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Relative Efficiency in Wheat Production

in the Indian Punjab
Surjit S, Sidhu*

In recent contributions to the American Economic Review, Lau and Yotopoulos
applied the profit function concept to the analysis of relative efficiency of
Indian Agriculture. They developed an operational model to measure and compare

economic efficiency and its components of technical efficiency and price (or

allocative) efficiency for groups of firms. By comparing the actual profit func-
tions of small and large farms, at given output and input prices and fixed quantities
of land and capital, they found that smaller farms had higher profits (total revenue
minus the total cost of the variable factors of production-~in this case labor) tnan
larger farms within the rangé of output studied and hence were economically ore
efficient. Further, they were able to show that the relative economic superiority

of small farms was due to their technical efficiency since both types of farns were

price-efficient. Their rcsults also indicate constant returns to scale in Indian
agriculture, Both these findings have far-rcaching implications for tie optimal
agrarian structure of Indian agriculture.

In this paper their model is confronted with new and recent data for wheat
farms in Indian Punjav. Uur results run counter to the Lau and Yotopoulus findings

in tnat we do not find any differences in the economic efficiency (or its components

of technical efficiency and price efficiency) of small and large wheat farms.

Using their model, we also compare the economic performance of old Indian wheat
varieties with Mexican varieties, and tractor-operated with non-tractor-operated
wieat farms. The last mentioned two comparisons have considerable relevance in the

context of the ‘'green revolution' and the absorption of a rapidly growing labor force in



India and other WDC's. 1o section | of the present paper, we establish a forual
link between our estimation procedure and the Lau-Yotopoulos model. In section I,
we briefly describe the data and the variables, provide our empirical estimates,

derive the implications of these results, and compare them with those of Lau and

Yotopoulos. In section l1l, we summarize our conclusions,

1. The Basic Model

To start with, let the wheat production function be written as:
(1) : Y=F (N; L, K)
where Y is output, N is the variable input labor, and L and K the fixed inputs of
land 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.]

The profit P from wheat production is equal to total revenue minus total vari-
able labor costs:
(2) P=pF (N; L, K} ~wN
where p is price of wheat and w the wage rate for labor.
Let w' = g“ the normalized wage rate and write (2) as:
(3) P =E= F (N; L,K) = w' N
which Lau and Yotopoulous (1972) call the 'Unit-Output-Price' profit or UQP profit.

The profit maximizing conditions imply,
£ .
4 LI
(4 | A
Solving (4) for N*, the optimal quantity of labor, as a function of the normal-

ized wage rate and quantities of L and K gives:



(5) He = £ (w', L, K).
Substituting (5) into the profit equation (2) we optain the (partial) profit
function:
(6) mn=p [F(N%; L,K)] = w' N*
which gives a maximum profit for each set of values {p,w, L, K}. Since
N* is a function of w', L and K, we can write (6) as:
(7) mn=pg¥* (w; L, K)

which gives the UOP profit function:

(8) ¥ = §~= g* (w'; L, K)
which is decreasing and convex in w' and increasing in p and the quantities of L
and K, lt.is continuous in w', L and K; twice differentiable in w! and once differ=
entiable in L and K,

From a set of duality relations connecting the production function and the
profit function,2 the labo? demand function W* and output supply function for wheat

Y* can be written as (Y) and (10) respectively:

(9) Nk = - ATt LK)
3 w!
(]O) Y& = q% (ngL'K) - an*(w.’L’K). W‘
3 w!

In order to study relative economic efficiency let us start by rewriting the
production function.(l) for two farms (1,2) as follows:
(1) L B T O R L PR Z I - (T )|
where management, some intangible inputs or environmental differences could create
neutral differences in the technical efficiency parameters Al and A% of the two
farms.

Let us also rewrite the marginal productivity condition (4) for these two

farms (1,2) as below:
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Equation (12) can be interpreted to

price or allocative efficiency in tne sen

. . - i
marginal product of labor to the going normal i zed wage rate w'.

unequally inefficient. They may in fact
(or effective) wage rate,3 winich is simp

ruling normalized wage rate. If the two

. | -
respect to the input of labor, then k' =
In other words, for two firms, with equa
input and output prices, differences in

entrepreueurial ability.

Technical efficiency of the two farm
2

ciency parameters Al and A
would the actual UOP profit functions and

coincide with cach other. Economic effic

in (11) are equal.

mean that the two farms may not be attaining

se of maximizing profits by equating the

Also they may be
be operating upon their own firm-specific
y a firm=specific constant k, times the

farms are equally price efficient with

. 2
k? and they maximize profits if k' =k = 1.

| technical efficiency and facing identical

k's represent differences in managerial-

- . - =g

s would be equal if the farm specific effi-
If and only if Al = A% and k! = k?
the labor demand functions of the two farms

iency thus has two components:

technical efficiency and price efficiency

. A more technical efficient firm than an-

other produces larger output from given g
clent if it maximizes profits by equating
inputs to their prices. But firms could
grees) if they are unabie to maximize pro
efficiency could originate in differences
efficiencx or both. It may be noted that
efficiency with varying degrees of techni

now is to develop a method to make these

uantities of inputs. A firm is price effi-
the marginal value product of variable
bé price inefficient (and to varying de-
fits. Thus differences in economic

in their technical efficiency, price

the two farms can have equal economic
cal and price efficiency. Our purpose

comparisons.
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The behavioral UOP profit functions for the two farms corresponding to their

production functions (11) can be written as:
(13) w1 = alg® (klweiyzal; L) ki) (1=1,2)
The actual labor demand and supply functions corresponding to (9) and (10) now

are (14) and (15) respectively:

at i T TIPS TS B B
(14) VAL ﬁT’a g* (k W|I/A ; L, K (i =1,2)
o w
C Co U N SN T B
(15) Vi e Al fg* Gl talLt kT -t gt kW AL KD )

3 wl
(i =1,2)
W5 and YN in (14) and (15) are the actual quantities of labor demanded and
output supplied by farm i given farm=-specific Al and ki. From these actual demand

and supply functions we can obtain the actual UOP profit functions

(18) n*i = y¥ioo iy

= Al [g* (kiw'i/Ai;‘L‘,Ki) + (1-k
' k

%

l)w'i ag%(k w' /A ;L ,KI)]
i

] wi _J

(i = 1,2,

It should be noted that because of the profit identity, only two of the

three functions (14), (15) and (16) need be estimated, We will subsequently

work only with (14) and (16).

The Cobb-Douglas Framework

Let the wheat production function (1) be written in Cobb-Douglas form with
decreasing returns to the labor input as:
o @, a,
(17) Y=AN ,L*“ K

where ay < 1.

For (17) the UOP profit function is given by:u



. - -1 -1

(1-ay) "] wmay (Teag) ™V (Tmay) T ay (T=ay)

(18) ko= A * (l*al)(%—) * * LOL2 ! K 3 !
l .,

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

(19) In w% = In A% + 8 Inw' + 8, InL+ B3 In K
where -1 -1

% (I-ot.l) ' al(l-a])

A" = A (I-a]) o

B ~a; (l-a ).l <0

| I | 1

B a., (l=a )-l >0

2" 72 1

By = ay (1-a )"I >0

3 3 1

If we multiply both sides of the labor demand function (9) by -w'/w* we get:

(20) _ wWiN* - 9 W . _VLI:_= 3 In 7%
e 3 w! e 9 In w'
which from (19) becomes:
' %
(21) -2 - g,
7

Equations (19) and (21) 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 the By's in the two equations are constrained to be cqual,

For the purpose of studying relative economic efficiency'(IG) can be written

as the actual UOP profit function for farm i with efficiency parameter A' and the

farm and labor specific parameter kl. For the Cobb=-bDouglas production function
(17) it is given by: -1 -

» _(l-al)'l . omap(l=ayp) ap (1-ay)
(22) n*h = Al (1-a;/k') (k') o

e Ueap) ™t (ma)”! e (1eay) "]
Goly T Ty BT

(i=1,2)



or
1 . . Bl - 82 . 83
(23) wl= AL W) (L) 7 (D) (i =1,2
where -1 -1 -1
, .(i'al) . . "al(l-a]) a](l-al)
Ay = A (1=ay/k') (k') o (i =1,2)
k= (1map /i) (1=a) 7! (i =1,2)
and By, B, and B3 are as before in (19).
And the labor demand function for farm i is given by:5
(et Cma (a7 e (1) !
(24) N o= Al (aj/k'wt) (k') oy
oy (I=ay)™" . ay(l-a )-] o, (l-a )-l (i =1,2)
s Gy Ty ey
or
. . o o B, . B, . B
(25) W= eay g (DT @ DT DT e w7 =2
or, by substitution from (23)
i%i .. . .
(26) S (1 M (Y R A (i=1,2)

7w

Equations (23) and (26) indicate that the actual UOP profit functions and the

labor demand functions of the two farms differ only by constant factors which are
functions of Al and k!. Thus in order to compare the relative efficiency of the

two farms we have to compare the magnitudes of Alvs  and k''s,

1

[f, for farms 2 and | we write Ai and A,

for A;,we can rewrite (23) as (27) and

(28):

2 B B8 B
(27) Sleal eyt ah? 3

] l 2 By 2 ) 2 B3
(28) w2 = A, (AZ/Al) (wt?) (LB C (K®)

And taking natural logarithms of (27) and (28) we have



(29) o™ = anal 48 tnw! +p, in Ll e gy in K
(30) Tn w2 = In AL + 1n (AZ/Al) + 8, 1n w? + 8y In L2 + 85 In K2

Maintaining the hypothesis that there are no non-neutral differences in the

technologies of the two farms,6 equations (30) and (26) are rewritten as (31)

and (32) respectively for purposes of estimation:

(31) In 7 = In Ai + 6t ol o+ B In W+ 82 In L+ B3 In K

(32) - W N g0+ gd 0f
ﬂ,?(

in (Ab/A3), and

1"

where L and S stand for large and small farms reSpeCtivelyZ GL

ot and DS are dummy variables taking the value of one for large7 and small farms

respectively and zero otherwise. For equal relative economic efficiency A; = Ai

or st = 1In (At/Ai) = 0. For equal relative price efficiency B% = B? in (32), and#®oY

absolute price efficiency of large farms and small farms respectfvely By = B% and
By = B?.

Output price p of wheat is government supported at uniform level throughout
the state. This helps to simplify equations (31) and (32) further as follows:
(33) 1In 7 =1n 7w - In p = In Ai + sbob 4+ By Inw =By Inp+ B, InL + B3 In K

or

S L

Inm=1InA_+3 DL + (I'BI) Inp + 8 In w + By In L + 83 In K

where m 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 pooled, year
dummies are introduced to capture the effects due to (I-B])In p and weather, etc.

and equation (33) rewritten as:
S LL 3 [
(34) Inm=1InA; + 80"+ 31 s'D' + B Inw+ B8y In L+ 63 In K
i=]



where
Dy, 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 (33) as:

Lol + 8y lnw+ By InL + 8y InK

(35) Inm=2x+3$6
where

A= In AD + (1-8y) In p,
from which in Ai can be evaluated at the sample mean value for (in p).

The labor demand equation (32), however, holds independently of the price of

output and can be written as:

(36) - Wl*N = - W N . BI].DL + B?DS
m s

When we analyze and compare tractor operated (T) versus non-tractor operated (NT)
farms b and DS in equations (31) and (32) will be replaced by DT and DNT re-

NT

spectively with no other change involved. DT and DT will take the value of 1 for

tractor and non-tractor farms and zero otherwise,

tn order to compare the relative economic efficiency of the lexican wheat

varieties with the old wheat varieties we can write (33) as:

(37) tnm=x+ 6NN+ 8 Inw+gyinl+p;ink
where
A= 1n Ag + (1-8y) Inp
oV s a dummy variable with value of one for new wheat and zero for the old wheat,
sN

if significantly different from zero and positive indicates the percent upward

shift in the profit function,
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Ag is defined by the first identity in (23) and the remaining variables and para-
meters are as defined earlier. Superscript 0 stands for old wheat., In this case

the labor demand function (21) can be written without output price simply as:

(38) - EN- = Bl

m

In recapitulation we have three systems of two equations each as our three
models:

Model ]: Equations (37) and (38) for comparing relative economic efficiency

of old and new wheats;

Mode! Il: Equations (35) and (36) for comparing relative economic efficicncy
of small and large farms and tractor operated and non-tractor operated
farms;

Model III: Equations (34) and (36) for comparing relative economic efficiency
of small and large farms and to obtain various elasticity estimates from
the pooled data for four years.

For statistical specification of these models following Lau and Yotopoulous
(1972 and Memorandum 104) we assume additive errors . with zero expectation and finite
variance for each of the two equations in all three models. The covariance of the
errors of the two equations for the same farm may not be zero but the covariances
of the errors of either equation corresponding to different farms are assumed to
be zero. With these assumptions an asymptotically efficient method of estimation
as proposed by Zellner (1962) is used® to estimate jointly the parameters of the

two equations for each of the three models and since B appears in both equations

of the models, we impose the restiriction that it be equal in each pair of equations.

Additionally we also impose the restriction of constant returns to scale in all
factors of production by restricting the sum of the coefficients of the fixed

factors [see Lau and Yotopoulos 13972) in the logarithmic profit function to be equal

to one, that is: B, + By = 1.



I, The Data and Empirical Results

Farm size efficiency of Indian agriculture has been extensively studied and
debated. Data used in certain studies came mostly from the mid-fifties when
Indian agricul ture was relatively static or closer to Schultz's (1904) traditional
agriculture.ﬂ Researches by Lau and Yotopoulos indicate that smaller farms were
relatively more economic efficient due to technical efficiency=-both types of
farms being price-efficient. In this section their model is confronted with new
and recent data for comparing economic efficiency of old and new wheats, to verify
their conclusions for wheat farms of Punjab and to compare the efficiency of tractor
versus non-tractor wheat farms. This is important since most analyses of Indian

agricul ture have expressed reservations about the quality of earlier data.

A. The bata and the Variables

Our data come from three different samples with slightly different geographic
coverages and also different in size and purposes of stratification. A brief
summary of these samples and their coverage is provided in Table 1. As compared
to the group average data used by Lau and Yotopoulos and most earlier indian
studies, we have been fortunate to have access to micro level primary data.

The variables used in this study are defined as follows:

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

by-products.IU



TABLE 1. BRIEF SUMMARY OF THE SAMPLES AND DATA

No. of
Geographic Villages No. of Crop Wheat Observations
Sample Coverage Included Farms Year Type Available
Ferozepur(a) District~ 15 150 1967-68 New 105
Ferozepur
1967-68 0ld 132
1968-69 New 144
Tractor Punjab 19 304 1969-70 New 287
Cultivation(b)
Regionally( ) Punjab 7 128 1970-71 New 128
Stratified\®

Sources: (a) Directorate of Econamics and Statistics, Ministry of Food and Agricul ture,
Government of India.
(b) From the Economic Adviser, Government of Punjab .
(¢c) The author was himself responsible for the design and superv:slon of
data collection work for this sample.

N . the labor input per farm used for wheat production measured in hours. It

includes both family and hired labor.]]

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

K = a measure of flow of capital services going into wheat production per farm, 2
p = the price of wheat per quintal as reported for each farm.

whN = the total wage bill in rupees for wheat production per farm, including

payments to labor hired on daily wage bases, labor hired on annual

contract basis and the imputed value of services of family labor.13

w = the hourly wage rate of labor. |t is obtained simply by dividing the
total wage pill wi by total labor input N.

P = the profit from wheat production is defined as total revenue less total

variable labor costs.
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B. 0ld versus New Varieties of Wheat

The first test for relative economic efficiency in wheat production in Punjab
compared the economic efficiency of new varieties of wheat with the oid varieties
of wheat. For this purpose iHodel | is used employing 1967/68 data from the
Ferozepur Sample. Equations (37) and (38) are estimated jointly using Zellner's
method (1962) of estimation by imposing the restrictions that By = Bj in the two
equations and requiring that 3, + 33 = 1, that is, assuming constant returns to
scale, These results are presented below in Table 2. The results indicate
that the new wheats are economically more efficient compared to the old wheats

by 48.50 percent.

TABLE 2: RESULTS OF JOINT ESTIMATION OF COBB~-DOUGLAS PROFIT FUNCTIOM AND LABOR
DEMAND FUNCTION FOR WHEAT, 1967/68, PUNJAB, INDIA

Estimated Standard
Parameter Coefficient Error
A = 4,872 (0.965)
SN = 0.485 (0.129)
By = 0.254 (0.013) in both equations
8y = 0.670 (0.155)
83 = 0.330 (0.155)

From A = In Ag + (l-ﬁl) Inp we evaluate Ag by substituting the sample mean value

of In p for old wheat. Then we get AD the efficiency parameter in the Cobb-
Douglas production function for old wheat from the identity in (23), the com-

puted value of which is 5,641, In the same way, from A = In AS + o+ (1-8y) In p,
I8!

we get AY the efficiency parameter for new wheat = 3,166, 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 percent,
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. Relative Efficiency

There are different policy implications associated with each component of
differences (technical efficiency or price efficiency) in economic efficiency
of small and large farms. For example, the finding that small farms are more
technical efficient and that both small and large farmé are absolute price
efficient could lead to the conclusion that small farms serve the national
interest better (leaving aside the equity considerations). |f we find that
smaller farms are less price~efficient, policies which improve market information
for tnem may improve their allocative efficiency., Similar implications would
follow if tractor-operated farms were more price efficient than non-tractor-
operated farms, And if we find no differences in either the technical or price
efficiency parameters of the two kinds of farms, then agrarian policies can be
based on social and political considerations, It is thus important to obtain
knowledge of the source of differences (technical or price) in economic efficiency.
Models |l and (1l are designed to provide this knowledge. |

The estimation results (Model I1) using Zellner's method (1962) for each of
the four years 1367/68 to 1970/71 and similar results for the four-year combiﬁed
data (Model 111) are presented in Table 3. And for comparing tractor-operated
and non-tractor-operated farms, the results employing data for Tractor Cultivation
Sample 1363/7U, are presented in Tablé L. In order to provide answers to the
questions of relative efficiency posed above we carry out the following statistical

test: 1D
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TABLE 3

RESULTS OF JOINT ESTIMATION OF COBB-DOUGLAS PROFIT FUNCTION AND LABOR VEHAND FUNCTIOW FOR
WEW WHEAT, PUIIJAB, LIDIA

tLstimated Coefficients

Zellner's Method witnh Restrictions (dodel 11)

Function Para=- Single~ Unrestricted 1 Restriction 2 Restrictions 3 Restrictions
meter Equation 3% = g$ gk = B B% = B
Ordinary 1 !
Least S _ -
Squares BI B] Bé * 63 !
. 1967/68 B§ =8
UOP Profit A 3,709 3.433 3,446 3,013 . 085
Function (0.748) (0.641) (0.641) (0.667) (0.630)
st -0, 141 -0.064 -0.112 -0.138 0.093
(0. 144) (0.137) (0.123) (9.131) (0.115)
81 0.107 0.263 0.262 -0.244 -0.236
(0.159) (0.136) (0.130) (0.034) (0.034)
B, 0.614 0.506 0.506 0.520 0.537
(0.115) (0.098) (0.0948) (0.104) (0.109)
83 0.487 J.564 0.563 0.539 J.462
(0.125) (0.107) (0.107) (0.113) (0.103)
Labor Demand s% ~0.221 -0,221 -0.274 -0, 24k -0.236
Function . (0.075) (0.075) (0.035) (0.034) (0.034)
s?_ -0.289 -0.289 -0.27k4 -0, 244 -0.236
~(0.040) (0.040) (0,035) (0.034) (0.234)
RZ 0,323
1966/0Y
UOP Profit X .75 3. 705 3.725 3391 3. 307
Function (V.994) (0.692) (0.691) (0.673) (0.555)
k sk -0.041 0,049 0.026 0.061 0.015
(0.160) (0.133) (0.111) (0.103) (v.070)
31 -0.507 0.024 0.024 -0,331 , -0, 381
(v.237) (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) (D.114)
B3 0.334 J. 454 0.454 0.495 0.503
(0.170) (0.118) - (0.118) (0.116) (0.114)
Labor Demand u% -0. 406 -3.406 -0.h21 -0.381 -0, 381
Function (0,065) - (0.065) (n.043) (0.041) (0.041)
8y =0.433 -0.433 -0, 421 -0. 381 -0. 381
(0.052) (0.059) (0.043) (0.,041) (0.041)
RZ 0.7 B
1969/70
UOP Proflc X N B 11} 4 LWL R WY N
Function (0.477) (0.411) (0,410) (0.4143) (0.408)
' st 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)
B, 0.740 0.714 0.714 0.716 0,742
(2.038) (0.085) (0.085) (0,086) (0.072)
B3  0.259 0.260 0.260 0.256 0.257
1 (0,082) (0.070) (0.070) (0.072) (0,072)
Labor Demand By -0.501 -0.501 -J.482 -0,248 =0.247
Function s (0.153) (0.153) (0.122) (0.081) (0,081
h -0.449 -0, 440 -0.482 -0.248 -0.247
(0.20%) (0.204) (0.122) (0.0481) (5.061)

_xz y, 776




TABLE 3 (continuted 16

1970/ 71 ,

UOP Profit A 2.859 3.287 3.29] 3.306 3,430
Function L (6.641) (0.595) (0.594) (0.581) (0.576)
5 0.056 -0.048 -0.051 -0,057 -0.010

(0.110) (0.104) (0.102) (0.101) (0.059)

By -0.48) -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) (0.110)

;3 0.581 0.539 0.539 0.523 0.523

L (0.112) (0.103) (0.103) (0.100) (0.100)

Labor Demand 8 -0.234 -0.254 ~0.259 -0,255 -0.254
Function s (0.051) (0.051) (0.025) (0.025) (0,025)
B} -0.304 -0.265 -0.259 -0.255 -0.254

) (0.048) (0.046) (0.025) (0.025) (0.025)

R 2,670
1967/68-19707 71

UOP Profit In Ag L 405 4,479 L,475 5,410 4,560
Function (0.334) (0.301) (0.301) (V,303) (0.297)
sk -0.025 -0.021 -0.012 -0.015 0.075

(0.059) (0.056) (0.053) (0.054) (0.038)

§; =0.411 -0.354 ~0.384 -0.377 -0.336

(0.063) (0.061) (0.061) (0.062) (0.0260)

62 ~0.393 -0,353 -0,353 -0.347 -0.305

(0.063) (0.057) (0.957) (9.057) (0.054)

$5 ~0.242 -0,241 -0.240 -0.250 ~0,163

(0.071) (0.004) (0.064) (0.063) (0.061)

B -U.243 -0.085 -0.085 -0.279 -0.271

(0.0739) (0.072) (0.072) (0.042) (0.042)

B, 0.709 0.690 0.630 0,700 2,663

(0.058) (0.053) (0.952) (0,053) (0,050)

53 0.359 0.358 0.356 0,356 2.337

. (0.050) (0.051) (0,051) (0.951) (0,050)

Lavor. Demand ﬁ] -0.411 -0.412 -0.379 0,279 ~0,271
Function s (0.078) (0.078) (0.052) (0,042) (0.042)
B]  =0.351 -0.346 -0.37Y -0.274 -0.271

(2.978) (0.077) (0.352) (0,042) (0.042)

Notes: The estimating equations for the four individual years are:

The

K

Innm =X+ 6L ok + Bl In w + 62 In , + 83 In K

estimating equations for ths four years' pooled data are:
Inomo= In A+ sb b+ 3 6 D+ 8 Inw+ By dn L w8y dn K
) i=1
- %ﬁ.= B% bk + B? pS where
is profit (total receipts less wage bill)
is money eage rate
is a dummy variable taking the value of one if wheat area is greater than ten acres
and zero otherwise
is a dummy variable taking the value of one if wheat area is less than ten acres and
zero otherwise,
are the three year dummy variables taking the value of one for 1968/69, 1969/70 and
1970/71 respectively and zero otherwise,
is labor in hours per farm used in wheat production,
is land in acres used for producing wheat,
is total costs of capital services for wheat per farm,

Asymptotic standard errors are in parentheses.



TABLE 4

RESULTS OF JOINT ESTIMATION OF COsB-DOUGLAS PROFIT FUNCTION ANU LABOR DEIAND FUNCTION FOR
HEW WHEAT, 13969/70, PUNJAB, INDIA

Estimated Coeffiéients
Zellner's Method with Restrictions (Model (1)

Function Para- Single- Unrestricted 1| Restriction 2 Restrictions 3 Restrictions
meter Etquation L o S L o L2
Ordinary BT = B B; g Bl =8
Least = P =
Squares 81 By b2 83 :
8, = 8y
UOP Profit A 5,330 4,778 'SR L, 811 4,934
Function . (9.501) (0.433) (0,433) (0.441) (9.398)
$ 0,93y 0.075 0,032 0,041 0,062
(0.073) (0.070) (0.063) (0,064) (0.054)
8y -0.286 -0.062 -0.064 -0.253 -0,256
(0.124) (0.107) (0.107) (6.081) (0.081)
B, 0.73v 0.785 0.785 0.738 0.779
{3,0063) (0.071) (0.071) (0.073) (06.072)
B, .22k 0,241 0.241 0.235 0,221
2 (0.005) (0.073) (0.073) (2.075) (0.072)
Labor Demand 8T -0.259 -0.259 -0.481 0,252 -0.256
Function b (0.203) (0.202) (0.122) (0.081) (0.081)
B?T -2.610 -0.610 ~0. 481 ~0.252 -0.256
(13.153) (0.153) (0.122) (0.081) (0.081)
R2 0.777

dotes: The estimating equations are:

Inm=2\+61 DT + By In w + B2 In L + 33 In K
ST T T T
T ] |

where
oT is a dummy variable taking the value of one for farms owning a tractor and zero
otherwise,
DT is a dummy variable taking the value of one for farms not owning a tractor (animal
operated) and zero otherwise,

Asymptotic standard errors are in parentheses.
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(1) (a) The hypothesis of equal relative ecconomic efficiency of small and large
wheat farms:

Ho: 6L = J,
that is, In (AilAi) =0 or At = Ai. From the Appendix we see thal we cannot reject
this hypothesis at the 30 percent level of significance for any of the four years
separately as well as for the four years combined. Thus the hypothesis that small
and large farms have equal over-all economic efficiency is supported by these results.

(b) The hypothesis of equal relative economic efficiency of tractor and non=-

tractor farms:

Ho: 6

NT
i

= 0,
that is, tn (AT/ANT) = o, or AT = A

From the Ab;éndix we see that fhe null hypdfhesis is not rejected, The results

support the hypothesis that tractor and non-tractor farms have equal economic efficiency.

(2) (a) The hypothesis of equal relative price efficiency:

Ho: B% = B?.
The meaning of tihis test is whether in their labor demand function large and small
farms have the same price efficiency parameters. This hypothesis also cannot be
rejected at the 30 percent level of significance for any of the four years separately
or for the four year pooled data. Thus the conclusion is that with respect to labor,
small and large farms have been equally successful (or unsuccessful) in waximizing
profits, that is, they have had the same price-efficiency parameters during each
of the four years studied.

(b) The hypothesis of equal relative price efficiency of tractor and non-tractor

farms:

Ho: 8

By this test we attempt to determine whether tractor and non-tractor farms have the

same price efficiency parameters BI and BTT in their labor demand functions., The null



hypothesis cannot be rejected. Hence we conclude that both tractor and non-tractor
farms are equally price efficient, i.e., they have the same price efficiency para-

meters (ki's).

(3) (a) The joint hypotheses of equal relative technical and price efficiency:

st = 0 and gt = B?.

The meaning of these tests is whether large and small farms have equal over-all

Ho:

economic efficiency and at the same time have the same price efficiency para-
me ters B% and B? in labor demand functions. These hypotheses also cannot be rejected
at the 90 percent level of significance for any of the four years individually or
for the combined data. These results are consistent with the results of tests
(1) and (2) above, i.e., that small and large farms were equally efficient eco-
nomically and had equal price efficiency during each of the four years and on an
average for tihe four years. This implies that they also had equal technical efficiency.

(b) The joint hypotheses of equal relative technical and price efficiency of
tractor and non=-tractor farms:

fo: GT = ( and BT = BNT-
1 L

Here we test wihether tractor and non-tractor farms have equal economic effi-
ciéncy and whether at the same time they have the same price efficiency para-
meter in their lavor demand functions. Again we cannot reject the null hypothesis.,
This also is consistent with the results of tests (1) and (2) above that tractor and

non-tractor farms have equal economic efficiency and equal price efficiency, and

in turn implies that they have equal technical efficiency.

(4)  (a) ext maintaining the hypothesis of equal price efficiency in (2), we turn

to thne hypotheses of:
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(i) Absolute price-efficiency of large farms, Ho: 8%

(ii) Absolute price-efficiency of small farms, Ho: B? = B].

= B] and

For tne first two years 1967/68 and 1968/69 and for the four years pooled data we
reject these hypotheses at 99 percent level of significance and for the year 1969/70
at 95 percent level of significance. But, for the latest year l97d/7l we cannot
reject these hypotheses at Y0 percent level of significance, This means that during
the years 1967/68 and 1368/65, both small and large farms were not in a state of
equilibrium in the sense of equating the value of marginal product of labor to its
wage rate. During the year 1963/70, they were still not in a state of equilibrium,
but we reject the hypothesis of profit maximization less strongly than for the
years 1967/68 and 1368/69.. For the year 1970/71, nowever, we find that both small
and large farms were in equilibrium, i.e., . maximizing profits. We discuss these
resul ts later.

(b) Maintaining tie hypothesis of equal price efficiency in (2), we also test
the hypotheses of:
| T
1

(i) Absolute price efficiency of tractor farms, Ho: B, = B, and

NT _
1

The meaning of these tests is whether tractor and non-tractor farms maximize

(ii) Absolute price efficiency of non~tractor farms, ilo: B8 8-

profits by equating the value of marginal product of labor to its opportunity price.

The null hypothesis is rejected. The conclusion is that both tractor and non-tractor
farms were not able to maximize profits during the year 1369/70. In light of the

resul ts of test for tie hypothesis of equal relative price efficiency in (2), we conclude
that, with respect to labor, tractor and non-tractor farms were equally unsuccessful

in their efforts to maximize profits by using the optimum amount of labor.
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(5) Lastly, we test the hypothesis of constant returns to scale in all factors
of production:

Ho: By + B3 = 1,
This hypothesis is rejected at the 39 percent level of significance in all cases.
The sum B, + B3 > | for the years 1967/68, 1970/71 and for the four-year pooled
data, But By + By < 1 for the years 1968/69 and 1969/70. These differences from
unity are quite small in either case. Also, perhaps slightly increasing returns
for the years 1967/68 and 1970/71 resulted because a larger number of observations
for these years were below the respective sample averages. Thus even though on
statistical grounds we do reject the hypothesis of constant refurns to scale, we
do not find convincing evidence favoring the hypothesis of increasing returns in
wheat farming in Punjab.,

The results of the first three statistical hypotheses--(1), (2) and (3)--
present rather convincing evidence that small and large wheat farms, and tractor-
operated and non-tractor=-operated ones have no differcnces in their over-all eco-
nomic efficiency, technical efficiency, a price (or allocative) efficiency. The
view that small and large farmers have the same degree of economic motivation seems
to hold. Because wheat is a dominant enterprise on these farms, one can argue
that these conclusions would perhaps be equally applicable to all enterprises
on these farms.

Important policy implications follow from these findings. Most substantive
one is that policies with respect to land redistribution and ceilings on ownership
of land can be based primarily on social and political considerations. Secondly
governmental policies with respect to pricing, supply of agricultural inputs, market-

ing facilities, provision of credit and extension services, etc, need not favor
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either large or small farms (or farms having tractors or without tractors) 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.

The results of statistical test (4) have interesting implications with respect
to the profit-maximizing behavior (or rationality) of the wheat producers. They
have a bearing on earlier price or allocative studies.16 The results appear to
indicate the =-xistence of a short-period disequilibrium between the profit-
maximizing attempts and the actual results achieved by wheat producers; this dis-
equilibrium was created by a shift to the right in the labor demand function resul t-
ing from the introduction of'high-yielding wheats.l7 During the first two years
1967/68, 1968/63 the producers were not in equilibrium in the sense of equating
the marginal value product of labor to its opportunity cost. For the third year
j969/70 we reject the hypotheses of absolute price-efficiency at 95 percent level
of significance (but not at 99 percent as for the years 1967/68 and 1968/69), that
is, not as strongly as during the first two years. And finally during the last
year 1970/71, we cannot reject the hypotheses of absolute price efficiency at all,
that is, we find that producers on the average (both small and large) were able
to equate the marginal value product of labor to its going opportunity cost. This
seems to be a good demonstration of short-run disequilibrium being overcome by the
rational producer behavior. Producers do indeed seem to react energetically to

the existence of disequilibriam,.

D. Comparison with Findings by Lau and Yotopoulos
We provide two brief comparisons of our results with the researches of Lau
and Yotopoulos (March 1971 and Memo 104) regarding relative efficiency in Indian

agricul ture.
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Estimates for the Cobb-Douglas production function clasticities for various
inputs were derived indirectly from the profit function estimates for Model 11|
(Table 3) using four-year data and are presented in Table 5. These estimates are
obtained from identities in Equation 19 which are the connecting links between the
coefficients of the profit function and those of the production function. The main
advantage of these indirect input elasticities over the ones obtained from direct
estimates of the production function is their statistical conéistency. Since B
appears in both the profit and labor demand equations, imposing the restriction
that it be equal in both equations improves the efficiency of these estimates.
Furthermore, since these estimates are derived from four-year data they should be
quite reliable for predictive purposes. R

We note that all our estimates of output elastiéitics with respect to various
inputs (including capital) have the expected signs and reasonable magnitudes,

We seem to have been fortunate in having data which yielded reasonable elasticity
estimates for capital. Lau and Yotopoulos 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.

Secondly, whereas our findings agree with theirs regarding equal relative price
efficiency and equal absofute price~efficiency of small and large farms, our find-
ings regarding equal technical and thus equal over-all economic efficiency differ.
They find small farms relatively more efficient technically and thus more efficient
economically, whereas our results indicate no differences in_technical or economic
eff?ciency of small and large farms, A possible explanation for this discrepancy"

might be as follows:
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TABLE 5:  ESTIMATES OF THE INPUT ELASTICITIES OF THE COBB-DOUGLAS PRODUCTION
FUNCTION DERIVED FROM THE PROFIT FUNCTION DERIVED FROM THE PROFIT
FUNCTION FOR NEW WHEAT 1967/68-1970/71,* PUNJAB, INDIA

Model 111
T Restriction 2 Restrictions 3 Restrictions
L & oS L u Lo
B} = 8 By + B3 = |
BS = g,

Labor o 0.078 0,218 0,213
Land G : 0.636 0.547 0.522
Capi tal (K) a3 0.349 0.280 | ‘0.265
(al +a, + a3) 1.063 1,045 1.000

*Table 3

Tﬁef; findings pertain to the mid-fifties. Indian agriculture at that time
could be characterized as traditional and in a state of equilibrium with available
technology (Schultz, 1364). Modern inputs like chemical fertilizers were conspicuous
by their absence. Smaller farms which had more labor aQQilable per unit of ,land'8
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 these circumstances, the technical-managerial input
becomes more intensive on smaller farms, Their finding of superior technical

efficiency of smaller farms thus seems to be consistent with these observations.
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Since the mid-fifties, however, Indian agricul ture underwent a great.trans-
formation especially in Punjab. The levef of land fertility which formerly depended
on the level of labor input and could be higher on small labor-surplus farms no
longer depends upon intensive labor input alone., The availability of fertilizers,
other chemical inputs and increased irrigation input reduces the fertility (pro-
ductivity) differences of land on small and large farms. Thus a major source of
greater technical efficiency of smaller farms during the mid-fifties seems to be
less important during the late sixties.

Another explanation can be advanced in the form of an hypothesis. There are
two elements to this hypothesis. First, we may agree (in a somewhat qualified
mann;r) with the findings of Lau and Yotopoulos (March 1971 and Memo. 104) that,
in traditional agriculture or in an agriculture in a state of equilibrium, smaller
labor=-surplus farms have greater technical efficiency and thereby are more effi-
cient economically., Second, we postulate that large farms have better access to
research inforiation because of relatively easier (often free) access to extension
services. The period covered by the present study immediately followed the intro-
duction of high-yielding varieties of wheat, Thus, it may well be that larger
farms, because of their comparative advantage in research information, assimilated
the new wheat technology more rapidly than smaller.farms and this offset the tech-
nical superiority of smaller farms, This hypothesis can be verified only in the

future.,

E. Elasticity Estimates
Next we derive a number of important elasticity estimates using parameter esti=-
mates from the last column of Table 5. Let the labor demand function (21) be

written as: - %

N= = = - or
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(39) InN=1n (-8)) + In7 = In w!d or
In N=1In (=8;) + In 7* = In w'
From Equation (39) and by using profit function estimates of last column in
Table 4, the labor demand elasticities with respect to wage rate, land L, capftal K

and price of output p are obtained as follows:

(4o} 3InN_3Inm |
3Inw 3 1Inw
= B] - l = "x027l
(1) d In N _3 Inm _ By = 0.663
dInl 8 inL
(12) 3 InN_3 Inm_ B3 = 0.337
3 InK 23 1InK

[ ]
(43) 3 In N -3 Int 35 inw = 1.271

dinp dlnw 23 lnp

All these>elasticity estimates have the expected signs. From (40) we sec that
price elasticity of demand for labor is negative and Indicates that demand is quite
responsive to wage levels. Positive Eesponses for labor demand to increases of
land and capital and output price have important implications for labor absorption
in wheat farming.

In order to calculate the output responses of the firm £quation 16 can be
written as output supply function:

(44) Y = n® o+ owt WY
= q¥ (1-8y)=- by a substitution of N* from (21), or
(45) In ¥ = Ina*+ In (1-8)).
The elasticity of output supply with respect to the normalized wage rate (using

parameter estimates from last column of Table 4) is given by:

(46) . 3 InY _ 3 ln mk By = -0.271,
9 In w! 3 In w!

which shows a relatively inelastic response., This finding along with an elastic

response of demand for labor with respect to wage rate is important, because it
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implies that exogenously enforced wage rates for agricultural labor above the market
determined wage rates could result in substantial increase in unemployment of the
agricul tural labor force.

From (45) output supply response with respect to output price is given by

]
(47) o In Y - 3 In Y 3 Inw = 0.27]
3inp 3lnw 3lnp

This finding is also important, Not only does it show a positive supply re-
sponse to wheat price, but the magnitudg is important for any effort to use the
output price variable as a policy instrument for inducing increased supply of wheat.

From (hs)vwe-can also obtain the reduced form elasticities with respect to ‘land

and capital usihg parameter estimates presented in the last column of Table &,

(48) d In Y -3 In ¥ By = 0.663
, g In L 3 In L

3 InY _ 3 ln g* .
(49) = ot = By = 0.337
3-In K 3 In K

These elasticities indicate the output response of the average farm with respect
to exogenous increases in land and capftal respectively, holding the normalized wage
rate énd not the quantities of labor as constant. A given increase in the quantity
of land (capital) shifts upward the marginal productivity curves of labor and other
factors of production. As a result more of these inputs are employed than before.
Thus, holding wage rate constant (but not the quantities of labor) a one percent ex-

pansion in wheat land will result in 0,603 percent increase in wheat output and one

percent increase in capital will result in 0,337 percent increase in wheat output.

r

i1, Summary and Conclusions

T S

In summary there aféw;wo Substantiveuconclusioﬁé thai folloQ from the analysis
of our data, First, there seem to be limited possibilities for growth by im-
proving allocative efficiency in moving toward production frontiers. This is the
inference from tests indicating rational producer response to disturbances in the

labor market generated by shifts in the labor demand function. On the other hand
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technical changes such as the shift in the wheat production function on tine order
of about 45 percent, popularly known as 'green revolution' constitute toe more im-
partant source for potential increases of output. Second, we find that tractor-
operated wheat farms are no better in terms of their economic performance than non-
tractor-operated ones and that large farms are no better than small farms--there

are no differences in the technical and price efficiency parameters of these classes
of farms. Policy for curtailing farm size may be based only on social and political
considerations. This policy implication is reinforced since we do not find any
strong evidence against the hypothesis of constant returns to scale. A qualifica-
tion about this implication, however, 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 the picture may be different if we study the production relationsnip
between aggregate output of all enterﬁrises and the inputs used,

Finally, the analyses of our data have yielded a numper of elasticity esti~-
mates which are important for applications of economic theory for developmental
policy., These estimates are tine coefficients of the wheat production function and
the elasticities of labor demand and output supply with respect to wage rate of

labor, price of wheat and the quantities of land and capital.
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I These assumptions are necessary to insure the existence of a unique, optimal
solution to the profit-maximizing problem and consequently the existence of single-
valued supply and derived demand functions as continuously differentiable functions
of normalized wage rate, L and K,

23se Shepnard (1353). For these derivations we follow Lau and Yotopoulos (1972).

3Lau and Yotopoulous (Marcn, 1971, p. 99) provide several reasons for this.
Also see Bhagwati and Chakravarty (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 (1971) and Bardhan (1972).

bproduction Function (17) and the profit maximizing equations for labor can be

solved for the optimal quantity of labor N*. The UOP profit function (18) is oLtained

oy substituting N* in the UOP profit equation (3): P* = Y - w'N,

5The labor demand function (24) is obtained by direct computations from the
production function (17) and the marginal productivity condition for labor.

6See Sidhu (1972), where we compared production functions for old and new varieties
of wheat, small and large wheat farms, and tractor-operated and non-tractor-operated
wheat farms and found that tne differences in these production functions are only of

the neutral type.
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Tin this study farms with more than 10 acres of wheat are defined as large
farms and farms with 10 acres or less as small farms, This seems to be a realistic
dividing line between large and small wheat farms for Punjab where the average
farm size is 12.5 acres (Singh and Billings, 1971). Also it facilitates comparisons
of our results with those of Lau and Yotopoulos (March 1971 and Memorandum 104) who
also used this crieteria for small and large farms.

8This will also make our results comparable to those of Lau and Yotopoulos as
reported in tihe above references.

IThere appeared to be a consensus about the existence of constant returns to
scale in Indian agriculture. There does not seem to have been a similar consensus
on whether relatively smaller or larger farms are economically more efficient.

IOThe by-products are converted into quintals of wheat by dividing the total value
of by-products by wheat price., The major by=-product is wheat straw, which in
chaffed form is fed to cattle, Sometimes, sarson (an oilseeds crop) is also grown
mixed with wheat.

]lChild and female labor is converted into man equivalents by treating 2 children
(or women) equal to one man.

len hourly flow of services is derived for each durable input including capital
in the form of livestock that the farm uses in wheat production, |t includes depre-
ciation charges, interest charges and operating expenses. Depreciation schedules are
based on the specific life of each input, but interest costs are estiwmated at a uni-
form interest rate of 10 perceﬁt for annum. (A. S. Kahlon, S. S. Miglani and S. .
Mehta (1968/63, p. 70) report that 68 percent of the amount borrowed in case of
Ferozepur Sample for the year 1968.69 was at an interest rate of 3-10 percent per
annum, The range of interest charges varied from 6.5 to 20 percent.) The actual

number of nours of use times the hourly flow of services of each durable input gives



its total service flow. (For the Regionally Stratificd Sample (1970/71), this
procedure was carried out by the author himself, For Ferozepur Sample and Tractor
Cultivation Sample, essentially the same procedure was employed.) Aggregation of
these asset=-specific service flows plus the seed and fertilizer costs yieclds a
measure of the capital services.

]3Family labor services are valued as equivalent to those of the annual contract
labor for each farm. For farms which do not employ labor on annual contracts, the
average rate of those farms in the sample which do employ contract labor was applied
for evaluating the services of family labor.

ll*As reported in (Sidhu, 1972), we tested the nypothesis of neutral technical
shift in the wheat production function and could not reject it,

ISThe results of all these tests are presented in the Appendix.

1050e Hopper (1965), Khusro (1964), Schultz (1964), Sahota (1968) and Lau and
Yotopoulos (March 1971 and HMemo 104),

Resul ts reported elsewhere (Sidhu 1372) indicate that the per acre factor
demand functions shifted to the right by 25 percent resulting from the introduction
of Mexican wheat varieties in Punjab,

l8At this point a reference is made again to the studies cited earlier,
particularly by Sen (1966), the survey article by Bhagwati and Chakravarty (1969)
and by Bardhan (1972).

l:‘;'Not;e that In n is the estimating equation (logarithmic profit function)

shown in notes to Table 3.
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