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INTER-REGIONAL DIFFERENTIALS IN WHEAT PRODUCTIVITY FOR SOME

SELECTED WHEAT-GROWING REGIOES OF INDIA

(Abstract of Thesis submitted by Tilak Nijhowne to tkhe Fasulty of
Graduate Studies and Research at McGill University in partial
fulfillment of tke requirements for the degree of KHaster of Arts

in BEconomics)

The study selects five regions'and three consecutive years for which
relevant data is available. Two computations are attempted: (i) Cal-
culation of total or aggregate productivity ratios by simple statistical
procedures aimed at estimating area differentials in the marginal
productivities of factors and thus studying resource allocation. (ii) The
use of a modified Cobb-~Douglas production function involving correlation
and regression analysis aimed at measuring the gquantitative effects

of particular independent variables or classes of variables,

Implicit in the calculations are the estimates of total or general
productivity tkrough the relationship pf output to all associated inputs.
The calculations of the productivity ratios insert values of physical
output and input quantities for subsequent observations. In all cases
input quantities are weighted by input prices for a preselected base
period. Two sets of productivity ratios were obtained, the first dealing
with all sizes of land kolding and the second with the overall regional
size of Rolding.

The calculations employing correlation and regression analysis represent
changes in nonquantifiable variables through tke use of zero-one or
dummy variables —— periods (three years); interregional differences

(five regions); scale of kolding (four classes of size group) and
categories of land (irrigated and unirrigated). Trke data for the tkree
years in guestion - base psriod and the subsequent two years provide
estimates of technical change in effect. The particular solution selected
for weighting inputs employs tke covariance matrix method witk time-series
data. The weights are derived from market values (skares) and fitted
production function respectively. :

The study attempts to isolate some of the particular problems faced

in collecting, processing and selecting data. Some of these problems

are unique in reference to Indiz, otkers most probably affect =211 w2inly

agricul tural economies,
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PREFACE




The primary objective of this thesis is to shed some b
light on the matter of wheat production and productivity;
highlighting some factors often lost sight of in the
application of theory to practical problems in India
( and underdeveloped countries more generally). Consequ-
ently, this study is an attempt at measurement of inter-
regional differentials in wheat productivity for some
selected wheat growing regions of India.

The somewhat arbitrary limitations of a thesis subject
preclude the investigation of intimately related areas
of study e.g. substitution among factors and crops, optimum
size, technological change, bias on account of specification
and management, etc. These fall under the category of
investigation into the nature of the structure of agriculture
and factors involving growth.

An understanding of the problem would involve a de-
tailed examination of the agricultural sector, the dynamics
of agricultural production and its mechanics, but to a much
lesser extent. Better understanding of the problem affects
the economist, whose theoretical considerations will
ideally influence the content and direction of public
policy. It is my hope that this study will contribute
to such a better understanding.

These theoretical considerations are largely hypotheses

relating to the behaviour and functioning of the economic
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system under given conditions. Understandably the hypo-
theses will alter if the given conditions alter. From
our observations of certain phenomena we derive relation-
ships and arrive at certain plausible explanations or
hypotheses. The organization of these observations and
relationships depends upon an assessment of the significance
of certain items and their assigned priorities.

The formulation of appropriate public policy is diffi-
cult at the best of times, but it is of vital importance
in Indian development. If guidelines based on more than
general intuitive and political considerations can be
established, then the resultant public policy is likely
to be more effective. The reallocation of existing re-
sources within agriculture, the allocation of new resources
to agriculture and the distribution of resources between
the agricultural and non-agricultural sectors are affected
by our understanding of the problem.

In this study calculations will estimate: (i) area
differentials in marginal productivities of factors, with
a view to studying resource allocation; (ii) the gquantitative
effects of particular independant variables or classes of
variables e.g. size of holding, type of land tenure, irrigated
and unirrigated land etc.: and (iii) total or general
productivity through the relationship of output to all

associated inputs in real terms.




Two computations will be attempted. The first is the
calculation of total or aggregate productivity ratios by
simple (arithmetic) statistical prodedures.1 The second
will use a modified Cobb-Douglas production function, and
involves methods of correlation and regression analysis.
Both these methods are discussed in Chapter 2, where some
attempt has been made to justify their choice.

Chapter 1 examines the problem of productivity in
Indian agriculture. A definition of productivity followed
by a brief summary of productivity studies elsewhere, some
of the special problems involved in its measurement associated
with agriculture and finally, a brief note on Indian
agriculture. In Chapter 2 the methodology used is discussed.
A statement on the technique of measurement of productivity,
followed by the techniques chosen and a justification of
their choice, closing with a discussion about the problem
of data. 1In Chapter 3, the computations and their results
enable some statements about the measured differentials
in interregional productivity. The final Chapter 4 is a
brief summary and statement of conclusions.

I would like to express my appreciation of the kindness
of the library staff and my debt to the faculty in the
Department of Economics at McGill University for their

patience and understanding. In particular I am grateful

1. The inputs - land, family labour, hired labour, fixed
capital and working capital - at constant prices are held
to a base period. Output is seen as value added at constant
prices and to the same base.
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Professor C. John Kurien, without whose encouragement and

guidance this study would never have been completed.
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CHAPTER 1 : PROBLEM OF PRODUCTIVITY IN

INDIAN AGRIGULTURE




Productivity may be defined as output per unit of input;
alternately, as the process of obtaining a larger output
from the same input or of getting the same output from a
smaller input. Generally speaking, upward changes in pro-

ductivity are the result of more efficient use of some or all

the production factors and/or of improvements in technology.

i

The term productivity is occasionally used loosely --

EWER

and incorrectly -- to signify 'capacity to produce' or
g

LR

merely ‘'production’. Whereas countries with a shortfall in
production should aim specifically at expanding production,
the fact that they do effect an increase in output of certain
products or even of all products taken together, is not
sufficient evidence of an increase in productivity. Another
mistaken notion is ".... to regard increased profitability %
as evidence of a higher productivity”. While an improvement
in productivity -- a physical concept -- may possibly result
in a corresponding improvement in profitability -- concept
involving price -- the reverse is uncertain.1

The application of the concept of productivity is
easier in situations more directly under human control; more
applicable to industry than to agriculture. Agricultural
production is dependent on biological processes, and is less

amenable to control due to the several external factors

1. E. 0. Saxon "Special Concept of Productivity"™ Productivity
Vol. VI No. 283, National Productivity Council, 1965,

New Delhi.




conditioning them, e.g. so0il, climate and weather, pests and :
diseases, etc. In addition, the difference between traditional ;
agriculture in an underdeveloped economy and commercial i
farming in an advanced/developed economy makes for yet
another significant difference. Whilst traditiona12 agriculture
inputs have their origin on the farm itself, inputs in non-
traditional3 agriculture have their origin in the industrial
sector. The mainly subsistence farmer in traditional agri-
culture is unable to work towards gefting the maximum output
per unit of input. The commercial farmer in non-traditional 4
agriculture produces mainly for the market and increased ;
productivity reflects itself in lower unit costs.

The extension of the concept of productivity to the

Indian situation involves a farm management4 approach, backed

2. traditional inputs include: farm bred livestock, draught
and milch; seed stored from previous harvests; animal manure,
crop residual and green manuring; local made implements and
tools, etc.

3. non-traditional inputs include: chemical products - ferti-
lizers, pesticides, fuels etc.; engineering products -
machinery, tools, implements; scientifically raised live-
stock and improved hybrid seed, etc.

4. A. D. Pandit "Application of Productivity Concept to Indian
Agriculture” Productivity Vol. VI No. 2&3, National Productivity
Council, 1965, New Delhi, P. 187-189 (Special issue on
Agricultural Productivity)

Pandit defines this as an approach based upon "...a sound
accounting system to assess the profitability from each unit
(person, crop, field, animal and machine)...[and])...in-
volved putting together many and differing agricultural
enterprises into an effective overall economic unit...[aimed
at)...more efficient utilisation of labour and other inputs.”

See also: A. V. Bhuleshkar "Productivity and Technical Change;
A Theoretical Analysis®” Productivity Vol. VI
No. 2&3 National Procductivity Council 1965 New Delhi




and supported by structural and organisational changes in the
agricultural system. The application of scientific research
in fields relating to foodgrains, cash crops, dairy and
livestock will then make possible continuous increases in
productivity.

Until recently, despite numerous references to ‘product-
ivity' in several/various definitive studies of the Indian %

economy, there has been little emphasis on arriving at a

conceptual definition and application of the concept towards E:

empirical measurement. This has probably been because of

a confusion in regard to profitability, efficiency and pro-
ductivity, which was also prevalent/extant outside of India.
Another possible explanation would li e in the fact that
analysts of the economic problems of India have emphasized
structural alterations and wide sweeping changes in economic
institutions and organisation.

Even in the formulations of the Five Year Plans, there
have been no explicit statements about ‘'productivity', except
for hopes that certain policy/policies, when implemented,
would contribute to increased productivity. In all fairness
it must, however, be admitted that programs/policy formulations
for bringing about improved or increased productivity have
been formally stated ~- implying some general understanding
about the problem. Some attempts have been made at discussion
of the concept at a theoretical level. It would seem, however,

that interest in this area has been created mainly by discussions



taking place in international organizations -- ILO, OECD, etc.

There have been a fairly large number of empirical
studies in the field of agriculture using production functions
and regression analysis. During the last decade there has
been an upsurge of interest in the field of agricultural
productivity, resource allocation, etc., sparked in part
by a combination of the following: 1. The widening gap
between food requirements and production. 2. The growing
difference in opinion regarding agrarian reform; hitherto
considered the overall panacea for most agricultural pro-
blems.

An early study5 of increases in efficiency of the U.S.
economy used an arithmetically aggregated composit input
to calculate output per unit of input for the U.S. economy.
The study, which covered the agricultural, mining and manu-
facturing sectors for the period 1869 to 1938 (base 1929)
concluded that increases in gross national product over the
period reflected equally an increase in resources and effic-
iency. Between 1954 and 1956, Pabricant6 and Kendrick7

developed a somewhat narrow definition of input with studies

5. Jacob Schmookler "The Changing Efficiency of the American
Economy®” RES XXIV (August 1952) p. 214-231

6. loc cit

7. op cit Kendrick however made assumptions which were
restrictive: (a) constant returns to scale in all industries
studied, and (b) use of available stock of capital without
any adjustment for capacity utilization - resulting in
the mixing up of short run and long run production
functions.
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at a highly aggregated level. This was achieved employing
a total input measure obtained by arithmetically aggregating
inputs using market shares as weights.

In 1957, Solow8 developed his general geometric model,
thus introducing a new concept and methodology. Despite
the fact that he d4id not use a Cobb-Douglas function, it is
generally agreed that his results would have been identical,
if he had. Solow's assumptions were fairly general - perfect
competition (factors consequently receiving their marginal
product), technical change was Hicks-neutral, and the production
function was linear and homogenous; further that there were %
no errors of measurement.

By 1961 the simple Cobb-Douglas function was being used
with geometric weights.9 From this point on, the Cobb-
Douglas function was modified to include a concept which
treats technical change as ‘'embodied' in new capital and
implies that capital is a vehicle of technical change%o Another
modification was to assume relative shares of factors constant
over time and measure embodied technical change without

using measures of capital.

8. Robert M. Solow "Technical Change and Aggregate Production
Function™ RES XXXIX (August 1957) p. 312-320

9. Evsey D. Domar "On the Measurement of Technological
Change™ E J LXX1 :284 (December 1961) p. 707-721

10. R.M. Solow "Investment and Technical Change” Mathematical
Methods in Social Sciences (Arrow et al) Stanford
University 1959 Stanford p. 89-104




Denisonll and Schultz12

sought to introduce ‘quality'’

of labour input (expressed as efficiency of the input and
measured by an index of education) and several other sources
of increases in productivity. The work by Grilichesl3 intro-
duced additional variables to estimate their role in explain-
ing productivity growth; he attempted to adjust inputs for
qualitative changes, use estimated production function
weights to aggregate inputs and made allowance for economies
of scale - estimated on the basis of cross-sectional data.
The widely held assumption of constant returns to scale

was finally dropped by Westfield14

in 1966, in the context
of embodied technical change.

Another attempt at using a modified version of the Cobb-
Douglas function is that of Sahotals who uses a covariance
(no interaction) matrix to differentiate variations in
levels of neutral efficiency combining cross-sectional data

with time-series data. Other attempts at using the more

11. Edward F. Denison The Sources of Economic Growth in
the United States and the Alternatives Before Us (Supple-
mentary Paper 13) Committee for Economic Development
1962 New York

12. T.W. Schultz "Investment in Human Capital” AER L1l
(March 1961) p. 1-17

13. Zvi Griliches "The Sources of Measured Productivity
Growth: US Agriculture 1940-1960" JPE LXX1 (August
1961) p. 311-346

14. Fred M. Westfield "Technical Change and Returns to Scale”
RES XLV11ll (November 1966) p. 411-432

15. Gian S. Sahota "An Analysis of the Causes of the Secular
Decline in the Relative Price of Fertilizer” Unpublished
PhD Dissertation, Department of Economics, University
of Chicago 1965 Chicago




general production functions will not be discussed here.
A fairly comprehensive discussion of these functions is
provided by Kurien.16
The literature identifies certain "dynamic forces"
of economic life which include technological progress,
accumulation of capital, entrepreneurial skills and abil-
ity and the organizational and changing institutional
pattern of the economy. In association with productivity
analysis as applied to the agricultural sector, we find
certain facets/aspects become highlighted as special or
additional problems. The major problems in the measurement
cf agricultural productivity are:
(A) The difficulties of measuring output due to:
(i) the length of the production process i.e. the number
of stages in the process. The criteria of 'length' of the
production process gives rise to a possible distinction
between total or gross agricultural output, net output

(output of domestic agricultural resources only) and net

16. John C. Kurien "Technical Change in US Manufacturing
Industries, 1947-64" Unpublished PhD Dissertation
Vanderbilt University 1967 Nashville p. 12-16 and
p. 22-46
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factor output.17 ¥

(ii) The ‘breadth' of the production process i.e. the number 3
of products that can simultaneously be taken into con-
sideration. This may be a single product, a section of
agriculture or the entire agricultural sector. Whereas
the output of a single product can be measured because

of homogenities, the output of more than one product cannot i

Total or gross output signifies the total amount of final
products. The concept of final product depends upon the
selected breadth of the sector. When considered separately
final products include addable products e.g. fodder used i
in the stock production sector. Yet ara ble products are 4
intermediate farm products when taken in the context of the *
total agricultural sector.

Net outEut signifies gross output less intermediate agri-

cultural products obtained from outside the domestic agri-

cultural sector. Imported non-agricultural intermediate

products like fertilizer are not excluded. Nor are the

industrial intermediate products originating in the domestic

economy. This concept of net output is not considered

very valuable for analytical purposes being only a variant

of total or gross output.

Net factor output signifies the result of production in the

relevant agricultural sector and deducts the whole amount

of products and services (both domestic and imported) used

in the agricultural sector but produced outside agriculture,

from the total or final product. This concept - actual

product of the agricultural sector itself - approximates

the concept of net value added used when calculating national

product. The selection of the concept of total or gross

output or its variant net output affects what is meant by

final product. For the single product the concept of total

output may be different, without deduction for that part

of the product used in its production e.g. seed. This is

connected with the measurement of yield, through the relation

of total output with a given input factor e.g. crop har-

. vested per acre, and is strictly s<peaking not a productivity

measure.



be measured in simple physical quantities.

(iii) The difficulty of coordinating the selected concept
of output with the corresponding input concept to give
real meaning to the productivity measurement.

In addition we have difficulties created when the product
contains an element of services, or when the production
unit makes or can produce different products with the same
equipment. The products are either alternative varying
widely in respective proportions or the products are simul-
taneous, in proportion variable within certain limits.
Further, the quality of product varies between production
units or the quality of product varies over time, either
abruptly or slowly over the years. Additional problems
arise due to differences of process, due to subcontracting,
integration, etc. The same final or end product may be
obtained despite diversity of processes. Differences arise
due to varying degree of integration between production
units, despite similar production processes. Also there
are differences due to respective purchases of semifinished
and non-agricultural inputs and due to semicontracting for
certain operations or subdivision of the processes between
different production units. Yet another source of diffi-
culty in this category is the varying degree of integration
from year to year.

Another problem is created in the measurement of pro-

ductivity on account of what is known as the 'index number'’
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problem. Physical gquantities are not guite independent

of the price component and are intimately connected to change
in productivity. The choice of weights is thus extremely
important, unless the price and quantity relatives.of both
output and input remain unaltered each price system will
provide different results for productivity comparisons
between regions and/or years.

’ Changes in consumer preferences and income distribution,
however caused, affect the relationship of prices of product.
Within a region, these changes in price relationships may
be small but are not negligible. Between regions, these
changes are significant. A steep rise in productivity of
a product will generate a relative fall in price, the
amounts produced and consumed will increase depending upon
price elasticity of ‘demand and vice versa. Products tend
to be valued at their marginal importance with prices
equal to costs at the point of equilibrium. This applies
equally to inputs or factors of production.

Yet another problem arises due to the periodicity of
agriculture. One element of this refers to the influences
of accidental and seasonal factors which generate supply
difficulties or affect variations in demand and include
strikes etc. Agriculture is an industry where both the
volume of production and productivity are liable to sudden
and large fluctuations. The other elemen€ refers to the

period of production or duration of ‘manufacturing’ process
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and the margin of error that occurs in the measurement of
agricultural production.

(B) The difficulties arising out of the definition of
input: 1. the extreme nonhomogenity of factors. In land
due to: (a) differences in soil, topsoil depth, fertility
and location; (b) proximity and availability of water or
irrigated and unirrigated land by source; (c) period of
settlement and length of cultivation; (d) type of tenure;

(e) size of holding or scale of operation, etc.

Agricultural land is treated as a separate input but
could@ quite properly be considered a special type of capital
item. The annual use of the constant stock of land capital
is the input flow from land -~ farming practices and good
husbandry maintain the physical condition of the land at
the same level.

One method for calculating amount of land is to calculate
the value of the total net lané rents, directly or indirectly
as the interest of the total capital value in constant
prices of all agricultural land. The net land rents include
certain other non capital input elements e.g. services
rendered by the numerous public drainage, sewage, irrigation,
transportation and other systems servicing the agricultural
sector. Changes in the price component of the agricultural
value of land over a period of time are eliminated to yield
the comparative volumes of the input of land use. This

method is adopted in the United States.18

18. United States Department of Agriculture Technical
Bulletin 1238 USDA Washington p. 44
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In labour through: (a) differences in skills and
experience; (b) sex and age distribution; (c) family or
dependents' participation at varying minimum and maximum
ages or earmners and dependents; (d) classes of personal
(family) and hired labour; (e) whether all agricultural
labour should be included, or merely labour actually used,
or yet again a "reasonable" amount of labour,19 etc.

For capital: (a) arising out of the fact that buildings,
machinery and implements, tools and agricultural land
together with livestock are all special/separate types of
capital items. Capital input comprises two annual flows
emanating from the stock of capital: (i) annual consumption
of the item concerned, whole or partial, and (ii) use of
all capital invested in the productive factors and work
in progress during the process of production. The former
is like an intermediate product ané to estimate the input
flow one would need to know the original amount of the
capital goods and to find a key for allocating the total
amount over the period according to how it was used.

Improvements made by good farming technigues and
husbandry generally maintain physical condition of the land,
eliminating input flow as a real consumption of actual land;

(b) vast differences in types ané nature of capital eguipment,

19. Concept of Productivity Measurement in Agriculture on
a Mational Scale OECD 1961 Paris p. 17
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largely because of their purely local fabrication based

on traditional design, materials and customary use; (c)
arising out of the component elements - consumption of the
capital item wholly or partly during a specified production
period and use of all investment in factors and work in
progress.

The cost of capital includes the full price of ferti-
lizer, pesticides, etc., and that part of the equipment,
tools and machinery that is consumed during the accounting
period, the cost of maintenance, upkeep and operation
plus the interest on the money used to acquire the non-
durables and the durable means of production. Thus the concept
capital signifies the total purchasing power invested in
production (in the sense of a factor or resource). The input
of this factor is just a service, compensated for with
interest only and not depreciation.

Both component elements constitute annual flows.

In the case of management: (a) arising out of the
nature of the 'general state of the arts'. The relation
between managerial skills, decision making and entrepreneur-
ship is affected by extreme immobilities partly due to
illiteracy and lack of information. The general level of
education, awareness of andé proximity of alternatives, the
effectiveness of mass media, technical information, services
and facilities available all influence the state of the

arts; (b) affected by the extent of direct contact with
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market forces, i.e. product price response; (c) arising
out of the degree of subsistence i.e. the amount of surplus
left over direct farm subsistence needs. The preponderantly
small i.e. limited scale fé}ms, have little or no oppor-
tunity to increase size and reduce their numbers, consequently
there is a weak product price pressure to cause alterations;
(d) affected by the kind oflfenure and permanency of holdings,
etc.

2. The specific or unique factor mix, which is caused
by the local combination of inputs factors which vary, as
we have seen, in both quality and nature. These uniqgue
input combinations are found not only in different regions,
but within regions and/or adjoining farms.

(C) The difficulties arising out of attitudes. A
very intimate relation exists between the stage of develop-
ment20 of any country with the attitudes towards and the
ability to effect change. Part of the picture related to
inherited or historical factors that have shaped and conditioned
institutions, expectations and patterns of behaviour. Their
influence permeates the very structure of the economy. Under
near-subsistence conditions, fear of worsening conditions

creates an atmosphere of resistance to changes and certain

20. There are other difficulties associated with general
economic policy, with special reference to growth and
agriculture; these will not be considered here. Some of
these are: (i) historical or inherited factors, (ii)
unigue or special situation of the country or region, (iii)
status of underdeveloped region - declining, deterior-
ation and stagnation of economy, and (iv) basic strategy
adopted and the phased shortrun project adopteéd, etc.
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institutionalised forms of self insurance (e.g. joint family)
against shocks of all kinds. Often the institutional and
organisational patterns reinforce the status quo, and aim
merely at keeping the system surviving/functioning without

any reference to efficiency and productivity. Part again
relates to the mass or general participation and effectiveness
of general economic policy, in that it seeks to both resolve
the problem of growth and development and also affect the
agricultural sector. This it can do only if the basic
strategy, however longterm, expresses itself clearly through
the public policy measures in a clear, unambiguous and con-
fident manner. Yet part again deals with the techniques

and procedureé chosen and the legislative, freemarket and other
pressures or mechanisms adopted to effect the phased process
of changes outlined in the strategy.

Recurrent phrases like "pathetic contentment"; "“apathy"
and "weary fatalism" are found in the literature dealing
with the agriculturist in underdeveloped economies, to
describe his attitudes. The solution to the problem of a
backward agriculture and low productivity may lie in the
direction of setting up a system of rewards, incentives and
assistance opening opportunities of alternate employments;
effecting coherent, radical and uniform reforms; and pro-

viding an accelerated investment in social and human capital

which alters the intersectoral distribution and combination

of factors.
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(D) Another set of difficulties arise as a consequence
of the nature, process and period of production. 1. Even
within the limited local alternatives {[possible]}, total out-
put varies a great deal over the period of production. (a) In

some measure there is involuntary product substitution, due

either to failure or delay in precipitation. Another crop

is planted and if the rains fail, yet another.21 And so on
until the only possible crop is some form of animal fodder.
The dogged attempts to plant another crop is a form of
insurance; the crop has to be cleared in time for the next,
and so the period of maturation ané harvesting, etc., must be
over so as to take timely advantage of precipitation. Farmers i
cannot afford just one crop, however good the "expectations."
As a conseguence the specific output we are interested in i
may vary very sharply. (b) Another form of insurance intro-
duced by the agriculturist, is the practice of planting

double or multiple crops. In this manner, the farmer attempts
to simultaneously enrich the soil and also obtain some degree
of insurance against losses. Another interesting feature ;
of this and similar practices is that because the different ’
components of the crop mixtures mature at different times,

there is a phased availability of food and/or cash crops:

and in addition a portion of the land under cultivation

can be fallow for a short period at least. It may be noted,

21. For information on (a) period of production, (b) sub-
stitutable crops and crop mixtures see the following
chapter.
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however, that this introduces the element of time. [timing]

2. - Due to the combination of duration of production,

e s

scale of operation, limited choice of alternative techniques,22

immobilities due to intermediaries, etc., there is a cushion-

ing effect on market forces [which in any case alter whilst
the product is already under production] affecting both

product and factors. There are, consequently significant

time-lags in the process of adjustment to disturbance.
3. Under semisubsistence farming conditions, the
maximisation principle is largely inoperative. Whether
the margin over cost is measured in/ghysical or monetary
Tg Lo £

terms, a factor already mentioned reoccurs here; the element

of inelasticity. This is due to the fact that, whatever be

the condition of the market and the size of output, a certain
minimum of the output [of food] is for domestic consumption.

4. Part of the problem of weather in relation to the
nature, process and period of production has been dealt with
in another section.

The {[last] section above, dealing with the special
difficulties in measuring agricultural productivity was
intended to serve as some kind of guideline in adopting the
measure of productivity best suited to our particular needs.

Earlier, the discussion indicated two broad categories of

22. On limited choice of alternative techniques see
A.V. Bhuleshkar "Productivity and Technical Change;
A theoretical Analysis"™ Productivitv Vol VI No. 2&3
National Productivity Council 1965 New Delhi
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possible measurements; the first dealing with specific
measures, the second with comprehensive measures or ratios.

It was suggested that partial measures did not permit accurate
measurement of changes in efficiency; whilst they could
~sometimes permit an indication of basic trends. Consequently
the comprehensive ratio was accepted as being more suitable.

Among the more prominent features of the Indian economy
may be listed her largely traditional agriculture with a
record of low productivity in agricultural production. India's
large population creates a gigantic food grain requirement,
which apparently cannot be met wholly from domestic production.
Expenditures on imported food grains have cut deep into
the nation's foreign exchange earnings and potential resources.
The problem is becoming progressively more acut and the
authorities are faced with the prospect of spending a larger
proportion of future foreign exchange resoﬁrces on import-
ing food.

Investment programs have haé to be amended, in many
cases cutting back on programs with foreign exchange in-
volvement. Projects and programs, sometimes already in
operatiqn, have had to be postponed or terminated due to
shortages in investment resources. ' -

On the side of supply, efforts are keing mace to enlarge
the existing vast land areas devoted to food production.
Efforts are being made to introduce and extené the use of
fertilizers, water andé soil conservation schemes; to extend
methods of irrigation ané introduce improved implements,
improved seed varieties ané measures against insects, pests

ané plant diseases.
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In some limited measure these efforts are proving
successful. Despite adaptation in crop plants and different
forms of tillage and the use of manures and fertilizers

to compensate for soil conditions, agricultural production

remains both variable andé hazardous on account of fluctuations
in weather. It must, however, be remembered that there is
a limit to the amount of cultivated and cultivable land that

can be turned over to food production. A large sector of

industry depends on non food commercial crops and some of
these crops constitute valuable foreign exchange earners. 5
Oon the side of demand, efforts are being made to restrain
population growth mainly through birth control, and to a lesser
extent by changed consumption habits.
These efforts may be less than effective on two counts.
One, the question of population restriction is effective
only in the longrun. During the interim the guestion of food ;
is not resolved, nor is the question of larger food intakes
and improved nutritional standards. In any case the main
issue is obscured by viewing the problem through a population-
biassed viewpoint. The sharply falling deathrate and longer

and longer life expectancy, both due to medical advances
I3

“;.'-.-’ e _ 7 r

and improvements in preventative medicine, has created a
temporary, but nevertheless serious, population imbalance.
Perhaps a satisfactory solution to the problem lies in
radically altered consumer preferences and habits. This

alteration of consumer preferences is unlikely without the
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existence of a better understanding of the resources avail-
able to agficulture and their possible reallocation. In any
case, the alteration of consumer preferences, like population
restriction, is possible only in the long term.

Approximately three-quarters of the total cultivated
land in India is under food crops. The major food crops are
wheat and rice which take up ten per cent and twenty-two
per cent of the cropped area respectively. The importance of
these two crops cannot be overstressed. The choice of wheat
was inevitable since I have firsthand knowledge of the wheat
producing areas and some direct knowledge of wheat production.

Particularly in the northern half of India, ssheat is a
major staple. In recent years, wheat has grown in importance
as a major cereal grain on account of the fact that its
consumption is regarded as being superior to the minor cereals,
coarser grains and maize. The wheat "industry”", if it may be
so called, is a relatively large segment of foodgrain agriculture.
The Indian wheat crop occupies some 10 per cent of the total
cultivated area, of which less than one-third is irrigated.
In domestic terms this adds up to approximately 12 million tons
of wheat produced on some 33 million acres; in international

terms India produces some 4.3 per cent of the world's wheat.23

23, Statistical Handbook Central Statistical Organisation,
Government of India: 1964 New Delhi
Wheat 1963-64: 1India 4.3%; USSR 26.9%: USA 12.4%; Canada 7.9%;
France 4.1%; Turkey 4.0%; Australia 3.6%;
and Italy 3.2%; Other parts of the world 33.6%
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In India, as most everywhere else, efforts are being made
to introduce and extend the use of fertilizers; water and soil
conservation schemes; extend methods of irrigation; and intro-
duce improved implements; improved seed varieties and measures
against insects, pests and plant diseases. In some limited
measure these efforts‘are proving successful. Despite adapt-
ation in crop plants and different forms of tillage and the
use of manures and fertilisers to compensate for soil con-
ditions, agricultural production remains both variable and
hazardous on account of fluctuations in weather.

The choice of major wheat growing.regions in India was
facilitated by the index provided in the percentage distri-
bution. of area under wheat to the area under all cereals and
millets. The area under wheat as a percentage of total
cropped area was yet another means of highlighting the major
wheat growing regions;24 and confirms the choice indicated
by the previous method. In alphaketical order these are:

(i) Bihar; (ii) Gujarat and Maharashtra; (iii) Himachal

24, The area under wheat in each State is indicated as a
percentage of the total croppec area. In addition, the
position of the State is indicated as a percentage of the
all-India total cropped area.

Area as percentage of total cropped area

Punjab India Maharashtra India Bihar India
20.7 7.6 4.4 8.2 not available
Rajasthan India tadhya Pradesh India
9.8 9.1 3.0 22.6
Himachal Pradesh India West Bengal India
31.3 10.3 necligible
Gujarat India Orissa India
4.7 8.2 0.1 negligible
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Pradesh; (iv) Madhya Pradesh; (v) Punjab; (vi) Rajasthan,

and (vii) Uttar Pradesh. However, for the kind of analysis
attempted, data availability restricts the study to Punjab,
Uttar Pradesh, Gujarat and Maharashtra (Bombay) and Macdhya

Pradesh.
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Measurement of Agricultural Productivity

The concept "productivity", until quite recently was
vague.1 This confusion was probably because: (1) the rate
of productivity change 1s not a fixed quantity over time,
(11) usage of the term productivity varied among different
people, and (1i1) statistical data and techniques were
deficient. In addition...."productivity affects costs,
prices, profits, employment and 1nvestment...."f therefore,
it 4s not surprising that confusion persisted. It is also
increasingly accepted that the issue of productivity is
vastly complicated as it embraces "a host of very complex
problems,.,...behind productivity lie all the dynamic forces
of economic life: technical progress, accumulation, enter-
prise, and the institutional pattern of society."

By the early 1950's productivity came to be regardﬁd

as a result or effect instead of a faculty or aptitude.

1. For a brief discussion of possible origin and develop-
ment see: K. Sangha Productivity and Economic Growth
Asia 1964 London

E.O0. Saxon "Special Concepts of Productivity"™ Productivit
Vol VI Nos 2&3 National Productivity Council 1985DelhIl

J.W. Kendrick Productivity Trends in the United States
Princeton University Press 1961 Princeton pP. 3 - 0

2. In this connection see S. Fabricant Basic Pacts on
Productivity Ch e NBER 1959 Princeton. PFabricant
malntains that errors persist through: "...failure to
specify methods and the assumptions involved in the
process of estimation or failure to understand them..." p. 1

3. W.E.G. Salter Productivity and Technical Change Cambridge
University Press 1960 CamErIage

i, Even though "productivity is the measure of means" it 1is
not synonymous with efficiency. Efficiency 1is "aptitude,
capacity; in a word the quality of the entity whose pro-

ductivity 1s under review..." Productivity Measurement Vol 1:
Concepts European Productivity KEency GEEE 1355 Paris P. 26
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Productivity began to be generally conceived as a relation-
ship between product and factors; between output and inputs.
Various statements in this relationship were put forward
and refined; and solutions offered to the problems posed
by the definition and measurement of outputs and inputs.
The concept admits different kinds of productivity according
to whether the measure included one or another of several
input factors e.g. labour, caplital, power, raw materials,
management, etc.6

The most widely applied definition of productivity,
and perhaps the most authoritative states: "Productivity
may be defined as a relation, frequently expressed in ratio
form, between output and associated inputs in real terms...
The advantage of relating real product to the sum of asso-
ciated factor inputs, human and material, is that the
ratios indicate the net saving of inputs, and thus the change
in productive efficiency; ratios of real product to single

classes of input, such as labour, reflect the effect of

5. cf. Measurement of Productivity Report by a group.of
European Experts OEEC 1952 Paris

Also see Productivity Measurement Vol I: Concepts
(op. cit.) an -.W. Kendric oductivity ends (op. cit.)

6. cf. E.0O., Saxon "Special Concepts of Productivity"
S.Fabricant Basic Facts on Productivity Change
I. Siegel Productivity Measurement Vol I1: Concepts
p 44
The earliest statement of which I am aware, was inm: ~
the French note and by Dr. Laszlo Rostas, between

1952-55,reprinted in Measurement of Productivity
OEEC.1955 Paris
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factor substitutions as well."7

Within the broad limits of the definition are included
some special concepts of productivity: (a) gross and net
productivity, (b) total and partial productivity, and (c)
average and marginal productivity, 8 The concept selected
for application depends in large measure upon the use to
which the analysis is intended. For our purposes it is.
necessary only to examine in detail the concept that distin-
guishes between total and partial measures of productivity
(and average and marginal measures.)

The best known partial productivity ratios are (i)
productivity of labour, (ii) productivity of capital, (iii)
productivity of land and (iv) productivity of various inter-
mediate goods taken singly e.g. machinery, fertilizer or in
a group. Here the total output or specific products are

related to individual inputs (or groups of inputs) separately.

7. J.W. Kendrick Output and Productivity Measurement
NBER 1961 Princeton Introduction p 4 also S. Fabricant
Basic Facts on Productivity Change NBER 1959 Princeton

8. E.O. Saxon "Special Concepts of Productivity” Productivity
Vol VI Nos 2&3 National Productivity Council 1965
Delhi p 226-235. Also see French note in Measurement
of Productivity OEEC 1955 Paris and Productivity
Measurement Vol 1 : Concepts
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Within certain narrow limitations9 these partial ratios

provide useful tools for analysis. The partial productivity

concept is also known as the specific or single or unifactor

measure. The reasons why this concept was ever adopted are

simple: information on all resources is not readily acces-

sible, problems of statistical and computational techniques

thereby limiting the analysis, and finally the belief that

Dr. Laszlo Rostas "Alternative Productivity Concepts"”
who suggests that the partial measure ignores inter-
dependence in the economy. Rostas regards "productivity
of labour as a measurement of general efficiency in the
use of labour and not of the effort of labour....
productivity of labour is influenced by the combined
effect of a large number of separate though Interrelated
factors such as the amount and quality of equipment
employed, technical improvements, managerial efficiency,
the flow of materials and components, the relative
contributions of units at different levels of efficiency
as well as the skill and effort of workers.” Some of
these factors are measurable, others not vet. The
weight of the argument is to show that the ceteris
paribus argument begs the question and attempts to
separate/isolate a given input artificially - with
inaccurate results. Productivity Measurement Vol

1 : Concepts OEEC/EPA 1955 Paris p 31-42

S. Fabricant in Basic Facts on Productivity Change

NBER 1959 New York suggests "....an adequate index of
productivity for a single resource requires not only
eliminating the effect of changes in other resources,
but also somehow taking into account the relative
importance of the resource." (p. 6) Only when the
resources are of small importance or moved in the same
direction (in identical proportion) would an index

of productivity based on a single resource provide a
reasonably accurate measure. See €.0. Saxon "Special
Concepts of Procductivity" Productivity Vol VI and

J.W. Kendrick Output Input and Productivity Measurement
NBER Princeton 1961 also Concepts of Productivity
Measurement in Agriculture on a National Scale Docu-
mentation 1n Food and Agriculture No. 57 OECD 1962
Paris
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all inputs could be converted to a single homogenous unit.
This discussion is extraneous to the subject at hand. My
view is that all partial measures depend mostly upon these
reasons.

In total productivity measures, output is related to
a combination of inputs, either excluding or including inter-
mediate products. The concept is alternately known as
aggregate or general or comprehensive or multifactor pro-
ductivity. These measures have evolved partly in an attempt
to resolve the question of bias originating from the partial
measures and partly because the concept 6f specific factor
préductivity has presented difficulties in measurements.

Even though specific productivity measures were....
"conceived with reference to any or all input factors, prac-
tical choice is limited to the significantly measurable
ones. Measurability is hampered by the extreme hetero-
genity of a definable input class, either within a given

10 the paucity of data/information

period or over time."
on other resources, the view that labour was both a factor
of production and the ultimate consumer, and possibly some
vestigial variant of the labour theory of value expected

to yield a "per capita”" measure led to the adoption of the

productivity of labour concept.

10. Irving H. Siegel Productivity Measurement Vol 1l: Concepts
OEEC/EPA 1955 Paris p 44. Siegel supports this view
with instanceg (i) essence of entrepreneurship cannot
be measureé in manhours; (ii) volume of capital inhibits
routine deflation; (iii) longterm price of land does not
reckon with intangibles - air, sunshine, rain, etc.
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The productivity of labour measure was selected mainly
on the grounds of expediency - practical measurability -
and based on a crude summation in manhours of diverse skills,
background and experience but ignoring sex distribution
and age distribution. The simple productivity measure
relating physical output to labour input per manhour suffers

from an upward bias,ll

not only from the omission of capi-
tal and other inputs but also from the neglect of changes
in composition and/br quality of labour - more particularly
so if it is used as a measure of efficiency. Apart from
the obvious exclusion of other factors, the conversion

into manhours views proprietors, supervisory, clerical

and wage—-earner categories as homogenous; besides neglect-
ing "intangibles" such as different skills, levels of
education and lengths of experience.

The index of output per weighted manhour includes
some intangibles "....forms of human capital that aid in
production and contribute to wage salary differentials..."”
but continues to treat labour as homogenous. The general
or broad level of education is not taken into account,
nor indeed are the components of the imperfectly measured
differentials in wages and salaries viz cost of 1living,
uncompleted adjustments to changes in demand and supply,

trade unions ané several noneconomic factors. The index

11. S. Fabricant Basic Facts on Productivity Change NBER
1959 Princeton p 6-9
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consequently, indicates only direction, but not the degree

of bias arising from the neglect of changes in quality of

labour.

The situation with respect to capital - tangible capital -

seems to be only slightly better.

to the treatment of depreciation,

The problems in relation

allowance for changes

in price, and the proper valuation of land, among others,

make the index of output per weighted unit of tangible capital

a very imperfect measure of productivity. As mentioned

earlier, there is as yet no satisfactory formulation for

entrepreneurship. Nor indeed, do land and natural re-

sources generally lend themselves to treatment in such

a measure.

It is generally agreed that

«+..much of the signifi-

cance of such measurements [productivity of labour] consists

in relating production to that factor in production which

is least likely to change but which is probably most sen-

sitive to any alteration in any other factor. Experience

shows that most improvements are due, not to greater effort

12. Additional attributes that are seen to complicate
measurement with respect to capital are the longevity,
impermanence, technological change, source of future
income, and limited second hand market consicderations
cf. Evsey Domar Output, Input & Productivity Measure-

ment NBER 1961 Princeton p 61

This, however, constitutes an actual problem ané not

a conceptual one. The proklem of measurement remains com-
plex due to the fact that capital input or flow of
services, on account of the processing of the procduction
factors (not the actual consumption), is a minor

input factor; vet alteration in net factor productivity
may be due largely to substitution of labour inputs by

other inputs. In any case,
much in agriculture.

this measure is not usec very

12
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on the part of the workman, but to an efficient use of this

effort and to other factors in production. Human effort

is always limited in itself, but the influence of the

organisation of work, the guality of materials, the type of

product manufactured, the capital invested, management

efficiency, etc,, is a deciding factor in the level of

productivity."13
Whereas it may be admitted that labour productivity,

by and large measures not merely labour productivity, -and has

a tendency to take in intermediate productionl4

it is still
not, especially in the shortrun".... a good proxy for all
factor productivity." The time element is stressed as yet
another significant factor, complicating the construction
and use of partial measures.15
Attempts have been made to combine indices of input;
and while they have proved superior to the specific measures,
they too are subject to problems faced when constructing

separate indices, and the additional one of converting/

reducing the inputs to comparable units. The efforts to

13. Measurement of Productivity OEEC 1952 Paris p 16-17
It should be noted that scale of operations would form
part of this.

14. Irving H. Siegel Productivity Measurement Vol 1: Concepts
OEEC/EPA 1955 Paris includes in intermediate production -
(a) Creation of institutions (b) knowledge (c) nonhuman
energy (d) processed material (e) capital instruments,
etc. p 45

15. Output, Input ané Productivity Measurement NBER 1961
Princeton cf articles by 1.H. Siegel "On the Design
of Consistent Output and Input Indexes for Productivity
Measurement: with comment by Carl F. Christ p 23-46
and George J. Stigler "Economic Problems in Measuring
Changes in Productivity: with comments by R.M. Solow,
M.A. Copeland, R.L. Richman and R. Eisner p 46-78
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convert all inputs into manhours were found impracticable and i
difficult of 1nterpretation.16 The suggestion that inputs :
be converted into money terms is complicated by including
factors which determine prices and yields a better measure ;
of profitability than productivity.l7

It has been suggestedl8 that the development of pro-
ductivity analysis was delayed on account of the lack of
clarity in respect of the aim, purpose or objective of pro-
ductivity measurement. Nowadays, a certain amount 6f
caution i1s excercised in preparing indices for specific

/.

purposes;‘and it 1is considered advisable to disabuse innoc-
ents regarding any general purpose productivity 1ndex.19
Indeed, there is a desire to confine indices to measurement
of technological change by segregating effects of changing
scale, rates of utilisation of capacity and changing in-
herent quality of 1nputs.20

The productivity of labour measure must "not be inter-
preted causally. It reflects, at best, the average product-

ivity - not the marginal productivity - of labour in a

16. Productivity Measurement Vol l: Concepts OEEC/EPA-
1955 Paris cf summary of findings sectlons 5-13 p 12-14
17. Dr. Laszlo Rostas "Alternative Productivity Concepts™
Productivity Measurement Vol 1l: Concepts p 32

18, 1bid p 31-32

19. Output, Input and Productivity Measurement NBER 1961
Princeton.. Comment by J.W.Kendrick in Introduction to
article by Irving H. Siegel "On the Design of Consistent
Output and Input Indexes for Productivity Measurement" p 7

20, Output Input and Productivity Measurement. Comment by
J.W.Reﬁarch ITn Introduction to article by George S.Stigler

"Economic Problems in Measuring Changes in Productivity” p 8
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sequence of static equilibrium situations”, The concept
of marginal productivity refers to the change in output
assoclated with a small change in one input, given that all
other inputs are constant. It 1s also possible to calculate
the marginal productivity ef all inputs, taken together,
assuming that these are applied in constant proportions.
"Comparisons of change in total output, with changes in one
or more assoclated inputs between two points of time, pre-
serve something of the concept of marginal productivity in
that the average productivity of some increment or decrement
in inputs may be examined. Such comparisons are often more
meaningful than average ratios calculated from total output
and input data, although 1£ is usually not possible to sep-
arate increases in production due and higher productivity
from these, due to changes in scale of operations which
result from increased 1nputs."2u
The widespread use of productivity analysis has grad-
ually brought home the realization that.%....one should

25
never ;ook at average products, only at marginal products.”

23. Irving H. Siegel "Aspects of Productivity Measurement
& Meaning®™ Productivity Measurement Vol l1l: Concepts
European Productivity *gency OEEC 13955 Paris

24, E.O. Saxon "Special Concepts of Productivity"®™ Product-

ivity Vol VI Noz2é€3National Productivity Counci
New Eelhi

25. G.S. Stigler "Economic Problems in Measuring Changes

in Productivity"™ Output, Input and Productivity Meas-
urement NBER 1961 Prgncefon P‘HT
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Further, that the "...equality of marginal products in all
uses 1s a necessary condition for efficient use of a resource,
and hence for maximum output. The marginal productivities
are basic elements of the demands for productive factors.
The dependence of marginal products on the quantities of
and proportions among productive factors 1s the essence of
the theory of production. These are 1illustrative statements
of £he fundamental role of marginal products in economic
analysis., So far as I know, not a single theoretical state-
ment of any importance can be made about the average products
of ractors."?s

The discussion of productivity relating output to units
of input seems charged with responsibility regardiné the
definition of output and input, in accordance with the pro-
duction process, whose productivity it is intended to mea-
sure. There are "....two focuses of the conceptual problem
of productivity measurement...4§n§}...is the weighting of
output and input items, this problem being created by thé
need to sum physically dissimilar components of the output
on the one hand and of the input on the other in a maanner
which is meaningful for the purpose....The other focus is
the problem of choosing that relationship between output

and input which is most suitable for the greatest number

26. G.S. Stigler "Economic Problems in Measuring Changes
in Productivity™ (Ibid) p 47-148
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27
of purposes or a particular purpose.,"

Now, the different purposes envisaged by the measurement,
together with the avallablility of data and the relative ease
or difficulty of measurement create divergences in the mean-
ing of both output and input concepts. Three classifications
have been suggested;28 the first two relate to the "length"
and "breadth", the dimensions or extent of the production
process, the third to.total and partial measure.

With the development or extension of appropriate stat-
istical and computational techniques, there have been attempts
at application of the theory of production. Production
functions, such as the Cobb-=Douglas function permit estima-~
tions of mathematical functions of production and inputs,
facilitating the approximation of marginal productivity.

The usual productivity measures are different from measures
derived from econometric equations involving production and
one or more elements of input in that they refer to average

29
rather than marginal productivity in each period.

27. Concepts of Productivit% Measurement in Agriculture on
a Natural Scale O 1962 Paris p 11
AIso S. Fabricant Basic Facts on Productivity Change
NBER 1959 Princeton "The technical cholces, often not
specified, of how output and inputs are defined; how
weights of components are determined, and how data are
selected/estimated and from what source; are extremely
important in productivity analysis.

28. Concepts of Productivity Measurement in Agriculture on a
NatTonal Scale OECD 1955 Paris p 11-13

29, Trving H. Slegel "Aspects of Productivity Measurement

& Meaning" Productivity Measurement Vol I: Concepts

OEEC 1955 Paris p B6. And cf. K.E.Boulding Jutput, In-
ut and Productivity Measurement NBER 1961 Princeton
E§ome Difficulties *n the Concept of Economic Input”

with comment by M. Kemp p 331-345. Also E.H. Phelps-Brown

"The Meaning of the Fitted Cobb-Douglas Function" QJE
71:1957 p 586-560
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Average products have been used as measures of effic-
iency in the absence of marginal productivity data but they
have no strict validity as indicators of resource-use
efficiency. After all the average product of each resource
is merely the mean output divided by the mean input of the
resource - this average includes the product returns of all
inputs, not merely the product attributable to the single
resource., On the other hand the marginal product indicates
the expected increase in output attributable to the use of
an additional unit of the single resource, other inputs
remaining unchanged. The marginal productivity of any input
depends in general terms upon (i) the quantity already in
use and (i1i) the quantities of other inputs with which it
is combined.

The calculation of marginal productivity requires the
establishment of appropriate production functions; this in
turn depends on comprehensive and reliable input data.30
Heady suggest that "Formal estimation of production functions
allows derivation of marginal products, physical maxima or
minima....(of possible factor substitution)....isoquants,
isoclines, marginal rates of substitution, and other quanti-

ties which canmnot be computed from experiments which imply

30, Zvi Griliches "The Sources of Measured Productivity
Growth; US Agriculture 1949-60" JPE 1963 p 331-346
cf especially p 333-335 and "Estimates of the Aggre-
gate Agricultural Production Punction from Cross-Section-
al Data®™ JPE 45:II 1963 p 419-421. Also W.E.G. Salter

Productivity and Technical Change CUP 1960 Cambridge
p 13-26
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discrete data and which are designed only to provide point
estimates., From this standpoint, production function ana-
lysis has scientific as well as practical importance....
[whilst]....not a substitute for budgeting, programming
or planning procedures....it does have some uses in assess-
ing resource productivity in agriculture...."31

Consequently, literature on the estimation of production
functions, dwells at length on the importance of the speci-
fication and selections of procedures.32

The appropriateness of the function fitted depends on
a large number of considerationsand includes the use or
purpose of the estimation, whether the function fitted has
any similarity with the real or objective production function
and any special reasons for including variables in the
research design. These classifications enable the (threeway)

distinction of the output with reference to agriculture

as: (a) total or gross output; (b) net factor output and

31. E.0.Heady and J.L.Dillon Agricultural Production Func-
tions Iowa State 1961 Ames p 5-0

32. E.0.Heady and J.L. Dillon op.cit. p 102-107 and p 195-
217 also see E.O.Heady "Technical Considerations in
Estimating Production Functions”™ Resource Productivit

Returns to Scale and Farm Size Iowa ate es p 3-15

33. M, Ezekiel and K.A.Fox Methods of Correlation and Ré-

ression Analysis John ey ew York
345, §.E.Reﬁil_rhc oductivity Trends in the US NBER 1961
Princeton see comments on rea nput a output p 6-8
and p 20~-56. Also see J.W.Kendrick Productivity Trends:
Cagital and Labour Occasional Paper 53 NBER PFinceton
p 8-0
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(c) net output or output of domestic agricultural resources.
Corresponding to the distinctions of output we have in
inputs (a) total input of farm factors and intermediate
products and (b) net factor input.

The problem of 1dent1fication35 is important in the
context of the Cobb-Douglas function employed. For example,
if the amount of capital used by an industry and the amount
of labour employed influence the prices of these inputs,
then the simple least-squares estimates will not yield un-~:
biased estimates of the parameters. The 1issue of identifi-
cation thus extends to various assumptions abodt input
markets, output markets and the use of alternative measures
of inputs and outputs. Clearly ones ability to estimate
the production function would depend on the specification
of the nature of the system.

Thus, the rank and order conditions of identification
will be satisfied if the subsystem selected conforms to
certain conditions and specifications of the overall system.
Some decision is necessary to delimit the implicit assump-
‘tions to conform to the overall system; even though no
subsystem can be truly satisfactory.

A subsystem which includes the product market and supply
functions of the inputs in addition:to the production func-

tions may require various assumptions to permit estimation.

35. Pranklin M, Fisher The Identification Problem in Econ-
omics McGraw Hill 1366 New York
Alsc see Marc Nerlove Estimation and Identification
of Cobb-Douglas Production Punctlions North Holliand
13565 IEsEngam
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Por example, the assumption of perfect competition in factor
markets making factor demand by the industry ineffectual
~in regard to price, enables the use of a single equation,
which 1s considered adequate for identification. Since
inputs are defined broadly as labour and capital, an assump-
tion of perfect competition is consequently not too un-
realistic.,

Some of the most widely known and used comprehensive
measures are given below., It may be found convenient to
use certain symbols corresponding with already established
concepts., An 0.,E.C.D. study Concepts of Productivity Measure-

36
ment in Agriculture on a National Scale has done this,

and uses the following symbols,

(a) INPUT CATEGORIES L Labour original
c Capital (interest only) factors of
S Land production
M Intermediate Products,

including Capital con-

sumption or depreciation

Capital depreciations
(b) OUTPUT ¢ Total output of final
agricultural products
0rn Net factor output of the
agricultural sector

(c) AGRICULTURAL AND Fé Total net factor?) Subscript (a)

NON AGRICULTURAL input used for a-
SECTOR gricultural
Fa = La+ca+sa sector

36. Concepts of Productivity Measurement in Agriculture
on a National Scale Documentation in Food & Agriculture
aris p 30
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Fb = Sum of inputs of non Subscript (b)
agricultural sector is used for
non agricultural
Fb = Lb+cb+sb; the sector

Output is M

In addition, the numerical subscripts are used to indicate

time perliods 1 and 2.

Thus we have, "three concepts of Comprehensive product-

ivity measure....defined with the help of symbols:

Relating to the agricultural sector onlyf

A,
3
(1) Total Productivity (Pt)
(11) Net factor productivity (an)
37.

Not to be confused with Kendrick's gross total factor
productivity. It would appear that Kendrick uses a
concept of gross factor productivity in a special sense.
Whilst his definitions of gross and net output are
identical, and that of net input (including capital
depreciation) is similar in principle; when it comes

to total or gross input he deviates from the accepted
usage. Jutput is not made to correspond with inputs.
Kendrick relates both total and net output to net fac-
tor input to obtain a formula expressed in symbols:

O . Os . _
Fap *Dy  Farady [DM NCLubmg CAPwAL Co&-\mw]

Oce Oe:s .
L emmmmm—— EﬂM ExCLubing Cafywes mmu]

see Concepts of Productivity Measurement in Agriculture
on a National Scale OECD 1961 Paris p 35-36
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B. Relating to all the consolidated production stages in-
cluding the agricultural sector
(111) Consolidated total productivity (CP)

By using the....symbols we can define our three productivity

measures as follows:

» R . O : Ok

F;g < M‘ F;g + ”, .
Q-b eﬂ = Ot"' M‘- : oel - M‘ = O‘ﬂg o o‘ﬁn

F"‘ Fa, Fag ' Fa,
v ) o
iy C/ = Oa . & = Osa M o
. = 2 2 . ™M
qu <+ Fb& F“ * Fhl p F —s'lL:—-—l
ag + F ﬁ*

An advantage of such measures of productivity is that they
permit the comparison of different situations, "....(a)
for practically identical products or groups of products:
(1) over time (at least two periods)
(11) geographically (at least two regions or countries)
(b) for nonidentical products or groups of products."39
With careful definitions of the concept of product-
ivity, it 1is possible to 1limit the margin of uncertainty

quite markedly; also by clearly understanding the purpose

38. Ibid p 31

39. Concepts of Measurement of Productivity in Agriculture
on a ﬁaEIoEEI Scale OECD 1961 Parls p 52
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for which the measure is intended, it 1s possible to elim-
inate certain bias which might otherwise distort the re-
sults.uo

Yet another extremely important/significant element is
the choice of :eights and the set of prices selected for
the weighting. * [Not merely the choice of representative
base years, but also the shift in relative price relation-
ships of input items are of extreme significance to the
results.]

The purpose of weighting is to aggregate the various
input and output items, particularly where nonidentical
goods or groups of products are involved. The widely diff-
erent price structure over the two periods and/or possibly
in two different locations has to be kept in mind.

Generally speaking, the economic significance of the
components of both output and input are most adequately
measured by their price per unit - strictly speaking this
is true only under conditions of perfect competition in
both product and factor markets. Prices of agricultural
products are influenced to varying degree by public policy
and may therefore, at least on a national scale, be selected
as weights for aggregating output and input items. However,

the prices selected can only be factor prices rather than

41, 1ibid. p 49-50 and L.A.Vincent "The Main Formulae for
Productivity Measurement in a National Economy or Sector®™
Productivity Measurement Review OEEC May 1961 No 25

e vt oy i
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market prices, Since the object of productivity measurement
is8 to determine difference (in relationships) between two
countries/regions or two time periods, the influence of
changes in the price component is eliminated in the comp-
arison. The common practice is to use constant prices for
measuring the output and input items 1i,e. the aggregation
due to differences in quality.

In principle, the weighting problem is the same whether
differences are measured over time or between different
regions. Obviously the critical factor is the degree of
difference between two sets of relative prices and the
composites of inputs and output items. 42

The particular technique chosen to measure product-
ivity is that developed by Barzel.“3 In so/as much that
it relates output per unit of input as a measure of pro-
ductivity, it 1s similar to that used by Fabricant, Abramowitz,
Solow, Schultz, Kendrick, etc. Barzel's argument in support

of the procedure adopted suggests:

{1) Inadequate knowledge of the production process

42, Concepts of Measurement of Productivity in riculture
on a EaEIonaI Scale OECD 1961 Parls p Eﬁ. %Eso see
Jutput Input and Productivity Measurement NBER 1961
Princeton p 263 and D.Palge and G,Bombach A Comparison
of National Output and Productivity OEEC 1359 Paris
p 83

43, Yoram Barzel "Productivity in the Electric Power Ind- -
ustry 1929-1955%" Unpublished PhD Dissertation Depart-—
ment of Economics University of Chicago 1961 Chicago
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leaves us with the uncomfortable knowledge that we do not
know the functional form relating inputs to outputs. Con-
sequently any functional form we adopt can only be an approx-
imation, leaving the burden of proof of appropriateness of
the function used as an additional problem. The ideal method
of studying and measuring changes in productivity would be

to follow shifts in the production function which is fully
specified in form - implicitly taking into account economies
of scale, and in conventional inputs - labour, capital,

raw materials, management, etc.

(11) Uncertainty as regards the "neutrality" of shifts
in the production function.uu The uncertainty relates/refers
to the possibility of -excess capacity.

(111) Barzel categorises any attempt to measure pro-
ductivity and simultaneously derive the production function
from the same data as misleading; consequently his technique
is valuable in that it eliminates any estimation of the
production function as part of the calculation of a product-
ivity measure. Barzel assumes that the production function
is fitted without allowing for technical change in fitting
the production function. Lave sharply criticizes Barzel

43, E. 0. Heady Economics of ricultural Production and
Resource Use Prentice HaIg 1952 Englewood Cliffs p
§53-855, Heady also draws attention to this aspect

but includes it under discussion of the several types
of uncertainty facing the agricultural producer,
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for this and suggests that there 1is an implicit production
function.us
(iv) Whereas the conditions/assumptions of this tech-
nique are heroic - 1i.e. (2) of no economies of scale;
(b) of pure competition; and (¢c) of no changes in marginal
productivity of the inputs between the two years compare.
The "....restrictions imposed by the main alternative -
the production function approach - are much more serj.ous."u6
If O = output quantity A
I; = 1input quantities
P; = input prices
MP; = 41input marginal productivities
Qi = productivity index defined as productivity in
year 2 relative to productivity in year 1 (sub-
scripts 1, 2 refer to years 1 and 2 respectively.)
Then assuming (i) a production function, homogenous of

first degree i.e., no economics or ‘diseconomics of scale,

the relation O- Z I; MP‘ hods .. . .. .. - Q)

(11) competitive operation, i.e. the factors are paild the
value of their marginal product, we can replace relation
(1} with the relation

O o< SLE .. . : . (?)

(physical) money o< denoting
units units proportionaiity

45, Lester B. Lave Technological Change: its Concepts and
Measurement Prentice nglewo s p -63
86, Barzel (p §) "The production function approach....re-
quires the specification of the production function, and
of the pattern of shifts in the function over time.
This is clearly much more restrictive and much more
difficult to handle than the output per unit of input

approach.”™

VA ass s b 41 tos s 52 mne s o b e e weie n



45

Linear homogenity 1is sufficient but not really neces-
sary. The lowest point on the average cost curve 1is adéquate
i1f considering the individual firm but when considering
the whole industry both the absence of externalities and
a competitive product market are necessary.

Stating relation (2) with specific reference to year 1 we

lezlﬁea N Y

Suppose, that inputs in year 2 are assigned marginal pro-

have:

ductivities proportional to their prices 1in period 1, then
we have the relation |

Ol SIpuh . @
0'2 is the output that would have been produced in year 2
ahd the production and factor marginal productivities remained
constant. 0'2 would have been the production in year 2 1if
input quantities are those actually used in year 2, but
under "technical”" conditions of year 1. 02 1s the output
actually produced in period 2 under technical conditions
different from thqse of year 1, 02 is produced with the
same inputs but under the technical conditions of year 2.
Hence, the ratio of the changed production from year 1

to year 2. We thus have:

R, =22 . . W

12
When relation (;S is divided by (2 we obtain an equality,

L
instead of a proportionality. oz = 2 Izq'. ei L. (5)
Transfering 0, we have ol 2 Ili pﬁ.
* .
O, = ofhLifi N .
Z I, A

et e s
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Restating relation (4) and substituting (5" into it, we

e Z2Lfh @
2 o ZI1,P;

It is interesting to note that all equations to the right

obtain:

of the sign of equa}ity are observable; enabling the pro-
ductivity measure Oiz to be computed.

‘Por relation (6) to hold, the assumptions: (a) no
economies of scale, (b) af competitive conditions, and (c)
no changes in the marginal productivity of inputs between
the two years compared, must be strictly adhered to. Alter-
nately, the effect of any violation of these conditions must
be determined.

This avoidance of the necessity of any specification
of the production function and of the pattern of shifts in
the function over time is valuable for purposes of arriving
at a productivity measure, The only assumption made, if
input weights (prices) are changed frequently, is that of
no economies of scale., As mentioned earlier, Lave suggests
that, while there is no explicit production function, there
1s an implicit one.

However, the understanding of what components contri-
bute towards the level of productivity, and whether the
resources being used are used efficiently can only come from

some other system., For this reason we use a separate
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47
technique, devised by Wolfson that enables us to develop

a production function which permits: (i) measurement of

3
5
i
&
A

3

i

area differentials in marginal productivities of the factor
inputs, and (11) estimation of the effect of weather or a
agricultural output., The former will assist in studying
resource allocation, the latter in estimation of the quanti-
tative effects of an extremely important variable, namely
rainfall, 4
Wolfson's technique is based upon the following assump- :
tions: (1) Payments to factors are related to the marginal
value products of those factors. Under conditions of pure ;
competition in the product market "....the marginal value
product of a factor of production is equivalent to the pro-
duct of output price and the first partial derivative of
the production function with respect to that factor of-
product:j.on.""8 (11) This necessarily requires a knowledge

47, R.J. Wolfson "An Econometric Investigation of Regional
Differentials in American Agricultural Wages: Econo=
metrica Vol 26 1958 p 225-257. The objective of that
study was primarily to account for variations in farm
wage rates., The form of the production function chosen,
however, incidentally permitted an estimation of the
effect of weather on agricultural outputs. The type
of cross section data available to, and used by
Wolfson suggested a possibility of application to our

purposes.

48, R.I. Wolfson (Ibid) later cites Schultz, Boulding and
Ducoff in support of the contention "....that agric-
ulture 1s an industry verging on puie or perfect
competition.”™ p 237
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of bothuthe production functién and the input and output'
prices. ? (111) Parmers are price-takers in factor markets.
(iv) The function chosen is a technical production function,
which seeks to relate physical inputs to physical output;
is of the Cobb-Douglas type in which the sum of the expo-~
nents are not restricted. The exponents of the production
function are equal to the factor cost shares. (v) Except
for local conditions within the different regions being !
considered, common technologies are being employed.50 . %
Por: Xo = physical amount of output (
X, = physical amount of 1P snput (1 = 1,2,3,...n) i
a = production elasticity of the i1th input
A = constant
P

h

4 = prices of the 1t input

49, R.J. Wolfson (Ibid) "....the producer's planned output
and planned use of inputs....[is8]....based upon the
following considerations: a. his knowledge of his
production function; b. his belief that costs of inputs
will not change much from last year (if they do, he
will be in a fairly flexible:position with respect to
many of them anyway); c. his belief that the price of
.z hsi output may change radically, but that he is in no
position to estimate which way it will change, or to
what degree, and therefore will assume at the outset
that it will be the same as for the crop year Just
ended.” p 239
50. R.J. Wolfson (Ibid) There exists".,...within a group
of producers, technical homogenities ( that is, cer-
tain common practices and beliefs abouf production
techaiquguwhich we might designate as common technology)
eeee P 4]
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P, = price of output
P, = last year's output price
w3 = Pactors unknown and of a random nature

S = numbers of types of climatic conditions
entering regression

Rj; = actual weather observations (J = 1,2,350..m)
[subscript J indicates individual observations]

log UJ = a random variate normally distributed with

-~

a mean of zero and a variance of

and is the final residual.

Then: X o AxM xjr A xen AT S

”
. X
ace - ﬁ [ Toe &xPouturs of Twa AladucTion FumcTion Wite 8E Eduar To TWE [21
A Xo FacTom Sumecs
THE 3uesce;Pr ; DiSicwarts mply; aviens £.6. Roducsas
A:: _ p X:: 00 2te: J ViDuAs. oASEsvATiews £.6.
9 = L:L [3]
R Xo
The pj are relatively stable, changing little from year to

year. The p, are comparatively volatile, being exogenous

and outside of the producer's control. The producer attempts
to predict p, on the basis of many factors - on the demand
and supply side of crop production. These include weather.,
foreign demand and other factors including last year's

price as the expected value of this year's price.

‘“’ x‘i = ﬂi W}:, x:?i - . . . - - - . . . [3:]
. . " I3 X..
Searriruriee Coe a.ii_ it Uavt X,a = Aa "‘.‘s, Xb"f-._x:- . . .. [la-_]
.= [m ]"‘- Cecrmic. mamm e _—
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Relations (3) and (3') give the producers planned output

and planned use of input based upon: (a) knowledge of pro-
ducer's production function; (b) producer's belief that in-
put costs do not change much from the previous period; and

(c) producer's assumption that output price will continue

unchanged.
'?.=A1T“ X{‘\s Pooductien Aanwipg Fusction Fee SAcH A

R YR ¢ boaivisun- Fam ""‘[]
and

"
X°‘=/i°a.baazh ﬂ' ]l.: .. - . . [’7]
/]
m :::'“u":‘..‘?m’“"fu | WEa, Ltamis awp QUSIDUAL FACTORS . AoviDing & RLGRESSiow Leg ‘.h"
Then, converting the relation 1nto logaritheic form we have:
estimated log A Wj = K +2 beP o |t iiemce [ - [8]
Vaia8uss

Where s = number of types of climatic conditions which
enter the regression, and RJl are the actual weather ob-

servations,

L%Ahs= "*2:.,”:2;:*'4’6“:' - .. L)

L f‘f *
. 10X - ch’ b‘e gie . . . . [EQJ

’*‘* EsTimare oFf cmvﬁ»f]

X°i = xol . u-J [4@"“‘. ou'rﬂ.'r] - . . . . [IIJ

51. based on a number of agronomic studies, some of which
are mentioned elsewhere,
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In our objectives, we stated our interest:lay in invest-
igating the effect of some independent variables in addition
to rainfall, namely size of holdings or scale, irrigated
and unirrigated land, size of family, etc. 1In effect this
requires the study of the subclasses (subgroups) or class-
differences and involves the use of dummy variables52 or
zero-one53 variables as they are sometimes called.

Dummy variables are frequently'used with variables
the influence of which is normally known, but of which some
estimate or measurement is desired. Their use in econometric
research is indicated when:su".... l. The original observ-
ations can be divided with logic into mutually exclusive

classes or groups...” The use of dummy variables allows

52. Daniel B, Suits "Use of Dummy Variables in Regression
Equations"™ Journal of American Statistical Association
1957 Vol 52 p -5 so avies ple
gression Analysis nithAdJustment for 01ass Dirterences"
Journal of American Statistical Association Sept 1961
p 729-1735
FPor description of use in regression analysis and econ-
ometric research see John Johnston Econometric Methods
McGraw Hill 1963 New York p 221-228 an
zoldberger Econometric Theory Wiley T964 New York p 218-231

53. W.G. Tomek "Using Zero-One Variables withTime-Series
Data in Regression Equations"™ Journal of Farm Economics
Nov 1963 Vol 45:4 p 814-822, ec cally spe ng
gero-one variables are only one form of dummy variables;
the term "characteristic variable™ would be consistent
with the division of data into mutually exclusive
classes.

5S4, W.G. Tomek op.cit. p 814
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for class effects and perhaps more significantly the speci-
fic analyses of class effects, and ".,... 2. The effect of
the class difference is to change the level (intercept)

of the regression equation without changing the slope co-
efficient.”™ The analysis may require a comparison of the
class (e.g. seasonal) intercept with the average (e.g.
annual) intercept. '

The use of dummy variables involves additional con-
straints on the parameters of regression equations., When
dealing with a single class or system of classes it is ad-
visable either to set the constant term in the equation to
zero or to omit one of the dummy variables from the equation.
When dealing with several systems of classes it is advis-
able- to delete-one dummy variable from each system,

Studies indicate that the element of distortion or bilas
due to faulty specification introduced through the use
of dummy variables can be checked: (a) by varying the base,
(b) by eliminating use of dummy variables(and comparing
results with undifferentiated classes or groups), and (c)
by verifying that effect of any one of the dummies is not

55
greater than that of the whole independent variable,

55. Whole to signify "unbroken, undivided, undifferentiated,
aggregated™ (i.e. not disaggregated). In this connec-
tion see 2Zvi Griliches 'Specitication Bias in Estimates
of Production Function™ JFE 1957 p 8-18 and Yair Mundlak
"Empirical Production Punction Pree of Management
Bias™ JPE 1961 p A44-56
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Part of the bias 1s on account of two factors - interaction
and additivity., In any production function "....like the
dependent variable the choice of independent variable is
usually a cdmpromise between what we wculd like and what

we can afford.” ¢ Interaction is due to the fact that the
effect of one independent variable depends on the value of
another, Additivity occurs when independent variables do
not interact, thus one independent variable can be added

to the effectsgf the other to get the total effect of the

two combined,

Now, adopting Wolfson's equation expressing the relation-

ship between output and inputs we have:

" )<£1:]4.u

<l
+ 20 b8
Q‘ (1Y) ¢ . * .
[r X5 e X2 X5 U
Since we have differences in:
(1) Labour a,., male b. own: family
female hired: rented
child

(2) Capital a. Could assume that Rs 100 worth of cap-
ital 1s same all over country 1i.e,
homogenity of capital

b. size of capital investment:

56. Daniel B, Suits Statistics: An Introduction to Quanti-
tative Economic Research Rand-McNally 1963 Chicago p 108
also "Use of Dummy Variables in Regression Equations"”
(op.cit.) p 548-551

57. Daniel B. Suits (op.cit.) on Interraction and Additivity
(p 83) and on Hidden Interaction and Hidden Correlation
(p 111-115)

o i e = i st
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(1) excluding land (Rs)

0-1000 1000-2000 ; 2000-3000 3000-4000 ;
(0-2000) (2000-4000)

”000-%000 5000-6000
000-6000

6000-7000 7000-8000
000-0500

8000-%000 %000-10.000
000-10, H

10,000-11,000 11,000-12,000

__J__—__TTUZUUU:IQIUUBT-L———

12,000-13,000 13,000-14,000

===z, o00-1%,000)

over 14,000

e

(3) Land =Irrigated
-Unirrigated

(4) Size or Scale of Holdings: 0-5; 5-10; 10-15; 15-20;
20-25; over 25

The problem here is to use dummy variables to obtain
solutions for the subclassifications in each input component.

When introducing dummy variables, one alternative is
to add the component 2/\-4’_‘; to the regression equation. The
Wolfson equation would then read.

X, = [T X, “*],‘ o2, bekie [ a]

The insert [ )\ & ] would solve as follows for K; Mutually

exclusive classes in a single classification:

=k
A A; .
LJ[ ;-l Ad '\"s')‘;d;,---"Az;,“a C]’ La.... k)
and would be represented ek

I=/ /\j dd.'
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Por t systems of classification, of which the 1th contains
Ki mutually exclusive classes, we have:
<=k
E\][ ] = ’\n dn A,‘d,’ Alt‘lt
Azdy, Aaady, A

e M e
awwday . L L L "’\zk;, Aok

At,dh Aezd‘.‘ /\t)db; - . 'AEKL d‘&,

and would be represented:

& gske
2, 2 . ’\s. d;
<z/ a=

The regression equation would then read:
4,:3 ‘-‘u
ok+ ;Ei e l:: ,\”. Gl‘;)I
X ET . i 4_" 47 ?

The solution of the regression equation containing the dummy
variables mentioned in the first alternative requires the

setting up of a zero-one matris., The two types of matrices

possible are indicated below,

Thus dij =
1 o 0 o o e o000 o or 0 o o o 0 L N N N J 0
01000 cecc0 O 10000 ccecee 0
00100 ¢cecee O 01000 ,00.. -0
00010 e O 00100 o000 0
000601 .,..... O 00010 0060 0
. . 00001..... O
00000 soue. 1 00000 ..o.. 1
(Zero-One diagonal unity matrix) (standard Zero-One matrix)
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Using the example of the diagonal unity matrix, because
A,‘d.’ are mostly multiplicants of zero, and only dy » 94,5

IR e

d35,...adtd.L respectively are equal to unity, only

)\g)'u.)\ss, - - --- Ae Ak.-_
are included.

One immediate disadvantage of this procedure is that

ITORRe S

it requires the setting up of a very large matrix., On the
other hand, it does permit the consideration of additivity -
more than one set of dummies permit additive interaction-

only.

The second alternative is to follow a relatively simple %
tabular procedure and allocate dummies 4; (i = 1,2,3,...t) ?
to the mutually exclusive classes within several classifi-
cations as if they were part of a single classification.
Regression équation would then read:

x:= ""xag bK-o—Z b ‘e["-c A d]

-c,sl
‘Pinally a brief statement in defense of the techniques

selected. The use of specific productivity measures was
rejected in favor of the total or aggregate measures, as
being more-suited to the measurement of productivity 1in
agriculture and perhaps because of this, expecially applic-~
able to the problems of underdeveloped regions.

The first, identified as the Barzel method, permits
the measurement of interregional differentials in aggregate
or total productivity (a ratio of output per unit of inputs)
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based on a single money valuation of inputs for a chosen
base period. The calculations are simple arithmetic pro-
cedures, and the method permits the inclusion of subclasses
of inputs in the analysis of results, Barzel's technique

' eliminates any explicit estimation (specification) of the
production function and consequently does not require any
proof of appropriateness of the function used. Further,
the method avoids the specification of shifts in the func-
tion over time., Barzel also avoids the restrictive assump- ;
tions made by Kendrick. The method yields readily available
results in the form of a productivity ratio which 1s simple
to analyse and to compare with the base period.

The second method adopted contains a production func-
tion and equations of marginal productivity (with measurement
of area differentials in marginal productivities to account
for variations) for each of the factor inputs. "The share
of the 1th factor payments in the value of the output is
set equal to the production elasticity coefficient except
for random deviation viJ." Wolfson estimates production
elasticities from marginal productivity equations, then
substitutes these estimated values into the production func-
tion - using them to estimate residual factors (mainly
climatic and weather), Contrast this with Solow who estim-
ated a series on technological change from marginal product-
ivity equations and then used these values to estimate

output elasticities from the production function.
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The method chosen, identified as the Wolfson method,

was selected because it facilitates understanding of what

contributes towards the level of productivity and whether

the resources being used can only come from some other sys-

tem.

This method employs a single equation which is based

on the Cobb-~Douglas production function and yields results

which are relatively simple to analyse., In addition it

permits the inclusion of several variables and subclasses

of variables, including weather, rainfall and climatic fac-

tors explicitly, separating them from "random error?,

Though an inecidental part of the original model, this latter

element was included to test the marginal productivity

equations and technical equations in combination.

Further it permits the inclusion of time as a variable

without conflict. This 1s particulgrly 1mbortant in the
5

estimation of year to year change. Consequently, Wolfson

58.

It has been suggested that for estimating year-to-
year technical change, two methods may be used. The
first is the arithmetic calculation of annual changes
in the residual changes of productivity - in the form
of a ratio series of output per unit of input. The
absolute quantities of inputs are welighted by given
arithmetic weights (as suggested by Kendrick, Solow
et al) usually derived from market shares, Alternately,
weighting the logarithms of input quantities by given
weights (as suggested by Griliches) derived from fitted
production functions, The second method is to employ
regression methods wherein time-periods are used as
additional variables to fit a trend to technical change.
Alternately to compute annual indices of productivity
from the fitted production function itself, This is
done through the covariance matrix method in which
cross—-section data is combined with time-series data.
In this connection see: Irving Hoch "Estimation of
Production Function Parameters Combining Time-Series
and Cross Section Data®™ Econometrica XXX (Jan 1961)

p 34-53
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succeeds in obtaining a more than nebulous measure of tech-
nical progress. Contrast this with Solow who succeeded .
essentially in deriving a mechanical trend varying in some

fixed manner., The Wolfson method is probably more consistent

in terms of the probability implications of the model.
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Sources and Adjustment of Data

In this section, datggrelating to the production of
wheat in selected regions of India is discussed and arranged,
in accordance with the procedures suggested earlier (and
discussed at length in Chapter II). An attempt will be
made to treat the variables separately; Justifying thelr
consideration, indicating their sources, any changes intro-
duced and various problems and considerations involved in
selecting and arranging the data., Finally, any assumptions
made in respect of the data will be stated.

The bulk of the information is drawn from Studies in
the Economics of Farm Hanasementso dealing with the résional
economy of selected states. The Studies in the Economics
of Farm Management were initiated by the federal government
of India., The individual studlies, conducted in six typical61
regions of the country--Bombay, Madhya Pradesh, Madras,.
Punjab, Uttar Pradesh and West Bengal--extended over the
period 1954-.55 to 1956-57, except for Madhya Pradesh which

was limited to 1955-56 and 1956-57.

59. Por details relating to sources and adjustments to
data please see Appendix 1,

60, India (Republic) Directorate of Economics and Statistics
Studies in the Economics of Farm M ement Ministry
of Food and Agriculture Government o% India 1963 Delhi
61. These six typical regions were selected on the basis
of their ",.,...distinctive soil, climate and soil com-

plexes."™ Later a seventh region, Orissa, was added
to the Studies
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The studies were "....initiated and coordinated by
the Directorate of Economics and Statisties, Ministry of
Pood and Agriculture...(and)...sponsored and financed by
a grant from the Research Programmes Committee of the
Planning Commission."” Reports were published on the basis
of each year's investigation, followed by a consolidated
or combined report at the end of the research period.

The regions, selected for their representative character,
were further divided into two more or less homogenous zones,
from which random selection of a certain number of villages
was made for detailed study.

It would seem that the Studies were initiated, more
to establish an:analytical picture of conditions as they
existed at the time of the Studies, rather than to follow
the.trend of economic change in agriculture. Because of
the unique character of the Studies--being a single shot
affair, there is no time series, properly speaking. The
Studies make avallable some significant cross-section data

for a limited period.

ot i e e S m b 85 e



CHAPTER 3 : MEASURED DIFFERENTIALS IN
INTERREGIONAL PRODUCTIVITY
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The results of this study are based on two separate
procedures., The first relates to the calculation of
productivity ratios by simple statistical (arithmetic)
procedures. The technique employed, attempts to provide
a measure of total or aggregate prdductivity, irrespective
of its sources, in terms of output per unit of input(s).
The second relates to estimation of area differentials
in marginal productivities of factors, with a view to
studying resource allocation, and the quantitative effects
of particular independent variables or classes of varlables.
The technique employed 18 relatively complicated, involving
methods of correltation and regression analysis.

l. Productivity Ratios

The technique employed required the selection of a
base period--the region Punjab during 1954-55 was selected
for period 1. Thus we have three constant values, starting
with the calculated value of physical output (output times -
price of output) and extending over the base period input
quantities and corresponding input prices,

Calculations insert the values of physical output and
input quantities for subsequent observations--unirrigated
and irrigated regions, different size groups, periods and
regions., In all cases the input quantities are weighted

by input prices of the base period.
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Two sets of productivity ratios were obtained, The
first dealing with all sizes, the second dealing with the
overall size of holding.

In the case of the former (see Table 1) productivity
ratios - the selected base region and year (Punjab 195&—

55) for the size group 0-5 acres does not indicate any

épecial productivity features. The table indicates a sharp
increase in overall productivity with the increase in size
group of holdings. Other states, notably Madhya Pradesh
indicate extremely high productivity, this is more likely

than not due to the fact that traditional or conventional
inputs are likely more important than those which are employed
(and 'money-value!' quantified) in the other regions where
market economies are both more firmly and widely established.
Punjab

Productivity ratios for the Punjab are not nearly as
high as one would expect. The expectation 1s that the re-
lative prosperity of Punjab is based on a more efficient
agriculture and at that with specific reference to the
major staple cereal. Generally speaking, the irrigated
tract productivity ratios are twice those of the unirrigated
tracts. In some cases the ratio is higher, due most pro-
bably to extraneous factors. In the Punjab the pattern of
productivity ratios rising with increases in scale of holding,
emerges very clearly for irrigated land. There also seems

to be a tendency for the ratio to increase with the seale
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for unirrigated land. In both categories of land there
is a gradual increase in productivity ratios through the
first three sizegroups, followed by a consistently large
increase for the 20 & above acres. This in part is almost
certainly due to the use of improved, manufactured inputs
and in several cases commercial management provided by
entrepreneurs moving into the rural sector. |
Uttar Pradesh

The results for Uttar Pradesh are much more consistent.
The productivity ratios for the irrigated tracts are bet-
ween one and one-half and twice those of the unirrigated
tracts. There are two exceptions; the first in 1954-55
when the ratio for the unirrigated tract sizegroup 20 &
Above acres was almost twice that of the irrigated tract
in the same sizegroup. The second was during 1956-57 when
the productivity ratio for the sizegroup 0-5 acres was al-
most the same for both unirrigated and irrigated tracts.
The region displays a spectacular upward jump in the 10-20
acres sizegroup for irrigated tracts. In 1954-55 this was

' followed by a sharp decline and in 1956-57 was followed by

a very small increase for the next sizegroup. On the other
hand, the spectacular increase takes place in the 20 &
Above acres sizegroup in the unirrigated tracts during the
first two years and less noticeably during 1956-57.
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Gujarat :
The table of productivity ratios for Gujarat also

indicates that the 1irrigated tracts are between one and one

half to twice as "productive™ as unirrigated tracts. For
two of the three year study period the sizegroup 0-~5 acres b
indicates that no effort was made to grow wheat, In 1956~
57 there is an instance of:productivity ratios for unirri-
gated tracts being higher than those of the irrigated tracts
in the 10-20 acres sizegroup, this was most probably due

to an unique combination of favorable weather and climatic ;
conditions. Two other instances of breaks from the general i
pattern occur during 1955-56 in the 0-5 and 5=10 acres E
sizegroups when the productivity ratic for irrigated tracts ;
show themselves to be approximately 10 times and 5 times ;
higher than unirrigated productivity ratios. During 1954- ;
55 productivity ratios for irrigated tracts show a rapid :
increase up to 5-10 acres, decline for 10-20 acres and in-

crease again for 20 & Above acres., The ratio for unirrigated

tracts indicates a rapid decline after the 5«10 acres size-

gfoup. In 1955-56 the productivity for irrigated tracts

ratio was high for 0-5 acres, showed a slight decline for

the 5-10 and 10-20 acres sizegroups and a large increase

for the 20 & Above sizegroup. In 1956-57 the ratio displays

an even but substantial increase with the increase in size-

groups., For unirrigated tracts there is a substantial

increase up to 10-20 acres sizegroup followed by a levelling

off.
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Maharashtra

Productivity ratios in Maharashtra for irrigated tracts
are generally twice those of unirrigated tracts. During
1954-55 the 0-5 and 20 & Above acres sizegroups irrigated
tract ratio was approximately three times that of the un-
irrigated tract. In 1955-56 the ratio for the irrigated
0-5 acre tract was :lower than for the unirrigated holdings.
During the same year the ratios for the two categories of
land were close in the 20 & Above sizegroups. The irri-
gated tract ratio for the 0-5 acres sizegroup in 1956-57
was almost seven times that of the unirrigated holdings.
During 1954-55 the productivity ratios rose with the in-
crease in sizegroup in the irrigated category. In the same
land category the productivity ratios during 1955-56 and
1956=-57 increased with sizegroup up to 10-20 acres but
subsequently declined slightly. In the case of unirrigated
holdings the ratio indicates even substantial increases up
to 10-20 acres sizegroup after which there was a levelling
off.

Madhya Pradesh

The last region in the study presents some problems
in as much that it has no irrigated land holdings for com-
parison. In addition there is no data for 1954-55, as that
year was not included in the Studies. The productivity
ratios (figures) obtained are comparatively very high.i.e.

relative to the base region, period and scale. It can
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only be concluded that the inputs of this region are in the
category of "traditional or conventional"™ which are as yet

not monetised and part of the:market economy structuf?‘

A Y G s A o 1



TABLE 1: PRODUCTIVITY RATIOS FOR DIFFERENT SIZES OF HOLDINGS

YEAR SIZEGROUP PUNJAB UTTAR PRADESH GUJARAT MAHARASHTRA MADHYA PRADESH
IRRIG UNIRRI IRRIG UNIRRI IRRIG UNIRRI IRRIG UNIRRI IRRIG UNIRRI
1954-55 (*) (*0) |
0=5 1,00000 1,89342 2,12462 1,18415 0,63206 0,00000 1,40045 0.U40212 - -
5=10 2,22102 1,18317 2.55382 1,40930 5.98100 3,05380 1,99781 0,90547 - -
10-20 2.61467 1,44785 3,16802 1,81043 3,41792 2,58505 2.90498 1,07911 - -
1955-56 20 & Above 3,49195 2,02911 1,46710 2,92482 4,94759 1,92986 4,09869 1.,07835 - -
55~ .
0-5 1,50086 0,78470 2.,21284 0,94195 3.71874 0,36063 0.66996 1.61008 - 5.26918
5-10 1.63824 0,87653 2.59941 1,10167 3.13098 0,68497 1.54759 1.09399 - 3.33630
10-20 2,58704 1,41878 2,42390 1,30809 3.55193 2,08108 3,13110 2,09548 - 3.88802
1956257 20 & Above 3,69649 2,14339 2,64464 1.94264 5,38866 2.0?&3% 2.87653 2.17533 - 3.41924
0~5 1.99205 0.,36063 2.61180 1,66347 1,19066 0,00000 2,23754 0,31216 - 5.92022
5=10 2.41972 1,33581 2,48897 2,00923 2.15666 1.09446 1.84484 1,14461 - 7.12201
10-20 2.89743 1,62518 3,46204 2,22665 3.46788 4,18832 3,.81323 1.82039 @ -- 9,62067
20 & Above 4,30690 2,54129 3,78465 2,42351 4,10494 2,43640 3.74799 1.86718 - 6.7305
(*) Base Year, Size and Category (*#) No Unirrigated wheat for Sizegroup

89
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The calculation of productivity ratios for the overall
size of holdings was done on the same basis as that for the
different sizes. The base selected was again Punjab during
1954-55, The results (see Table 2) indicate that Punjab of
all the regions appears to have the highest productivity
ratios in the irrigated categories, followed by Uttar Pradesh,
Gujarat and Maharashtra. In the case of the unirrigated
categories Madhya Pradesh indicated the highest productivity
ratios, then Gujarat followed by Punjab which 1is very close
to Maharashtra. Uttar Pradesh comes a poor low and last.
Generally speaking, except for Gujarat where the product-—
ivity ratios for irrigated and unirrigated categories of
holdings are very close, the productivity ratios for irri-
gated tracts are between one and one half times to twice

those of unirrigated holdings.
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TABLE 2:. PRODUCTIVITY RATIOS FOR OVERALL SIZE OF HOLDING

REGION

PUNJAB

UTTAR PRADESH

GUJARAT

(AHMEDABAD DISTRICT)

MAHARASHTRA
(NASIK DISTRICT)

MADHYA PRADESH

YEAR

1954-55
1955-56
1956-57
1954-55
1955-56
1956-57
1954-55
1955-56
1956-57
1954-55
1955-56
1956~57
1954-55
1955-56
1956-57

(%) BASE PERIOD AND CATEGORY

IRRIGATED

1.00000
0.88107
1.01419
0.80398
0.76913
0.87984
0.71674
0:75115
0.85443
0.73538
0.57095
0.41282

UNIRRIGATED

6.36729
0.55741
0.50071
0.42287
0.38u83
0.57145
0.70465
0.70831
0.27320
0.54077
0.59454
0.10664
2.45421
1.21885
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The chances are that a "truer®™ picture of productivity
ratios for both the different sizes of holdings and the over-
all size of holding would be found in the results for irri-
gated categories of land. Certain factors - notably rainfall,
climatic and weather conditions that affect the growth cycle,
the development of the plant and its career as a standing
crop, and finally the harvesting and recovery procedures -
affect the yield; and are included only very indirectly in
the calculation of productivity ratios. The wheat crop on
irrigated holdings 1s not dependent on rainfall either for
its planting or its growth. However, it still registers,
via the yield, the depredations of frost, hail, snow, storm,
insects, pests, rodents, plant diseases and excess precip-
jtation causing waterlogging, flooding, etc. Of course in
exceptional circumstances the consistent failure of rains
might cause drought and water famine conditions in which
the sources of irrigation may also dry upe.

Unirrigated holdings are of course totally dependent
on rainfall, Not merely the amount of precipitation but
also the timing of rain are important for appropriate soil
conditions for sowing and groiing. Consequently the unirri-
gated tracts are subject to both deficiency and excess of
rainfall and resultant soil moisture., They are subject to
all the rainfall, climatic and weather factors plus all the
other attendant risks and dangers affecting the wheat crop
yield and size of the harvest.
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It may be remembered that the calculation of product-
ivity ratios has been made on the basis of the assumption
that for our purposes all land is homogenous. That only
those inputs considered in the calculations are significant.
In reality, of course, the different regions are not strictly
comparable, belonging as they do to unequal rainfall and
different soil distribution regions. Until a method of
measuring the effect of these additional factors can be em-

ployed, such assumptions will continue to be necessary.

2. Efficiency of Resource Use and Effects of Particular
Variables

The technique employed is a form of regression analysis.
This statistical technique 1is increasingly being used by
economists engaged in empirical investigations partly on
account of simplicity of procedures and the fact that it
lends itself to further mathematical and statistical treat-
ment,

In multiple regression analyses, the regression equation
describes the path of the mean of the dependent variable
(y) for all combinations of x1 (1 = 1,...,n) i.e. for every
combination of fixed x's there 18 a distribution of y's.
Each such distribution has a mean _;:EQL——— and a stand-

o L P SVL ISR
ard deviation __fﬁ;___-
Ry Xy, Xy -- - T

The term "multiple” regression signifies that y (dep-

endent variable) is being explained in terms of several

(two or more) independent variables. The solution of the
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regression equation yields a multiple correlation coefficient
which is a measure of the "goodness of fit" of the least |
squares surface to the data and seeks to explain a number

of independent variables taken together. The solution also
vields a number of constants, (the of and ﬁ in the general

form of the linear eguation 7’: q‘/&z) which gives values

for the pure constant B(O) and tﬁe coefficients of the x;
variables. These coefficients of the x5 variables are known
as net regression coefficients i.e. they show the relation

of the dependent variable to the Xyr Xo, Xgeon, X respect-
ively. Net regression coefficients are sometimes called par-
tial regression coefiicients.

The solution also provides a measure of the reliability
of each of these partial coefficients, and enables an in-
ference regarding the parameters of the population from
which the sample of observations was taken. There is, how-
ever, the danger that the net regression coefficient will
ascribe or attribute to any independent variable not merely
the variation in the dependent variable which is directly
due to that independent variable but also the variation
which is due to such ingéendent variables correlated

with it as have not been separately treated in the study

or analysis. The partial correlation coefficient is a measure

of the amount of variation explaineé by one independent

variable after the others have explained all they could.
Another item of information provided by the regression

solution is a series of Beta weights, these indicated how
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much change is produced by a standardised change in one

of the independent variables when the others are control-

led. The greatest advantage of the stepwise procedure

is that intermediate résults are obtained, which give —_
valuable statistical information at each step in the cal-

culation. Thus a .number of intermediate regression equa-

tions are obtained. These intermediate regression equations

are obtained by adding one variable at a time.1 3

e le,

The variable included or added is adjudged making

the "best fit." The coefficients in turn represent the
best values obtained when thevindividual specific varia-
bles are added to the regression equation. An interesting E
and important feature of the stepwise regression procedure

is that the variable found significant early in the calculation

and included in the equation may later be found to be less

significant or insignificant, anéd be removed. This is f
done before an additional variable is added. Conseqguently,

at least theoretically, only significant variables are

included in the final regression equation.

1. Following the general form: y = a + bi X the inter-

mediate regression equations read:

= a + b, x .e. (1) Where y is the dependent
y 1 *1 : pen
y = a'+ b, x (2) variaktle x; is the in-

- 2 2 °°° c

— am dependent variatle,
y = a't by x 3 ...(3) (i=1,..,n
. . a is a constant

_ .n-1 . are the coefficients
y = a + bn X ese(n) i

of the variables xi(i =1,...,n)
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The use of dummy variables or more properly zero-
one variables has been discussed in a previous chapter.
Dummy variables are used where nonquantifiable economic
relationships are known to exist. Qualitative comparisons
and structural changes in the economic system are not
quantifiable. Consequently, this is one of the areas
where zero-one variables are employed, to represent changes
in nonquantifiable variables. It may be mentioned here,
however, that the protagonist52 of dummy variables warn
that if the changes are gradual, the use of dummy vari-
ables may not yield significant results.

In this study dummy variables have been employed
to represent the nonguantifiable elements of interregional
differences (five regions) over a period of three years
for two categories of land (unirrigated and irrigated).
In the case of one set of observations, scale of holdings
(four classes of size group) have been assigned dummy
variables.

Earlier, it has been méntioned that dummy variables
have been employed in the regression eguation for the

different regions, over the three vears that data is

2. Daniel B. Suits "Use of Dummy Variables in Regression
Equations™ Journal of American Statistical Association

1957 vol 52 p 548-551. Also see W.G. Tomek "Using
Zero-One Variables with Time-Series Data in Regression
Equations” Journal of Parm Economics Nov 1963 Vol 45

p 814-822 and M. Davies "Multiple Regression Analysis
with Adjustment for Class Differences” Journal of
American Statistical Association Sept 1 p 729-

735
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available. The three years data is represented by the
base period and two dummy periods for vear 1 and year 2.
These estimate technical change in effect.

In the estimation of year to vear technical change,
it is possible to follow changes in the arithmetic pro-
ductivity ratio, with either arithmetically weighted3
inputs or to assign the logarithms of input quantities
given weights.4 These weights are derived from market
shares and fitted production functions respectively. The
second method of estimating technical change is to employ
the time period or number of years as a variable to fit a
trend to technical change in a regression equation. The
regression method employs "the covariance matrix method
with time series data, often using a series of dummy
variables."5

So long as capital values are employed as measures

of available capital rather than utilized capital, it is

. possible to have some confusion about measurement of

3. R. Solow "Technical Change and Aggregate Production
Function™ RES XXXIX Aug 1957 p 312-320 and J.W. Kendrick
Productivity Trends in United States NBER 1961 Princeton

4, Zvi Griliches "The Sources of Measured Productivity
Growth: US Agriculture 1940-1960" Journal of Political
Economy LXXI Aug 1961 p 311-346

5. C. John Kurien "Technical Change in U.S. Manufacturing
Industries 1947-64" Unpublished Ph.D Dissertation
vanderbilt University 1967 MNashville
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technical change. Utilisation of capacity alters between
consecutive time periods, affecting the relationship between
the available capital and utilized capital. This is reflected
in the measured coefficients of technical progress. In

order to make more accurate estimates, it would therefore

be necessary to adjust capital stock values for variations

in utilization of capacity. But this generates its own
problems, and cannot be discussed here. Any assumption

of full utilization of capacity would be misleading and
unwarranted anyway.

Kurien6 assumes efficiency in resource allocation
for the industry as a whole—-—-thus the industry behaves
as if it were a single unit of production. Two factors
are sufficient for satisfying the assumptions--industry
behaves as if a single firm and factors are paid their
marginal product.

Under the assumption of Hicksian7 neutrality of tech-
nical progress, technical change takes place by an upward
shift in the whole production surface, while the general
shape of the production surface itself remains the same.
However, this assumption has come to be regarded as re-

strictive and as the subject matter for examination.

6. loc cit p 39

7. J. Johnston Econometric Methods, McGraw Hill 1960
New York p 106-142. Assumption of the simple model
referred to as general linear model.
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Technical change refers to changes in the production
function, theoretically speaking a production function
is specified by the description of individual output and the
corresponding input combinations. Unless some a priori
restrictions are stipulated upon its shape, the specification
of the production function may require an infinity of
parameters. Thus any shift in the function would affect
all those parameters. Only a very large (infinite) number
of observations could provide estimates of all these para-
meters and all the changes/shifts in these parameters.

The assumption of perfect competition in the factor
markets—-demand for factors of production by the industry
does not affect their price--permits the use of single’
equation for identification. Consequently, single equations
are used to estimate the production factor.

A word of explanation about the "selection? or in-
clusion of independent variables. Under the‘;brmal stepwise
procedure, intermediate results can be obtained (but are
not normally recorded) from intermediate regression equations.
These.intermédiate regression equations are obtained by
adding one independent variable at a time. An interesting
and important feature of the stepwise regression analysis
procedure is that the variable found significant early
in the calculation and included in the eguation may later
be found to be less significant - even insignificant and

be removed. This is normally done before an additional

s e PN i
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variable is included. Consequently, at least theoretically,
énly significant variables are included in the final re-
gression equation.

The problem, however, is that there is no a priori
measure for the significance of the individual variables.
The only real alternative is to recombine independent
variables, suppressing one or another and/or suppressing
subclasses (subgroups) or class differences in the specific
independent variables. The selected sets of computations
are intended to test the significance of the individual
variables and/or subclasses of independent variables.

Different combinations of the different independent
variables have been attempted and included as separate
alternatives. Conseqguently, there are nine sets (see
Chart following) of computations yielding results for the
multiple regression equations involving first the diff-
erent sizes of holdings, (see Table 3) and second the

overall size of holding (see Table 4).



Separate Alternatives Attempted

Description Given Name

1. Containing all wvariables All variables

2. Suppressed unirrigated- Irrigation
irrigated dummy

3. Suppressed all capital Labour
retaining all labour
variables

4. Suppressed all labour Capital
retaining all capital
variables

5. Suppressed hired labour Family Labour

6. Suppressed hired labour & Family Labour &
working capital Fixed Capital

7. Suppressed hired labour & Family Labour
fixed capital Working Capltal

8. Suppressed region dummys
i.e. combine ata for all Periods

regions

9. Suppressed period dummys
i.e. combined data for all Regions
periods

80

All Sizes

No.of wvar

16 (104)

15(52)

13(104)

13(104)

15(104)

14 (104)

14(104)

12(104)

14(104)

(*) The relatively small number of observations made
necessary the further reduction of number of variables.
The removal of irrigation-unirrigated dummy and region
dummys was effected. This was effective only in the
case of Regions; there was no solution possible for
the alternative Periods -- in the set relating to the

Overall Size of Holding.

N.B. Number of observations are indicated in parenthesis.

Overall
Size
No.of var.

13(26)

12(14)

11(26)

11(26)

12(26)

11(26)

11(26)

9*(6)

11*(9)
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TABLE 3: RESULTS OF MULTIPLE REGRESSION COMPUTATIONS: I, W_
R .
MULTIPLE MULTIPLE F TEST FOR FRACTION OF STANDARD |{PURE
REGRESSION CORRELATION | MULTIPLE VARIABLILITY | ERROR OF |CONSTANT
EQUATION COEFFICIENT | CORRELATION ACCOUNTED ESTIMATE
WITH DEGREES FOR
OF FREEDOM
1. 1 ALL VARIABLES 0.99022 295.62817 0.98054 0.1985 0.3557
with 15. and Sec 0.255
88. degrees of T Test C 1,394
freedom
2. | IRRIGATION 0.98034 72.27786 0.96106 0.1208 0.5749
14, & 41 Sec 0.528
T Test C 1,089
3. { LABOUR 0.99507 696,50439 0.99016 0.1400 0.6718
13. & 90. Sec . 0,074
T TestC 9.018
4. | caprmaL 0.93817 | 50.84764  |0.88016 | 0.4886  [0.3410
13. & 90. Sec 0.591
: T Test C 0,577
5. | FAMILY LABOUR 0.99519 655.79272 0.99040 0.1383 0.4085
14. & 89. Sec 0.183
— e T Test C 2.233
6. | FAMILY LABOUR 0.99517 711.27100 0.99036 0.1386 0.4177
FIXED CAPITAL 13.& 90. Sec 0.182
——— . . . L. . ) TR . - s T e ST R AT e T — = o o - T TeSt C 2.290
7.1 FAMILY LABOUR 0.99512 904.86719 0.99027 0.1392 0.6381
WORKING CAPITAL 13, & 90. Sec 0.078
T Test C 8.206
8. | PERIODS 0.99149 63.30954 0.98306 1 0.0663 1.4023
11. & 12, i Sec 0.916
! T Test C 1,531
9. rREctons | 0.99768 | 363.27393 | 0.99536 ‘QW6.1122 0.4950 e
- 13, & 22, i Sec 0,290

T Test

C 1.705

S N R

18

s e st 4
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TABLE 3 (cont'd)
COEFFICIENTS OF VARIABLES
LAND FAMILY | HIRED FIXED WORKING
LABOUR | LABOUR CAPITAL | CAPITAL
1.| -010457 | 0.9680 0.0082 0.0697 | 0.0731
2.| -0.2584 | 0.9506 0.1660 0.0279 { 0.0085
3. 0.0274 | 1.0696 0.0114 - -
4. 0.2551 - - 0.1097 { 0.5889
5. -0.0771 | 1.0432 - 0.0807 { 0.027
6. -0.&821 1.0722 - 0.0851 -
7.‘_-0.0286 1.0439 - - 0.0289
8. 0.4097 | 0.5055 |-0.0246 { -0.5245 | 0.6125
9. 0.0494 | 0.8419 |-0.0447 § -0.0015 } 0.2556

i




TABLE 3: (cont'd)

COEFFICIENTS OF DUMMYS

REGIONS PERIOD SCALE Unirr/
Loy _ 2 ___3_ _ a4 |_1r 2 |10 10-20__ 20&Above | LEX19
1. | 0.0124 -0.1606 =-0.2399 0.5225 | 0.0915 0.1219 | 0.1623 0.1154 0.1576 |-0.0574
.9876 Y .8394 T .7601  .4775 | .9085  .8781 | .8377  .8846  .8424 |7 .9426
2. [-0.0438 -0.3318 -0.3725 -0.0762 | 0.0702 0.1281 | 0.0669 0.1430 0.2163 -
0.9562 0.6682  .6275  .9238 9298 8719 | .9331  .8570  .7837 --
3. |-0.3266 -2.2556 =-3.5506 1.3970 | 0.3732 0.6647 | 0.5043 0.6636 1.0370 | 0.0643
T .6734 .6030 | .6268  .3353 | .4957  .3364  .9630 | .9357
4, [-0.7566 -2,1832 =-1.1911 7.4139 |[-0.2961 0.8533 | 4.5540 3.7497 4.0399 |-3.0934
Y .2434 T .7039  .1467
5. |-0.3463 -2.2743 -3.5245 2.2044 | 0.4592 0.7766 | 0.8855 1.1709 1.7061 | 0.0134
T .6537 5408  .2234 | 0.1145 0.9866
6. [=0.3251 -2,3555 -3.5832 2.0132 | 0.5092 0.7690 | 0.8257 1.1800 1.7281 | 0.0352
T .6749 4908  .2310 | .1743 .9648
7. |-0.3207 -2.2648 -0.0354 - 1.7268  0.3524 | 0.6530 0.7666 1.1848 | 0.0132
T .6749 .9646 6476 | .3470  .2334 .9868
8, | -- - -- --  |-0.0620 -0.2725 | 0.3877 . 0.1387 0.7729 |-1.2135
T .9380 T .7275 | .6123  .8613  .2271
9. | 0.1736 -1.4006 -3.2063 1.8403 - - 0.3595 0.9481 1.0236 |-0.0163
.8264 .6405  .0519 T .9837

€8



TABLE 4: RESULTS OF MULTIPLE REGRESSION COMPUTATIONS: OVERALL SIZE
MULTIPLE MULTIPLE F TEST FOR MULT.|FRACTION OF STANDARD | PURE
REGRESSION REGRESSION |COR. DEGREES VARIABILITY ERROR OF | CONSTANT
EQUATION COEFFICIENT|OF FREEDOM ACCOUNTED FOR ESTIMATE
1. | A1l variables 0.99601 135.08583 0.99204 0.0594 1.0148
12, to 13. Sec 0.948
. DRI J R, T TeSt C 1.070
2. | Irrigation 0.99010 9.04352 0.98029 0.0650 0.91381
11. to 2. Sec 1.945
T Test C 0.470
3. | Labour 0.00616 194.31097 0.99234 0.0583 1.6993
10. to 15. Sec 0.153
T Test C 11,136
4. | Capital 0.99538 161.25180 0.99078 0.0639° |0.9043
10. to 15. Sec 0.988
T Test C 0.915
5. | Family Labour 0.99629 170.49937 - 0.99259 0.0573 1.0595
11. to 14. Sec 0.886
T Test C 1.196
6. | Family Labour 0.99620 196.12389 0.99241 0.0580 1.3885
Fixed Capital 10. to 15. Sec 0.844
T Test C l,ﬁﬁ}_q
7. | Family Labour 0.99653 214.82759 0.99307 0.0554 1,2084
Working Capital 10. to 15, Sec 0.416
T Test C 2,903
8. | Periods -- -- - - -—
9. | Reqions 0.97227 10.36876 0.94530 0.1519 0.9077
5. to 3. Sec 1.093

T Test C 0,830

8




TABLE 4 (cont'd)
COEFFICIENTS OF VARIABLES
LAND FAMILY HIRED FIXED VIORKING
LABOUR LABOUR CAPITAL| CAPITAL

1.} 0.4123 0.2809| -0.0235 0.0738| 0.2952
2.] 0.2622 0.2319)] -0.1257{ ~-0.2039| 0.7209
3.] 0.6503 0.3736 0.0032 - -
4.] 0.4543 - - -0.0249] 0.6134
5.] 0.4182 0.2771 - 0.0667}| 0.2767
6.] 0.5219 0.3759 - 0.1290 -
7.] 0.4813 0.2741 - - 0.2838
8. - -—- - - -
9.] 0.5704] -0.2892 0.0867]| -0.3311} 1.0160
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TABLE 4: (cont'qd)

COEFFICIENTS OF DUMMYS

REGIONS PERIODS

- Unirrig/
‘TI IIT v v 2 3 Irrig

1./ -0.0912 -0.0610 -0.2805 0.3889 0.0241 0.0400 | -0.1398
T .9188 T .9390 T .7195 .6111 .9759 .9600 | T .8602

2. -0.0806 -0.0802 -0.2971 0.1988 0.0073 -0.0133 -
T .9194 T .9198 T .7029 .8012 .9927 ¥ .9867

3.] -0.8641 -1.7338 -3.6509 3.0229 0.2712 0.5543 | -1.9142
T .1359 .7288 .4457 | ¥ .0858

4.] -0.9292 0.1750 -2.0811 2.8851 0.0298 0.1351 | -1.4319
T .0708 .8250 .9702 .8649

5.] -0.9419 -0.6909 -2.8482 3.6568 |0.2309 0.4172 | 01.4144
T .0581 T .3091 .7691 .5828

6.] -0.8040 -1.2673 -3.2609 3.9978 0.3478 0.6080 | -1.9134
T -1960 .6522 .3920

7. -0.9733 -0.9112 -3.0356 3.1639 0.1904 0.3842 | -1.4033
T .0267 T .0888 .8096 .6158




TABLE 5: STANDARD ERROR OF COEFFICIENTS: ALL STZES OF LOLDINGS
FQUATION - ALL VAR. |IRRIG. [LABOUR | CAPITAL | FAMILY |FAMILY |FAMILY |PERIOD | REGIONS
LABOUR |LABOUR | LABOUR
, & FIXED |& WORKING
| VIRIABLE ¢ CAPITAL |CAPITAL _
Land 0.1107 |0.2291 }0.0274 | 0.2551 |0.0766 |0.0766 |0.0271 [0.3889 |0.1277
Fam. Labour 0.0471 [0.1589 |0.0226 - 0.0324 [0.0209 |0.0326 |0.2412 |0.2332
liired Labour 0.0224 {0.0614 [0.0158 -- - - -~ 0.1176 |0.0277
Pixed Capital 0.0788 [0.1391 -- 0.1097 |0.0547 {0.0547 -- 0.3529 |0.0911
Work. Capital 0.0326 [0.0209 -- 0.5889 |0.0228 -- 0.0229 [0.2325 [0.2149
Region 1 0.0577 [0.0590 [0.4094 |-0.7566 [0.4031 [0.4035 [0.4053 -- 0.5925
Region 2 0.0656 [0.1174 [0.4622 [-2.1832 |0.4423 |0.4377 |[0.4451 -- 0.9858
Region 3 0.0584 [0.0858 |0.4234 [-1.9206 |[0.4139 [0.4116 [0.4163 -- 0.8076
Reqion 4 0.0993 [0.1781 [0.6091 | 7.4039 |0.6968 |0.6786 |0.6210 -- 0.9421
Period 1 0.0484 0.0438 10,3341 |-0.2961 |0.3379 |0.3358 |0.3322 |0.7444 -
Period 2 0.0469 {0.0422 [0.3287 | 0.8533 [0.3293 |0.3299 |0.3264 |0.5203 -~
Scale 5-10 0.0668 [0.0694 [0.4368 | 4.5540 |0.4537 |0.4517 |0.4282 |0.777 |0.6529
Scale 10-20 0.0764 [0.0897 [0.4554 [ 3.7497 |0.5126 |[0.5186 |0.4361 [1.3556 |0.7567
Scale 20 & Above 0.0898 [0.1182 [0.5118 | 4.0399 |0.5861 [0.5869 |0.4706 [1.7352 |0.8557
Trrigated/ 0.0447 -~ 0.3202 |-3.0934 [0.3146 |0.3147 |0.3167 |0.6685 |0.4638
Unirrigated
(1) (2) (3) (4) (5) (6) (7) (8) (9)

(o]
~
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TABLE 6:

STANDARD ERROR OF COEFFICIENTS:

OVERALL SIZE OF HOLDING

(1) (2) (3) (4) (5) (6) (7) (8) (9)
EQUATION & ALL IRRI~ LABOUR |CAPITAL |FAMILY FAMILY FAMILY PERIODS | REGIONS
VARIABLE VARI- GATION LABOUR LABOUR LABOUR

v ABLES & FIXED | & WORKING
CAPITAL | CAPITAL

Land 0.3822 | 0.7331 | 0.1109 |0.4097 |0.3677 |0.3612 |0.1631 - 1.0681
Family Labour 0.1345 | 0.3868 | 0.1058 -- 0.1284 }0.0977 |0.1233 - 0.4649
Hired Labour 0.1219 | 0.2113 | 0.0967 -- -- - - - 1.0302
Fixed Capital 0.3594 0.9153 - 0.3820 0.3452 0.3451 - - 0.9485
Working Capital] 0.2636 0.4989 -- 0.1986 0.2367 - 0.2263 - 1.3639
Region 1 0.0439 |0.0739 | 0.3846 |0.4434 ]0.3976 {0.3843 | 0.3509 - (*)
Region 2 0.1487 | 0.2766 | 0.3804 |1.4659 {1.3773 }1.3016 |0.7479 - (*)
Region 3 0.1223 ]0.2567 | 0.3957 }1.2319 |1.1603 |1.1187 |0.6168 - (*)
Region 4 0.2954 0.5798 0.7034 2.8765 2,6038 2.6187 0.5046 - (*)
Period 1 0.0376 0.0739 0.2972 0.3879 0.3601 0.3501 0.2832 - -
Period 2 0.0383 0.0767 0.2955 0.3732 0.3593 0.3239 0.3058 - -
Irrigation- '
Unirrigation 0.0650 - 0.4668 ]0.6937 |0.6220 }0.4579 }0.5992 - (*)
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AN AND STANDARD DEVIATION: ALL SIZES OF HOLDINGS

ALL ¥ JIRRIGATION LABOUR CAPITAL FAMILY FAMILY LABOU&FAMILY LABOU* PERIODS REGIONS

& FIXED & WORKING
CAPITAL CAPITAL

VARIABLES LABOUR

-0,65440.890§-0,16130,.5170-0.65460.8906-0.65460.8906

e

1.55171.5383

~0.6546/0.8906 0.4087-0.6219#.9841

0.451

-0.65440.8906L0.301ﬁ

0.49381.242* 1.5187

-0.6546L.8906

0.49341.2427 1.05890.5049 0.49381.2427

1.564m//////

e
1.101?//

0.49381.2427 0.4938]1.2427

/

i .
1.55171.1464 1.55171.146%////’ ////

1.17231.5383L////// 1.17231:538312.36950.4565

0.02310.0423] 0.02310.0423] 0.0231
0.023100.0423] 0,02310,0423] 0.023]
0.0321010423] 0,0231j0.0423} 0.0231
0.00770.0268| 0.0077.0.268] 0.007

0.4200 1.4376

-0,27201.5649 0.46100,7605-0,2720 1,03580.5227-0,2329]1.6180

1.55171.1464 2.05170.6164 2.64490.337¢ 1.5299[1.2852

-

o~

1.17231.5383 1.7255 1.17231.5383

1.1964P.1653

0.23080.4234] 0,2143
0.230d0.4234 0.,2143
0.24040.4294 0.2143
0.07690.2677 0.1428
0.34610.4780 0.357

0.4140
0.4140
0.4140
0.3531
0.4835

0.02220.0422
0.022200.,0422
0.02220.0422
0.0111/0.0319

o

o

0.03220.0423] 0.0231/0.0423
0.03220.0423] 0.02310.0423
0.02310.0423] 0.02310.0423
0.00770.0268 0.00770.0268
0.0346/0.0478

0.0423 =
0.0423 '
0.0423
0.0268

/////

0.0481

0.0333

0.0346/0.0478

0.0346{0.0478

0.03460.0478] 0.03460.0478

-

0.375(10.4865

0.3750

0.4885 0.03650.0484

0.03650.0484

0.03650.0484

0.03650.0484] 0.0365

0.0484

0.04170.050

—

-

—

0.25960.4405

0.2500

0.4369) 0.02590.0441

0.0259%.0441

0.02540.044L

0.02540.0441

0.02590.0441

0.02490.0444 0.02490.0439

0,25000,435)

0.2500

0.4369 0.02490.0435

0.0249%.0435

0.02440.0435

0.02490.0435

0.02490.0435

0.02490.0442

o.oz4qo.o439

0.23080.4234

0.2321

0.4260§ 0.02310.0423

0.023Lo.o4sai0.02310.0424

0.023}

0.0424

0.01670.038]

0.02440.0439

1.15851.4231

0.51920.5020f

1.7768

0.052

0.6122

.0502

1.1424)1,4114

0.052
1.1424

0.052
1.14241.4114

0.0502

1.14241.4114

0.0499
2.28410.5094

0.05550.0504

1.13591.6477

e sttt o AN T
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TADLE

MEAN AND STANDARD DEVIATION:

o

ALL SIZES OF HOLDINGS

EQUATION ALL »* | IRRIGATION LABOUR CAPITAL  |FAMILY FAMILY LABOU&FAMILY LABOUR PERIODS RE(
& FIXED & WORKING
VARTABLE VARIABLES LABOUR CAPITAL CAPITAL
Land -0.65440.8906-0,16130.5170(-0.65460.8906/-0.654 .8906-0.6546L.8906—0.6546L.8906—0.65440.890q 0.30160.408%-0.621
::gétz 0.49341,2427 1.05890.5049 0.493d1,2427 0.49381.2427 0.49381.2427 0.49381.2427 1.51870.420q 0.451
llired -0,27201.5649 0.46100.,7605}0,27201 56495//////////// //,//// | 1.03580.5227-0.232
Lubour L . L[] L[] [ ] L ] “'.',‘ L[] . *
Fixed / V% %
Gopi tal 1.55171.1464 2.05170.6164_//////J// 1.55171.538% 1.55171.1464 1.55171.1464{////' o 2.64490.3374 1.529
Working 1.17241.5384 1.72581.1003 " ///// 1.17231.5383 1.17231 5383L////// 1.17231.5383( 2.36950.4565 1.196
capi tal » . L] . ‘/’ - L] L] L] . L[] L] l . L] [ ]
Rogion 1 0.23080.4234 0.21430.4140| 0.03210.0423 0.0231)0.0423 0.0231.0423] 0.02320.0423] 0.02310.0423] "l <7 0.022
Ragion 2 0.23080.4234 0.21430.4140] 0.03210.0423[ 0.02310. 0423 0.02310.0423] 0.02310.0423] 0.02310. 0423 _— 0.022
Roqion 3 0.24040.4294] 0.21430.4140} 0,02310.0423] 0.02310.0423] 0.0322j010423] 0.02310.0423] 0.02310.0423 0.022
Rogion 4 0.07640.2677 0.14240.3531 0.00770.0268| 0.00770.0268 0.00770.0268{ 0.0077.0.268] 0.00770.0268] _—| ] 0.011
poriod 1 0.34610.4780f 0.35720.4835{ 0.03460.0478] 0.03460.0478{ 0.0346/0.0478] 0.03460.0478] 0.03460,0478| 0.03330.048] __—
Poriod 2 0.37500. 4865 0.37500.4885] 0.03650.0484] 0.03650.0484] 0.03650.0484] 0.03650.0484 0.03650.0484] 0.04270.0504 —
?gfigr 0.25960.4405/ 0.25000.4369] 0.02590.0441 0.0259E.o441 0.02540.0441 0.02540.0441 0.02590.0441 0.02490.044470.024
??8}30) 0.25000.4351| 0,25000.4369] 0.02490.0435 0.02490.0435| 0.02490.0435 0.02490.0435{ 0.02490.0435 0.02490.0447 0. 024
?ggtxbovo) 0.230d0.4234] 0.23210.4260] 0.02310.0423 0-023L0-0434H0-02310.0424 0.02310.0424I0.02310.0424 0.0167/0.038 0.024
Irrigation ‘
Uniroicacion ©+51920.5020( 0.052 .0502| 0.05290.0502| 0.052 0.0502] 0.0499 0.055
P—-——-——_
Output 1.15881.4231( 1.77660.6122 1.4114} 1.14241.4114] 1.14241.4114] 1.14241,4114] 2.28410.5094




MEAN AND STANDARD DEVIATION: OVERALL SIZ2E OF HOLDING

4

ALL

VARIABLES

IRRIGATION

LABOUR

CAPITAL

FAMILY

LABOUR

FAMILY’LABOUA:FAMILY LABOJR PERIODS

& FIXED
CAPITAL

& WORKING
CAPITAL

REGIONS

-0.515J0.5886

-0,02750.3938

~0.51580.5886

-0.515J0.5886

-0.51580.58864

-0.5158

0.5884

-0.51580,588

0.43150.1315

-0.007J0.5719

0.6974?.6276

1.16750.5304

0.697%0.6276

0.69790.6276

0.96790.6276

0.69740.6276

1.686J0.2617

1.21640.5928

o.2670L;6299

1,09110.1341

0.24840.6393

1,2166[0,3137

0.816&0.6167

1.6314/0.6620

2.08140,5850

1.63140.6620

1.631ﬂ0.6620

1.63140.6620

2.62760.212ﬂ

2,12270,6351

1,49220.6434

1,97290.5321

A~
e

1.49220.6434

1.492J0.6434

1.49220.643

2.47280.3OIJ

2.004000.6179

0.23080.4297

0.2143/0.4258

0.02310.0429

0.02310.0429

0.02310v0429

0.0231j0,0429

0,02310.0429

(*) | (%

0.23080.,4297

0.21430.4258

0.02310.0429

0.02310.0429

0,023)0.0429

0.02310.0429

0.02310.0429

M1 M)

0.23080.4297

0.21430.4258

0.02310.0429

0.02310.0429

0.02310.0429

0.02310.0429

0.023140,0429

,/”//'

()] (M

0,07690.2717

0,14280.3631

0.00770.0272

0.00770.0272

0.00770.0272

0,00770.0272

0.00770.0272

M) ]

0,3461p0.4851

0.35710.4972

0.0346/0.0485

0.03460.0485

0.03460.0485

0.03460,0485

0.,0346/0.0485

(M) (™)

0,3461p0,485]

0,35710.4972

0.0346[0. 0485

0.03460.048

0.03460.0485

0.03460.0485

0.0346/0.0485

(XN (%)

n
1on

0.5385P.5084

[/////’ /!

0.05340.0508

|
0.05380.0508

0.05340.0508

0.05310.0508

0a0534€.0508

(*)

(x) [ ™

///
1.9661

0.4632

1.4299P.6658

1.4299P.665

1.42990.6658

1.4299P.665q 1.42910.6658

1.42990.6658

2,4016

(*)
0.355%

06

e A AL



TABLE 8: MEAN AND STANDARD DEVIATION: OVERALL SIZE OF HOLDING

FAMILY’LABOUAZFAMILY LABOJR PERIODS

EQUATION B | ALL IRRIGATION | LABOUR CAPITAL FAMILY REGION
' & FIXED & WORKING
VARIABLE VARIABLES LABOUR CAPITAL CAPITAL
' )
Land -O.SISJO.5886-0.02750.3938-0.51580.5886-0.515 0.5886-0.51580.58861-0,51580,5886-0,51540.588¢ 0.431 0.1315-0.007J(
Panily 0.69790.6276 1.16750.5304] 0.6979p. 6276 0.69790.6278 0.96790.627d 0.69790.627d 1.6869p.261 1.2169(
Hirod 0.26700.6299 1.09110.1341f 0.248%0.6393 1.21660.3137 0.8160{
I‘al)our [ . L] L) . . L4 . L]
gi;gﬂal 1.63140.6620{ 2.0814.5850 /,//// 1.63140.6620 1.63140.6620 1.63140.6620 2.62760,2124 21227
g°’7f“g 1.49220.6434 1,97290.5321 ,///// 1.49220.6434 1.49220.6434 1.49220.643 2.47280.3014 2.0040(
Rogion 1 0.23080.4297] 0.21430.4258 0.0231)0.0429 0.02310.0429 0.02310v0429 0.02310.0429] 0.0231/0.0429 (*)
Rogion 2 0.23080.4297 0.21430,4258] 0.02310.0429 0.,02310.0429 0.02310.0429 0.0231)0.0429 0,02310., 0429 (*)
Rogion 3 0.2308p.4297] 0.21430.4258] 0.02310.0429 0.02310.0429 0.02310.0429 0.02310.0429] 0.0231f0. 042 (%)
Rogion 4 0.0769p.2717 0.14280.3631] 0.00770.0272 0200770,0273 0.00770.027 0.00770.0272] 0.00770.0272 (*)
0d 1 0.3461p. 485 0,35710.4972] 0.03460.0485 0.03460.0485 0.03460.0485 0.03460,0485] 0.03460.0485 (%) (%)
Poriod 2 0.34610., 4851 0.357200.4972] 0.034600.0485 0.03460,0485 0.03460.0485 0.03460.0485[ 0.034600.0485 (¥ (*)
Irrigation e
Unireicasion o.saasr.soaat///////// 0.05380.0508 0.05330.0508 o.osa%o.osoa 0.05340..0508 oaosa4o.osoa M ]
output T.42990.6659 1.96610.4637 1429906659 1429906654 1423906658 125905558 1.4299E.6658 2.40140.355 195641




CHAPTER 4 : SUMMARY AND CONCLUSIONS
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This study has attempted to measure and compare pro-
ductivity ratios over five wheat producing regions in
India for the three year period between 1954-55 to 1956-57.
The first method sought to establish an arithmetic product-
ivity ratio with land, labour (two kinds - family and
hired) and capital (also two kinds - fixed and working)
as the inputs at constant prices, and the output seen as
value added at constant prices. The second method sought
to fit several variables to compute annual indices of
productivity from the fitted production function itself.
This was done through the covariance matrix method whereby
cross—-section data was combined with time-series data.

Chapter II attempted to discuss the conceptual problems
relating to productivity and productivity measurement and
some associated technical problems. A brief review of the
development of the specific productivity measures and
some reasons for their rejection in favor of aggregate
or total productivity measures follows. A survey of the
problems involved in the employment of input-output pro-
cedures follows. The special problems relating to the
measurement of agricultural productivity are outlined.
This is followed by a description of some procedures sugg-
ested for adoption in agriculture on a national scale. The
specific methods of estimation chosen are outlined and

some special reasons for their choice are stated.
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Chapter IITI presents the results of the computations
made according to the two methods selected, along with some
explanation of those results and some indication of their
shortcomings. Of special interest are the measurement of
year—to-year technical changes, the effect of irrigation,
the effect of size or scale of holdings and the several
alternétives attempted through different combinations of
groups of independent variables.

Initially this study was intended to include weather,
climatic and rainfall factors‘émong the independent vari-
ables. In fact, the choice of Wolfson's method for the
second part of the computations was made specifically
because of its attempt at estimating the so-called "residual”
factors - mainly climatic and weather, including rainfall.
A number of difficulties arose, making necessary the abandon-
ment of this aspect.

Among these was the problem of different rainfall
zones even within the regions selected. Then there was
the very large number of class intervals or sizegroups,
both negative and positive, indicating deviations from
"normal”™ rainfall, and the problem of attaching weights
to the benefit or damage accruing from the many possible
conditions of excess, “normal”™ and deficient precipitation.
It would have been possible to include at least rainfall
provided one was prepared to use a sufficient number of

dummy wvariables. But such a study would perhaps be useful
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if aimed specifically at measuring the effect of rainfall
and not encumbered with comp