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THE DEMAND FOR COTTON IN INDIA, 1952-1968%*

Surjit S. Sidhu, Jitendar S. Mann, and Martin E. Abel**
University of Minnesota

I. Introduction

India is one of the major producers of cotton in the world and
cotton is a major commercial crop in Indian agriculture. India has the
largest acreage planted to cotton of any country and is the fourth
largest producer, exceeded only by the United States, Communist China,
and the U.S.S.R.i/ Gross area planted to cotton increased sharply
between 1950-51 and 1955-56, from about 6 million to 8 million hectares.
Since 1955-56, area planted has fluctuated about the 8 million hectare

2/

level.— Of the total gross sown area in 1965-66, 5.8 percent was

3/

planted to cotton.—

*University of Minnesota Agricultural Station Scientific Jourmal
Series, Paper No. 7995. Helpful suggestions were offered by W. Keith
Bryant, Lee R. Martin and Vernon Ruttan in the preparation of this paper.

*%The authors are research assistant, research associate, and professor,
Department of Agricultural and Applied Economics, University of Minnesota.

l/FAO Production Yearbook, 1970, Vol. 34, Food and Agricultural
Organization of the United Nations, Rome.

g/P. Ramaswamy and M. V. V. Peri Sastry, '""Recent Trends in and
Relationship Between Area, Production and Productivity of Cotton in India,"
Agricultural Situation of India, Directorate of Economics and Statistics,
Ministry of Food and Agriculture, May 1970.

é-/Computed from data in Estimates of Area and Production of Principal
Crops in India, 1968-69, Directorate of Economics and Statistics, Ministry
of Food and Agriculture, 1969.




Cotton and cotton manufactures are also important in India's
foreign trade. Between 1960 and 1969 average annual imports of cotton
were Rs 625 million with a high of Rs 902 million in l969.é/ Imports
are largely of longer staple cotton. At the same time, India exports
some cotton, mostly short staple, and a considerable amount of cotton
manufactures. Between 1960 and 1969 annual average exports of cotton

5/

were Rs 123 million and of cotton manufactures Rs 668 million.— In

value terms, exports of cotton and cotton manufactures accounted for

8.9 percent of total exports in 1966 and 7.4 percent of total exports

in l970.§/

This paper analyses the domestic and import demands for cotton in
India. Earlier economic studies of cotton can be classified into two

broad categories. One group describes the trends in production, imports

7/

and use by mills.~ The other category represents estimates of income

8/

and expenditure elasticities of demand, based on cross-section data.—

é/Data on the Indian Economy, 1951-1969, The Ford Foundationm,

New Delhi, January 1970.
5/

Ibid.

é-/R.okuro Sase, V. G. Pande, and Martin E. Abel, Projections of
India's Exports in the 1970's, The Ford Foundation, New Delhi, September

1970.

ZyAn example of this approach is Nilkanth Rath and V. S. Patvardhan,
Impact of Assistance Under PL 480 on the Indian Economy, Gokhale Institute
Studies No. 4, Asia Publishing House, 1967.

§/Long—term Projections of Demand for and Supply of Selected Agricul-
tural Commodities, 1960-61 to 1975-~76, National Council of Applied Economic
Research, 1962. This study estimated income elasticities of demand for
various kinds of cotton clothing for rural and urban areas. The estimates
were based on National Sample Survey data of consumer expenditure. The
estimates of income elasticity were obtained as the product of expenditure




We report the results of an econometric investigatien of the demand
for cotton in India, based on time series data. As such, we view it as
a contribution to the growing body of time series analyses of demand,
or price behavior of agricultural commodities.gj We concern ourselves with
(1) the demand for lint cotton by mills and the demand for cotton seed --
the two products of raw cotton; (2) the import demand for lint cotton --
total PL 480, and non-PL 480; and (3) an attempt to explain changes in
cotton stocks. The parameters of each of the relationships considered are
estimated by the least squares method. It was our intention to employ a
simultaneous system of equations to estimate the parameters of interest,
but in the course of our investigation we uncovered problems with some of
the data series which made the use of a simultaneous system of equations
impractical. These problems are discussed at some length. The data used
in our analyses are presented in Annex A.

In the manufacture of cotton products, cottons of various staple
length are mixed together. While one might be interested in estimating
separately the demands for cotton of different staple lengths, we did not
feel that the data available would permit us to do this. Therefore cotton
is treated as if it were of a uniform quality. For example, cotton im-
ports are of a longer staple length than the average for domestic pro-

duction, but we treated cotton from both sources as the same product.

elasticity of demand (estimated from a double log function) and the income
elasticity of expenditure. In practice, the expenditure elasticities were
reduced by 15 percent to obtain income elasticities.

Q/Some recent examples are R. Thamarajakshi, 'Determinants of Rice
Prices," Agricultural Situation in India, Directorate of Economics and
Statistics, Ministry of Food and Agriculture, March 1970; and R. Thamarajakshi,
"Determinants of Wheat Prices,'" Agricultural Situation in India, Directorate
of Economics and Statistics, Ministry of Food and Agriculture, May 1970.




Domestic Demand for Lint Cotton

Estimates of the mill demand relations for lint cotton are pre-
sented in this section. Two measures of mill demand are employed. The
first is the quantity of cotton used by mills for domestic consumption
of cotton manufactures. This is obtained by subtracting from total mill
consumption of lint cotton the lint cotton equivalent of cotton manufac-
tures exported from India.lg/ The second measure of mill consumption is
total consumption which includes cotton manufactures produced for both
the domestic and export market. The quantity of lint cotton demanded by
mills is expressed as a function of the price of lint cotton, the price
of rayon which reflects the price of man made fibers, the price.of cotton
manufactures, and either total net national product or per capita net
national product and population. The demand equations were specified as
linear in actual values. Inspection of our data indicated that this was
an appropriate form for the demand relationships. The regression results
are given in Table 1. Equations (1) and (2) are in terms of domestic demand
for lint cotton. Equations (3) and (4) are in terms of total mill demand
which consists of both domestic demand plus lint cotton equivalent of
exported cotton manufactures.

In none of the equations are the coefficients of the price of lint

lg/The quantity of cotton cloth exported was converted to lint cotton
equivalent using a conversion factor reported by James R. Donald, Frank
Lowenstein and Martin S. Simon, The Demand for Textile Fibers in the United
States, ERS Technical Bulletin 1301, U.S. Department of Agriculture,
November 1963. This conversion factor, including allowances for waste in
manufacture, is 1,000 square meters of cloth equals 0.866 bales of lint
cotton for 180 kg. bales.
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cotton or the price of rayon significantly different than zero, indicating
that consumption of lint cotton by mills in India has been insensitive to
the level of real prices of lint cottonll/ or man made substitutes. Since
these coefficients are not significan;ly different from zero the fact that
the coefficients of plc in all four equations and the coefficients of pr
in equation (3) are of the wrong sign is of no great importance. Also, we
have data on rayon prices only for the period 1962-63 to 1967-68 -~ a
small part of the total time period. The fact that we have so few obser-
vations for this variable could account for the statistical insignificance
of rayon prices in our regression equations.

The price of cotton manufactures is included in the demand equations
as a demand shifter since the demand for lint cotton is derived from the
demand for cotton manufactures. The price of cotton manufactures generally
seems to have more of an effect on mill consumption of cotton than either
the price of lint cotton or the price of rayon. However, the coefficient
of cotton manufactures was significantly different from zero at the 10 per-
cent level only in equation (3). Equation (3) would indicate that a one
unit increase in the price index for cotton manufactures would increase
total mill consumption of cotton by 19 thousand bales.

In equations (1) and (3) total real net national product is used,
reflecting the combined effects of population and per capita income

changes. 1In equations (2) and (4) per capita real net national product

l-l~/This statistical insignificance could also result from an im-
proper specification of our model; i.e., the mill demand for lint cotton
is one relation in a system of simultaneous equations and some form of
simultaneous estimation techniques, rather than least squares, should be
used to estimate this equation as part of a larger system.



and population are used as separate variables. For all the equations,
the coefficients of these three variables are highly significant.

There is very little difference in explanatory power among the four
equations, all explaining 95 to 96 percent of the total variance of mill
consuﬁption of cotton. Furthermore, it seems to make little difference
whether total mill consumption of lint cotton or that part which goes for

domestic use is used as the dependent variable.

Demand for Cotton Seed

Since data are available, we also estimate a set of demand relations
for cotton seed. The demand relations for cotton seed and lint cotton,
along with knowledge of cotton ginning and marketing costs (margins),
would enable one to derive a demand relation for seed cotton as part of
a system of equations describing the demand for cotton and cotton seed.
However, we have not gone this far in our analysis because of data prob-
lems concerning the estimation of a simultaneous system of equations.
These problems are discussed in a later section of the paper.

Cotton seed is processed into two products ~- cottonseed oil and
cottonseed meal (cake). The oil goes for human consumption and the meal
is fed to animals, primarily cattle. Thus, our demand relation for
cotton seed is derived from the demands for cottonseed oil and cottonseed
cake and should contain variables which reflect both the human and animal
demands for these products.

The supply of cotton seed is determined strictly by the level of
cotton production in India. To our knowledge there are no carryover

stocks of cotton seed or imports. Therefore, we can treat the supply of



cotton seed as predetermined in each year and use the price of cotton
seed as the dependent variable. The price of cotton seed, pis, is
expressed as a linear function of the quantity of cotton seed, qES, the

price of oilseeds, pOP, and one or more of the following variables -~ total

t
net national product, Yt’ per capita net national product, (Y/H)t’ popula-

tion, H_, and cattle numbers, Nt' Although the price of oilseeds includes

t
cotton seed, cotton seed is such a small part of total oillseeds that there
should be no significant biases resulting from the use of this price variable.

Estimates of several demand equations for cotton seed are presented
in Table 2. As one might suspect, there are very high correlations between
cattle numbers on the one hand and total net national product and population
on the other. The zero-order correlation coefficients are 0.974 and 0.978,
respectively. These high intercorrelation coefficients result in large
standard errors of the coefficients and, therefore, small t-values, which
are evident in equations (2) and (3).

It would appear that equations (4) and (5) in Table 2 are the most sat-
isfactory. 1In spite of the fact that there is extremely high intercorrela-
tion between Ht and Nt’ omitting Nt from the analysis in equation (5) did
not yield results different from equation (4), which contained both Ht and
Nt' All the coefficients have the expected sign except Nt in equations (3)
and (4), and Ht in equation (5). However, the coefficients with the‘wrong
signs are not significantly different from zero. The coefficients of the
quantity of cotton seed and per capita income are significant at the 10 and
5 percent levels, respectively, while the coefficient of the price of other

oilseeds is significant at the 1 percent level in both equations (4) and (5).
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Equations (4) and (5) explain 85 percent of the variation in cotton seed

prices during the 1952-68 period.

Import Demand for Cotton

India has been a substantial importer of lint cotton. During the
period 1951-68, total cotton imports have varied from a high of nearly
1.3 million bales (180 kg.) to a low of 562 thousand bales. (See Annex A.)
And, in many years, imports represent a large part of total availability.

Imports come from two distinct sources during the period of analysis. One

is from the United States under PL 480 assistance, qlcma. This source

represented a large part of cotton imports from the mid-1950's onward.

1
The other sources of cotton are grouped together as a non-PL 480 source, g eme

However,we feel that the terms of purchase for PL 480 cotton are suffi-
ciently different from non-PL 480 cotton to warrant separate treatment.

. . lem |
The dependent variables are total cotton imports, g ¢ ; imports under

a lcme

the PL 480 program, qicm ; and non~-PL 480 cotton imports, 9, . Each of

these variables is expressed as a linear function of the domestic price
, 1 .
of lint cotton in the current year, ptc; price of lint cotton in the pre-
1 . , r .
vious year, ptfl; the price of rayon in the current year, P, s either total

real net national product, Y or per capita real net national product,

t’

(Y/H)t’ and population, Ht’ in the current year; the level of beginning
stocks of cotton in the current year, Sic; production of lint cotton in

1 . .
the current year, q CP; production of lint cotton in the previous year,

t
ma lemx

Lep, and 9 separ-

ey

ately, one or the other of these two variables 1s used as an independent

, lc
and in the cases where we wish to estimate 9y

variable. The regression results are presented in Table 3.
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Equations (1) and (2) explain nearly 75 percent of the variation in
total cotton imports. The level of cotton production in the previous
year is a highly significant variable in explaining current year's cotton
imports. The level of beginning stocks is also a significant variable.
Total real net national product is a highly significant variable. But
it would appear from equation (2) that it is the population component of
net national product and not per capita income which has the strongest
explanatory power. The domestic price of lint cotton either in the cur-
rent or previous year had no significant influence on the level of total
imports. The price of rayon was significant at the 10 percent level in
equation (1). However, the sign of the coefficient is negative, which is
not what one would expect on a priori grounds. Rather, a decline in the
price of rayon, because it i1s a substitute for lint cotton, should reduce
the domestic demand for lint cotton and, therefore, the demand for imports.

The demand equations for PL 480 cotton are given in equations (3)
and (4), and the demand equations for non-PL 480 cotton in equations (5)
and (6) of Table 3. These equations explain between 82 and 83 percent of
the variation in each of these import components. We note that in the
demand equations for PL 480 cotton none of the coefficients is significant
at the 10 percent level. However, several variables have t-values which
indicate that they are significantly different froﬁ zero at levels between
the 10 and 20 percent level of significance. In the demand equations for
non-PL 480 cotton, beginning stocks, current production, and production in
the previous year are statistically significant variables. It would also

appear that PL 480 and non-PL 480 cotton imports move in the same direction.
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In other words, if the demand for cotton imports increases, both PL 480

and non-PL 480 imports lncrease.

Stocks of Lint Cotton

An attempt was made to explain variations in levels of cotton stocks
in India, since stocks represent a significant part of available cotton
in any one year. And changes in stock levels can affect both price and
consumption of lint cotton. The statistical results are given in Table 4.
In general, they are not overly encouraging. The equations explain only
about 50 percent of the variations in stock levels. The only variable

which is consistently significant in explaining changes in stock level

lc
e

during the current year, AS%C, is the level of beginning stock, S In
two of the equations, (4) and (5), the level of production in the previous
year was statistically significant at the 10 percent level.

The accuracy of the data on cotton stocks is highly suspect and some
reasons for this are discussed in the next section. Therefore, it is not

surprising that we obtained statistically poor explanations of changes in

cotton stocks.

Problems of Data and Analyses

It was our original intention to formulate and estimate a system of
simultaneous equations which would explain the various demands for cotton
and cotton seed in India. By such a model it was hoped that we could
arrive at the demand for seed cotton at the farm level. Such a model would

have been similar to the one developed by Houck and Mann;z/ for soybeans.

lng. P. Houck and J. S. Mann, An Analysis of Domestic and Foreign
Demand for U.S. Soybeans and Soybean Products, Technical Bulletin 256,
University of Minnesota Experiment Station, 1968.
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It is not at all unreasonable to assume that several variables which
enter our single equation models are in fact jointly determined and,
therefore, a system of simultaneous equations should be formulated and
used in estimating the coefficients of these variables. We can reasonablf
expect domestic production to be predetermined for the consumption year
following harvest and unaffected by current year's price. However, since
the levels of cotton stocks and imports can be adjusted within the current

year, we would expect the level of mill consumption of cotton, qud; changes

lcm,
t ’

in the level of cotton stocks, Asic; the level of cotton imports, q
and the price of lint cotton, pic, to all be jointly determined. And,

one should employ a system of simultaneous equations in trying to explain
the variations in these variables.

For example, in none of our demand equations for domestic mill con-
sumption or imports was the price of lint cotton a significant variable.
Yet there has been significant variation in the real price of lint cotton
during the period covered by the analysis (Table 5). The non~significance
of this variable in our single equation models does not preclude the possi-
bility that price would be significant in a properly specified model.

However, it became evident in our work that there are some serious
inadequacies in some of the data series on cotton. It was decided,
therefore, not to proceed with a simultaneous system of equations until
these data problems are better understood. The results of our single
equation models also have to be interpreted with a degree of caution in
light of the data problems.

We can jllustrate some of the major data problems through alternative
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Table 5. Deflated Price Index for Lint Cotton,
India, 1951-69.

Index of lint cotton price (1960/61-1961/62=100)
divided by index of wholesale prices

Year (March 31, 1953=100)
1951 76.4
1952 79.2
1953 82.1
1954 76.3
1955 92.0
1956 88.2
1957 77.2
1958 72.4
1959 82.2
1960 76.9
1961 . 74.8
1962 83.3
1963 83.3
1964 74.9
1965 73.0
1966 67.9
1967 68.2
1968 74.2

1969 87.0
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measures of lint cotton consumption. One measure of lint cotton con-
sumption is the level of consumption by mills, qud. These data are
contained in Annex A and are used in estimating the demand equations

presented in Table 1. Another way to measure consumption of lint cotton

is given by the left hand side of the following expression:

lcp + qlcm _ o dex AS - &lcd 2 q1cd

e t ¢ t t t

lcp
t ]

It says that the quantity of lint cotton produced in year t, ¢
plus the quantity of lint cotton imported in the same year, qtcm, minus
the quantity of lint cotton exported, qicx’ minus the change in stocks,
ASt, gives an availability of lint cotton for consumption which should be
greater than or equal to actual mill consumption. The inequality allows
for consumption of cotton outside of mills -- a plausible situation for
India.

The data for the above relationship are presented in Table 6 for the
period 1951-52 to 1968-69. For this 18-year period the calculated amount

of lint cotton available for consumption is less than levels of mill con-

sumption in ten out of the 17 years. And, in some years the difference

led

N was about 20 percent

is quite significant, such as in 1955-56 when a

led 13/

less than 9,

We suspect the problems with the data are to be found primarily with
either the production series or the stock data. Of the data that go into

the estimates of cotton available for consumption we would expect the

lé/A set of demagfcgquations for lint cotton like those givigdin Table 1

were estimated using gq as the dependent variable instead of q . The
statistical results aré decidedly inferior to those presented in Table 1.
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Table 6. Lint Cotton Available for Consumption and Actual
Mill Consumption, India, 1951-52/1968/69.
(thousand bales)

Year qicp +qicm _qicx _Ast - aicd qt];cd
1951-52 3095.4 1242.0 ~ 197 -112.6 4027.8 > 4022.5
1952-53 3155.7 681.0 305 +377.4 3909.1 < 4407.1
1953-54 3896.7 684.0 132 + 56.3 4505.0 < 4552.4
1954-55 4199.0 607.4 315 -405.0 4086.4 < 4711.2
1955-56 3950.0 635.2 604 + 14.4 3995.6 < 4908.9
1956-57 4650.5 796.2 295 +260.2 5411.9 > 5169.8
1957-58 4687.1 565.9 289 + 68.2 5032.2 > 4938.2
1958-59 4609.0 562.5 396 -162.5 4613.0 < 5010.4
1959-60 3472.8 1277.1 198 + 73.2 4625.1 < 5043.0
1960-61 5250.2 720.9 286 -439.2 5245.9 < 5308.8
1961-62 4581.4 1004.7 329 +347.1 5604.2 < 5619.8
1962-63 5229.5 1244.1 330 ~-325.4 5818.2 > 4614.4
1963-64 5373.7 901.6 269 - 67.3 5939.0 < 6009.3
1964-65 5609.9 1233.8 240 + 31.7 6635.4 > 6294.2
1965-66 4761.2 649.4 182 +161.2 5389.8 < 5750.8
1966-67 4974.6 1074.0 245 +329.1 6132.7 > 5694.3
1967-68 5454.7 1190.3 232 -167.5 6245.5 > 6092.1
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data on cotton imports and exports to be quite accurate. Also the calcu-
lated data for the lint cotton equivalent of exports of cotton manufac-
tures should also be reasonably accurate. These judgements are based on
the fact that in India the data on trade are generally sound. This would
mean that there are serious errors in either the production data or the
stock data.

There is some evidence to indicate that official data on cotton
production underestimate the true level of production. If, instead of
using Government data on cotton production in Table 6, we use the Trade
estimates given in Table 7, our new estimates of lint cotton availabili-
ties are significantly better than the ones given in Table 6. The new
estimates of lint cotton availability are less than actual mill consump-
tion in only one year out of the eleven-year period 1951-52 to 1961-62,
whereas the estimated availabilities presented in Table 6 are less than
mill consumption in eight out of the 11 years. This lends support to our
contention that Government data on cotton production are considerably
below actual production levels. We have no independent data on cotton
stocks to compare with those used in our analysis. Therefore we have no
basis for judging how well the data used reflect actual stock levels.

It would also appear from Table 6 that the frequency and size of discrep-
ancies between aicd and qud have decreased in the 1960's compared with
the 1950's. This could have resulted from improved accuracy of statisti-
cal reporting. It is suggested that persons familiar with these data
gseries look into this problem.

In view of the data problems encountered, a few words about the
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Table 7. Different Estimates of Cotton Production
In India
Govern-
Year I.C.C.* Trade** mentk**
. 100,000 bales .
1951-52 38.1 37.6 31.3
1952-53 36.7 36.7 31.3
1953~54 45.8 45.8 39.7
1954-55 52.9 52.9 42.3
1955~56 44.6 46.0 40.0
1956-47 50.0 51.2 47.6
1957-58 51.7 54.2 47.4
1958~59 51.4 51.2 46.9
1959-60 42.3 41.0 36.8
1960-61 n.a. 56.7 53.9
1961-62 n.a. 50.0 45.0
* Estimates by the Indian Central Cotton

Notes:

Source:

Committee.

*%  Published in the Bombay Cotton Annual of
the East India Cotton Association, Ltd.,
Bombay.

Hkk Published by the Directorate of Economics

and Statistics, Ministry of Food and
Agriculture.

Nilakanth Rath and V. S. Patvardhan, Impact of
Assistance Under PL 480 on Indian Economy,

Gokhale Institute Studies No. 4, Asia Publish-
ing House, 1967.
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reliability of the relationships we have estimated are in order. We

have no reason to suspect gross inaccuracies in the data on mill con-
sumption of cotton. Therefore we feel that estimated equations for mill
consumption of lint cotton are reasonably reliable. The same can be said
for the cotton import demand equations, with one caveat. Cotton produc-
tion enters our import demand equations and generally has statistically
significant coefficients. Given what we have already said about inac-
curacies in the production data, we would expect the coefficients of the
production variables to be biased, as well as some of the other coefficient
estimates in the import demand equationmns.

We do not place much stock in either the cotton seed demand or stock
change equations. Production of cotton seed 1s tied directly to produc-
tion of cotton. Since it would appear that the data on cotton production
used in our analysis seriously underestimate actual production levels,
the data used for cotton seed would also be an underestimate of cotton
seed production. Therefore the coefficient estimates in Table 2 could
contain a serious degree of bias. One must also view the validity of
the equations explaiging changes in cotton stocks with caution because of

suspected, but unconfirmed, errors in the stock data.

Conclusions
We have presented the results of a statistical analysis of the demand
for cotton in India. The focus of this analysis is on the mill demand for
lint cotton, the demand for cotton seed, the import demand for lint cotton,
and changes in cotton stocks.

The single equation models which have been estimated give reasonably
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good and plausible results. However, there are a priori grounds for estim-
ation of a simultaneous equation model. But serious inaccuracies seem to
exist in some of the data series which would result in dubious estimates
from a more complete model. Of course, some of the data problems are
present in the single equation models which we have estimated and one
should keep these in mind when interpreting the results.

The fact that we obtained reasonably good results from the point of
view of economic and statistical criteria leads us to believe that further
analysis of the demand for cotton in India represents a fruitful area of
research. However, the best of econometric techniques cannot compensate
for data inadequacy, and better understanding of the data problems in the
cotton sector would prove most useful.

In spite of the problems discussed above, we feel that the demand
relations estimated in our analysis for mill consumption of lint cotton
and cotton imports can be used to make conditional predictions of the
dependent variables, given actual or assumed values of the independent
variables. Such predictions could be useful to those concerned with
levels of cotton consumption or cotton imports. For example, one could
evaluate the impact on imports of a change in the level of cotton pro-
duction which might result from increased cotton yields. Or, one could
assess the impact of alternative rates of economic growth on cotton con-

sumption and imports.
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