level of output can‘be produced with
smaller quantities of inputs. Tne emphasis is on the shift in the
function in the sense of expansion of the'production boundaries and
should not be confused with movements towards known or existing

boundaries.

The estimates of such a production function shift resulting from

[

the 1967/68 introduction of new wheat varieties, and its effects on the

cost function and factor demand functions are presented in Chapter IV.
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The results indicate that the shift has been of the neutral type im-
plying that the unit isoquant for wheat has shifted downward without
any chénge in its slope, that is, without affecting the-margiﬂal rates
of substitution between inputs. Direct estimates of the Cobb-Douglas
production function indicate that the efficiency parameter for new wheat
varieties is larger by 22,85 to 28,04 percent than the efficiency para-
meter for old wheat, Valueé of the efficiency parameter derived in-
directly from the cost function and from the profit function estimates
indicate an efficiency gain on the order of 21.45 pefcent and 44,70
pqiﬁent respectively. Being statistically consistent the estimates ob-
tained from profit function model are taken to be superior to the
ordinary least squafes estimates, Thus the magnitude of gain in ef-
ficiency of the techﬁology indicated by thé profit function estimates--
44,70 percent--should be considered a more reliable estimate. But it
is noteworthy that even the lowest estimate of 21.45 percent gain in
the efficiency parameter obtained from the cost function estimates is
quite spectacular, perhaps the largest reported in the history of im-
provement of cereal crop technology. In the case of hybrid corm, an
outstanding U.S. example of tecinological success based on seed im-
provemént, a 15 to 20 percent increase in yield of corn was reportedl/
over the open-pollinated varieties, Yield increases for new wheat

varieties over old varieties are far more spectacular., Research

1/sce Griliches (1958),
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findingsl/ from the Punjab Agricultural University indicate 61.90-

63.43 percent yield increase per‘ac;e for new wheat over the best variety
of old wheat, The sample meéan levels of per acre output for the year
1967/68 in the present study indicate a 52.94 percent increase.gj

Willet (1969) reported a 30-35 percent yield advantage for new wheat,

The -indirect cost function estimates indicate a 15.54 percent
dowvnward shift in the long-run cost function of wheat resulting from
the introduction of new &heat varieties. This is an important finding
with implications for the resultant fesource savings, During the year
1970/71 India produced about 21 million tons of wheat worth about 16
billioir rupees nearly all of which was new wheat, If there had been no
new wheafé, this amount of wheat could have been produced only with 18,40
percent more resources.é/

Interesting implications emerge from a comparison of the per acre
input demand functions for new and old wheats. The estimated magnitude
of the upward shift in the per acre demand functions for labor,
fertilizer and other capital inputs, resulting from thé introduction
of new wheats is 25 percént, Percentage of wheat land planted to new
&heaé varieties in Punjab was 3.6, 35.4, 48.5 and 65.5 during the years
1966/67, 1967/68, 1968/69 and 1969/76 respectively, and during the

year 1970/71 it was almost 100 percent. If we assume a perfectly elastic

' lJSee Appendix Table 1,4, page 188. Also see Khem Singh G111l (1970).
E/See footnote on page 54, Chapter IV,

ngs was pointed out in footnote 2 on page 51, in Chapter IV, this
result could be used to compute a rate of return to the applied research
effort which India made for adapting the new wheat seeds if information
on research expeuditures was available.
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supply of labor the estimated increaée in labor absorption in wheat
production in the state resulting from new wheats should have been
0.9 percent, 8.85 perceant, 12.13 percent, 16.38 percent'and 25 percent
during the years 1966/67, 1967/68, 1963/69, 1969/70 and 1970/71 re-
spectively. It should be emphasized that these estimates pertain
only tolthe.expansion of labor absorption in wheat production., Esti-
mates of the extent to which employment opportunities inereased in
farming by increased multiple cropping (made possible by the shorter
éfowing period of new wheats) and in other agriculture-related sectors
of the economy do not seem to be feasible at this time. Some observers:/
feel gﬁ&t the indirect effecfs on expansion of employment perhaps exceed
the direct effects. Thus, there seems to be substantial labor absoxrp~
tive capacity in the 'greén revolution', Since, as a matter of govern-
ment policy, chemical fertilizer was supplied at a given price all over
the state, we can assume berfectly elastic supply. of chemical fertilizer.
Then the implications for increased use of fertilizer in wheat produc~
tion due to a shift of the per acre fertilizer demand function resulting
from new wheats are the same as in the case of labor. Similarly, in-
creases in thé use of other forms of cépital would be expected, their
magnitude depending upon the supply elasticities of various forms of
capital. |

The case of land is, however,.different. Due to the relatively

inelastic supply of land, the increased land productivity that resulted

see for example Robert d'A. Shaw (1970, p. 52).




from the introduction of new wheats became a windfall gain to the
owvners of farm land--a gain in the form of increased land values at
almost no cost to the owners, These gains, of course, were iﬁ
addition to gains in net income that resulted from the new wheats,

The absolute magnitude of gain both from increased land.values'and the
increased net-incomes from the new wheats, increases linearly with the
amount of land owmned. Tﬁis increased existing inequalities of income

Vs

distribution in rural areas of Punjab in favor of the larger land
owners.,

Results pertaining to néw-wheat obtained from the four years' data
are presented in Chapter V. We provide brief notes on each of them.

The evidené¢e supports the hypothesis of constant returns to scale
for new wheat, This finding also holds in the case of old wheat as
indicated by the results in Chapter IV, as well as for small and large
fafms and tractor and non-tractor farms as indicated by the results in
Chapters VI and VII respectively, In the cost function model, our
estimating equation does not include the price of capital ihput, be=
cause we do not have data on this variable. But, since the"price'
of capital a priori is negatively correlated with the output of wheat,
we know its omission from the estimating equation biases downward the
estimated coefficient %-for logaritim of output, This in turn imparté
an ypyard bias to the estimate for returns to scale. Hence, the cost
function model indicates somewhat increasing K returns to scale. By and

large, from our analysis, there is no strong evidence against the

phenomenon of constant returns to scale in the production of new wheat.
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The conclusion is consistent with the findings of numerous earlier
studies of Iudian agricultufe.l/ In the context of the present day
political and social climate in India this conclusion has important
poiicy implications. We discuss these in the lastlsection of this
chapter, in conjunction with the findings on farm size efficiency.

The best possible estimates for output elasticities, with re-
spect to labor, land and capital inputs as obtained from the profit
function formulation and based on four years' data, are 0.224, 0.529
apd 0.247 respectivelyT These estimates have the advantage of being
statistically consisteﬁt. If the production function is specified treat-
ing fertilizer as a separate variable, the results obtained from the direct

estimation of the production function yield output elasticities with

respect to labor, land, capital (without fertilizer) and fertilizer as

0,194, 0.500, 0.244 and 0.068, respectively. Again these estimates com-
pare quite favorably with those from the earlier Indian studies cited
above, Also, since these results are obtained from data for four years
they could be expected to provide a more reliable set of estimates for
policy predictions relating to wheat production than any cross-—
section estimates for a single year,

But in the case of the output elasticity with respect to animal
power when it is treated as é separate input in the production function,

we have not been so fortunate, The best that we could get is an

l/To cite a few see Lau and Yotopoulos (1971, 1972), C. H. H. Rao
(1965), G. R. Saini (1969, 1971), V. Chennareddy (1967), W. David Hopper
(1965) and A. M. Khusro (1964). Using a different technique, P. K.
Bardhan (1972) also found no evidence against the hypothesis of con-
stant returns to scale.
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elasticity estimate of 0.014, Draft animals still play an important
role in Indian agriculture and this estimate seems to be rather small.,
It also has aslarge a standard error as the estimate itself. The
problems of measuring the flow of animal power se;viceé were acute
éécause of variation in the quality of these services due to age, health,
size, breed and feeding of the animals and intensity of their use,
etc, But there was also another complication. A large number of
tractor farms in the sample had relatively small input of animal power.
Thus, in the data used in this investigation very weak and sometimes
negative simple correlation existed between the logarithms of output
of wheat and animal power. This explains a weak estimate of the
céefficient for animal pbwer. But thg expendithre share of animal
power in total revenue at the level'of:the sample geometric meaﬁ.is
0.0ZSthich suggests that animal power is still an important input.
Soﬁé earlier studies,l/ however, indicate considerably 1argef output
elasticity with respect to animal power than our estimate, This seems
to suggest that the importance of animal power in the sample studied
may have declined relative to the earlier periods even though the
variable is still quite important.

The results of introducing farmers' education explicitly in the

production function analysis as a factor of production indicate that

education does enter the wheat production function in a significant

i/Studies by G. R. Saini (1906Y), W, David Hopper (1965) and S. V.
Sethuraman (1970, p. 19) indicate the output elasticity with respect
to animal power to be 0,256, 0,508 and 0,212 to 0,370 respectively,




way. The capitalized value (using a discount rate of 5 percent)

of a meager amount of 2,49 years of education per évefage household
member is equal to rupees 3073.,73 for our sample. As argued in Chapter
V there are reasons to believe that the estimated coefficient of 0,036
used in these computations is a serious underestimate. If we were

able to estimate--for the farms to which our data apply--a gross-—

sales (or value added’ production function for all crops, a con-
siderably larger coefficient for education might be expected. Farmer's
education seems to be an important factor of production,

The empirical estimates for the profit function model can be em-—
ployed to obtain a number of elasticity measures which are important
for shaping ecﬁnqmic policies. From the results in the last column
of Table 5.8, the labor demand elasticities with respect to wage rate,
quantities of land and capital and the price of wheat are -1.290,
0.682, 0,318 and 1.290 respectively. The output responses of the firm

nwith respect to normalized wage rate, prige of wheat and exogenous
changes in the quantities of land and capital are ~0.290, 0.290,
0.682 and 0.318 respectively. All these elasticity measures are im-
portant in obvious ways.

| The results of Chapter V also throw some light on an important
phenomenon in the prod&ction of new wheats which has been ﬁaking place.
during the four year period under investigation. The results indicate
that the new wheat production function was stable during the four years
in the sense that output elésticities with respect to various inpufs-

do not show statistically significant changes, On the other hand

there have been significant changes in the efficiency parameter of
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the production function after 1967/68., The estimates of these changes
obtained from the profit function formulation indicate that, compared
to the year 1967/68, the efficiency parameters were lower during the
years 1968/69, 1969/70 and 1970/71 tovthe extent of 22,1 percent,
13.9 percent and 10.4 percent respectively.‘ After the first big
decline during 1968/69 tﬁe efficiency parameter rose during the next
two years. The decline in the efficiency parameter of the production
function aftef 1967/63 could have been due to adverse weather, defective
seed quality, and addition of inferior laﬁds to wheat production after
1967/68., Whether this is a continuous technological regression
(genetic degeneration of seed) in the production of new wheat is an
important question to be investigated by agronomists and plant breeders.
‘To the extent that the-deﬁerioration of seed through mixing has been
responsible for this decline in efficiency, the‘point has obvious im-
plications for public seed policy;v

From the above discussion it is clear that the corresponding long-

run cost function for new wheats shifted upward relative to 1967/68.

The magnitudes of these comparisons indicated by the cost function model

are of the order of 40.2 percent for 1968/69, 41.6 percent for 1969/76
and 32.7 percent for 1970/71. These shifts ére of course the combined
result of decline in the efficiency of the production fuﬁctién and a
rise in the average level of input prices relative to 1967/68. The
rupees per quintal costs calculated at the geometric means from each

years' sample were 50.91 for 1967/68, 72,97 for 1968/69, 70.81 for

1969/70 and 69.41 for 1970/71,
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From the comparative efficiency analysis of smalLl/ versus
large wheat farms presented in Chapter VI and tractor-operated
versus non~tractor-operated wheat farms presented in Chapter VII thé
following major conclusions emerge:

1, Small ;nd large farms operate on the same production function
for new wheat with no neutral or non-néutral differences., The con-
clusion holds verbatim for tractér and non-tractor farms.

2. No differences are abserved in the technical efficiency, price
(or allocative) efficiency with respect to labor use and over-all eco-
nomic efficiency of smail and large farms, The conclusion holds for
tractor and non-tractor farms as well,

3. TFor the "tractor cultivation sample 1969/70," there are no
observed differences in the land productivity and unit costs of produc-
ing wheat at the respeétive output mean levels of tractor and non-
tractor farms--Tables 7.1 and 7.2.

4., Calculated at respective sample means, on an average non-
tractor farms employ 367 gercent more animal power, 30 percent more
labor but 50 percent less physical capital per acre than tractor
farms—-Tables ‘7.1 and 7.2.

5. As was pointed out earlier there is no evidence against the
phenomenon of constant returns to scale on small farms, large farms,
tractor-operated farms or non-tractor-operated farms,

6. From the profit.function formulation we tested the hypothesis
of profit-maximizing behavior (or rationality) of small and large

wheat farmers. Specifically we tested whether wheat producers were

1/

~'Small wheat farms are defined as those producing 10 acres or less
of wheat and large farms as those producing more than 10 acres of wheat.
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successful in maximizing profits by equating the marginal value product
of labor to its apportunity cost, following the shift in labor demand
function resulting from the introduction of high-yielding wheats.

The results indicate that during the first two years producers were
not in equilibrium'in the sense that they were equating the marginal

. value product of labor to its opportunity cost. During the third
year the producers seem to be appfoaching an eéuilibrium in the sense
that the hypothesis of absolute ﬁrice-efficiency is rejected less
strongly than in the first two years., And finally during the last
year 1970/71, we find evidence that an equilibrium had been attained.
This seems to be an example of short—run disequilibrium beiﬁg success-
fully-overcome b& the rational producer}behavior. Small and large
farmers over the four years, however, were equally succeséful (or

unsuccessful) in their attempts to maximize profits.
P P

" ‘Policy TImplications

The implications of the results of this research for policy pur-
poses are straight-forward. The issues involved in agricultural develop-
ment policies of the developing countries, as they move forward iﬁ their
efforts to alleviate poverty and improve levels of living of their
people, evolve from: (1) the need to obtain méximgm potential agricul=-
tural output, (2) the need for more productive employment of thg rapidly
growing labor force, (3) increasing social and politiéal pressures for
reducing the inequalities of income distribution, and (4) the problem

of attaining a desirable balance among these goals. The findings of
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this study seem to have a direct bearing on each of these problems.
With regard to the nced to realize maximum potential output, we
find in the Punjab that the possibilities for growth by improving

allocative efficiency in moving toward production frontiers are very

‘limited. Whenever potential improvements are wilhin »' ;.. reach of the

producers, they try to introduce them very quickly., This is the in-
ference from tests indicating that producers behave rationally. On

the other hand technical changes which shift the production surface up~
ward constitute tﬁe more important source for potential-incrgases of
output., The dramatic increase in wheat production following tﬁe_
introduction of high-yielding wheats and the resulting resource savings
pointed out by this investigation suggest the desirability of improving
production technologies of other crops and livestock. It seems neéessary
to diversify research effort to cover other agricultural commodities
which have high income elasticities of demand. Increasing produc-
tivity, incomes and employment as a result of the green revolution are
bound to exert pressure on the demand for these commodities., Increased
research emphasis thus seems to be necessary if one is interested in
maintaining the momentum provided by new wheats.

The windfall gains or increased incomes resulting from the green
revolution seem to be proportional to the amount of land owned. We
will have permitted unique opportunities to elude our grasp if appro=-
priate fiscal measures are not soon designed to tax away from the land
owners some of the windfall'gains in incomes and capital values that

have resulted from the green revolution at little or no cost. The
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reinvestment of these gains in research programs ana to build agri-
cultural and social infrastructure is necessary to sustain future
growth of the ecdnomy. Capturing some of these gains is also desirable
to reduce increasing income inequalities between owners and laborers,

The CQnsiderabie labdf—absorptive potential of thé green revolu-
tion is real, as is indicated by our findings. This potential is
likely to expand as additional areas ccme under high-yielding varieties
of cereals and other labor-absorbing typés of technical developments
take place, But the existence of this potential is by itself no
guaraﬁtee for providing productive employment to the growing labor
force. We note that in the case of wﬁeat, high-yie;ding varieties
create a potential for 25 percent increase in the use of labor per acre,
and that tractorization replaces 25 percent of the labor pef acre.
Policies which encourage use of large tractors and combines will
obviously enlarge the gap between actual and potential rate of 'growth
in agricultural employment,

From the data analyzed in this study we find that tractor-operated
farms are no better in terms of their economic performance than non- .
tractor operated farms., This situation also holds between larger and
smaller farms. This seems to be an inferior performance of tractor-
operated farms and of larger farms if we assume that these farms ob-
tain capital subsidies and have relatively greater access to ex-
tension serviceé. From our analysis it is difficult to justify sub-

" sidization policies which encourage tractorization and displace labor.




172

The question of agrarian reform; especially the imposition of an
upper limit on ownership of land, is curfently an important issue in
India. From the results of our investigation we can derive some
qualified policy implications with respect to .this issue, fhe
qualification is necessary because we have studied only the wheat
crop out of the complete set of enterprises on'Punjab farms. There
could be a question that even though constant returns to scale pre-
vail in wheat production, there may be some increasing returns to
scale if we study the production relationship between aggregate out-
put of all enterprises and the inputs used. Most earlier studies,
however, indicate constant returns to scale in Indian agriculture.

From the analysis of data used iﬁ this investigation there scems
to be no basis,;on the grounds of economic efficiency and under the
existing priciug structure, for favoring either smaller or larger
farms. in view of these findings, policy of curtailing farm size,
for example of farms larger than Een acres under irrigated conditions,
may be pursued only on social and political considerations, It may,
however, be repeated that our conclusion of equal efficiency between
small and large férms seems to be the result of policies that favor
larger farms., In the absence of this subsidization policy smaller
farms might actually be more efficient as indicated by earlier Indian
studies, Smaller farms may also be more desirable from the point of view
of India's land and labor endoyments, from the considerations of a

more equitable rural social structure, and of a productive absorption
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\

in agriculture of én expanding labor forcé. A limit of size shouid
also help in eliﬁinating the demand for large-sized, labof—replacing
types of agricultural machinery.

During the past two decadeé India has pursued quite vigorously
policies of expanding prima;y education in the rural areas. Our
results indicate that education of agricultural families is an im-
portant factor in agricultural production. India's emphasis on ex-
panding education of rural people has thus been.well placed. One may
also emphasize that agricultural development strategies should ﬁlacg
considerable emphasis oﬁ farmers® education. Expansion and improve-
ment in the atandards of rural education in India thus seems to be a

step in the right direction,
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APPENDIX I

The Context of Punjab Wheat Production

The purpose of this appendix is to describe briefly (1) the

agronomic aspects of wheat cultivation in Punjab, (2) soil and agroclimatic

J

zoning of the state, (3) the changing perspective of the 1930's and 1960's

with regard to various types of agricultural infrastructure and
varietal research work on wheat, and (4) the environment that re-
sulted from the introduction of new wheats.}/. This discussion will
clarify the context in which wheét production is carried out in Punjab
and throw some light on the underlying causes of relatively more rapid
success of new wheats in Punjab than in other areas. We hope this

will enhance ocur understanding of the ‘green revolution.'

1. The Agronomic Asﬁects of Wheat Production in Punjab
The main emphasis im this:study is on the production and cost
aspects of wheat production in the Punjab, India, It is not intended
‘to provide detailed discussion of agronomic aspects of wheat cultiva-
tionzz A brief review presented in this section is intended to be

helpful to keep the relevance of the study in proper focus,

1/

~'A geographical description of the area of study is provided in
Chapter III, page 41.

E/For a detailed discussion of this problem look to the Punjab
Agricultural University Publications (Oct. 1970, 1971), Khem Singh
Gill (1970) and USAID, Spring Review, March, 1969, p. 59.
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Cultural practices and/or reduirements for wheat are quite
similar across much of the state even though variations exist in the
methods of performiﬁg various tasks.l/ The basic process of pro-
duction involves conversiop of inputs like seed, water, plant
nutrients from soil and fertilizers, and energy from solar, human,
animal and mechanical sources into wheat graig and straw., This
input-output fransformation relationship seems to be quite uniform
in various parts of the state.

Planting of wheat in Punjab starts ffom November 1 and continues
as late as the first week of January. Best yieids are obtained for
sowings during the first half of November, Most wheat is grown in
rotation with some summer crop. This necessitates late planting,
particularly when wheat has to follow cotton., But most of the wheat
is sown in November after fa;low or corit, Plantings of November 22,
December 10 and January 10 relative to November 1 are reported (P.A.U;,
1971) ‘to reduce output by 10 percent, 25 percent, and 52 pefcent re-
spectively.

In order to insure proper germination it is essential to'plant
wheat seed in a well prepared seed bed, For this purpose, the land
is irrigated after harvesting the preceeding crop. ﬁecessary plowing
and planking operations are then‘carried out till a smoothed and

leveled seed bed is obtained., The nature and intensity of these

operations depends upon'the soil type and the type of equipment used.

l/For a discussion of agricultural tasks sec: Inderjit Singh
et,al, (1968, pp. 3,4). They define task as a general type of action
required in production; examples are plowing, irrigation, planting,
etc.
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Sowiﬁg is done either with a seed cum fertilizer drill or by dropping
the seed by hand about 9 inches apart in furrowsopened by a

wooden plow. About 30-35 kiiograms of seed are used per acre. This
quantity varies somewhat with the variety, planting time and other
sowing conditions, Usually the seed is planted about 2-2,5 inches
deep.

Applications of nitrogen (N) and phosphéric pentoxide (P,05) are
essential for wheat production in Punjab. For most soils even potash
<K20) is necessary. Zine deficiency is being increasingly noticed,.
particularly on sandy soils, Under average fertility cdnditions a
dose of 50 kilograms of N, 25 kilograms of P,05 and K,0 each is recom-
mended, It is not uncommon to observe considerably higher applications
than this on lighter soils and for late plantings. P05, K,0 and one-
vhalf of N'are applied at the time of planting and the remaining N at
the time of first irrigation, Kahlon and Kaul‘(1968)_have'réported
that even at fertilization level recommended for old wheats, the new
wheats have larger output per acre than the best old variety.

Under normal conditions, 7-~9 irrigations are considered necessafy
for 'New Wheats' for successful maturing of the crop. Crown root forma-
tion, late tillering and the time of grain formation have been identified

as three physiologically critical stages for irrigation.




2, Soil and Agroclimatic Zoning

Zoning of Punjab soils based on élimate and chemical character-
istics has been quite well described by Raychaudhari et.al. (1963),
Sehgal et.al. (1968), Singh, Day and Johl (1968) and P.A.U., Handbooks
(1970 and 1971). It is not the intenﬁion to go into full details of
this subject. Only a skeleton outline will be developed. |

Temperatures in Punjab vary a great deal over ;he year. But
" very small variation‘is observed across the state at any given time,
From the temperature side, thus, Punjab is quite a homogeneous zone.
There do exist, however, considerable variations in.the chemical soil
characteristics and rainfall across the state. Table 1.1 provides
the cpiteria for demarcating the state inéo five 'Soil ZOnes.'l/
Briéfly the five zones are as follows: (i) Comprising of Pathankot
tehsil of Gurdaspur district,Una.tehsil and parts of Houshiarpur,
Dasuyaland Garhshankar tehsils of Houshiarpur district and parts of
Rupar district. The annual rainfall is 40" to 60". There is a
problem of soil erosion‘by water in this zome. (ii) The remaining
areas of Gurdaspur, Houshiarpur and Rupar districts, most parts qf
Jullundur, Kapurthala Patiala and-Amritsar. Normal annual rainfall
is 30"-40", Salinity and drainage are problems in parts of the area.
(iidi) Pargs of Amritsar, Jullundar, Kapurthala, Ludhiana, Patiala and
Sangrur districts., Tihe normal annﬁal rainfall varies from 20"-30".
. Patches of salinity and ‘some wind and water erosion problemé exist,
(iv) Bhatinda district and parts of Sangrur and Ferozepur districts.

Normal annual rainfall varies from 10"-20". Salinity and wind

l/These 'Soil Zones' are sometimes referred to as 'Agroclimatic
Regions.'
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erosion are problems, (v) This is the extreme southwestern areca of the

state with less than 10" rainfall, and comprises parts of Ferozepur

district.,
SOIL ZONES OF THE PUNJAB, INDIA

Zone Soil Characteristics Available Available Rainfall

pH~ CaC03 Organic Witro- P,05 K,0 Nitrogen in

Range . % Matter gen Kgs/Acre Kgs%Acre Inches
o R A %

(i) 6.5-7.5 0.,16 1,00 0.08 0.16 0.69 51.79 6.87 40-60
(i1) 7.0-8.5 0.17 0.80 0.06 0.12 0.66 44,51 8,49 30-40
-(iii) 7.5-8.5 0.24 0.53 0,01 0.14 0.45 44,91 3,90 20-39
(v)  8.5-9,0 2.30 0.23 0,02 =~ == 33,99 7.28 <10

Source: Punjab Agricultural Handbook (1970, p. 96) and Sl1gh Day and
Johl, (1968 e 19)

This classification overlaps slightly with the demarcation of
farming areas by Singh, Day.and Johl (1968) and subsequently suggested
cropping pattern in Punjab by Johl and Sandhu (1970). The overlap,

" however, is not large.
Wheat is grown praétically all over the state, but zones (i) and

(v) are relatively less important.
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3. The Changing Perspecti&e.éf.ﬁﬁé-1950's and 1960's

During the decades of fifties and sixties Punjab underwent tre-
mendous changes. The state had two major revisions of its geographical
and administrative boundaries, expe;ienced significant ggricultural
growth, made considerable land and water investments and improved agri-
cultural research capacity. Also numerous mechanical innovations of
various kinds were introduced. From Table I.2 we note that the
spread of new wheat varieties in Punjab during the late sixties was
more rapid than in other wheat-growing areas. Oné might cénclude that
the pre—egistence of agricultural infrastructure perhaps led to a more
rapld acceptance and diffusion of.the new wheat technology in Punjab.i/
In this section we develop a brief perspective of these developments which
might provide some insight into the underlying causes of this success.,
This will improve our understanding of 'green revolution' and help in
designing agricultural development strategies in India and elsewhere.

Iﬁ Table 1.3 we provide a éummary of the growth process of Punjab
ggriculture during the period 1950/51 to 1969/70, as reflectéd by a few
selected growth indicators. Priot to the start of the 'green pevolu-
tion' in 1965/66 there were continuing increases in irrigation potential
and agricultural production. In particular, we note quite rapid in-
creases in total and per acre output of wheat, After 1964/65, with the
introduction of high—yielding varieties of wheat, these increases be-

came. more rapid,

1/

='For an exposition and test of the hypothesis that. comple-
mentarity between infrastructure and research and development effort
is important for agricultural growth, see Hsieh and Ruttan (1967).
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TABLE I.2

PERCENT OF WHEAT AREA PLANTED TO NEW WHEATS IN WHEAT-GROWING
. STATES IN INDIA,.1966/67 .to 1969/70

State o : . 19656/67 1967/68 1968/69  1969/70
Punjab 3.6 . 35.4 48,5 65.5
Uttar Pradesh © 8.3 31.9 48,0 52.8
Haryana | | o 1.8 12,0 28,9 43.8
Bihar 3.1. 18,9 27.5 37.1
Gujrat | 0.1 29.1 33,3 37.0
Rajastian | 1.0 9.9 16.4 23.3
Maharashtra : 4,9 1.5 - 7.3 16.8
Madhya Pradesh 0.8 1.7 2,7 4,9
A1l India 4.3 20.1 30,5 37.0

Source: Martin E. Abel (November 1971), pp. 37, 38.

During the 1950's and early 1960's, the étate of Punjab followed
a vigorous policy of consolidating scattered and fragmented holdings of
land into largef operating units. This provided an impetus to land
and water investments. At the same time investments in other infra-
structure like roads, generation of power, building of agricultural
research facilitieé; design and promotion of agricultural imple-
ments and equipment, etc.,, also were made at an equally rapid rate, -

It is usually argued that new varieties of wheat need better irrigation




TABLE 1.3

SOME SELECTED GROWTH INDICATORS, 1950/51 - 1969/70

PUNJAB, INDIA
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S.No. Growth Indicator 1959/51 1960/61 1964/65 1969/70
1. Net Area Sown
(000 acres) - 9,284 9,622 9,951
(100.00) (103,64) (107.18)
2, Total Area Cropped
(000 acres) 11,693 12,644 13,653
(100.00) (108.30) (116.76)
3. Wheat Area -
) (000 acres) 2,809 3,460 3,830 © 5,414
(100.00) (122.60) (137.47) (192.74)
(100.00) (110.69) (156.47)
4, Production of
Wheat
(000 metric tons) 1,024 1,725 2,360 4,918
(100.00) (168.46) (230.47) (480.27)
(100.00) (136.31) (285.10)
-5, Per Acre Output
of Wheat (Kgs) 365 501 611 909
(100.00) (137.26) (167.40) (249.04)
| (100,00)  (121.96)  (131.44)
.6. Percent of Cropped
Area Irrigated 45,39 56,0 59.4 74,0
7. Irrigation tube /
wells (No.) 26,0662 87,562
(100.00)  (359.92)
8. Tractors (No.) 4,932 10,6362 25,000%
(100.00) (215.52) (560.56)
9. Diesel Engines and
Electric Motors
(Mo.) 13,5652 45,903 116,000%/
(100.00) (338.39) (855.14)
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TABLE I.3
(continued)

S.No. Growth Indicatpor  1950/51 1960/61 1964/65 1969/70

10. Fertilizer Used
(metric tons) 49,162 232,230 534,101
(100.00) (472.38) (1,086.41)
11, Index of Agricul-
tural Production

1961-62 = 100 (59.34) (103.31) (127.71) (200.18)

Notes: For serial numbers 1 to 7 and 10, Statistical ‘Abstract of Punjab,
1970--Tables 3.7, 3.8, 3.19, 3.43, 4.3 and 4,6--is the basic
source of information. :

/ For serial numbers 8, 9 and 11, see S.S.Johl (1970).
For estimates c and d in serial numbers 8 and 9 respectively
see Pathak (May 1970), pages 5.6.

EjFigure pertains to year 1965/66.

E/Figures in serial numbers 8 and 9 pertain to year 1961
instead of 1960/61 and 1966 instead of 1964/65.

Figures in parentheses are index numbers.
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facilities because of their heavier and timely demand for itrigation,
They need quick and timeiy harvesting bec;use of theif quick maturity.
And, in order to take advantage of their shorter growing.period to in-~
creaselmultiple cropping, faster scedbed preparation is required, Per-
haps in Punjab these requisites for a successful introduction of the
new wheat varieties were available relatively more than in other

wheat growing regions of India. Their acceptance rate will obviously

be slower in areas lacking these facilities.i/'

Varietal Research

Research input is well reédgniéed complement of infrastructure
cagacity for agricultural growth. In Puﬁjab research on wheat improve-
ment was started in early 1900's at Layallpur (now in Pakistan), In
1934, two famaus Punjab Wheats, C591 and C518 were developed.zf These
varieties soon became very popular in vast areas of Punjab and other
states in India and were still grown as late as mid-fifties.,

After partition of India somewhat more location-sﬁecific research
was emphasized in Indian Punjab. During the fifties two excellent
varieties, C273 for general Punjab conditions, and C286 for humid
(sub-montane) areas were developed. In 1965, the latest in the series,

a variety C306 was released by Punjab Agricultural University. It was

l-/See Billings and Singh (Jan. 1971, page 102) for further develop-
ment of this point., For differential acceptance rates of high-yielding
wheat varieties see Lockwood et. al. (1971) and Schluter (Aug. 1971).

Z/An excellent brief discussion of these early pionéering
efforts in wheat breeding 'is provided by Gill (Jume, July 1970) and
Roberts and Singh (1947, pp. 220-244),




185

considered to be the best variety among the Indian wheats and was
recommended all over nortnern India. Simultansously Indian Agricultural
Research Institﬁte in Delhi brad certain good wheat varieties like
NP852, 1P839 and NP404. The early improved varieties of mid-thir£ies
replaced the local unimproved wheats and subsequently improved strains
continued to Substitute'for the older ones, During early sizties nearly
all wheat grown in Punjab (which tﬁen included Haryana) was of the‘im-
proved type. These developments and continuous increases in controlled
irrigation and other associated techmnology, thus, provided a steady
(though not spectacular) growth in agricultural productivity before

the 'green revolution,' . )

Until the early 1960's. the Indian wheat breeding program,

hoﬁéver, appears to have been operating under three constraints. One

. or another form of rust has been a serious problem with most Indian wheats.

Breeding of rust~resistant strains therefore, was considered essential.
Secondly; amber grain cﬁaracter was considered necessary because of
consumer preference, These two factors necessitated backcrossing with
existing superior Iadian varieties. Thirdly all Indian wheats are
tall-growing (attain a plant height up to 53,14 inches), have tender
straw and are susceptible to lodging under heavy fertility conditionms.
In case of rains and heavy winds during late March, lodging occurs even
under conditions of low fertility. This characteristic of Indian wheat
varieties remained a limiting factor for increasing their yield per
acre., Thus, even though the improved Indién wheat varieties helped to

raise and stabilize wheat production in Punjab (and India) they suffer
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from a low 'yield ceiling.' Their maximum obtainable yield potential
was limited to 12-16 quintals per acre. This constituted a major
barrier to increased wheat production in India.

Around 1960, particularly in 1961, the problem of yiéld ceilings
was being felt acutely.l! Intensive fertilizer demonstrations on
farmer's fields contributed to this increased awareness. By 1962,
wheat breeders in India were convinced that dwarf wheat varieties are
essential for breaking the yileld stagnation of this crop. Some observa-
tion trials were couducted with a group of dwarngexicaﬁ varieties in
1962/63. This led to a request by Government of India to the Rockefeller
Foundation to enter into a joint coordinated program on wheat develop-
ment. Dr, Norman.E. Borlaug of the International Wheat and Maize
Improvement Center in Mexico was inﬁited to India to study and advise
on the possibility of dwarf wheat production in India.gj

After visiting the wheat growing regions of India, Dr. Borlaug
concluded that climatically they were quite similér to Mexico and in
1963 supplied 100 kgs of seed for four semi-dwarf varieties (Mayo 64, -
Sonora 63, Sonora 64, Lerma Rojo 64A and small samplesrof 613 other
promising selections. Some commercial seced quantities were also ob-
tained from Mexico during this year. The breeding material was

planted and assessed at 6 places including Punjab Agricultural

' l/Material in this section is condensed from Khem Singh Gill
(1970) and USAID, Spring Review, March, 1969.

E/For bricf reviews of the evolution of dwarf wheats see Ralph

and Lorang (July, 1969), Khem Singh Gill (op. cit.,) & USAID, Spring
Review (March 1969), p. 9-10).
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University, Ludhiana and'IARI, New Delhi. Yields of up to 16,18
quintals per acre were obtained for Sonora 64 and Lerma Rojo G4A.

Dwarf varieties wére also testea rigorously for rusts and ﬁuality during
1964/65. 1In 1965, 250 tons of Sonora 64 and Lerma Rojo were imported
which were distributed to state seed farms and to more than 5,000
farmers for 1965/66 planting.,

Ever since new wheats were introducted in India, the adaptive
research effort in India concentrated not only on ecological adaptation
of the dwarf wheat but als§ on developinglamber and white varieties
in view of the demand preferences of the Indian consumer. Through
reselection from the original breeding material supplied by Dr. Borlaug,
Indian scientists developed several such varieties, A few of them were
released as follows: PV 18 (1966) ; Kalyan Sona (1967}; S308 (1968);
Sonalika (1967); Safed Lerma (1967); Sharbati Somora (1967); $331 (1967).
The first three varieties are now extensively grown in Punjab. Their
relative performances compared to the best native variety C306 are givén
in Table I.4. Kalyan Sona has become relatively more popular be-
cause of its good quality for making chapatties (Indian freshly baked
bread). Its performance also is good under high and low fertility as
well as late sown conditions,

The introduction of dwarf wheat varieties from Mexico and gub-
sequent development of new wheats through reselection and adaptive
research provided India with a technological 'break-through', break-

ing the yield ceiling which prevailed in case of old varieties in India.
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TABLE I.4

RELATIVE PERFORMANCE OF NEW WHEATS VS, C306
PUNJAD AGRICULTURAL UNIVERSITY, LUDHIANA

Variety Height of Color of Yield in quintals Gross returns
e plant in  grain "~ per acre Rs/acre
T CmSe. : o Potential Average

(New Wheats)

PV 18 90 Red 24,25 18.2 1438
Kalyam Sona 30 Amber 24,25 17.8 1407
§308 105 Amber 22,26 17.0 1347

(Native Wheat)

czos/ ' 135 Amber 16.18 10.5 878

Source: Khem Singh Gill (June, July 1970, pp. 3, 9A): Punjab Agri-
cultural University. (Research Results)

4, After the Break-through

The yields of dwarf wheats obtained during 1965/66 both by
farmers and seed farms were very encouraging. TFor the crop year 1966/
67, 18,000 tons of seed for Lerma Rojo 64A and a few other varieties
were imported and about 1 million acres were planted to dwarf wheats
in India, In Punjab about 3.6 percent of its wheat area was planted
to Mexican varieties, mainly Lerma Rojo 64A. Yield differentials with
. the old wheat varieties were tremendous. Since then farmers multiplied

and spread these varieties practically to all wheat lands in India,




Dwarf varieties were reported (Willet, July 1969,.p. 10) to have
a 30-35 percent yield advantage err the Indian wheats. Information
presented in Table I.4 above indicates, that under experimental.con—,
ditions, the adapted varieties had a substantially larger (about 62
percent) yield advantage over the native wheats. That new wheats
had substantially higher output than Indian wheats per unit of land,
thus, hardly scemed to be dogbtéd.

New wheats, however, require a new agronomic approach. Yield ad-
vantages are obtainable under certain specified agronomic requirements.,
During their early introduction relatively more fertile lands were de-
voted to their production. Required dirrigation, labor and fertilizer
inputs per unit of land are substantially éreater than old varieties.
Irrigation and planting must be carefully controlled to achieve the
increased response to higher levels of fertilizatioﬁ. Thus, not only
ié the output rate higher in case of new wheats, so also is the rate
of inputs per unit of land, In view of these differential input rates
of the two wheaté-éﬁd higher output price for the old wheats, the rela-
tive profitabiiity of the two wheats from grower's point of view was
conjectural., And there had been some question as to whether the unit
costs of new wheats are lower than the old wheats.

As pointed out earlier, farming in Punjab had been passing through
a répid transformation. The input mix had bezen continuously changing.
Information on production costs during late 1960's was not available.
Change in the behavior of costs with the introduction of new wheats

and the accompanying chemical technology was a matter of speculation.
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Put another way whether the long-run cost function for wheat shifted
downward with the introduction of new wheats was not clear.

Evidence on the controversial nature of this matter comes from
Dalrymple. Willet (July 1969) quotes him as saying, ". . ., although
there have been a few farm management studies of costs and returns,
there is insufficient basis to generalize to aggregate supply functions

which could predict the overall response of output to price changes."

Authors of USAID, Spring Review (March, 1969, pp. 29, 32) discussing

the level of procurement-prices aiso recogrized the lack of informa-
tion about costs of production as a probleﬁ and observed, ", . . Cost
of production studies as,yet; have not given much guidance in these
cakéﬁlations.-—Information on supply response to price of Indian food-
grain production on which to base these calculations is scarce,"

It Waé this enﬁironment of uncertainty about the nature of change in
the production and cost relationships following the introduction of

new wheats, that motivated this study.
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APPENDIX II

Test for the Maintained Cobb-~Douglas Hypothesis

The CES (Constant Elasticity of Substitution) production function

with nonconstant returns to scale is given by

-

&) Y = y[68F + (1-8) X7 ] -u/p

where
Y is output of wheat per farm in physical units

N is labor hours per farm used for wheat production

b
P
w

total capital per farm including land rent

vy is the efficiency parameter

§ is labor intensity parameter

p  represents the degree of homogeneity of the function or the,‘
degree-of.returns to scale, and

P defines the elasticity of substitution as: & ==i?;r .

Following Mmenta (1964, 1967), a logarithmic approximation of

(1) up to a second order can be obtained by discarding terms of higher

order as follows:

(2) In Y=1n v + udln N + u(1-48) JJLK;E%-S(I-G) [In N-1n K]2 + Vv

where

V  is the measure of the uneglected higher-ordef terms,

In (2) the term.involving the square of the logarithm of labor-
capital ratio makes it different from the usual two-input, Cobb-

Douglas production function. If o is different from one, p should be
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significantly different from zero and the coefficient of the square
of logarithm of labor-—capital ratio should show up as significant,
The estimates for equation (2) for new wheat using data for the

'

years 1967/68 - 1970/71 are presented as (3) and (4).

(3) 1nY = -3.560 + 0,222 In N + 0.749 1n K + 0,001 [lan ¥ - In K]2
(0.399) (0.041) (0.117) (0.007)
R% = 0.905
(4) 1n ¥ = -4.141 ~ 0.406D; = 0.380D, = 0.303Dy + 0.203 In N + 0.945

(0,383) (0.047) - (0.044)  (0.048)  (0.039) (0.113)
1n K - 0.007 [1n N - 1n K]%
(0.007)

R = 0.916

The coefficient for (In N/K)z is not siénificantly different from

zero in both (3) and (4) ag normally accepted significance levéls.

In equation (4) year ‘effects' are captured by introducing year dummies
Dy, Dy and Dy which t;ke~the value of one for 1968/69,.1969/70, 1970/71
respectively and zero otheiﬁise. This improves the fit of the equation
slightly but the coefficient for (In N/K)2 still remains nonsignificant.
For these data, thus, we cannot reject the hypothesis that elasticity
of substitution between labor and capital is unity which implies that

the Cobb=-Douglas form sihould be an adequate representation for it,

Note: In equations (3) and (4) figures in parenthesis are the
standard errors.
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ZERO~ORDER CORRELATIONS
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1.00
0.91
0.9
0.9
0.91
0.93
0.48
0.60
0.05
0.91
0.91
0.31
0.01
0.96

1.00
0.94
0.96
0.96
0.94
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0.57
0.86
0.05
0.9
0.96
0.45
0.03
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For definition of the wariables see Chapter III.
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TABLE IIT1ZERO-ORDER CORRELATION MATRICES,LOGARITHMS OF VARIABLES

B.

(01d and new wheats pooled, 1967/68)

1.00
0.18
0.01
0.55
0.52
0.19
0.03
0.55

(New Wheat, 1967/68)

1.00
0.48
0.09
0.61
0.57
0.34

-0.08

0.61

1.00
0.25
-0.06
0.95

1.00
0.42
0.16
0.98
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TABLET11,1(continued)
Y N
Y 1.00
N 0.92 1.00
L 0.93 0.97
K 0.92 0.96
K 0.89 0.94
gL 0.90 0.96
B2 0.30 _ 0.34
F 0.79 0.78
E 0.05 -0.05
wN 0.89  0.97
T 0.91 0.93
W 0.12  0.13
t 0.28 0.22
c 0.93  0.97
Y 1.00
N 0.87 1.00
L 0.93 0.91
K 0.89 0.87
Ky 0.87 0.79
Ky 0.87 0.87
B -0.01  0.15
F 0.66 0.60
wN 0.86 0.96
T 0.92 0.85
w -0.02 -0.10
t -0.01 -0.08
c 0.93 0.93
Note:

.

1.00
0.96
0.95
0.95
0.31
0.77
0.02
0.95
0.97
0.15
0.23
0.98

1.00
0.92
0.88
0.90
0.06
0.67

0.89
0.92
-0.04
-0.17
0.95

1.00
0.97
0.99
0.36
0.82
0.02
0.95
0.93
0.18
0.25
0.99

1.00
0.93
0.98
0.06
0.74

0.85
0.88
-0.05
-0.06
0.97

1.00
0.97
0.24
0.76
0.03
0.92
0.91
0.15
0.18
0.96

1.00

0.93

-0.16
- 0.65

0.77
.84
-0.04
-0.09
0.90

oNeoNoNeoNoNoNoRaoN o
o e e
ONHOWOVOINIWO
[SIESIENE GRS Sl e Mo

0.84
0.87
-0.05
-0.05
0.95

B

1.00
0.24
-0.01
0.34
0.36
0.10
0.30
0.37

(New Wheat,

1.00

-0.01

0.14
0.04
-0.03
-0.05
0.07

For definition of the variables see Chapter III.

F

E

(New Wheat, 1968/69)

1.00
-0.01 1.00
0.77 -0.05
0.75 0.02
0.15 =-0.02
0.19 0.02
0.80 0,01
1969/70)
1.00
0.59
0.63
0,00
-0.08
0.70

wN

1.00
0.91
0.35
0.22
0.97

1.00
0.86
0.18
-0.05
0.93

0.16
0.48

1.00

- 0.00

0.22
0.96

S6T



TABLEIILI (continued)

1.00
0.95
0.9
0.94
0.88
0.91
0.24
0.82
0.06
0.92
0.95
0.12
0.48
0.97

HHEEARRACDZ <

£
24

Qe £ H

1.00
0.93
0.95

0.92
0.93
0.48
0.82
0.01
0.92
0.93
0.35
0.32
0.96

N =

Q£ 13 é HHWRRRPEFE

0.95

1.00
0.95
0.93
0.87
0.91
0.30
0.79
0.04
0.98
0.92
0.14
0.39
0.97

1.00
0.95
0.96
0.92
0.95
0.53
0.81
-0.05
0.98
0.94
0.35
0.32
0.98

1.00
0.9%4
0.90
0.92
0.22
0.81

0.03

0.94
0.95
0.16
0.35
0.97

1.00
0.96
0.9
0.96
0.50
0.79
-0.03
0.94
0.96
0.35
0.26
0.98

1.00
0.94
0.98
0.25
0.83
0.07
0.91
0.92
0.09
0.40
0.98

1.00
0.97
0.99
0.52
0.84
-0.01
0.9%
0.95
0.35
0.32
0.98

1.00
0.95
0.08
0.73
0.01
0.87
0.86
0.19
0.32
0.92

(New Wheat, 1967/68, 1968/69 and 1970/71)

1.00
0.97
0.39
0.78
0.00
0.90
0.91
0.31
0.26
0.95

K,

1.00
0.25
0.75
0.05
0.89
0.89
0.11
0.36
0.96

1.00
0.54
0.78
-0.02
0.94
0.94
0.35
0.30
0.98

B

F

E

(New Wheat, 1970/71)

1.00

0.19 .

-0.04
0.26
0.22

-0.15
0.11
0.25

1.00
0.37
-0.04
0.53
0.51
0.25
0.23
0.53

1.00
0.12
0.75
0.80
0.04
0.38
0.83

1.00
-0.01
0.80
0.79
0.29
0.30
0.83

Note: For definition of the variables see Chapter I1I.

1.00
0.02
0.07
-0.05
0.15
0.07

1.00
-0.07
~-0.03
-0.12
-0.03
-0.03

wN

1.00
0.89
0.34
0.33
0.96

1.00
0.93

0.52
0.33
0.97

1.00
0.07
0.62
0.97

1.00
0.35
0.51
0.98

1.00
-0.21
0.16

t C
1.00
0.47 1.00
1.00
0.39 1.00
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TABLETTI.1 (continued)
Y N L K K K, B F wN T w t c

(New Wheat, 1967/68, 1968/69, 1969/70, 1970/71)

Y 1.00

N 0.92 1.00

L 0.95 0.94 1.00

K 0.93 0.94 0.95 1.00

Ky 0.90 0.88 0.92 0.95 1.00

K, 0.92 0.93 0.95 0.99 0.96 1.00

B 0.31 0.40 0.34 .0.36 0.18 0.37 1.00

F 0.76 0.74 0,75 0.8l 0.74 0.74 0.22 1.00

wN 0.91 0.98 0.93 0.92 0.86 0.92 0.40 0.73 1.00

T 0.93 0.93 0.96 0.93 0.89 0,92 0.35 0.73 0.91 1.00

w 0.21 0.19 0.20 0.19 0.17 0.20 0.14 0.17 0.40 0.22 1.00

t 0.24 0.22 0.16 0.23 0.16 0.22 0.13 0.17 0.24 0.44 0.13 1.00
C 0.95 0.97 0.97 0.98 0.93 0.97 Q.37 0.78 0.96 0.97 0.26 0.31 1.00

Note: Tor definition of the variables see Chapter III.
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Y N L K K1< K, B F : wN T W t  C

(New wheat 1969/70,~-~tractor farms)

1.00
0.84 1.00
0.86 0.88 1.00
0.80 0.78 0.85 1.00
0.77 0.70 0.77 0.93 1.00
0.79 0.76 0.82 0.97 0.97 1.00
-0.17 -0.,03 -0.00 ~0.07 -0.25 =-0.08 1.00
0.59 0.60 0.67 0.74 0.55 0.58 =0.01 1.00
0.80 0.93 0.85 0.76 0.69 0.74 -0.02 0.61 1.00
0.86. 0.79 0.83 0.79 0.74 0.77 -0.11 0.57 0.79 1.00
’ 1.00
1.00
0.88 0.87 0.91 0.94 0.88 0.91 -0.08 2.70 0.88 0.93 1.00
(New wheat 1969/70,---non-tractor farms)
1.00
0.86 1.00
0.93 0.90 1.00
0.88 0.89 0.90 1.00
0.87 0.82 0.90 0.91 1.00
0.8 0.89 0.88 0.98 0.90 1.00
0.58 0.70 0.62 0.76 0.55 0.83 1.00
0.58 0.51 0.58 0.67 0.58 0.56 0.35 1.00
0.8 0.96 0.88 0.85 0.78 0.85 0.68 0.50 1,00
0.91 0.87 0.93 0.87 0.84 0.85 0.62 0.55 0.85 1.00 )
. 1.00
1.00
0.92 0.94 0.95 0.96 0.90 0.95 0.72 0.61 693 0.96 1.00

Note: For definition of the variables see Chapter III.
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APPENDIX IV

ADDITIONAL REGRESSION RESULTS




TABLE IV.1

ESTIMATES OF PRODUCTION FUNCTION FOR NEW WUEAT, 1967/68 - 1970/71, PUNJAB, INDIA

Year Ho., of Inter- Coefficient of ' RZ sEe?/  sum of rb/
observations cept T wiN K, T coefficients ratio

ratio
1967/68 . 105 -2.359 0.493 0.128 0.359 0.071 0,946 0.384 1.050 3.71

(0.,174) (0.083) (0.076) (0.095) (0.044)

1968/69 136 -2.560 0.417 0.119 0.239 0.126 0.870 0,413 0.952 0.22
(0.284) (0.,083) (0.104) (0.117) (0.034)

1969/70 237 -3.053 0.582 0.179 0.194 0.052 0.876 0,325 1.007 0.40
: (0.181) (0.049) (0.048) (0.048) (0.018)

1970/71 128 -2.761 0.409 0.292 0.133 0.094 0.936 0,231 0,983 0.43
(0.194) (0.053) (0.060) (0.059) (0.029)

Note: Equations linear in logarithms are estimated by least squares. ‘
Dependent variable is output of wheat in physical units. T, wN, K, and ¥ are total land reat,
labor bill, capital costs and fettilizer costs respectively,
Standard errors of coefficients are in parentheses.
a/Standard errors of estimate are in natural logarithms of wheat output measured in quintals.,
b/rne calculated F-ratio is for testing the hypothesis of constant returns to scale,

R? is the coefficient of determination adjusted for degrees of freedom.
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TABLE 1IV,2 -
ESTIMATES OF PRODUCTION FUNCTION FNR NEW WHEAT, 1967/68 - 1970/71, PUNJAB, INDIA
Year No. of Inter~- Coefficient of RZ SEEE/ Sum of FE/
observations cept T wiN K coefficients ratio
1967/68 105 ~3.143 0.487 0.132 0.440 0.945 0,386 1.059 5,00
(0.224) (0.086) (0.077) (0.116)
1968/69 136 -3.087 0,330 0.097 0.500 0.867 0.418 3.977 0.41
(0.270) (0.086) (0.106) (0.123)
1969/70 287 -3.235 0.550 0.160 0.298 0.879. 0.321 1.010 0.13
(0.176) (0.049) (0.047) (0,043)
1970/71 123 -3,058 0,387 0.267 0.339 0.938 0.994 0.994 0.05
(0.192) (0.054) (0.059) (0.067) ’
Note: Equations linear in logarithms are estimated by the least squares,
Dependent variable is output of wheat in physical units, T, wN and K are total land rent, 1;bof
. bill and capital costs respectively.
Standard errors of coefficients are in parentheses.
a/Standard errors of estimate are in natural logarithms of wheat output measured in quintals.
b/The calculated F-ratio is for testing the hypothesis of constant returns to scale,
R? is the coefficient of determination adjusted for degrees of freedom,
)
o
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APPENDIX V

SIZE DISTRIBUTION OF SAMPLE FARMS




TABLE V.1

SIZE DISTRIBUTION OF SAMPLE FARMS

203

2

Group Mean group Number of Percent of Cumulative
Interval size farms in farms in percentage
~ (acres) - the group the group.

0 <S8 < 2.5 1.22 89 13.57 13.57
2.5 <8 < 5.0 3.68 99 15,09 28.66
5.0 < 8 < 7.5 5.99 83 12,65 41,31
7.5 < 8§ < 10.0 8.68 6l 9.30 50.61
10.0 < 8 < 12.5 11.03 51 7.78 58.39
12,5 < 8 < 15.90 13.84 57 8.69 67.08
15.0 < 8 < 17.5 16,09 47 7.16 74,24
17.5 < 8 < 20.0 18.64 43 6.56 80.80
20.0 < S < 22,5 21,33 29 4,42 - 85,22
22,5 < 8 < 25.0 23,50 16 2,44 87.66
25,0 < 8 < 27.5 26.35 21 3.20 90,86
27.5 < S < 30.0 28,65 7 1.07 91.93
30.0 < 5 < 32,5 31.34 8 1.22 93.15
32.5 < S < 35.0 33.87 4 0.61 93,76
35.0 < S < 37.5 36.20 9 1.37 95,13
37.5 < S < 40.0 38,10 5 0.76 95,89

40,0 < S < 42.5 40.77 3 0.46 96.35
42,5 < S5 < 45,0 43.84 1 0.15 96.50
45,0 < 5 < 47.5 45,93 8 1.22 97.72
47.5 < S8 < 50.0 48,60 2 0.30 © 98,02
50,0 < B < 52.5 50.50 1 0.15 98,17
52,5 < § < 55.0 53.65 4 0.61 98.78
55,0 < 8 < 57.5 '55.75 4 0.61 99.39
'57.5 < S < 60.0 - 0 0.0 99.39
60.0 < S < 62,5 61.00 1 0.15 99,54
62,5 < S < 65.0 64.11 3 0.46 100.00

0 <8 <65.0 12,85 656 100.00
NOTE: S stands for farm size measured in acres
Source: See Table 3.2 in Chapter III for a detail of farms in this

. sample,
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