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ABSTRACT
 

study attempts.toestimate peasant household 
consumption
 

Two sets of factors--"real and
 

. i'Is" 


-.functions for five subsistence crops. h' u+' .i. of he 
or 'fac 1. ..

"market" are examined'. Real factorsinclude the production of the
 

subsistence crop and its near"consumption substitute and the size of
 

the household', while,market factors include the 
harvest prices of,the
 

The availability
 
crop and its substitute and household cash incomes. 


iniida.hue
~~ 6f time series and cross-section data provide 
a panel of household ob

,:a!~ 

Pooled data are used to first estimate individual houseservations. 

hold functions to.obtain ebtimates for the first order 
serial coeffI-

Interdependence
c-tenLs, which'are used to transform, the data. Permitting 


.dcrop functions and.assuming away contemporaneous
w:itiin househ 

multivariate regression

correlation between different households, 

a 

model akin to Zellner's (1962) seemingly unrelated regression equations 

Results indlcate that "real"
 fitted to the pooled household data.
is 

factors are crucial in-determining the consumption 
behavior in the case
 

are more important intbat, "market" factorsof ,subsistence" crops but 

results extend Paj J'rishna's analysis

the case of "caslicrops. The 

that until a larger proportion of their output is (1965) and suggest 

can .expect the price and income elasticities of .demand, for, 
marketed, we 


where
 
their own output to e insignificant for peasant households 

demand is more closely dependent upon production and the' size of the 

hntih- '. 
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1.IMTRODUCTION 

The purpose of this paper is to -present .some results .of an investigation 

to their.into the consumption behaviour of piasant . households with ,respect 

own outputs. The motivations for this study ere provided by a larger 

in a less developed country.
investigation of the problems of supply response 

In the course of that investigation it became apparent that it was not 

possible to study the behaviour of the supply of agricultural output without 

at the same time studying the consumption behaviour of peasant households with 

regard to outputs produced on their own farms. An attempt was made there

fore to predict the peasant households consumption of several farm produced 

onoutputs and to view these predicted consumption levels as constraints 


This paper reports
the production possibilities faced by a peasant famer. 


state of Punjab in
the results of this part of the larger study for the 


northwest India.
 

of this section discusses the nature of subsistence
The remainder 

as
production ard its implications for the study of consumption behaviour 

an integral part of the study of supply response in underdeveloped agriculture, 

some data on the extent of one element of this subsistance in theand gives 

The second section presents a discussion of the determinants -of
Punjab. 


peasant household and the data
consumption of farm produced outputs in a 


Due to data difficulties the third section
 sources available for the Punjab. 


is devoted to developing a statistical model and estimation 
procedures which
 

to isolate the factors responsible fvr theThe purpose of this study was 

substantial growth in Punjab and to relate them to policy parameters at
 
a regionallevel. See SINGH (1968).
 



allow us tomake the best efective use. of the available data. Problems 

of serial correlation, contemporaneous correlation and agegregation bias 

are ,the result and the approach developed uses crosqg,,ection, time and ,eries data 

in a multivariate regression model. Section four discusses the empirical 

results and the 'last section draws some tentative conclusions. 

1.1 The Nature of Subsistence 

The farm combines two fundamental units of microeconomic analysis 

the household and the firm. Sama attention has been given to the result

ing firm-household interdependence in the economic analysis of agricultural 

production by HEADY (1953), DAY (1962) and DAY and HEIDHUES (1967), but 

their main focus of attention has been developed agriculture. While this 

interdependence is clearly of the essence in the analysis of traditional 

(peasant) agriculture, scant attention has been paid to its implications 

for economic analysis. The exceptions have been NAXAJIMA (1957, 1958, 

1963 and 1964) and mmELOR (1965, 1966), who have tried to give a theoretical 

framework to this interdependence, but their insights have yet to be in

corporated into any empirical model of production response in the LDCs. 

One of the implications - the importance of the study of the consumption 

of retained outputs in the broader study of supply response - is best 

understood in the context of the notion of subsistence Iroduction. 

IMAJIMA (1965) points out that a subsistence production family farm 

has two characteristics: i) a high proportion of the production on the 

farm is consumedby the farm household which depends upon the farm to 

provide to itlarge extent its production needs, especially for food, .and 



ii) there is a large proporition of-family labour in the total lab1ur inpW
 

on the farm which depends upon'the household for this-major input, As a 

.result it-becomes impossible to differentiate tbe decisions to produce from 

the decisions to consume, since by its very nature the returns to a family 

rarm are indifferenti'able. One of the most explicit implications for the 

study of supply response is that we can expect decisions to consume (especially 

,' consume farm 'outputs)to modify the decisions to produce. This is so for
 

several -reasons:
 
i) Consumption and Cropping Patterns
 

Since a peasant household depends to a large extent on the farm for
 

its consumption requirements, especially for food crops, it is evident
 

that to the exitent that a firm is required to produce these outputs it is
 

unable to devote the land so used to the production of other crops that
 

might be more profitable. Thus consumption needs modify response to price
 

and profitability and retained consumption can be viewed as a constraint
 

on the production decisions. This is the main barrier to specialization
 

and commercialization of peasant agriculture even where markets and trans

portation exists. It is quite possible in the latter case for some
 

individual farmers to produce totally for the market, selling all their
 

outputs and receiving cash incomes to allow them to purchase their con

sumption needs, but for the region as a whole this is impossible - given
 

the assumption that we are concerned with a region that has a high prcportion
 

of subsistence farmers. The dependence on farm outputs for consumption
 

maybe due to many reasons,pmong which a non-monetized economy, lack of
 



transportation and coriimineations, 'imperfections of markets anbid the inte

grated nature of the village economy come readily to mind. Whatever the 

reason, in a region characterized by subsistenee production, production
 

alternatives and'cropping patterns are constrained by the needs of domestic
 

consumption.
 

ii) Consumption and the Marketable Surplus
 

Not only is the choice of cropping patterns constrained (in a given
 

region characterized by subsistence production), but consumption also
 

affects the volume and composition of the marketable surplus. Both the
 

volume and the composition of this surplus can be viewed as the outcome of
 

two mutually interdependent decisions - the decision to produce and the
 

decision to retain the outputs for home consumption - and not merely the
 

arithmetic difference between the quantity produced and the quantity 

consumed. This view of the marketable surplus would suggest that attempts 

to estimate its elasticity in response only to prices or short run profit

ability would fail to account for both aspects of the problem. It is 

reasonable to suggest that the decision to produce is in response to one
 

sets of factors (expected input and output prices, expected yields and
 

transportation costs), while the decision to consume is in response to another 

set (family incomes, family size and actual output of the crop). If this
 

is really the case then the two decisions have to be analyzed in response
 

to the appropriate set of factors and then integrated into a: single 

decision model. 

iii) Consumption and CashFlows 



The most explicit impact of consumption decisions on production is 

through the cash flows generated in a peasant household through the sale 

of the surplus. The total volume and composition of the surplus determine 

of cash incomes available to the peasant household. This
the total volume 

cash along with relatively small amounts of "non-farm" cash incomes and 

his repayof available credit overthe net increase in his debts (excess 

a peasant household
ment obligations) is the total "working capital" that 

has for a) the pIrchase of cash inputs for the next production period; 
b) 

the farm and c) the purchasethe purchase of consumer goods not produced on 

of fixed and quasi-fixed inputs to augment his production base 
and make it
 

more productive. Thus consumption decisions impinge upon production, 

credit, investment and even technological change. The importance of cash 

flows for investment and technological change become evident when one considers 

inputs in agriculture (water, seeds and feterilizers)
that mjn of the new 


Thus the greater the proportion of total
 
are "cash intensive" inputs. 


the smaller the volume of internally
output retained for consumption, 


and the smaller the ability of the peasant farmer to

generated cash flows 


transform his production techniques.
 

In view of what has been said above it become evident that an attempt
 

has to be made to predict as 	accurately as possible the amounts of various
 

retained behind for household consumption,
farm produced goods that are 

This paper is an attempt in this direction.
and the factors that affect them. 

1.2 	The Extent of Subsistence in the Punjab
 

Keeping in mind our main concern with one aspect of the 
problem of
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subsistence production - the percentage of total output of a crop retained 

and defining subsistence tofor consumption by the peasant household 

be this percentage, the extent of subsistence in the Punjab varies accord

ing to the crop under consideration. 

Table 1 gives the value of different food items furnished by the farm 

of the total value of the item consumed from 1954-55 to 
as a percentage 

from the table the extvnt of subsistence has been
1964-65 2 As is evident 

and Pulses
high for all foodgrains--wheat (90%), Maize (87%), Rice (70%), 

It can also be seen that the 
(53%)--and for milk and milk products (95%). 


level of subsistence has not varied too greatly over the period in these
 

reasonwidely from year to year. 

crops. 

Sugar is an exception. It's level of subsistence is small and varies 

The for this is that the amount of 

on the farm depcnds upon many factors 
sugarcane processed into brown sugar 

of brown sugar (which is 
the market price of sugarcane, the market price 

sold in the village), the cost of processing sugarcane into brown sugar 

Since brown sugar and
 and the availability and price of refined sugar. 

refined sugar are very close substitutes, an increase 
in the price of sugar

sugar and refined sugar usually results 
cane relative to the price of brown 


in farmers selling sugarcane and purchasing refined sugar if its available.
 

Alternatively, a drop in the price of sugarcane relative 
to the price of 

and the price of refined sugarof production)brown sugar (or its cost 

The data is from a smaple of 	between 18-26 cultivating families in Punjab 

sample varying according to the year in 
and Haryana, the size of the 
which the survey wac conducted. 
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,results in the processing of sugarcane on the farm and the consumption 

of brown sugar. This accounts for the wide variation in the level of 

subsistence for sugarcane. These facts also suggest that even when the
 

level of subsistence is small production decisions are not independent of
 

consumption considerations.
 

The main focus of the study of subsistence in the Punjab are the five 

food crops - what, maize, rice, sugarcane and pulses. In 1964-65 these 

subsistence crops accounted for approximately 70-75% of the total food
 

expenditures in peasant households, for 724 of the value of farm output 

and for 63.39 of the gross area cultivated. Since we can estimate the 

percentage of total income from cultivation to be about 70% we can say that 

these crops account for roughly 50% of total household incomes in the 

Therefore we are concerned with a major proportion of both thePunjab.3 


production and consumption aspects when we consider these crops.
 

The most important of these crops is wheat, which in the Punjab 

Mize is a very close substitute
constitutes the major part of the diet. 


for wheat in the diet, while rice is relatively less so, even though from
 

a nutritional point of view rice is a very good substitute. Sugarcane
 

processed into brown sugar is the main source of carbohydrates along with 

the main food grains, while pulses are common protein sources and can also
 

Since wheat and most of the pulses
be considered as,inferior food grains. 


are winter (rabi) crops they do not compete directly for land resources 

with the other three crops which are summer (kharif) crops. However they 

The data on gross area cultivated is for the five central Punjab districts, 
wh0r0rns tIo..other dLm is Crom the famn budgets. See Statistical Abstract 

1"11 Iw ,~1%k,~l 

3 



TABLE 1
 

The Value of Different Articles of Food Furnished by the Farm as a Percentage of
 
the Total Value Consumed, Punjab, 1954-55 to 1964-65
 

ITEM 	 i54-'55 '55-56i '56-'57i '57-'58 '5g-"59 59-'60 '60-'61 '61-'62 '62-'63 '63-'64 '64-'65 Aver.
 

lWheat 87 89 1 94 88 •87 92 94 91 93 88 91 90.4
 

:Maize 188 84 92 88. 77 84 92 92 92 83 85 87.0*1"I 	 I
 

2Pulses 56 55 1 1 54 63 60 46 57 47 54 45 53.5 

ISugar 50 I 40 34 33 32 37 35 24 13 52 41 39.1 

1Rice 	 66 170 74 68 64 84 72 78 73 67 60 70.5
 

!Milk and
 
!Milk Products 98 96 95 95 95 95 95 95 96 94 95 95.4
 

1 	 3 
Includes 	maize and other minor cereals. 3Farm processed brown sugar.
 

2Gram is the major pulse included.
 

Source: 	 Family Budgets of - Cultivators in the Punjab. 1954-55 ......., 1964-65, The Board of Economic 
Inquiry, Punjab, India, The Economic and Statistical Organization Government, Punjab. Publication 
nos: 44, 52, 57. 59, 73, 82, 85, 94, 101, 105 and 114. 

00 
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do c ete fr 'all other inputs that do not have a.seasonal nature . They 

all compete in the total consumption budget of the peasant 
household.
 

Other important,crops grown by peasant farmers in the 
Punjab for
 

These alone

the purpose of retaining their,output are fodder crops. 


account for between 15-20% of the gross area cultivated, and 
are grown
 

mainly to .feedthe livestock that provides both the motive power on the 

These crops are not considered herefarms as well as milk products. 


- the fodder
 
because the factors that determine their demand are different 

of draught and milch a
requirements being determined by the number mals 

and their nutritional requirements in relation to such factors 
as work
 

4
 
load, temperature and mointure and time of the year.


:iom: eOnIs.1Jl~tf oC' 'odder requi.xementi per animal] in the N9,jab .nee 

id JOIU,, 1 :9 , lp.q7-1.0)......t tI..,1 I ,i I 1.N 
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2. TE DEERMINANTS OF CONSUMPTION 

Our main concern is with the factors that effect the level of
 

Though there have been
consumption of foodgrains in a peasant household. 


some attempts to estimate the marketable surplus function of subsistence
 

1 no attempts have been made to estimate the consumption 
function
 

crops,
 

L'or a subsistence crop. In general six factors effect the level of
 

These can be
consumption of a subsistence crop in a peasant household. 


a set of "real" factors and a set of "monetary"
considered in two groups -

The real factors are 1) the total current output of the 
crop,


factors. 


2) the size of the peasant household and 3) the total current 
output of
 

a crop that is the nearest consumption substitute. The monetary factors
 

are 4) the level of household incimes, 5) the current price of the 
crop
 

and 6) the current price of a near substitute crop. The relative importance
 

of the real factors reflect to a large extent the degree of the monetization
 

of the rural econow; and the decision processes in it, P-nd thus reflect
 

the extent to which conventional economic factors like income 
and prices
 

(or in general market i-orces) play a role in the decisions to consume in
 

: peasant household. 

2.1 Current Output
 

The relationship between the consumption of the mth crop subsistence 

its current output (Qjt,i) for the jt household in the 
crop tCjtm) and 

See Raj Krishna's pioneering study for India (1965 and comments on 
it by
 

C. H. Rao (1965), N. Krishnaji (1965), M. Majumdar (1965) and B. Prasad
 

(1965) and Behnnan (166).
 

The distinction is not.too Valid but is used for purposes of 
clarification.
 



'ear can be viewed in i'our :stages as ilustrated In figure le 

0C• ,, 45 

II 

p36r"ie 

and Output of a Subsistence
Between Consumptionlegure 1Relationship 

Crop 

the 4.150function lies on 
[n Stage £all the output. is consumed 13o that the 

at or
 
to be the case when the level of consumption is 

line. This is likel~y 

Such a subsistence-level though 
below "subsistence levels of consumption". 


directly related, to nutritional 
ambieuous and difficult to define

3 is 

F...(9 15)L ,andWhartcfl (195P). 
$ccrk nd.. WIfswel~'9l) 
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is reached all
standards. It can be expected that until this level % 


output will be absorbed by consumption, sot hat the marginal propensity
 

to consume out of output is unity in this stage.
 

the mpc is less than one but greater than zero and increases
In Stage II 

in consumption contribute to improved nutritional standards. Since mpc 

is less than one, marketable surplus is positive and if sold contributes
 

to cash incomes. The level a can be considered as a "sufficing level 

satisfied with its consumption of theof consumption" where the household 

. In Stage III the mpc with respectfoodgrain in question enters Stage III 

to output is very close to zero and all additional output is available as
 

marketable surplus. In the last stage further increases in output actually
 

lead to a decline in consumption duc to a substitution of other food items
 

in the diet, specially if the crop is considered nutritonally inferior. Thus
 

in Stage IV the mpc is negative. Over the entire range of output a non

linear relationship between output and consumption is suggested.
 

There is some evidence that most peasant cultivating households in
 

According to F.A.0. nutritional
the Punjab are in 3tages II and III. 


studies (1950) the average calorie requirement per day for an adult weigh-


Ing 55 kg. under 25.50 centigrade of temperature (which closely approximates
 

This assumes that the consumption mix of different foodgrains in the
 

diet does not vary greatly. it is difficult to define subsistence
 

levels of a single output in the case of a household-firm producing more
 

than one crop.
 

a. is defined
The level of a1 maybe very close to in the case where ao 


such that a minimum diet includes enough nutrition to carry out farm
 

activibies. See F.A.O. (1957)
 

5 
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the mean annual temperature in the Punjab) is 2040. If we assume that 

nothing but cereals are consumed this calorie level can be obtained from 
6about 20 oz. of cereals. Nutritional surveys of rural households 

conducted by the Indian Council of Medical Research (1950-1961) show that 

the daily caloric intake of the Punjab ranges from 3027 calories to 3573 

calories (Report, 1960, p. 4), while the daily intake of cereals in 20.1 

oz. on the average (Reports 1954, P. 54 and 1961, p. 36). This suggests 

that at least from a nutritional point of view the Punjabi farmer is above 

subsistence. It is still possible for him to be in Stage I if he consumes 

all marginal increments in output. There is some evidence, however, that 

the marginal propensity to consume is less than one, so that marketable 

surplus is being generated by an average farming household in the Punjab. 

In regressing marketable surplus against output for Punjab cultivating
 

households Raj Krishua found that "the best predictor for marketable surplus 

was the output of the subsistence crop itself" (1965, p. 315) and the very 

high R2 between marketed surplus and output obtained in his study in the 

case of wheat (.89 to .98) suggests that there is no proportional relation

ship between consumption and output, at least in the case of wheat.7 There

fore in general we may expect O 6C/aQ < 1, where C is retained consumption 

6 
Assuming a conversion factor of 360 calories per 100 gms. of cereals. 
See F.A.O. (1950)
 

7
Since C + M Q where C is consumption and M is marketed surplus and Q 
is output, and if 89 to 96 percent of the variation in Q is explained
I,., M. ( mustB. stnbi and ['airly constAuit over a range of Q, as argued
Ily hrltrdnh. 'ThL1.:&ont, exwu.ple where surplus is considered as an 
at'H,Wll* Liut d.|ff'drance. 



and Q is output. 

2.2 Family Size 

The most important determinant of the domestic consumption of a 

subsistence crop is the size of the peasant household. It is to be 

expected that as the size of the family increases its consumption needs
 

also increase so that the m.p.c. with respect to family size is positive.
 

lHmiever a measure of the size of family that accounts for only the
 

number of persons in a household in inadequate from the point of view of
 

measuring the demand for food. in a peasent household food intake is
 

also partly related to work loads and therefore a measure is need that
 

accounts for both the age and see distribution in the household. A
 

measure of the family size that attempts to do this is Atwaters Index
 

which measures the family size in adult male unit equivalents by assign

8

ing a different weight by age group and sex. The sum of this weighted 

index is a better measure of the concept of family size and its relation
 

to consumption.
 

8 ALwater's Index assigns the following weiphts: 

Equivalent Adult MaLe Units
 
Male Female 

Over 16 .' o.) 

15-16 0.9 O.0
 
13-14 o. 6 0.7
 
12 ).7 o.0
 
10-11 0, o.6
 
6- 9 0.5 o."
 
2- 5 o.4 o.4
 

Under 2 0.3 0.3
 

See B. E. I. (1964-65, p. 4) 



2.3 OtPut of the Substitute Crop 

In the case of cereals that are close substitutes for one another
 

in the household diet - wheat, grain, maize and rice - one would expect 

that a family would be free to substitute one crop for another at all 

levels of income. Such a substitution is all the more probable when 

different crops are grown in a different season. Thus for example a
 

poor yield of rabi crops (wheat and grain) might lead to an increased
 

consumption of kharif crops (maize and rice) to make up for the loss in
 

the diet. Even with crops grown in the same season the amount of a crop
 

retained for consumption depends to some extent on the amount of a
 

substitute crop avail-ble. Thus we would expect that the consumption of
 

a substitute crop is likely to decline with an increase in the catput of
 

a close substitute.
 

2.4 Household Income
 

in considering the effect of output of a subsistence crop on
 

consumption we have been concerned with one of the components of house

hold income. Here we are concerned with the combined effect of total
 

income of the Jth household (Yjt) on its consumption of the mth subsistence
 

crop (Cjtm) in t. The relationship between the two shown in Figure 2
 

can be viewed in three stages.
 

In Stage I the marginal propensity to consume out of income is
 

between zero and one. Then as income increases beyond Y1 the relation

ship becomes nearly asymptotic to A, suggesting a m.p.c. with respect
 

to income close to zero. It is possible that beyond a certain income
 



C 
t,m 

It m 

Ur 
Yy1 


Figure 2 - Relationship between total household income 

and the consumption of .q sibs1stence crop. 

the m.p.c. becomes negative as the subsistence crop is viewed as an
 

inferior good in the diet and its consumption begins to fall in Stage
 

III. 

In the Punjab it is possible that inferior foodgrains such as pueres 

and maize may be replaced in the diet by wheat and rice, which in turn 

are replaced in the diet by increasing amounts of fruit and meat products. 

There is some evidence that in the case of both foodgrains and cereals 

their consumption is related to income in a non-linear manner. Monthly
 

per capita foodgrain and cereal expenditures are plotted against total
 

classes in Figure 3 9
monthly per capita expenditures for various expenditure 

9 
The data is from the National Sample Survey, 13th Round September 1957-

May 1958, and the l4th Round 1958-May 1959. See (NBS. p. 78-79) and
 
(NNs. p. 86-87). 
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10 20 30 40 50 60 70 8b i0 
Total Monthly per Capita Expenditures (Rs.) 

Figure 3 - .bnthly per capita total and foodgrain exnenditures 
Punjab Rural Households, IQ57-59 



and curves fitted by hand support this contention cuirsorily.
 

As shown earlier there is a relationship between the total output
 

of food crops and total income. If we assume that a farmer grows only 

one crop and all his income is derived from the sale of this crop alone 

then 

Y =p-Q 

where Y is total income, p is the unit price of the output and Q is
 

total output. When k crops are grown then
 

Y= Z pk +R 
k 

where R is income from sources other than cultivation.
 

More generally the consumption of one crop can be viewed as a function
 

of the prices and outputs of all crops as follows
 

Ck = f k( *l ".. ' 1 " ' ) 

Since the price and output of the subsistence crop and its nearest
 

substitute are included explicitly the total income variable then reflects
 

the contribution to income of the value of outputs not included as well as
 

income from sources other than cultivation. For any given subsistence crop 

the correlation between its output and total household inctme is low, there

fore the latter is included explicitly. 

2.5 Price of the Subsistence Crop 

To the extent that subsistence needs have been satisfied the effect 

of an increase in the market price of a subsistence crop is to decrease 

its consumption. We would therefore expect the price response to be 
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negative. However there are cogent arguments in favor of a positive
 

response of consumption to price in peasant consumer behaviour. A
 

positive price response is possible in two cases:
 

Firstly, if the subsistence crop in question also constitutes a
 

substantial amount of the total real income of the farming household (or
 

cash incomes if it is also sold), an increase in its price would also
 

imply an increase in real income and the income effect would be large
 

enough tu offset any negative price effects.10 Secondly, if the subsistence 

crop constitutes a substantial part of the diet (a large proportion of 

the family budget in real terms) and if there is an expectation of 

substantial price increases during the year, the opportunity cost of 

selling and then buying back for consumption is so large that price 

increases actually increase retained consumption to the extent that it is 

below the sufficing levela . It is not possible therefore to know a 

priori what the value of 6C / P would be where P is the current price 

of the jth subsistence crop. 

This brings out an interesting point in regard to the literature on 

the price responsiveness of peasant producers. Keeping in mind the earlier 

arguments of marketable surplus it is evident that the elasticity of the 

marketable surplus to price is the result of two separate elasticities 

the elasticity of output to price and the elasticity of consumption to
 

In conventional consumer theory a fall in the price of a good is
 
considered as involving a positive,income effect, but in the case of
 
n consumer wh,., in Ma1no a producer of the good in quentlon It,In a rioe 
III 1)1-141n III,, comlll, l-le a pmitive Income efrect. 

http:effects.10
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priceI I . In general one expects the former to be positive and the latter 

to be negative so that their sum is usually positive. However in cases 

where the consumption increases with an increase in price, the elasticity 

of the marketable surplus to price may very well be very small even though 

the price responsiveness of output is large. In such case it is often 

wrongly inferred that peasant producers do not respond to economic incentives 

when only the response of marketable surplus to prices is being examined. 

This has led to broad and often wrong generalizations about the effectiveness 

of market incentives in transforming traditional agriculture.
 

2.6 	Price of the Substitute Crop
 

The argument for including the price of the substitute crop are the
 

same as for including the price of the subsistence crop. In general how

ever we would expect that as the price of a close substitute increases 

it would increase the consumption of the subsistence crop. This increase 

is greater, the greater is the elasticity of substitution in the diet of
 

the 	household between the two crops. However again due to the existence 

of possible income effects it is not possible to say a-priori what the
 

sign of this price response will be.
 

2.7 	 The Data 

There are two sources of data on consumer expenditures in the Punjab: 

(1) National Sample Surveys (Government of India) 

(2) Board of Economic Inquiry (Punjab) 

Though some of the data from the National Sample Surveys conducted
 

by the Government of India are available, it was rejected for the purpose
 

11 
If Q 	- C = M, then (@Q/aP) - (pc/aP) - aM/aP. 
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at hand - the estimation of consumption functions for estimating the
 

amount of the output retained for consumption - for the following reasons:
 

(1) The data is in expenditure terms only where imputed values have
 

been given to items of retained consumption.
 

(2) The data does not give detailed information on the consumption
 

of various foodgrains, lumping most of them under 'cereals' so that 
it 

is not possible to arrive at separate estimates for the various crops. 

(3) Only average values for household incomes and expenditures 
in
 

given expenditure classes ore available since the raw data is not avail

able in published form.
 

(4) The data covers a sample of all rural households while our concern
 

is mainly with the consumption of farm family households.
 

(5) The surveys have been conducted intermittently so that it 
is
 

difficult to get an idea of the patterns of consumption over the time
 

period that the model covers.
 

(6) There is no comparable production data available.
 

In contrast to this the Board of Economic Inquiry data is available
 

in terms of physical units of consumption and avoids the problem of imputed
 

values gives a detalied breakdown of crops of consumption, covers only
 

cultivating households, is avaiable for a continuous period of over a
 

decade and a half, from 1950-51 to 1961-65 and even earlier and is supple-


The data suffers from two drawbacks in that
mented by production data. 


it is collected from selected households and is likely to have some bias
 

and its quality is relatively poor compared to the NSS data.
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In view of the fact that there is no comparable data which gives us 

both the household's consumption and production of subsistence crops to 

allow us to test our theories, the Board of Economic Inquiry (B.E.I.) 

data was used. 

The data for household consumption of wheat, maize, rice, sugar and
 

pulses, household incomes and household size in terms of Adult male
 

equivalents is taken from the Family Budgets for cultivators in the Punjab
 

(BEI) and this is supplemented by data on outputs for the same cultivating
 

households from the Farm Accounts (BEI) in the Punjab over the same period.
 

The data on prices is taken from the Statistical Abstracts of the Punjab 

while data for the consumer price index deflator is taken from the Index 

Number of Parity Between Prices Received and Paid by Farmers in the Punjab 

(BEI) over the same period.
 

From a varying set of households for which data is available it was 

possible to get only 9 households for which data could be traced over 

a period of 11 years (1954-55 to 1964-65 both inclusive).2 This gave a 

panel of 99 observations (9 households for 1 years each) for the purpose 

of analysis. Due to the small size of the crose-section (only a households)
 

as well as the small size of the time series (only U2 years) this presented
 

severe problems from the point of view of the estimation of parameters of
 

any model that would include all the determinants discussed above. In 

view of this and because data was available on the same households over 

some period a statistical model had to be developed to allow us to take 

advantage of pooled data. A description of this model follows. 

This was due to the turnover of households in the surveys. 
12 
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:3. 	 TATISTICAL MODEL AND ESTIMATION PROCEDURES 

Since there are only 9 households on which data is available an at

tempt is made here to combine the cross-section data with the time series
 

It has been shown that panel data
data on each household into a panel. 


of this sort allows a substantial analytical advantage to be gained from
 

having both time series and cross-sections for an identical group of ob-


However since there are many problems in UWi
servations. Kith [1957, 1959] 


analysis of such data, the statistical urguments will be developed stel, by
 

step 	for simplification of the estimation procedures.
 

3.1. 	Serial Correlation
 

To begin with consider the behavior of an individual household through
 

time where according to our earlier formulation we could write the relation

ship between consumption and its determinants as follows:
 

(x x
C'jt,m = 0.) 


m = 1, ,..M
 

j =1, ... N
 

t 1, ... T 

whreCt,u is the consumption of j
th'

household ir year t of the mth subwhere C 


th
 
sistence crop, f are functions relating the consumption of the j house

th j kit,. 
'k a set of k independent variables for
hold 	for the m, crop to x.- 3t .2-x


th
the, j household in year t.
 

12i. am iindebted to Professor Dennis Aigner for his help in understand

of the ecxnometric cstimation procfedures. Withing. the many i nr-.1Lc-iesq 
t 	 0lh'I.p 1,"I. 'on woni d not ive been po~sible. Several error; 



However, in the use of time series data to estimate these functions
 

(Jxm of them) it has been shown that due to serial correlation ordinary
 

least squares estimates would be biased. Cochrane and Orcutt [1949]. To
 

take account of the possibility of serial correlation consider the fol

lowing model:
 

(2) 	 C + lx +t**a + k + ut *. 

jt 0 jit Bk2Ct 

t -1, ... T 

where we are considering only the jth household and only one crop, and
 

where Cjt and xkjt are as defined above and Ro ..6'sBk are the re0' , 


gression coefficients and ut is the error term., If we assume that the
 

disturbance term ut follows a first order autoregressive scheme
 

(3) ut = put_' + et
 

where Jp < 1 	and et satisfies the assumption 

E(et) = 0 

s 0
E(ett+s) = a2 

=0 	 s 0 for all t
 

IUhen it can be shown that
 

E(u) = 0 

E(ut.s Pa2 s 0 

aututs)Ps 0 aU. 

r2 s 0O for all t 
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and the covariance matrx , is' 

p 1l
 

2 
1U 

pT-.o t s ontw

cedure has been suggested: Goldberger [1963]., Johnston [1960]. 

1) For each individual j household use the time series data, to run 

an ordinary least squares regression 

Ct = o + iOixi +ut• 

2) From the computed residuals d of the first step get an estimate 

p for p as follows 

AT 

E ut ut 1

t=2
 

T A2. -
E u 
tU2
 

which is an estimator of the coefficient of the first order autoregres.iv;
 

scheme. 

Since there are J .households and p.crop functions under consideration 

the has a j and ,p subscript identifying the household and the crop under A 


!Oisideration. 

-is then used: -tolcomputc t-ransformed variabI.e:.3)'The noe'iei.nt 


'for ii.tvh an1 crop such' thLt
hou;e.ho'A eaUh 

http:noe'iei.nt
http:autoregres.iv
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and
 

k . k kt 

for t = 2, ... T 

j =i1, ... n 

p.= 1, ... m 

k=, *.. k 

It is then possible to rewrite (1) in terms of the transformed variables 

as follows:
 

ju(Xjt,%see)it )(7) (7) cJt,p = f (xl* k* 

More explicitly for each jth household for which T time series observa

tions were available, the following function was estimated for each of
 

the crops under consideration -wheat, 
maize, rice, sugarcane and pulses:13
 

+(8) Cjt = +I ,Ajt 2YJt + aQJt + %Pt + 05SJt + 6Psit 

2~' + & Y2 + u.. 

t=l, ... T
 
th
 

where for the p crop
 
Cjt = Annual consumption of the subsistence crop of the jth household in 

year t (In Kilograms).
 

At = Size of the jth household in year t. (Measured in Adult male
it. 

equivalents.)
 

13A log form of the equation was not possible because in many casesej = 0 and Qit and S t = 0  that is for some households there was either
 

no production or no consumption of specific crops. 
 So the quadratic form
 
was tried.
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%Qt. 	 Total output of the subsistence crop on the farm cultivated by the 

Jth household in year t. (In Quintals). 

IP 
Y=y t /I where Yjt is the total household income in year t and is 

is a price index deflator for year t*. Thus Yjt is the deflated 

household income. (In Rupees).
 

i where Pt is the harvest price of 
the subsistence crop and IP
 

Pt 


4 Thus Pt is the deflated priceis a price index deflator for year t 

of the subsistence crop. (InRupees per quintal). 

S = Total output of the substitute crop on the farm cultivated by 
the 

jth household in year t. 
(InQuintals).

15 

Pst 
=P1 / where P is the harvest price of the substitute crop and IP 

Pst t stt 

is a price index deflator for year t. Thus Pt is the deflated 

price of the substitute crop. (In Rupees per Quintal). 

are the squared terms of Qt and Y respectively to allow
and q and t 

for the non-linearity in the relationship between consumption 
and these two 

variables as suggested by our hypotheses in Section 2. (The data was for 

the years 1954-55 to 1964-65 giving us T = 11.) 

The coefficients of serial correlation A for each household and 

can 
each crop were estimated and are given in Table 2. From this table it 


14The price index delfator used to account for the inflationary ef

over the time period is the consumer index number of prices paid 
by


fects 

for food items of consumption. See [BEI.*fannuro 

used are maize for wheat and rice, and wheat15 'I'le :ubsbitute crops 

Fi'or r nit/ i:rarcane and pulses. 
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Tabl e 2 

Estimated Coefficients of Serial Correlation for Different Households
 

And Different Subsistence Crop Consumption Functions (1954-55 to 1964-65) 

Value of 0 for Different CropsObs. 
Householda No. Pulsesb 

Rice SugarcanecWheat Maize 

Virk 01 -0.1706 -0.1028 -0.2281 -0.5273 -0.5381 

ar 02 -0.2001 -0.3369 -0.4640 +0.2024 -0.1981Maj 

-0.3900 -0.3882 -0.2512
Barwala 03 -0.3511 +0.2225 


Sarinh 04 -0.2172 -0.3523 -0.3500 -0.4630 -0.3593
 
-0.3796 -0.3152
-0.2949 -0.4873
Rattian 05 -0.1049 

-0.3796 -0.3152
-0.5014 -0.4873
Phulkhurd 06 -0.2885 


-0.4384
Bara Gudah 07 -0.3882 -0.3059 -0.0286 -0.5783 

-0.3527
Prem Nagar 08 -0.6200 -0.4528 -0.3612 -0.4179 

+0.4812
Ban 09 -0.0153 -0.2024 -0.1888 -0.0486 


aThese are the names of the villages from which the household data is taken.
 

For details, see Family Budgets, 1950-51 to 1964-65, B.E.I., Punjab. 

bData was available on the consumption of all pulses, but not their total 

of grain was used, since this accounts for the majoroutput. So the output 

portion of all pulses under consideration.
 

CThe consumption, production, and prices are for gur.
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be seen that the serial correlation for some households and some crop models 

was indeed high. So the transformed data is used for the next step with 

10 observations (T-1) for 9 households, in the transformed variables. 

3.2. 	 Contemporaneous Correlation and Aggregation Bias
 

Now taking the transformed data for each household and considering
 

the possibility of pooling the data for the various households there are
 

two important questions to be asked:
 

(I) Is there any contemporaneous correlation among the different
 

households?
 

(2) Would the pooling of the iata lead to aggregation bias?
 

These two-questions can be more explicitly stated by considering
 

equation (8)in terms of the transformed variables for the N individual
 

households for a given subsistence crop:
 

E x* +
C* 

0it = 	010 + i lixlit +vt 

Cjt = 	Ojo + jixjit +jt
 

t=2, ... T 

We can now restate the two questions in the following manner: 

(a) For the system of pooled data as a whole can we assume that
 

= (.0) E(v tvjtt) 0 for J J'
 
2
 

= Gj for j =j' ?
 

If this assumption is valid then we are suggesting that no con

t,'mnp r'ancous correlation exists betweon households. From the point of 

view of our analysis the question is whether the consumption of a par

-I i,,1.Lr ,rr, (say what) by the jth household depends upon the consumption 
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.th
 

of the same crop by the j household. It seems reasonable to assume 

that in fact this is not so and if any contemporaneous correlation exists 

it is random and insignificant and hence (10) can be said to hold true for 

our system of equations.
 

(b) For the system of pooled data as a whole is it reasonable to
 

assume that the coefficient vectors
 

810 ' jO 

(13.) I : 
i 

I 
iI 

:~. 

for j = 1,L 


More explicitly before we can pool the data the question under ,:on

sideration is whether the intercepts and the slopes of the equationz are 

the same for all th, N households. A-priori it is not possible to assume 

( 1) unless one wishes to use a very restrictive set of ass -,umptions about 

all the marginal propensities to consume being the same for all. the house

holsL;. Though in jeneral this set of assiunptions is very rentric ive from 

rw- point of view they may not be so. O-jx cxncern is not so much with in

,lividual household effects but with the agtrc.'ative consumption behavior 

of' all households in the region for which our sample households are repre

sontative. 

In case such an a;nrumption i- unwarranted it is not possible to pool 

I.he data without an aggregation bias. liTh [1951]. lTerefore it would 

be useful to know whether indeeii such a bias exists in our sample. For 

hId:' purpo:'. ,, ,.uwiu procedure is followed for each crop model: 
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1) Fit the equations in (9) separately for each household.
 

2) Sum the residual sum of squares for all the households that is
 

RSSN RSSN j
 
j =i1, ... N 

3) Pool the data and consider the model
 

C X + V where 

* - * *k * 

I11(12) 	 10 

* *1 *k * 
S C 	 * xT 1""xT 81 VlT 

S*1 *k 
C i xji .. xji vJi 

* *1 	 * 
CjT 	 x XjT
XT .... 	 8k VjT 

Fit the pooled data by ordinary least squares and get its residual 

aumn of' 2quares RSS 
p 

4) Then it is possible to test for the general linear hypothesis of
 

coefficient vector equality by using the F statistic: Goldberger [1963].
 

(1)F N(T-k) RSSP- RSSN

I RSS3 N 

where N is the number of households, T is the number of observations per 

i,,)u:.,ho.II and k is tho number of' independent variables (including constant) 

m t 'it r r ,r'ri:wi:on equation (8). it our pane) sample N !- 9, T - 10 and 

k and the F statistic has 9 and 72 degrees of freedom. 

http:i,,)u:.,ho.II
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The RSS for the equations for each household and each crop model,
 

the RSSN for each crop model and the RSSp from the equation of pooled data
 

are given in Table 3 along with the F statistic. An examination of this
 

statistic shows that it is significant at a 1% or 20 level of significance
 

J'or all crops except rive inwhich case it is insignificant.
 

A similar test was made by dropping the square terms fur income and
 
2 Q2 

output (Y2 and Q2 ) from equation (8). The various residual sum of squares 

and the appropriate F statistics are given in Table 4 for this 'linear 

hypothesis.' The F statistic in this case has 27 and 72 degrees of free

dom since k = 7, and an examination shows that the statistic is sign:Lfi

rant in all ,-ases at a 1% or 2% level of significance except for rice 

2C%level of significance.16 
where it is also significant but 

at a 


The results indicate that whether we are considering the non-linear 

.)r linear hypothesis (that is non-linear or linear in incomes and ouLputs),
 

,t: i'annot, accept the hypothesis of coefficient vector equality. Thir ;.ug

jc.;tz that. for all the crop models the con.lAants and the slopes could 

to In such case "arL'dif'er significantly from household iiouselhold. a we 

faced with the problem of treating each household separately and aggre

gating each household function on the basis of the distribution of all
 

TSince these distributions
household outputs, incomes, and family size. 


are not available we cannot pursue this path and reluctantly have to as:nume
 

we thataway the difficulties. By pooling our data must be aware agtre 

whlln we ,, t.'zit froil IxW.t'd,'atIoll bill: wi Il , .'t. ,;t.im,L.l.,,ir ,'er: tl0t 

16 TI:L; t.AL asume, that the equation for each household has the sam(, 

orror variance. Thiough this is not appropriate the more complicated test
 

has not boet applic-t due to its difficulty.
 

http:significance.16
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3
Table 


Residual Sums of Squares From Unpooled and Pooled Regressions
 

(Non-Linear Hypothesis) 

RSS for Various Crop Models 

Observation 
No.: Wheat Maize Rice Sugarcane Pulses 

(j) 

01 148,730 65 686 326 2,224 

02 22,742 29,213 12,365 10,620 33 

03 44,973 7,221 636 19,207 -0

04 14,203 209 25 1,442 202 

05 7,084 13,120 10 4,107 395 

06 63 355 1,585 4,410 647 

07 130,019 44,654 53 5,712 940 

08 62,041 506 23 3,039 3,301 

09 34,421 6,928 5,372 9,937 -0-

Y.RSS fRSSI ur4,ooi]._______ 464,427 102,260 20,755 58,811 7,743 

RSSP (pooled) 17,991,813 3,227,63 177,657 1,736,084 401,069 

F Statistic 4.72 3.82 '**  0.945 3.56 ** 6.35t 

±Significant. at 1. level of significance. 

Significant at 2% level of significance. 



_____________________________ 

34
 

Table 4
 

Residual Sums of Squares From Unpooled and Pooled Regressions
 

(Linear Hypothesis)
 

RSS. for Various Crop Models
J
 

Observation 
Number Wheat Maize Rice Sugarcane Pulses 

(j) 

01 203,400 17,170 19,400 19,760 11,290 

02 64,270 69,890 12,370 14,250 26,460 

03 300,200 89,320 636 22,820 3,789 

04 107,100 75,960 29 46,490 1,582 

05 8,354 48,370 350 10,340 750 

06 26,310 33,170 1,798 28,330 811 

07 160,600 154,100 54 9,267 11,440 

08 102,700 118,200 88 8,387 3,880 

09 62,720 17,220 10,340 16,330 5,576 

T RSS =RSS 1,035,654 623,400 45,065 175,974 65,578
 

(unpooled)_
 

RSS 18,020,000.0 3,438,000.0 206,700.0 1,802,000.0 433,800.00

(pooled) 


F Statistic 7.91+ 2.18 1.73 4.4J 2.71
 

"Significant at 1% level ui' significance.
 

Significant at 2% level of significance.
 

10% level of significance.
Significant at 


27.56 

http:433,800.00
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but faced with the paucity
data. 	 Aware of the existence of such a bias, 

of data, we are left with no alternative but to proceed 
to pool the data
 

and iiiake the restrictive assumption that all households behave 
similarly
 

We then proceed to use the pooled data
 in their consumption behavior. 


for estimating the pacameters. 

1.::. 	 Structural Interdependence
 

So far we have been considering the possibility of 
pooling the data
 

for observations on k + 1 dependent and independent variables 
for one
 

x T-l) observations consider the fol,'r,,p. Now for the pooled data of (N 

oneiowing 	 system of rn simultaneous equations, for each crop 

.X]+C1 

C - X 8 + V where C , X and V are ,efined as in 
IriL - inr I!1 

fro) each crop. 

the pooled data for each
If we were to use ordinary least squares on 


effect be assuming that
,'(4 separately we would in 

0" L(VV,) = 0 in m' 
mm m m 

2 m M 
mu 

That is to say in effect that the household's consumption 
of one crop (say
 

crops. Keeping in 
wheat) it" independent of the consumption of all other 


in the food budget of the peasant household most of

in'ind the folxt that 

are very cloric substit.utes this assumption1.herro,,, wrl.r ,:oru, idration 

for any given household in 
not in Lhc, least tenable. On the contrary i 
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any given year we would expect the consumption of one crop to be highly
 

!,
opendent on the consumption of other crops, so that in fact (15) is not
 

true. The estimation of such a system of m equations in a multivariate 

regression model is described by Zellner [I96Z] and is akin to his case? 

of the estimation of seemingly unrelated regression equations in the re

duced form. The whole system can be written as follows:
 

£ - * + 

!c* o*I V 

-n in m 

where the C vector is (N x T - 1 x ni), X is a block diagonal matrix of 

(N x:T - 1 x m x mk) observations on k independent variables and the s
 

vuee('-i is mk x 1 vector of coefficients and. the v vector is a 

(N x T - 1 x m) vector of error term:. 

Table 5 gives the estimates of the parameters for the multi-variate 

system in (16) for both the linear and the non-linaar hypothesis along 

with the standard error of the estimates. The results in Table 5 can be 

compared with the results in Table 6 which 0,'ives the coefficients of' the 

,-ystom in (14) where the pooled data i ; used to estimate the consumption 

function of each crop separately without taking account of the inter-rop 

error covariances and assuming that (15) holds true.
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TABLE 5 
'I'ABLE OF COEFFICIENTS FOR CONSUMPTION FUNCTIONS OF VARIOUS CROPS
 

EACH CROP FUNCTION FITTED SEPARATELY (POOLED DATA)
 

(Linear and nonlinear hypotheses)
 

Crop/ Independent Variables
 
P(t) S(t)
Equation Constant A(t) Y) q(t) 


Wheat
 
0.0501 0.6932 10.802 -11.589
Linear 126.71 154.44 


(2.8)
(.373) (7.384)8 (1.313) (.267) (.785) 


.0856 -.1753 11.349 -11.242
Nonlinear 85.932 152.75 

(2.6o4)a
* (.207) (7.018)a (.728) (.o25) (.803) 


Maize 
67.364 -.oo85 9.1969 11.574 -3.3708ar -440.5e 

(3.;41)" (6.86)a (.54) (4.805) (1.745 )b (2 .286 )b
 

1O.254 13.373 -3.623Nonlinear -370.14 71.782 -. o924 
(2 .;4)b (7 .27 )a (G'.3 29 )b (2.869)a (2 .041 )b (2 .4 52 )b 

Rice
 
rinear -80.977 3.6425 -.0007 .9865 1.4411 -.791'
 

(1.683)c (1 .828 )c (.182) (3.341)8 (1.152) (1.658)c 

3.206 .0136 4.0103 1.8537 -.6175
Nonlinear -103.57 

(2 .273 )b (1 .69 2)c (1.51) (3.963)a (1.57) (1.336)
 

Suwarcane
 

.0138 .7057 -5.7062 -.962
Linear -49.82 4o.69 

(.199) (6.714)a (1.217) (.61)- (3.4o4)a -(1.077)
 

.0465. -5.3489 -.9561
Nonlinear -172.21 38.226 3.8766 

(1.413) (5.75)a (1 .66)c (1.169) (3.113)a (i.o14)
 

Pulses
 
.8834 .0026 .0589 -2.706 1.2534
Linear -13.756 


(.396) (.262) .(0142) (.29) (2 .1 6 )b (2 -5 7 )b 

-25.968 -.25 r..1Q2 i.1789 -2.3281 1.4295Nonlunear 

(.695) (.075) (c 7i) (2 .4 36 )b (1.893)c (2.948)0. 
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TABLE 6 

OF CO&FFICEIT OF TOE MLTIVARIATE REGRESSION MODIL 
FUNCTIONS OF VARIOUS CROPS (POOLED DA%) 

(Linear and Nonlinehr Hypotheses) 

FOR CONSUMPTION 

Crop! 
Equation 

Constant A(t) Y(t) Q(t) 
Independent Variables 
P(t) S(t) P(t) Q2 (t) y2(t) 

Wheat 

Linear 
Equation 

Nonlinear 
Equation 

-231.1 147.6 
(.755) (7.47) 

-197.4"' 143.4 
(.5316) (7.069) 

.05938 
(1.646) 

.1207 
(1.129) 

-. 4325 
(.1385) 

-.0421 
(.6816) 

17.86 
(1.454) 

17.77 
(1.416) 

-7.451 
(2.033) 

-6.663 
(1.803) 

-13.77 
(1.01) 

-15.26 
(1.106) 

.04246 
(.7626) 

-.0000082 
(.6223) 

Maize 

Linear 
Equation 

-261.9 
(1.925) 

62.33 
(6.65) 

-.0126 
(.8379) 

9.86 
(5.406) 

11.25 
(1.773) 

-2.938 
(2.061) 

-3.679 
(.6406) 

.Nonlinear 
Equation 

-229.5 
(1.704) 

67.4 
(7.25) 

-.091 
(2.435) 

9.393 
(2.838) 

i2.8 
(2.071) 

-3.202 
(2.293) 

-3.679 
(.6585) 

-.01103 
(.2543) 

.00001 
(2.246) 

Rice 

Linear 
Equation 

-60.62 
-(1.347) 

3.122 
(1.649) 

-.000596 .7429 
(.1736) (2.683) 

1.054 

(.8983 
- .6189 

(1.382) 
1.222 

(1.047) 

Nonlinear 
Equation 

-78.81 
(1.869) 

2.554 
(1.433) 

.01366 
(1.605) 

3.578 
(3.847) 

1.451 
(1.3 ) 

-.4253 
(.9873) 

.6151 -.03205 
(.5569) (3.099) 

-.0000017 
(1.748) 

I 



TABLE 6 - (cont'd.) 

Crop/ 
Equation Constant A(t) Y(t) Q(t) 

Independent Variables 
P(t) S(t) PrQ(t) y2(t) 

Sugarcane 

Linear 
Equation

/ 

Nonlinear 
Equation 

Pulses 

Linear 
Equation 

Nonlinear 
Equation 

-0.58 
(.4409) 

-162.? 
(1.441) 

-19.0 
(.6015) 

-26.13 
(.7674) 

39.--
(6.84r 

37.53 
(5.996) 

1.158 
(.365!) 

-. 0568 
(.0183) 

.01266 
(1.269) 

.04112 
(1.563) 

.o01686 
(.213) 

.01125 
(.8643) 

.4837 
(.4534) 

3.716 
(1.2U) 

.1407 
(.8u8) 

1.009 
(2.394) 

-5.626 
(.359) 

-5.485 
(3.429) 

-1.669 
(1.527) 

-1,506 
(1.390) 

-. 7872 
(.9254) 

-8.142 
(.9221) 

1.209 
(2.658) 

1.463 
(3.2i1) 

7.732 
(3.2a) 

9.162 
(3..779) 

3.313 
(3.075) 

2.791 
(2.586) 

-.03939 
(.9469) 

-. 00366 
(2.177) 

-.0000033 
(i.owul 

-. 0000013 
(.5562) 

Note: The figures in the parentheses is the value of the 't' statistic. 

I.. 
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1. 	 THE EMPIRICAL RESULTS 

The results will be discussed crop by crop, first for the model that 

does not account for the inter-crop error variances and is represented
 

by the system of equations in (14), followed by the results for the multi

variate regression model represented by the system of equations in (16).
 

4.1 	Separate Crop Models
 

Table 6 gives the results for the five crops for the model that 

assumes that no inter-crop error variances exist in the consumption functions 

of the peasant households. The results show two sets of equations - the 

first one is linear in all the independent variables, while the second is 

non-linear in incomes and outputs. 

a) Wheat 

On examining the equations fitted to the transformed pooled data 

for wheat the following observations are relevant: 

i) The R " is relatively small for both equations. Considering the 

fact that pooled data includes considerable variations betw-en households 

(borne out by our earlier discussions about aggregation bias) as well as 

some variations over time, we should not expect the R for any of the crop 

equations to be very high.
 

ii) 	Only the coefficients associated with the family size and the
 

output of the nearest substi,tute (maize) are significant in both the 

equations and both have the expected signs. Thir.fact suggests that the
 

consumption of the staple food crop in the Punjab depends upon the size
 

of the family most significantly and then upon the total output of the 

amount of maize the family produces. The dependence of consumption upon 
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of thethe output of the substitute crop rather than upon the output 

subsisience-crop itself can be explained by the fact that when wheat 

is planted farmers already have retained behind 	amounts of maize frun the 

of maize where farmerssummer season. (This is also true for the cese 

know the amount of wheat retained from last winters crop, but less so).
 

More significantly the results suggest that real factors play an important
 

role.
 

iii) The sign of the coefficient of output has a positive sign which 

changes to a negative sign when the 2 term is introduced. The implication 

of this is that in the range of the data availa;-le consumption and output 

This is also borne out by the insignificance of 	the are linearly related. 

in 2. this is correct then this hascoefficient of the Q2 term eq. If 

important policy implications, for it suggest that the mpc out of output 

is constant (at least over the range of the data used) and that we can

not expect the mpc to be greater than the ape as outputs increase in the
 

This fact has two important implications for
 process of development. 

first we cannot expect to increase the marketable surplus aspolicy: 


a percentage of output, as output increases (unless other factors such
 

as income and family size cause reductions in consWnption) over time, and
 

secondly taking a cross-section view we cannot expect marketable surplus 

to increase with an increase in the size of the farm, if we expect larger 

outputs to be associated with larger farms. Thus given the range of the 

size of the farms in our data (3 to 23 acres in the 1964-65 sample) we can

not expect larger farms to generate a larger percentage of marketable 



surplus, thus negating one of the arguments for a large farm size. This 

of course does not preclude the possibility of this percentage increas

ing if the size of the farm (and hence total output per household) increases 

substantially above the current average size of farms in the Punjab, 

but it does imply that farm size will have to be increased substantially 

above say 25 acres before the mpc to consume out of output falls below 

the ape. This conclusion was also borne out by RAJ KRISHNA (1965) even 

though he used only cross section data for one year. 

These conclusions however have to be seriously modified in view of 

the fact that aggregation bias exists. The test for aggregation bias 

included other variables besides output and income and does not specifically 

lead us to believe that the parameters associating subsistence consumption 

to these variables vary from household to household, but this is quite 

possible. Therefore we have to modify our conclusions with regard to 

the possibility of the mpc being constant over the relevant range of out

to this extent we cannot draw the above policy implicationsputs, and 


in those strong terms.
 

This has a major bearing on a policy question of prime importance 

in India today - should one concentrate upon increasing the productivity 

of the larger farmers, in the hope that they will generate a larger 

percentage of marketable surplus, even when this militates against equity 

considerations, or does one spread out development programs andones 

farms which are actually more productiveconcentrate upon making small 


through their use of intensive inputs.
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iv) Total farm income has a very siAe1 effect on the level of 

of wheat and though eq. 2 suggests a decrease in consumptionconsumption 

too small to have any significance,as income increases this effect is 

so that we can say that to the extent that income is important, it is 

linearly related to consumption of wheat. The above implications of
 

aggregation bias also hold in the case of income.
 

v) The coefficients of the price variables suggest that their effect 

though insignificant statistically is very large, .but the signs are the 

opposite of what one would conventionally expect. Thus consumption 

increases with the increase in the price of the crop and decreases with 

an increase in the price of the substitute crop. The possibility of this 

crop whose output is a significantwas already anticipated in the case of a 

part of the farmers cultivating income. This is certainly the case with 

wheat which is the main crop and with maize which is the most important 

summer crop. In general one can say that the greater the extent of 

the more likely that price effects show up as incomesubsistence in a crop, 

toeffects, and the more likely that the elasticity of supply with respect 

This is indeed the case when supply studies have notprice will be small. 


accounted for the nature of interdependence and have tried to relate
 

This is bound
marketable surplus to price, and have found it very low. 

to be the case if consumption increases with an increase in price and a 

result decrease in the marketable surplus. The implications of these 

facts is not that peasant farmers are irrational and do not respond to 

that perhaps they are far moreeconomic considerations, but it is evidence 



of the affect of pricesrational than they seem for they take full account 

on their real incomes before they make their decisions with respect to 

prices. Again the policy implications are important, for a low elasticity 

of the marketable surplus to prices is accompanied by a high elasticity 

of consumption to prices and as prices increase farmers may actually increase 

their consumption of their outputs for those crops that are highly subsistence 

and whose outputs contribute a large part of their real incomes. 

The results for wheat have been discussed in detail along with their 

policy implications because in the Punjab wheat is the most important 

crop in the diet, in the cropping pattern and in terms of the marketable 

surplus. The same implications, though not discussed in detail will be 

relevant for the other crops, though to a lesser degree. 

b)Maize 

Maize is the second most important crop in the diet and is the major 

summer crop. (The results indicate the following points of interest: 

i) Family size and the output of maize are both significant and 

large determinants of subsistence consumption of maize, in both the 

In addition the output of wheat is also significant as aequations. 


determinant, suggesting that the larger the output of wheat the less the
 

amount of maize retained for domestic consumption. This is because wheat
 

and maize are very good subsitutes for each other in the diet.
 

ii) The size and the significance of the non-linear terms in output
 

and income suggest that subsistence consumption is linearly related to
 

these variables with the consequent implications above.
 



iii) The price of maize is both a significant and large determinant
 

of subsistence consumption, though the price of the substitute crop wheat
 

is not important. 

iv) Income is significant in the linear and not significant in the 

has thata negative sign suggestingnon-linear equation, but in both it 

maize is an "inferior" good, its consumption declining with increases in 

to the fact that maize is inferior to wheat for whichincome. This is due 


it is a good substitute in the diet of the farmers.
 

c) Rice
 

of both the value of rice in the total food budget as wellIn terms 

as the amount of rice consumed, it is the least important food crop in 

the diet. The Punjab is not a rice eater and consumes small amounts only 

at festive occasions. It is mainly grown as a cash crop and even though
 

its level of subsistence is high (70%), all this means is that of the rice
 

that is consumed, a large share is obtained from production. In terms of
 

its importance in the consumption of a peasant household it can be considered 

of a "cash crop", grown for sale rather than as a subsistence cropmore 

grown for home consumption. The results reflect the relative importance 

of monetary factors strengthening this interpretation: 

i) Even though the coefficient of family size is significant it is 

not large compared to coefficients for the other crops.
 

ii) The coefficients with respect to output are significant even though
 

2
 
of rice the coefficient is significantthey are small and in the case of Q 

small levels of output the mpcand large suggesting that at relatively 

begins to decline and marketable surplus as a percentage of total output 

to increase.
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iii) The price coefficients are small and insignificant suggesting 

that the consumption of rice does not depend upon price, nor upon the
 

real income effects of price since it represents only a small part of farm 

output and even a smaller part of household consumption. 

d) Sugar cane 

Sugarcane is another cash crop though less so than rice, and consequently 

the same arguments are valid in its case. In addition the extent of 

subsistence for sugarcane is the smallest for reasons already pointed out 

earlier in the paper. Thus sugarcane would reflect the importance of 

monetary factors more than the other crops. The results show 

i) The importance of the size of family is still paramount as in the
 

case of all the crops, its coefficient being both significant and large. 

ii) The next most important factor is the price of sugarcane and 

the price of the substitute crop wheat (wheat is used as a substitute
 

crop because it competes with sugarcane for all production inputs-being
 

an annual crop it occupies the land during winter on which wheat could be
 

planted). In the case of sugarcane the signs of the price coefficients are
 

not perverse, in that they show consumption declining with an increa:3e in
 

the price of sugar and increasing with an increase in the price of the
 

substitute. This is exactly what one would expect of a crop thfk-% is more
 

cash than subsistence, bearing out the fact that as the relative importance
 

of subsistence declines the relative importance of monetary factors
 

increases.
 

iii) Consumption is not related in a non-linear way to income and out

put and income is not significant at all. 



Pulses 

The results for pulses are a bit difficult to interpret since data
 

was available on the consumption of all pulses but only on the production
 

of gram which constitutes only some 49% of all pulses consumed. So the
 

relationship between the consumption of pulses and their output which one
 

would have expected does not show up, even though gram accounts for some 

75% of all pulses produced. However the results show: 

i) Family size and incomes are not significant, and neither is out

put except in the non-linear case. The latter suggests that consumption 

is related to output in a non-linear manner, and is the only case along
 

with rice where this relationship is borne out. The mpc declines with
 

increases in output and the reason for this is perhaps that pulses are
 

even further down the line of preference as a foodgrain after wheat and
 

rice and increased outputs are not consumed but marketed if the alternative
 

outputs are available.
 

ii) The price of wheat and its output are both significant in explain

ing the consumption of pulses, which declines with an increase in the
 

price of wheat and increases with an increase in its output. The first
 

is easily explained by the fact that a substantial increase in the price
 

of wheat represents a large increase in real income to the household and
 

its substitutes wheat or maize for the inferior pulses in its diet and
 

this is as expected. It is not so easy to explain the latter effect which
 

sugjest a certain amount of complementarity in the consumption pattern
 

between wheat and gram which in fact is not observed.
 



4.2 The Multivariate ilegression Model
 

Table 6 gives the result of the multivariate regression model
 

which was used in the last stages of the estimation mainly to allow us 

to improve our estimates by dropping the unrealistic assumption of the 

lack of inter-crop variances in the consumption functions. There is no 

need for a detailed crop by crop discussion of the results because by and 

large they remain the same and the same comments will be borne out. The 

main advantage of the use of this step is that it allows an improved 

estimation by reducing the standard error of the estimates and making 

them unbiased. A comparison of the two sets of results it is evident that 

this has happened though the improvement in both the standard error of 

the estimates and a change in the size of the coefficients is not at all 

significant. However these estimates rather than one in table 5 

were actually used in predicting values for the annual household consumption 

of the subsistence crops.
 

The predicted and observed values for household consumption for 

the five crops for 1952-53 to 1964-65 in the Punjab are given in table ._
 

for the purpose of seeing how useful the multivariate regression model was 

for the purpose of prediction. This aspect of the problem however belongs 

In the larger model of supply response and is not directly relevant here. 
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-APiL 7__ 	 OBSERVED AND PREDICTED ANNUAL HOUJsEHOLD CONSUMPTION 

Of.' S2UBS.1 S ,P,,C'0'S IN THll PUNJAB: 1952-53 to 1964-65 (In Kgs.) 

, ''Z_.. 	 S U A ,CA' E FU LE.-

YPtb,. 	 'tx ;i. OBS. IJ; ubs. PRED. OBS. IREJ. 
( a ] a 2 a 

(a. 	 ,. . (a) 30 (3 3o4.4 (a) 76 .b 

H5~o4?~ 3 h 1;~r1 .(6 '~0.8H 0.7 9).* 2 

3 i ) 3. 2 1 )4.?-4 )7 1 1-91... 21. 	 2 59 

,,0-, .. u (1,,, 4,'56.o (b) ; 6*,.o(b) 2(63.3 (b) 132.1. ( )
",','~- ... U ~; 3,5(.' 0 9 	 '. 1"' ''. 7 	 1)2 t1 

-3V 2 •9 327.7 272." 1 T.2 I OC. 

.'4,. 3,-,1• 9.8 25.7 32.. .'94.5 93.2 80., 

'".1 2 'r .? 17.7 ). 9 2) . 2 (,) (4 ).' )4, 

,,,,,,_, 

,-

, , r. q,,':'.q 

,  , 

306.5 

7.5 

35.4 

, . 

'J.'/ 

, . 

>';.! 

20.6 

25- .S 

198. F 

2;9.9 

35. 1 

53. 

61.9 

,)h., 

''.(, 

4',,,(-,, ', 

•- .- -
96.1 

,17 

31 .. 
-

13 
-

1 
200. 
21! .5.0 

- a 

1'/8 ) 
-

.7 
M0i. 

-

r ,:, ) browyi :i-iw~a,,.
 

-; ,:~ta c, cor;umption not available. b) Data on production not available.
 
.,urc:, Vor ob.,erved values: Board of' Economic inquiry (Punjab)z Farm 
,, . ir t ,e Punjab, t952-53 to 1964-651 Economic and Statistical Organis 
t*,i)n., :"/,. n , t , Pun jab, fhandigarh. 
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5. 	SOME TENTATIVE CONCLUSIONS
 

In view of the discussion of the results presented in the last
 

section it is possible to venture some tentative conclusions:
 

i) Real factors such as family size and total physical outputs are
 

the 	most important determinants of subsistence consumption. The relative
 

importance of these factors declines as the level of subsistence decreases
 

and 	as crops become increasingly a part of the monetized nexus, while
 

the 	relative importance of monetary factors increases.
 

ii) The linear relationship between subsistence consumption and
 

output suggests a) that total output per farm would have to increase
 

considerably over the current levels to increase the percentages of the
 

marketable surplus forthcoming out of production, even though output is
 

increasing and b) by implication the average farm size would have to
 

increase considerably over the c-7rrent level to increase the ratio of the
 

mnarketable surplus to output in the Punjab. 
 Both these suggest that
 

:aigher outputs or increases in the farm size are not likely to reduce the
 

marginal propensity to consume out of output and increase the marginal 

surplus as a percentage of total output significantly. This conclusion
 

musi. be modified in view of the implications of the aggregation bias
 

that 	was found in the data. 
Further research however is necessary before
 

such a conclusion can be categorically supported.
 

iii) Prices play a significant role if we measure their impact upon
 

subsistence consumption (even though in some cases their coefficients
 

are statistically insignificant), but their effect is not easy to predict.
 

If the extent ot subsistence is high, an increase in the price of an output
 

may increabe its consumption, while as the relative importance of subsi-tence
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declines it may reduce consumption. Though it is not possible to .genralize 

a-priori, without actual empirical estimation, however we can say that as 

the relative importance of subsistence declines we may expect an increase 

in the price of the output to decrease consumption and an increase in the 

price of the substitute output to increase it. 

iv) Income plays no part in the consumption of subsistence crops once
 

account has been taken of the real factors such as family size, outputs
 

and prices. (Indeed even when income is the only factors used it still has
 

no significant correlation with the consumption of any of the above crops).
 

v) It is not possible to infer the importance of market prices by
 

.only an examination of the response of marketable surplus to them. A
 

perverse relationship between the two is likely to exist in the case of
 

crops with a high degree of subsistence, and this relationship is not
 

enough to allow us to infer the possibility of increasing argicultural
 

output and productivity through the use of market incentives.
 

vi) What is required in a study of supply response in peasant
 

agriculture is a proper understanding of the importance of subsistence
 

consumption and its impact upon production decisions in the contect of
 

the existing firm-household interdependence.
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