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"There is law and relative regularity everywhere 

else - why not in production and distribution!
 

.Paul H.. Douglas
 

"Until the laws of thermodynamics ara repealed, I 

shall continue to relate outputs to inputs - !.e., to believe in 

production functions" 

Paul A. Samuelson
 



EFFECTS OF TECHNOLOGICAL CHANGE* ON OUTPUT, EMPLOYMENT
 
AND FUNCTIONAL INCOME DISTRIBUTION IN INDIAN AGRICULTURE:
 

A CASE STUDY OF THE PUNJAB WHEAT ECONOMY 

CHAPTER I
 

INTRODUCTION
 

Problem 

National goals underlying the economic and agricultural
 

development of India since 1951, the .yearwhen the First Five
 

Ye.arPlan was inaugurated, could be classified into two broad
 

categories. First, the aggregate income, output, and employment 

objectives include plans for certain rates of growth of the macro 

development indicators such as gross national pioduct (GNP), per 

capita income and.employment. Second, an equitable distribution 

of development gains is a value premise intended to guide the 

formulation and implementation of development plans. To quote the
 

Third Five Year Plan document (inFourth Five Year Plan, p. 21)
 

"the economic activity must be so organized that the tests of
 

production and growth and those of equitable distribution are
 
l/


equally met." For all India, the index of agricultural production
 

(1951=100) increased to 139.2 in 1966, and agricultural
 

productivity index increased to 113.3; the corresponding figures
 

Schmookler (1966) defines technological change to denote the 
act of producing new knowledge, and technical change to include 
incorporation of this new knowledge in the production process 
,of firms. In almost all studia no such distinction is followed.
 
In the present study the concepts of technological change and
 
technical change are used synonymously.
 

Source: Bulletin of Food Statistics (1972 p. 157)
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, 

Index of producton = 100). increased to 

for,wheat-.wer 2 'and,52 1l8,2.4Zespective ly VFor Punjab -the: 

'aicultural (1961..-62 

115. 18; for wheat the corresponding figure wtas 116.57; 
3/ 

percentage increase- (1961-62 100) in yield per hectare of 

wheat was 28.11 in 1966-67i The figures quoted.above indicate 

in broad terms small 'gains in production and productivity 

dimensions of agricultural development. What has happened to 

tho equitable distribution objective?' A study by Dandekar,and 

Rath ,(1971a, P.:: 25) summarizes the situation,in:the following. 

words! 

," as clear tnat the small gains of 
development during the past decade have been 
very unevenly distributed and the gulf between 
the rich and the poor 'has widened'." 

Details on income and consumption inequalities, and increasing
 

numbers of people below the "poverty line," not merely in 

India as a whole but also in Punjab, have been extensively 
4/:


documented.- Healey (1972, pp. 765-770, 776-779) has rightly
 

.identified unemployment and income distribution as two basic areas
 

in which development efforts of less developed countries have
 

exhibited considerable failure..
 

Let us examine some recent statistics on production
 

and productivity.gains of agricultural development in India as
 

2/ 

.,, Source: Statistical Abstract of Punjab (1974, p. 99) 

32 Source: Socio-Economic Review of Punjab: 1970-71 (1972,p.25) 

- Some of these details will be examined in subsequent'hantawi 
of this study.. 



a whole.an4V'Punjab state., For:all,.India.;the index+:of.
 

agricultUr'a1 production (951:=:, 100) icdcreaed fr6m 139.2 In:
 

1966 -to 190.6,in 1971.,:,,and agricultural,productivity,: index
 
5/


increased.from 113.3 in.,1966 :to '146.9 in 
971.; ":The correspond

ing figures for -wheat increased to .340.5 and 185.6'respectively, 

For Punjab,-the index of agricultural production:(1961-62 = 100) 

increased from 115.18.:Jn 1965-66 to'222.13 in 1972-73; the
 

corresponding figures for wheat are from 116.57 to 326.62.
 

Percentage increase (1961-62 = 100)'in yield per hectare of wheat
 
6/
 

was 28.11 in 1966-67, and 89.02 in 1970-71.- Further, in
 

Ferozepur district of Punjab state, during the production year
 

1967-68 sample arithmetic mean output per acre on a "Mexican wheat"
 

farm was 13.0 quintals, whereas on a "local wheat" farm the
 

corresponding figure was 8.5 quintals.
 

The recent figures quoted above on production and
 

productivity dimensions of agricultural development indicate in
 

broad tems substantial (compared to previous periods) growth 

in output as well as efficiency in this growth. The growth in
 

output as well as growth in efficiency has been more in wheat than
 

in agricultural output as a whole, and the record has been superior
 

in Punjab state to that of India as a whole. This period of 

growth in wheat farming sector was a period duri.ng which Mexican 

wheat variety was introduced. This growth in wheat farming 

sector has given rise to many interesting debatable issues elating 

Source: Bulletin of Food Statistics (1972, p. 157)
 

Source: Socio-?Economic Review of Punjab: 1970-71 (1972*' P.25)
 



to both growth and equity W,,-Most.development .:econQmistsno . 

longer agree that groWth.n aggregateobutput -should be .overriding 

objective,, and ,that; measures ,to redistributeincome in favor 

of ;the, poor, are to be. postponed. ,Unemployment, is no ',longer.,% 

considered as a symptom of underdevelopment which necessarily 

disappears as ;GNP :increase~s.v,;,The bliche 'of the, 1960's -.Was',,. 

that the size ofGNP in -relation to.total population, was, so It_ 

that distribution would mean distribution of poverty; economic 

growth was therefore the overriding objective in poor countries. 

The cliche of the 1970's is that in addition to growth in 

average income economic well-being of the poor majority should 

be kept in view; therefore equity is the overriding objective.
 

Economic growth with equity has become the stated objective of
 

most developing economies. It is beyond the scope of this
 

study to examine whether both cliches could be right, and the 

objective of growth-with-equity is feasible. However, interest
 

has certainly shifted frojn the narrower considerations of, 

economic growth to the broader issues of economic development
 

such as unemployment, poverty and income distribution. It is 

in this context that an evaluation of economic impacts of new
 
7/


production technology-- in the wheat farming sector assumes
 

importance. Various issues are raised with the substantial
 

growth in output of wheat farming sector. What is the source of 

this "new found' growth in output? How much of the growth in 

7/ In this study new production technology is defined to include 
Mexican wheat and accompanying production practices; old 
production technology is to include local wheat and accompanying 
production practices.
 



output is due to increased efficiency inproduction, and how
 

much of it is due.tOb,,ncrease!t;in quantiy.of"inputs? What
 

are #,the effects, ofothis. new:,production itechnology on employment
 

and, income .distribution?. 7 Using the results from Punjab state,
 

the present study is an attemptt to-.answer some aspects of
 

;these questions.
 

Objectives of the Study 

The following may be stated as the specific objectives of
 

the study:
 

(1) Decompose the total change in wheat output
 

between farms employing old production technology
 

and farms employing new production technology into
 

three forces:
 

a. neutral technical change;
 

b. non-neutral technical change; and
 

c. change in input levels.
 

(2) Determine employment elasticities with respect to
 

certain key variables - output, input prices, and 

quantities of inputs.
 

(3) Decompose total change in employment between farms
 

employing old production technology and farms employing 

new production technology into the following forces:

a. neutral technical change;
 

b. non-neutral technical change;
 

8/Details on the combination of these five forces in decomposition 

process depends on the choice of economic models for deriving
labor demand functions. Pore on this in Chapter IV. 



c.,O change-i.n,'output;
 

d. change in input,-pitces',. and
 

e;:. cdhange ;inquaniities1 of certain"-key-inputs.
 

(4).,Determine the; diiect.one and maignitude of change in 

,functionalY income distribution. 

The above stated objectives will be examined!with resui-lts 

from the Punjab wheat economy. 

,Market Structure and Ec6nomic Organization :'Governing the 

Punjab neat Economy
 

It will be evident in subsequent chapters of this study
 

that economic models with underlying competitive premises are 

used for the purpose of analysis. So a brief-description of 

economic characteristics of the Punjab wheat economy is not out 

of place. Two issues seem to be important in this context. What 

is the market (input-output) structure confronting wheat farm

firms? Second what is the basic prevailing economic organization 

in wheat farming?
 

Regarding the first question, farmers are price takers
 

in both the product and factor markets. In the case of product
 

markets government announces price of wheat much before the
 

harvesting season. Planting decisions can be made by farmers
 

expecting that at least last year's price will prevail. Fertilizer
 

prices are set by the government and are maintained at a
 

uniform level all across the region during a production season.
 

Supplies at fixed prices are made available at the village
 

level by the state marketing federation through village cooperatives.
 



The level ofwages of both annual and daily hired
 

.abor, are determined fairly, in a competitive village labor
 

iarket. This market sometimes extends over several small
 

:ontiguous villages. The annual rental of lands rented is also
 

fairly.competitively determined in village land market. The
 

assurtion that markets for labor and land are competitive 

does not mean that there are no price variations among farms; 

these variations are assumed to be the reflections of differenti 

rent.
 

However, certain kinds of imperfection- are not ruled
 

out in capital markets. Credit market imperfections may show
 

up in the form of difficulties confronting small farmers in
 

gaining access to the market. In some cases certain types of
 

capital costs are indirectly subsidized for larger farmers. 

Supply of electricity for irrigation purposes is a case in point.
 

Electricity charges are at a fixed rate of approximately Rs 8.50
 

per month per horse power of the motor used and are thus independent
 

of the electricity used. Subsidies on the purchase of
 

agricultural machinery such as tractors and irrigation pump sets
 

are also extended. Since we don't have any way of measuring the
 

magnitude of imperfections in capital market, the competitive 

capital market is a maintained hypothesis in this study. 

Our next concern is with the Prevailina economic
 

'9- See Rao (1972a pp. 393; 395)0 and Sidhu ,1972,p. 5) 
for details. 



organization, that is the type .of business o.rganization, -in
 

the wheat economy. The rpivately managed-farm is the economically
 

relevaiitiinit of analysis. Fdrming in Punjab state is dominantly
 

of the peasant proprietor type. Billings and Singh (1971, P."99)
 

report that 52 percent of the cultivators farm entirely owned
 

land, 314 percent rent some land to augment their owned land,
 

and 14 percent are exclusively tenants. So nearly all wheat
 

.
is pizoduced by privately'managed farms- Average opeational
 

farm Size is about 12 acres with about 60 percent farms larger
 

than 7.5 acres and 12 percent smaller than 2.5 acres.
 

Organization of the Study
 

Apart from the introductory chapter, the study is
 

organized into five chapters:
 

Chapter II is concerned. with a description of data 

sources, sampling methodology and some economic characteristics 

of the region of our study. Discussion on measurement and 

definition of variables also forms part of this chapter.
 

In chapter III, decomposition of total change in output
 

between farms employing old production technology and farms
 

employing new production technology is our main concern.
 

First an economic model and its operational counterparts are
 

developed for determining structural break in wheat production
 

relations, identifying causes for structural break, determining
 

the nature of technical change, and for decomposing total change
 

in output into constituent forces. Second, empirical analysis
 

of results on the above aspects is presented in chapter III.
 



Chapter IVdeals with tie: deterznlnatlon :or employment 

elasticities and decomposition of total change in employment

into constituent forces. First, economic models for deriving 

employment elasticities and decomposing total change in 

employment are developed. Empirical analysis of employment 

elasticities and decomposition follow. 

An evaluation of the effects of technical change on 

functional income distribution is presented in chapter V. 

First income distribution models are briefly reviewed. Second, 

an economic model for evaluation of effects of technical change
 

on functional income distribution is formulated. Third, empirical 

results are discussed with an emphasis on comparability of 

estimated factor' shares with actual factor shares, direction 

and magnitude of chaige in factor shares, and direction and 

magnitude of absolute change in actual factor shares. Fourth, 

implications of change in, functional income distribution to 

personal income distribution are indicated.
 

Finally, chapter VI summarizes the main findings and
 

draws policy implications with respect to sources of output
 

growth, sources of employment growth and relative importance of 

key economic variables ingenerating employment. Policy implica

tions of change in functional income distribution to fiscal
 

and land redistribution measures will also be examined.
 



CHAPTER II
 

,,SOURCES OF DATA, ANOMEASUREMENTIAND
 
DEFINITION OF VARIABLES
 

,This chapter is ,intendedtojcoverfour important
 

aspects:
 

(1) A description of the.nature and sources of data 

used in this study,-emphasizing sampling methodology1/
 
used in collecting the data, and possible 

limitations of empirical basis; 

(2) 	 A determination of the sample structure in the 

context of our study; 

(3) 	 A bird's-eye view of economic anato.y of the regions 

covered in the study; and 

(4) 	A description of measurement and definition of
 

varialles.
 

Sources of Data and Sampling Methodology 

The type of investigation outlined for this study requires 

farm level primary data. There are three different samples 

which provide cross-section data for four years 1967-68 to 

1970-71. We describe each of these sources with an emphasis on
 

samIpling methodology used in collecting the data. 

1. 	 Ferozepur Sample: 

This 	sample from the southwestern district of 

The data base for this study is the same as the one used by

Sidhu (1972). So whenever we refer to Sidhu's Study, we
 
refer to the results obtained by him. from this data set.
 

-10



Ferozepur (Punjab) provides input-outDut data on .131 local
 

wi mL. jinm duu Lvz). nexican wneat'rarms ror tfne.year M7-bb 

ana cata tor 135 Mexican wheat farms for the'rear 1968-69.
 

The agency which.collected these data is the Directorate of
 

Economics and Statistics, iuntstry or Food and Agiculture, 

Government of India. 

The methodology utilized in collecting these data can
 

be characterized as "Multistage Stratified Random Sampling."
 

With the selection of the District, three steps were followed in
 

selecting farms:
 

First, based on soil-crop complex, the district was
 

demarcated into three relatively homogeneous zohes.
 

Second, a total of 15 villages was selected in the
 

district, such that the number of villages in each zone was
 

proportional to the cultivated area in that zone, and the
 

villages in each zone were selected at random with the probability
 

of each village made proportional to its cultivated area.
 

Third, for the selection of cultivators, a consolidated
 

list of all farms in the selected 15 villages was prepared in
 

ascending order of their cultivated area, and divided into 5
 

classes, with each class having equal total cultivated area.
 

Two farms were selected from each class in each village, thus
 

2/ Input-output data on other crops raised on these farms during 
the other growing seasons of the year were also collected.
 
But the present study utilizes data on wheat enterprise only.
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giving 10 farms in each village and 150.farms.in the'district.
 

Of these 150 farms the numbers of "usable"--samples were 133
 

local wheat farms and 105 Mexican wheat farms for the year
 

1967-68, and 136 Mexican wheat farms for the year 1968-69. 

Data were recorded by trained investigators through 

daily visits to the sampled farms. This procedure is characterized 

as the "Cost Accounting Method." 

2. 'Tractor Cultivation Sample:
 

This sample, made available by the Economic Adviser to
 

the Government of Punjab, covers 	the crop year 1969-70. It is
 

larger than the Ferozepur Sample 	in terms of both geographic
 

coverage and number of farms. This sample spreads over the 

whole of Punjab state, covering 304 farms in 19 villages with 

16 farms in each village. Six sample farms from 16 sample 

farms in each village owned and operated tractors. Of these,
 

304 farms the number of "usable" samples is 286 Mexican wheat
 

farms.
 

The "Multistage Stratified Sampling" and "Cost
 

Accounting Methods" were used in 	collecting these data. 
4/

3. 	Regionally Stratified Sample:-


This sample comes from 128 Mexican wheat farms of Punjab 

Y-	 By "usable" we mean that all items of input-output data were 
recorded in the case of these selected sample farms for the 
study.
 

Data collection of this sample was des.igned and supervised by
 
Sidhu (1972).
 

http:150.farms.in


state , b ,brrom zone- ij, i U1 zone (iii'), an&51 frOm'zone 
5/ 

(iv)- In 'consultation wxth theSoils Departmefnt:at Punjab 

Agricultural Uni-versity, Ludhiana, a representative site was 

picked for each zone. In Zone (iv), two representative sites 

were selected owing to its larger*size i-elative to other zones. 

At each site, lists of farms were prepared, large enough so that a 

randomly selected 10 percent of -the' farms would give the 

desired nuiber of farms at each sita to be studied. 

The Data Sheets or "proforoas" and approach used were 

similar to "Cost Accounting Method," but farm visits were not 

as frequent. 

Limitations of the Data 

In spite of the relatively high quality of data, 

we need to discuss some possible limitations associated with
 

the data. Our analytical and empirical framework involves some 

abstractions and generalizations. A brief mention of limitations 

of data is intended to place our analytical and empirical models 

in proper perspective, and ther.eby our results as well. 

First, the information is concentrated on input-output
 

or technical relations in wheat farming and other aspects of 

production receive much less emphasis. For example, we have
 

rather non-discriminating, unidimensional, purely quantitative 

information (in money terms) on irrigation. Effective irrigation
 

. For a detailed discussion on zone classification see Sidhu 
(1972 , Appendix I) 



depends :.upon.the..quality of irrigation - the.soulrce , regularity,
 

controllability as.well as the quantum-of watei' supply. The

quality of irrigation is crucial in the case of new irrigation. 

based production technology in whe~at farming, 1hether a farm 

is supplied bywell irrigaion or-canal irrigation crucially,
 

, affects the quality and dependability of water supply.: Similarly
 

in the case of tenancy there are no details on terms and
 

conditions of lease arrangements. Tenurial arrangements assume 

very many diverse forms in the matter of conditions of-work,
 

permanenance of tenure, sharing of inputs etc. 

Second, there are difficulties in measuring agricultural
 

inputs and output which are much more general and not confined
 

to this study. We found no specific difficulties in getting a
 

measure of wheat output in the context of our study. But we do
 

recognize some specific difficulties associated with human labor
 

and other specific inputs. Farm workers are broadly divided
 

into permanent workers and casual labor. Among the former are
 

included family workers (male, female and children) and
 

permanent farm servants. Labor which can be hired out and labor
 

which may be used on family farms are not independent of the
 

economic status (or sometimes even of the social status of the 

household). For example, among very small farming households
 

women and children not only work on their own farms but offer
 

themselves for work outside; whereas among the class of more
 

affluent farmers female labor is often withdrawn altogether
 

from crop production. In some peasant households, women and 



children may be employed on .family farms, but they are not 

entrants into ,thelabor market even though their .workin 
o
 

family farm would influence the functioning of labor market.
 

The distribution of work between adult males and females
 

and children appears to follow a largely tramuctona. a±±ocation 

of tasks. Female labor is employed mostly as casual labor
 

for certain typical operations such as weeding. Child labor 

is employed mostly in cattle grazing, crop watching etc. A] 

these details are intended to bring out the point that we ar 

abstracting from all these complex f6rces while comparing 

agricultural wage rates with the marginal productivity of 

labor. Wage rate is but one variable in the scheme of things
6/ 

which goes to determine labor utilization on farms.- Are family
 

and hired labor exclusively separable categories so that the
 

family labor is a datum for a cultivatinghousehold? Or are 

these substitutes so that the prevailing wage.rate for hired
 

labor measures the opportunity cost of family labor? We don't
 

have answersto these questions, but we would want these questions 

to be kept in view while looking at the results of this study.
 

In addition to problems associated with human labor 

input, valuation of assets - especially those created on the 

farm-poses a difficult problem. The question of evaluating
 

their replacement value or depreciation is especially tricky
 

when capital assets are neither standardized nor regularly
 

- For more.detailson this particular aspect see Bharadwajr
 
(1974, pp. 25-30).
 



maintained. Data on the technological and financial aspects 

to be es6 accurate and to allot'of agriculture are prone 

much-wider margins ,of reporting and non-reporting errors 

Third, added to these difficulties is the*fluctuating
 

performance of agriculture which is sensitive to climatic 

variations. This will be distinctly evident when we present 

empirical results. 

The preceding discussion has brought out some possible 

Some of the limitationslimitations associated with the data. 

are more general and not peculiar to this study. We have laid 

emphasis on some aspects of labor market behavior with a view 

to bring out the complexities from which we are abstracting in 

developing our analytical and operational framework.
 

Sample Structure for the Present Study 

.... have the data sources and theSo far we described 

methodology used in collecting these data. In this section our 

concern is to present a sample structure which we believe to 

be relevant for the purpose of our study. Using the data 

available from the sources discussed in the preceding section, 

we form three sample structures as presented in Table II.l.
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Table II.l Sample Sti'tcure: n orje r:oummary 

Sample Geographic 
'-___Coverage 

Production 
- Year 

Wheat Variety 
. 

Number of 
Observations 

I Ferozepur District 1967-68 
1967-68 

Local 
Mexican 

31 
105 

II Ferozepur District 	 1967-68 Local 131 
1967-6 8 Mexican 105 
1968-69 Mexican 136 

III Ferozepur District 1967-68 Local 131
 
1967-68 Mexican 105
 
1968-69 Mexican 136
 

Punjab State 1969-70 Mexican 286
 
1970-71 Mexican 128
 

As shown in Table II.1, Sample I includes 131 local 

wheat farms and 105 Mexican wheat farms of Ferozepur district 

for the year 1967-68. This provides us a "homogeneous" data 

set in terms of both geographic area and year. So a decomposition 

of total output and employment change into respective forces 

b~tw:een local wheat firms and Mexican wheat farms, and an 

evaluation functional income distribution effects are not far 

from valid.
 

Sample II includes 131 local wheat farms of Ferozepur
 

district for the. year 1967-68, and 241 Mexican wheat farms of
 

the same district for the years 1967-68 and 1968-69. This data 

set is still "homogeneous" in terms of geographic coverage, but 

not "homogeneous" in terms of year. However, if we eliminate 

year effect by introducing a year dummy into our estimating 

equation, we will still have a relatively ,"homogeneous" data set 



for examining the*objecptives ,ofou, study. : 

Sample III includes 131 local wheat tarms or rerozeDur
 

idistrict for the year 1967-68, Mexican wheat for
and 655 farms 

!the years 1967-68 through 1970-71. This sample is not "homogeneous' 

in ters of either geographic coverage or years. We will take 

out yearly effects by introducing yearly dummy variables into ott 

estimating equation; but our estimates of parameters will still 

be left with regional biases. We will be examining the objectives
 

of our study with results from Ferozepur for local wheat, and
.7/ 

results iom Punjab state for Mexican wheat. So we are less

certain in our analysis with Sample III than with Sample I and 

Sample II.
 

Some Economic Characteristics of the Punjab Region 

We hope that a presentation of some economic characteris

tics of Punjab region would provide a required background for 

placing the results on sources of output growth, employment 

growth and changes in functional income distribution in proper 

perspective. These economic characteristics are presented under 

three heads:
 

(1) A few general aspects of Punjab state such as area
 

and population. 

(2) An analysis of agricultural growth and growth
 

--tentials in agriculture.
 

There is need for qualifying the statement that for Mexican 
wheat we are considering the state of Punjab as one unit. Of 
the 655 samples of Mexican wheat farms, 241 farms were from the 
district of Ferozepir. 
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(3) A description of employment structure,
 

Wherever possible,.these eccaomic characteristics of Punjab
 

are, compared with the corresponding characteristics ,of 

India as a whole. 

1. Area and population: 

Punjab is situated in the ,northwest corner of the 

Indian union. It came into existence on November 1, 1966 as a 

result of the reorganization of the erstwhile state of Punjab. 

The state covers an area of 50,376 kilometers which is about 1.6 

percent of the total area of the Indian union. 

The Punjab state, covering only about 1.6 percent of 

the total area of the country, accommodates 2.5 percent of the 

population (1971 census). The density of population per square
 

kilometers in Punjab in 1971 works out at 267 persons as against
 

178 persons at all India level in the same year. However, the
 

density of population in Ferozepur district is 186 per kilometers, 

the lowest in the state. The total population of the state
 

during the decade 1961-1971 increased by 21 percent. The
 

proportion of urban in the total population increased from 22.97
 

percent in 1961 to 23.80 percent in 1971. This means that the
 

state has a strong agricultural base with over 76 percent of its 

people living in the villages and dependent on agriculture for 

livelihood.
 

The state of Punjab is on the average one of the more 

affluent in India. The pev capital income of the state is Rs 472 

in 1970-71 at 1960-61 prices compared to-Rs 374 in 1960-61.
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2. 	 Agriculturalo Growth and ;Gr6wth" Potentials:-' 

According.,to 'a study by the Economic and. Statistical 

Adviser, Ministry-of Food and Ag-ridulture, :Government of India 

(1966) in the period 1952-53 to 196L4-65 the growth'bf crop 

output in Punjab (the old state)'was the h.ighest in India with 

an average annual rate of 5.56 percent (linearly) compared
 

to 3.42 percent for the country as a whole. This growth rate 

was composed of a growith in agricultural productivity per acre 

per year of 2.86 percent, while the all-India rate was 1.91 

percent. Thus much before the recent introduction of .h.igh

yielding varieties, Punjab had a high rate of growth of
 

8/

both total output and productivity.-


Let us examine some indices of agricultural growth
 

with an emphasis on wheat in Punjab. 

Table 11.2: Some Indices of Agricultural Growth in Punjab 

Item 	 1965-66 1967-68 1969-70 1970-71 1972-73
 

(1) Index of agricultural 115.15 -- 208.97 222.13 
production: all 
commodities (1961-62 = 100) 

(2) Index of wheat production 116.57 -- - 313.05 326.62 
(1961-62 = 100) 

(3) Yield 	per hetare of wheat 1,236 1,863 !21245 2,238 .22'233
 
(kilograms) 

Sources: 1. Statistical Abstract of Punjab (1974, pp. 98,99) 
for items (1) and (2). 

2.:;Socio-Economic Review of Punjab (1972, p. 25) and 
Statistical Abstract of Punjab (1974, p. 74) for item (3) 

8/ 
Krishna (1964) provides an excellent account of agricultural
 
growth in 	Punjab even before the introduction of high yielding 
varieties.
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Considerable gains in agricultural production in 

Punjab espeially in wheat and gains in yield as .evidenced in 

Table 'iI.2 have placed Punjab as one of the' most important 

agricultural growth centers in India. These gains in wheat have 

been substantial with the introduction of new production 

technology. Among the foodgrains wheat is the most important 

cereal crop in the state as it covers 58.6 percent of the total 

cropped area under food grains in 1970-71. Relative share of 

Punjab in the Indian wheat area was 12.6 percent for 1969-70 to
 

1971-72 average, whereas its share in total production was 22.1
 
9/
 

percent for the same period.- This is because yield per hectare
 

of wheat was 2,232 kilograms in Punjab for the year 1972-73,
 

whereas the corresponding all-India figure was 1,254 kilograms.
 

It may be inferred from above statistics that growth performance
 

of Punjab wheat economy in terms of production index and.yield
 

indices has been very good. These performance indices moved 

upward rapidly with the introduction of new production technology 

into the wheat farming sector. 

So far we have examined the considerable progress made 

in Punjab agriculture, especially in wheat farming with the
 

introduction of neq production technology. In Table 11.3 we 

present some growth potentials - cultivated area, irrigation, 

agricultural machinery, use of chemical fertilizer and pesticides 

that have been built into the Punjab farm economy.
 

Source: . Indian Agriculture in Brief (1973, pp 94l 95) 
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Table 11;3 Somd Indices 'of Growth Potentials fbi'Punjab Agriculturo
 

Item of Growth'Potential 'Indices
 

(1) Total cropped area 	 4s732 (1960-61)
 
(Thousand hectares) 


(2) Total wheat area cropped 

(Thousand hectares) 


(3) 	Cultivable area per agricultural worker 

(Hectares)
 

(4) Percentage wheat area under h.igh-

yielding varieties 


(5) Percentage irrigated area to total
 
area under crops: 

all crops 

cereals 

wheat 


(6) Agricultural machinery and implements:
 

ploughs 


sugarcane crushers 


tractors 


bullock carts 


oil engines with pumping sets 


electric pumps for tube wells 


(7) Consumption of fertilizer (Thousand metric 

tons) 


(8) Area under plant protection (Thousand 

hectares) 


5,931 (1972-73)
 

1,400 (1960-61)
 
2,404 (1972-73)
 

1.75 (1971)
 

3.5 (1966-67)
 
57.9 (1968-69)
 
69.1 (1970-71)
 

74.2 (1969-70)
 
80.2 *(1969-70)
 
83.2 (1969-70)
 

1,085,650 (1961)
 
1,255,095 (1972)
 

75,257 (1961)
 
71,702 (1972)
 

4,935 (1961)
 
39,798 (1972)
 

283,575 (1961)
 
295,016 (1972)
 

6,983 (1961)
 
229,906 (1972)
 

6,565 (1961)
 
71,062 (1972)
 

26 (1960-61)
 
876 •(1969-70)
 

1,694 (1971-72)
 

2,609 (1966-67)
 
4,047 (1971-72)
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Table II.3.continued
 

Sources: 1. 	Statistical Abstract of Punjab (1974, pp. 55, 58,
 
153) items (1), (2), and (6).
 

2. Soci6-Economic Review of Punjab (1972, pp, 17, 19, 
20) for items (6), (7), and (8). 

3. Indian Agriculture in Brief (1973, pp. 39, 37) 
for item (5). 

4. Statistical Hand Book'of Punjab (1972, P. 14) for
 
item (3).
 

As evidenced in Table 11.3, growth in the productive
 

capacity of tlie Punjab farm economy is in terms of what Schultz 

(1964) calls 	"modern inputs." Three items are worth wmntioning. 

First, thera 	was a tremendous growth in irrigatibn infrastructure 

as a result of which for all crops the percentage of irrigated 

area to total area was 74.2 percent in Punjab as against 22.7 

percent for all India during 1969-70. This explains partly the
 

rapid adoption of new production technology in Punjab state. 

Second, growth in application and fertilizer has been considerable. 

For example, during the year 1972-73, quantity of fertilizer 

used per hectare was 58.72 kilograms in Punjab whereas the
 
10/
 

corresponding figure for all India was 16.46 kilograms. Third, 

there was a many fold increase in the use of tractors. The 

implications of rapid increase in the number of tractors in Punjab 

to employment will be evident in Chapter IV. 

3. Employment structure:
 

Shift in working force fran primary industries to
 

LO/ See "Fertilizer Statistics 1972-73" (1973, P. 1-178, 1-179).
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secondary and tertiary industries is one-of the',traditional
 

indicators of economic growth. Let us examine the*trends in 

India as well as Punjab in particular. Accordi.ng to 1971 census,
 

the percentage of workers to total population is about 32.92 

for all-India and 28.87 for Punjab.. Table 11.4 shows the 

sectoral distribution of working force. 

Table 11.4 Percentage .yribution of Working Force, All-India
 

and Punjab 

1961 1971
 

Class of workers India Punjab India Punjab 
(1) (2) (3) (4) (5) 

Cultivators 43.3 46.24 52.8 42.75 

Agricultural laborers 26.3 9.65 16.7 20.03 

Other workers 30.4 44.11 30.5 37.22
 

Total workers 100.0 100.0 100.0 100.0
 

Source: (1) Indian Agriculture in Brief (1973, p. 6) for columns 
(2)and (4).
 

(2) Socio-Economic Review of Punjab (1972, p. 9) for
 
columns (3)and (5). 

It i evident from Table 11.4 that about 62.7 percent 
I 

of workers are cultivators and agricultural laborers in Punjab. 

They have to earn a living for themselves and for their dependents 

11/ The definition of a worker has undergone a change in 1971 

census. In 1961 census persons economically active even
 
for an hour a day were treated as workers but in 1971 they
 
were treated as such only if their activity occupied them 
daily for a period sufficient to make it gainful. 

http:Accordi.ng


by 	work)ing, on fazw.% This brings out the: importance of growth 

in 	output and employment in the farming sector.
 

Measurement and Definition of Variables
 

This section deals with the measurement and definition
 

of 	variables used in this study:
 

Y = physical output of wheat measured in quintals per 
12/
 

farm including by-products.- The by-products 

are converted into quintals of wheat by dividing 

the total value of by-products by wheat price. 

L = 	the land input measured in acres.
 

N = 	the labor input per wheat farm measured in hours. 

It includes both family and hired labor. Child and 

female labor is converted into man-equivalents by 

treating two children (or women) equal to one man. 

This type of conversion is based on the assumption 

that each type of labor is paid its marginal value 

product. 

F = the current value of fertilizer and farm produced
 

manures measured in rupees per farm. 

K = 	a measure of the flow of capital services going into 

wheat production per farm. It includes depreciation 

charges, operating expenses of physical capital, 

value of irrigaticn expenses, bullock labor expenses,
 

.value
of seed and interest expenses all measured in rupees.
 

12/ The major by-product is wheat straw, which in chaffed form
 
is used as cattle feed. Sometimes sarson (an oilseed crop)
 
is also grovn mixed with wheat.
 



D6pi io€iin':oharges are calculated,by stralght 

line method. 

WN 9 the total wage bill measured in rupees for wheat 

production per farm. It includes payments to 

hired labor on casual basis, to labor hired on 

annual contract basis, and the imputed value of 

family labor service. Family labor services are 

valued as equivalent t6 those of the annual contract 

labor for each farm. For farms which do not employ 

labor on annual contracts, the average rate of tkise 

farms in the sample which do employ contract labor 

was applied for evaluating the services of family 

labor. 

Pn the hourly wage rate of labor measured in rupees. 

It is obtained simply by dividing the total wage 

bill (WN) by the total labor input (N). 

P1 -he average rental price of land per acre per farm. 

It is obtained by dividing the total rental value 

of land per farm by the size of wheat land (L) per 

farm. The total rental value of land per farm 

consists of the actual rent paid for rent-in land 

in cash or share of the produce and the imputed 

rental value of omed land. For imputing rental 

values of owned lands, the actual rental rates of
 

the fields in close proximity considered as equivalent 

in.land fertility are applied. For lands producing 
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two 	crops during the year half of the annual rent 

is treated as the share of the wheat crop. 

Pf 	 price of nitrogen per kilogram. We recall that
 

fertilizer variable (F) is defined to include the
 

current value of chemical fertilizer and farm 

produced manures. Regarding chemical fertilizers,
 

we don't have data on quantities of N, P and K, 

but 	only expenditure in value terms. If we had
 

quantity data on N, P and K, we could convert these
 

into plant nutrients and divide the total nutrients
 

by total expenditure to get prices of a unit of.
 

plant nutrient. In the absence of quantity data,
 

we propose to use price of nitrogen as a proxy for
 

price of fertilizer. The choice may be justified 

in view of the fact that nitrogen (N) is the single
 
13/
 

most important form of fertilizer used in Punjab.
 

Further, of all the different forms of nitrogeneous
 

fertilizer, urea is the most important one in view
 

of it forming a large proportion to total quantity 
14/ 

of nitrogeneous fertilizer used in Punjab. So 

price of urea per kilogram is a measure of fertilizer 

price used in this study.
 

13/ See "SociO-Economic Review of Punjab 1970-71" (1972, p.19) 

for de tal s
 

See "Fertilizer Statistics: 
 1972-73" (1973).for details
 



Pk 	 .hourly'rental price of bullock capital. We 

recall that the 'capital variable (K) is defined 

to include depreciation cha kes, interest expenses, 

operating expenses of physical capital, value of
 

irrigation expenses,' value of bullock capital
 

services and value Of seed, all measured in rupees. 

With 	the data available, we can develop rental
 

price only of bullock capital by dividing total 

expenditure by total number of hours employed 

and use it as a proxy for price of capital. This 

is what we propose. This procedure ignores 

variation in rental prices of other capital services.
 

However with the data available, using rental 

price of bullock capital as a proxy for price of 

capital is the only choice left. Further, it 

may be stated that expenses on bullock capital are 

a major component of capital expenditures. 

P = the price of wheat per quintal measured in Rupees. 

I = the profit from wheat production is defined as 

total revenue less total variable costs, that is, 

the total wage bill. 



CHAPTERM'Ill
 

DECOMPOSING'TOTAL CHANGE IN OUTPUT
 

One of the specific objectivea, of. this study, is to 

decompose .total difference in output between, farms" employing, 

old wheat production technology and farms employing new wheat 

production technology into three forces: 

(1) Neutral technical change 

(2) Non-neutral technical change; and 

(3) Change in volume of inputs. 

Before developing economic and empirical models for this purpose,
 

a review of some studies on the sources of growth is in order. 

The formal analysis of economic growth started as an analysis
 

of accumulation of factors of production, in particular of
 
1/


capital. Simple Harrod-Domar models- regarded increase in 

the capital-labor ratio as the only source of increase in per 

capita income. Therefore, increases in investment in physical 

capital (through increases in the savings rate) were considered 

the single most important policy goal for countries trying to 

achieve economic growth. 

However, studies of growth in the U.S. 'and elsewhere
 

found that measured output.growth can be attributed only in
 

part to measured input growth. Empirical studies attempted to
 

isolate the separate influence of input. growth (movement along 

-. Jor details ,see Hahn and Matthews (1964). 

-29
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a production function) and technical change (shi t of the
 

production .function. "'ne upsurge in tne attention given to
 
technical change ch 'b'dated in 1956 with,the6 appearalce
 

of an article by Abramovitz (1956). He found that between 

the decade 1869-78 to 1944-53 in the U.S. economy, almost 

*the entire increase in net product per capita was associated' 

with the rise in something -subsequently called the 'residual' 

- other than the inputs of the physical capital,.stock and the 

services of labor. After:the appearance of this article, 

evidence on the 'importance of the residual accumulated. The ',: 

conclusions of various studies vary. Solow (1957) reported
 

that during: 1909-1949 in the U.S. economy, gross output per 

man hour doubled, with 87.5 percent of tbe increase attributed
 

to technical change and remaiting 12.5 percent to increased
 

use of capital. This study seems to have suggested drawing 

attention away from capital formation as a source of growth to
 

technical change as the only important factor. However, Solow
2/
 
(1960) went some way toward giving weight back to capita.-


He showed that since technical advance occurs when the capital
 

used"embodies the new technology, capital formation is important 
3/ 

to make use of new methods.- Griliches' (1964), Jorgenson and
 

For details see Resek (1963).
 

_ This point is relevant for our study in view of more
 
expenditure per acre that has to be incurred on complementary
 
inputs such as irrigation, fertilizer, pesticides, and other
 
current inputs when a farmer plants Mexican wheat.
 



-31-

Griliches,(1967), ,,and Denison, (1969).have made efforts to
 

allocate technical change to various elements of efficiency 

or quality changes of traditional factors - increase in education, 

quality changes of capital equipment and land, changes in the 

utilization rate of capital and economies of scale. Jorgensen
 

and Griliches (1967) reported that almost all 1945-65 growth 

in the U.S. was due to input growth. In their view, there is
 

little or no technical progress when the production function is 

specified correctly. This conclusion is just the reverse of 

the conclusion drawn from Abramovitz (1956) and Solow (1957).
 

Using Griliches (1964), and the Jorgenson and Griliches (1967) 

approach, Akino and Hayami (1974) reports that oxrall, about 

half of the long-term rate of growth in agricultural output in 

Japan has been accounted for by changes in the four conventional 

inputs - land, labor, fertilizer, and capital; one quarter 

by an increase in the level of education; and another quarter 

by an increase in the public expenditure for agricultural 

research and extension.
 

Our interest in reviewing briefly the research on the 

sources of growth is to bring out the relative importance of 

technical change and change in volume of inputs in generating 

growth in outpuc. The ultimate source of growth in output is 

always some sort of investment, although not the traditional
 

investment of the Harrod-Domar model. Schultz (1964, p. 131)
 

argues that "there is at best little opportunity for growth from 

traditional: agriculture because farmers have exhausted the 

profitable production possibilities of the state of the arts
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at 	their disposal." ,In act Bhatacharya 1972r, .51, 52) 

using the. Cobb-Douglas production function, showed'.that 

technological progress did not contribute significantly "to 

the -growth of -the Indian agricultural sector between the period 

1948-49. and 1960-61; whereas technological progress was 

a significant factor in explaining the movements in the level
 
4/
 

of 	non-agricultural output in India. This result is in
 

conformity with the Schultz (1964, p.145) argument, thatlaess 

developed countries will not be able to obtain growth by 

investing more in capital goods of the traditional form. Instead 

they will have to create new institutions capable of providing 

improved inputs into production such as a better educated labor 

force, better intermediate inputs (e.g. seeds) and new capital 

equipment adapted to the local conditions. It is his "H.igh-pay
5/ 

off Input Model"- that has provided a theoretical foundation 

for the "Green Revolution" in less developed countries, both 

through the transfer of specific agricultural techniques and 

a general body of scientific knowledge.
 

The efficiency gains of new production technology in 

rice and wheat production have been well documented. Swenson 

(1973$ p. 52 for example) reports that in the survey villages of 

4/ 	 This is not to argue that technological progress has been of 
the right, type in the non-agricultural sector. In fact 
Bhattacharya (1972) argues that the basic problem of *economic 
development in a country like India has been the absence of 
continuous technological progress in the agricultural sector,
 
and the nature of tecnological progress (not in line with the 
factor proportions of the ountry) in the non-agricultural sector. 

-	 See Hayami and Ruttan (1971) for an exposition on the "High
pay-off Input Model" of agricultural development. 
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Thanjavur district, Tamil Nadu state (India), the'e was a
 

22 percent increase in paddy production between 1965-66 and
 

1960-71. Of the total change in production, changes in yields 

accounted for 18.9 percent, and the rest is accounted for by 

changes in the double-cropped area. Sidhu (1972, 1974a) has
 

determined empirically the nature and magnitude of technical 

change in the wheat farming sector of Punjab. He reported that 

technical efficiency in wheat production increased by almost 

one-fourth. Here a new source of growth is introduced into 

the wheat economy. However, this study does not provide a 

complete account of the differences in output between farms 

employing new and old production technology, because technical 

change in the sense of efficiency gain is just one source of 

output growth; the other source is the change in inputs. The 

present study is an attempt to decompose the total change in 

output into output growth attributable to technical change 

neutral and non-netural and to change in inputs. We have to 

develop an economic model and its operational counterparts 

for the purpose. 

Economic Model
 

In this section our main interest is to decide on an
 

economic model that will enable us to decompose the total change 

in output. Since one of the basic generators of output change is 

postulated to be technical change, we want an economic framework 

that enables us to"measure its contribution. There are broadly 



-34

three ways of measuring technical change; partial procuctlvZty
 
measures such as outut p i hour, per acre; total
 

productivity measures such'as output per unit of total input; and
6/
 

aggregate production function.- Productivity indices are deduced 

either from an explicitly defined production function or from a 

distribution theory where the production function is implicit. 

The level of technical change can be conceptualized in terms of 

an aggregate production function whose parameters reflect current 

available technical production possibilities. Technical change 

can then be viewed as a change in one or more of the parameters
 

of the aggregate productica function resulting from the addition 

of new production techniques to the existing stodk. Even though 

Tinbergen in 1942 (in Kennedy and Thirlwall, 1972, p. 17) 

was the first explicitly to estimate technical progress as a 

separate item in the aggregate production function, Solow's 

study (1957) is by far the most sophisticated of the earliest
 

*attempts to estimate the rate of technical change through the 

use of aggregate production functions. Even though Tinbergen 

restricted the measure to neutral technical change, Brown and 

Popkin (1962) have generalized the method so that non-neutral 

as well as neutral technical progress can be measured. 

For details on these measures see Ruttan (1964). Lave (1966), 
Brown (1968), Nadiri (1970), Kennedy and Thirlwall (1972) 
and Peterson and Hayami (1973). 
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So far we have decided on aggregate production function 

as our basic.economic frdmework .However, we have to decide 

on the functional form Cobb-Douglas, Constant Elasticity of 
8/

Substitution (CES), or Translog Cost function (as well as the 

Translog production function)- - which we are going to use. 

The popularity of the Cobb-Douglas production function lies 

chiefly in iTs ease in manipulation and interpretation of results.
 

But one of its restrictive properties is that it implies a 

unitary elasticity of substitution between any pair of inputs.
 

There is considerable empirical evidence supporting the
 

assumption of unitary elasticity of substitution and thereby
 

the use of Cobb-Douglas form. Hayami (1970), and Hayami-Ruttan
 

(1971) in their test using intercountry cross section data found 

their results consistent with unitary elasticity of substitution. 

Lau and Yotopoulos (1972, p. 14) report that they fitted
 

Indian data to a CES production function directly with non-linear 

methods, and found theelasticity of substitution not to be 

significantly different from one. But Bhardhan (in Srivastava 

and Heady, 1973) recently estimated the elasticity of substitution 

between land and labor by means of "Yaenta approximation" 

See Pasinetti (1959) for a critical look at the use of aggregate

production function for measuring technical change.
 

For details on Translog Cost Function see Binswanger (1973,
 
1974a, 1974b).
 

9/

- See Christensen, Jorgenson and Lau (1973) for details on
 

Translog production function.
 



(1967).and found the:elasticity-of substitution.,between land
 

and labor inputs to be significantly different from unity.
 

However, 	 Sidhu (1972,'Appendix II) estimated the CES production 

function and obtained the result that elasticity of substitution
 

was not different from unity. So we choose to work with the
 

assumption that the Cobb-Douglas function would represent the data
 

fairly. The attraction of Cobb-Douglas derives not only
 

from its simplicity, but also from the desirable neo-classical
 
10/
 

properties it possesses.- It satisfies all the three neo

classical criteria: positive marginal products, diminishing
 

marginal 	products over the relevant range, and non-specification 

of the degree of economies of scale.
 

Following the preceding discussion, we specify our
 

production function in the Cobb-Douglas form as follows: 

1Nn FBf K8k u 	 (1) 

where: 	 A = constant term, a scale parameter 

u = random disturbance term independently distributed 

I/

with zero mean and finite variance -


Definitions of Y, L, N, F, and K are as defined in
 

Chapter II. The coefficients denoted by 8's represent individually
 

10/
 
i-- See Brown (1968) for details 

11/ See Zellner, et.al. (1966) for details on the need for 

including a sochastic term when estimating production functions. 
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the percentage chances in output, the four coefficients taken
 

together measure the total percentage change in output for
 

a given percentage change in inputs. 
 In short, 8 1+On+Of+8 k is 

the degree of homogeneity of the Cobb-Douglas production 

function. 

In production function (1), technical change finds
 

expression in variations in A and the O's. 
 Variations in A
 

would indicate neut.ral technical change. The Cobb-Douglas
 

production fuxiction wouli give evidence 
 of non-neutrality if
 

the slope coefficients (0's) shift. 
 Details on the implications
 

of neutral and non-neutral technical change will be provided 

in a subsequent section of this chapter.
 

We want to use production function (1) for determining: 

(1)the contribution of technical change 
- both neutral
 

and non-neutral -- to difference output betweenin farms 

employing old production technology and farms employing new
 
lla/


-production technologj; 

A major point on this attempt to break technical change
into neutral and non-neutral components needs to be made 

up 

explicit. In the context of decomposing total differences
in output and employment between old and new production
technology, the neutral ccpDonent of technical change is
defined to be the shift in term (A) of production function 
(1), and the non-neutral component is defined to be the

shifts in slope parameters ('s) in production function (1).
If we add both coirponents, we get an approximate measure of
 
technological contribution to differences in output and
 
employment.
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echnical- change.(2) the, cOntribuiion of r to empiloynent; 

and 

(3)the effects of technical change on functional-income
 

distribution.
 

In this chapter, our concern is with the first relation

ship. The other two will be discussed in Chapter IV and
 

Chapter V respectively. Regarding the first relationship, for
 

any production function, the total change in output is produced
 

by changes in the factors of production and in the parameters
 

that define the function. The impact of technical change on
 

output is felt in two stages. Initially, more output is made 

possible from the existing resource base under the new production 

technology. This is the efficiency component, reflected in a shift
 

in the production function. Second, an adjustment component 

of technical change is evident in movement along new production
 

function. This movement along new production function follows
 

from the efforts of firms to adjust to disequilibrium caused
 

by new level of efficiency. Our interest is to capture the
 

effects of both stages.
 

The decomposition analysis is undertaken with per
 

acre production function estimates in that scale effects are
 

eliminated. We assume that per acre production relations for
 

our "representative firm" are approximated by the 

following Cobb-Douglas production function in loganithmic

form: 
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.
in¥1 i A , 1 i 1 : {I 1N 1 * KI 

.
InY3 InA 1n ~l .In fif1 k in (2) 

where: 

Y1 output of wheat in quintals per acre. 

1
N number of hours of human labor employed per acre; 

1
 
F value 	of fertilizer expenditure in rupees per acre; 

K1 value of other capital services per acre; and A1 is 

the scale parameter in per acre production function estimates. 

The underlying production function (2). is homogeneous of 

degree one, that is constant returns to scale.
 

Differentiating (2)totally
 

dyI 	 dF1 
. dA1	 1 1 d i n N Ldn
 
+ l T 0 + kT + n 

Replacing derivatives by discrete approximations and rearranging
 

terms: 

AY1 1 1inN1 	 + &- 1• n A 1 in lnK

--	 - + n ask
 

A1
 y 


1
 
-1 =1 + 	 () 
N1 F 	 (=)
 

Equation (4) considers the technological parameters 

- A1 ti , 01 - as variables. These technological parameters 

are themselves the functions of biochemical technology such 

as new seeds. fertilizer. Pesticides. irrigation, and mechanical
 



technology such as tractors, weeders and threshing machines. 

Equation (4) gives, us, insightst on how much chage in labor, 

fertilizer, and other capital services is requ3.red'to attain a 

given level of output change per unit of land. We hope to 

bring out the importance of technical change, and of change 

in the level of inputs for producing a given level of output.
 

In brief, this is an attempt to determine the sources of output
 

12/
growth per unit of land.-


Let us see how we can use equation (4) to decompose 

the total difference in output per acre between farms employing 

new production technology and farms employing old production 

technology: 

The expression AY1 represents the percentage change

7 

in output with the introduction of new production technology.
 

If Y is the per acre geometric mean output under old production
 

technology, we define AY1 as:
 

Ay1 = Yl _y
 
New Old
 

The expression AA1 on the right hand side of equation
 

(4)measures the percentage change in output due to neutral
 

technical change. If A1 is the cnstant term in the Cobb-Douglas 

production fimction governed by old production technology, 

we define AA1 as:
 

12/ See Martin (1972) for more details on this line of 

reasoning.
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AA~ i~w
 

To measure the percentage change in output due to 

non-neutral technical change, we evaluate the following 

expression in equation (4): 

In N1 A1 t in r' Aol + inK AP (5) 
n f
 

nif 01n is the output elasticity with respect to labor, A1 n 

is defined as 

A61 - 81 and 
n n New n Old 

1 8
 
AS and 81 in the same way.


f k 

An evaluation of following expression in (4) would 

provide us an approximate measure of percentage change in output 

due to changes in the level of input use per acre: 

1 AN1 01 . 81 K1 (6) 
F1
8n T k-


If N1 is the geometric mean number of hours of labor employed 

per acre by farms, AN1 is defined as (NI)New - (N1)old, and 

AF1 and AK1 defined in the same way. So equation (4) provides 

us with the basic expressions required for decomposing into 

growth.sources the total change in per acre output with the 

introduction of new production technology.
 



Techrlical 'Change: :Neutral -vs 'NWInLNeutral 

Technical change is one of the'major forces leading 

to changes in output, employment and functional income distribu

tion. Change in technological parameters with the introduction

of Mexican wheat is postulated to affect:
 

(1) the sources of output growth by shifting either 

the scale parameter (A), or slope parameters ('s) or both,' 

and by changing the level of resource iue; 

(2) the parameters governing the labor ,demand function; 

and
 

(3) functional income distribution th3rough variations 

in the ratios of output elasticity of inputs. 

,,Sothe nature and magnitude of technical change is of 

crucial importance for our study. In this section we are 

concerned with a review of theory underlying the nature of 

technical change and with drawing some implications from our 

study. We illustrate the nature of technical change, first, 

in a two-factor framework and then extend it to a four-factor 

framework which isour concern in this study. 

1. Two-factor Case: To illustrate the traditional
 

two-factor case in the context of our study, we write a wheat 

production function in Cobb-Douglas tradition as: 

n Ckh (7).
hr n1A
e 


where Y and 11 are 'as,defined in Chapter*I I. 



value of all capital services*that. go into wheat 

production. So K includes rental value of land, 

value of fertilizer (F), and the value of all other 

capital services (K). 

A scale parameter; and and . are output elasticities 

with respect to labor and capital. respectively. 

If technical change governing the production relations
13/ 

in 	Mexican wheat is Hicks-neutral-- the following results would
 

be evident:
 

(i)' Neutral technical change finds expression in
 

'variation in scale parameter (A)of production function (7);
 

(A)MW > (A)LW
 

(2) Variation in A does not affect the marginal
 

rate of substitution (MRS) at a constant capital - labor ratio.
 

Neutrality is a homothetic invrd shift of the unit isoquant,
 

that is, the parallel shift in isoquant toward the origin.
 

The following relationship follows from the unaltered MRS,
 

(*l)MW = (4kl)LW, 

where Fn and Fkl stand for the marginal products of labor and 

capital respectively. The ratios of ma.rginal products
 

remain unaltered. Alternatively Hicks-neutrality may be stated as
 

3/ 	 Detailed exposition of the concept can be found in Hicks 
(1936), Hicks (1964), Brown (1968), Neher(1l71), Nadiri 
(1970), Ferguson (1971), Bronfenbrenner (1971), and Johnson (1973) 
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where 7rn prop6 rtional change in the marginal product of labor; 

wk, : proportional change in the marginal 'product of 

Cap .aa. 

Bias, (B) is zero if marginal products of both labor and capital 

change in the same proportion,
 

(3) Another important implication of neutral'technical 

chaige L 

(jfLW
(k)14Wi = 

14/ 
that is,the ratio of output elasticity will remain unaltered.-


If technical change is of Hicks-non-neutral type, 

following results would be obtained in a two-factor case: 

(1) Marginal products of factors change other than 

equiproportionally, that is,
 

nn 

If(!L~C (2F holds, marginal product of labor (F1,)rises 

relative to the marginal product of capital (T) implying that 

L_/ The implication of unaltered ratio of output elasticities 

.to functional income distribution will.be discussed in 
Chapter V.
 



technical change is labor-biased or labor-using, and therefoie
 

capital-saving. It implies that B n "kl O 

Converse results would follow ifS\Fkl); lkl LWi 

Technical change would be judged very capital-biased
 

(very labor-saving) if the value of the F not only declinedn 

relative to Fkl, but also declined absolutely,i.e. (Fn)MW <(Fn)LW. 

(2) Non-neutral variations in Cobb-Douglas function 

will be found in variations in the ratio of output elasticities
 

as follows,
 

MW-i$LW 
The direction of bias is indicated by the direction of change
 

15/

in the ratios of the elasticity coefficients of output.-

If 8 kl rises relative to in a capital-using (labor saving) 

technical change has occurred, and vice versa.
 

2. Four Factor Case: We recall that the Cobb-Douglas
 

production function (1)specified for our purpose is 
a four
 

factor case-land L), labor (N), fertilizer (F), and other
 

capital services (K). We rewrite production function (1)below:
 

Si-5/ Implications of change in the ratio of output elasticities 

to functional income distribution will be examined in 
Chapter V.
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The same analysis applied to two-factor case could be extended 

to our four-factor case. But themo are more possibilities 

for the outcome. An extension of two-factor Hicks definition 

of technical bias leads to n-i measures of technical bias 

for each factor. Binswanger (1973, 1974b) uses the Hicksian 

classification scheme in a slightly amended version which leads 

to a definition of biases in terms of factor shares, i.e., 

share of a factor in total costs. Technical change is
 

labor-saving, labor-neutral or labor-using according to whether 

the labor share in total cost decreases, stays constant, or 

increases at constant factor prices. This definition generalizes 

easily "tothe many-factor case and leads to a single measure 

of bias for each factor. The direction of factor i bias is 

measured as: 

da* > - using 
- neutral (8)Bi0 1c4 0 Hicks[ - saving ..... 

where a, is the share of factor i in total costs, and the 

notation da. indicates that relative factor prices are held1 

constant for this share change; Bi is a measure of proportionate 

rate of change in factor share; dt denotes time derivative.
 

Ferguson (1971) argues that technical change can also
 

be classified on the basis of changes in the' output elasticities. 
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We modify the measure used by Binswanger (1973,',1974 b)
 

as follows:
 
,., i - using 

d0i 1 '0 Hicks 1i- neutral .. . (9)Bi dT saying 

where Oi is the output elasticity of factor i, the notation d~i 

indicates that relative factor-ratios are held constant, and
 

dT indicates change in production technology as represented by
 

Mexican wheat production; Bi is a measure of proportionate rate
 

of change in output elasticity of factor i. For example, a 

measure of technical bias for labor, in discrete form, may be 

stated as follows: 

(Sn)L-_ > flabor-using 
Bn L 00 Hicks labor-neutral . . . (10) 

ilabor-saving(0n)LW 

As stated earlier, the measure represented by expression (10) 

would provide one single measure of the bias for each factor. 

Some Comments on the Estimation of Cobb-Douglas production
 

function 

The test performed by Sidhu (1972) supports the conten

tion that the Cobb-Douglas function would fairly represent the 

data we are using. However, it is well to keep in mind some 

of the problems (some common to estimation of any form of 

production function) associated with estimating the Cobb-Douglas 
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under. four 'importantfunction. We discuss these problems 

headings: 

(1)Least-squares bias.
 

(2)Multicollinearity
 

(3)Specification error
 
.16/
 

(4)Factor share effects
 

1. Least-Squares Bias:
 

One criticism of estimating any form of production 

function concerns the use of straightforward single equation 

least-squares regression equation. The variables which appear 

in the function are all endogeneous variables and hence they
 

are subject to simultaneous determination. Observed data are 

the result of profit maximizing considerations of the firm 

and thus output and input levels are simultaneously determined.
 

The production function is only one of a system of simultaneous 

equations and single equation estimates are in general biased 
17/
 

and inconsistent.
 

Hoch (1958, pp. 568, 569) argued that if a disturbance
 

in the production equation affects only the output and is not
 

transmitted to the other variables in the system, then there is
 

no simultaneous equation bias, and the single equation estimates
 

16/ The implication placed on factor shares by the use of the 

Cobb-Douglas functional form are discussed in Chaptek'V.
 

17/ See Walters (1963) for details on this.issue.
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are consistent.. Simultaneous equation bias arises when
 

disturbance in the production relation affects the observed
 

values of all variables, and, as a result, single equation
 

estimates are not consistent. However, later Hoch (1962, p. 38)
 

tended to accept the argument that, in the case of agriculture,
 

the disturbance probably includes the effects of weather
 

variability, and it can be argued that these effects do not 

affect independent variables. Further*Mundlak and Hoch (1965, 

p. 817) advanced the view that in estimating parameters for the 

Cobb-Douglas production function, assuming competition and profit 

maximization, the estimator to be employed depends on the 

specification of the behavior of the disturbance term in the 

production function. If this disturbance is not transmitted
 

to inputs, that is, inputs are independent of this disturbance,
 

then the least-square estimator is consistent. This is the
 

case in those situations where there is a time lag between the
 

application 6f inputs and realization .ofoutput. Following the
 

same line of reasoning Griliches (1963) argued that in
 

agriculture, where the error term is largely a weather phenomenon 

and production takes a substantial amount of time, one may be
 

able to assume that the correlation between the largely weather

affected error variable and the largely predetermined input
 

variables is zero or very small. However this argument may be
 

less tenable for harvest-associated inputs such as laboi'. In
 

general, the simultaneous-equation bias will be small if the
 

production function is well specified (has a small residual error).
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We believe Ithe production envionment for the present 

study is not basically different from the"specification
 

requirements of the studies discussed above. The production 

function for our study is well specified, and we assume that 

there is no identification problem of high magnitude. We 

wind up the discussion on this issue by quoting Griliches 

(1963, p. 422). "It is important, however, to raise the 

problem of simultaneity, not so much because of the possibility 

of bias in the estimates of coefficients, but because of the 

possibility that no sensible estimates could be had by any 

technique." 

2. Multicollinearity:
 

The second objection against the Cobb-Douglas function
 

is that it suffers from irter-correlation among the different
 

factors of production. Such multicollinearity is defined as
 

the general problem which arises when some or all of the
 

explanatory variables in a relation are highly correlated with
 

one another. Then it becomes difficult to disentangle the
 

separate influence of each independent variable and obtain a
 

reasonably precise estimate of their relative effects. In
 

cross-section samples we would expect large farms to employ 

more labor, more capital and larger amounts of other capital
 

services, and small farms to use less labor, less fertilizer 

and less of other capital services. Klein (1962, p.101) 

suggests that inter-correlation or multicollinearity is not 
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necessarily a problem unless it is high relative. to the over

all degree of multiple correlation among all variables 

simultaneously. Production functions with over-all correlations 

much in excess of 0.95 can be well-estimated with intercorre

lations between labor and capital as high as 0.8 to 0.9. 

3. Specification Errors: 

Griliches (1957) has explored the impact of some
 

common empirical 'bompromises', on the estimates of the Cobb-

Douglas production function. In production function studies,
 

some variables (management, for example) cannot be included in 

the analysis. Returns to scale are underestimated if the 

excluded input varies less than proportionately with the included 

inputs, and vice versa. The omission of managerial inputs
 

from the production function biases the estimate of the 

elasticity of input with respect to capital inputs upwards and
 

the estimate of return to scale downwards. If quality differences
 

in our measure of land and labor are disregarded, it would lead 

to an upward bias in our estimate of the elasticity of output 

with respect to land and labor. We discussed some problems 

associated with the measurement of labor input, irrigation, 

and other physical assets in Chapter II. There is no way that
 

we can determine how serious it is to disregard the quality 

aspects. 
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EmpirIca Models aid AnalysIs 'f Redults 

So far.we have formulated an economic model for the
 

purpose of decomposing total changes in output. 
 As a step 

toward the decomposition process, we develop empirical models
 

to determine the nature and magnitude of technical change. 

Sidhu (1972) reports that technical clange introduced into 

Punjab wheat economy is approximately neutral. In this regard, 

the present study differs from Sidhu's study in two respects.
 

First, we will investigate the nature of technical
 

change with respect to all three samples outlined in Chapter XI; 

whereas Sidhu's conclusion is based onSample I. 

Second, in arriving at his conclusion on the nature 

of technical change Sidhu used per farm results. 
We intend to 

arrive at our conclusion by testing results from per farm and 

per acre production function estimates. Performing tests
 

with per acre estimates is designed to take out the scale effect. 

Empirical models are formulated to answer the following 

questions. First, is there a structural break in production
 

relations governed by new production technology compared to the 

production relations governed by old production technology?
 

Second, if there is a structural break, is the structural break 

caused by a difference in intercept (A)of production functions,
 

or difference in slope parameters (0's), or both? Third, are 

the slope coefficients for old production technology equal to 
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Tne slope coerflcients for new production technology? 
Empirical
 

Models I, II,and III are designed to answerthe three questions.
 

1. Empirical Model I: 
Stability Test for Identifying Structural
 

Break
 

This section is concerned with setting up an empirical
 

model for investigating the question of whether the parameters
 

of the production function governed by new production technology
 

are different from the parameters generated by old production
 
18/


technology. The question is investigated with respect to
 

all three samples. We set out our estimation equations for
 

the purpose as follows:
 

In Y1 = 
n A1 + O1 In L + 02 In N,+3 
 In F + 0 1n K + U1 (11)
In Y2.= in A2 + €i In L + 02 I
n N + h in F + 04 in K + P2 (12) 

In
In Yp= In Ap + Y L + Y2 in N + Y3 In F + Y4 In K + Up (13) 

For Sample I, equation (11) is the ordinary least-squares
 

regression linear in natural logarithms for production function 

(LW), equation (12) for production function (MW), and equation 

(13) is for the pooled data. For Sample I, equation (11) is
 

the same, but equation (12) has two years of Mexican wheat data
 

with a "year dummy" of value one for 1967/68 and zero for
 

1968/69; Equation (13) is the estimat.ng equation for pooled data. 

See Chow (1960) and Fisher (1970) fobr.details on this test. 

http:estimat.ng


In the case of Sample III, equation (11),s the: same, but 

equation (12) has four years of Mexican wheat data with 

"year dumy variables" of value one for 1967/68 and zero for 

1968/69, 1969/70 and 1970/71; equation (13) is the estimating 

equation for pooled data. Following is the null hypothesis 

for the purpose of this test.. 

Ho: Al = A2, 01 = 0s 2, 03 = 042 	 03, 04 = 


Results for the test are presented in Table III.1 

Table III.1 	Testing the Hypothesis on Structural Break ir
 
Production Relations, Per Farm Analysis
 

Sample 	 Number 

of Obser-
vations 


(1) (2) 


I. 
1967/68 (LW) 131

1967/68 (MW) 105 


Pooled 236 


II.
 
1967/68 (LW) 131 

1967/68 and 241 

1968/69 (MW)
 

Pooled 372 


III.
 
1967/68 (LW) .131 

1967/68 and .655 

1970/71 (MW) 

Residual 

Sum of 

Squares 

(3) 


14. 3755 

15.8456 


32.3817 


14. 8755 

37.9892 


57.0970 


14.3755 

78.2437 


Degrees 

of 

Freed6m 

(4) 


126
 
100 


231
 

126
 
235 


367
 

126
 
.647 


Theoretical 
Calculated . F 

F a = 0.05 
(5) (6)
 

3.23 2.21
 

5.44 2.10
 

6.53 1.94
 

Pooled 786 98.8750 781
 



As Is.evident in Table 111.1, we rekject ,thenull 

hypothesis 	that the parameters of production functions governed 

by 	two production technologies are the same, since bbserved
 

F-ratios 	exceed critical F-ratios at a = 0.05 in the case of 

all 	three samples. So the two population structures are
 

different 	in the case of three samples implying a structural 

break in production relations.
 

2. 	Empirical Model II: A Test for Identifying'Causes of
 

Structural Break
 

What we have shown in Table III.1 is that there was 

a structural break in production relations. But we don't know 

yet whether the structural break was caused either by shifts 

in 	intercept, or by shifts in slope parameters, or both.
 

Empirical 	Model II has the objective of approaching this problem. 

For Sample 1 following is the extimating equation: 

n Yp = In 	A + 1 In L+ n 1n N t Of In F + 0 In K+ y7Dl! 

+ 6dXi D21 	+ Ci (14) 

"uqation (14) is the ordinary least square regression linear
 

in natural logarithms for pooled data- Dli is the "intercept 

dumy" of value one for Mexican wheat and zero for local wheat. 

D2 1 is the "slope dummy variable" with a value of one for 

independent variables (Xi ) - L, N, F, K - in the case of Mexican 

wheat and zero for independent variables in local wheat. 

Following is the estimating equatIon for Sample II: 
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Infl[p. Xn A t 0 1 ±flL tPn I N I nF t 1i. -InK t YaJjj 
A. - I 

+5Xj D2 1 t ai DU1 + ei(35) 

Equation (15) is the ordinary least-square regression linear
 

in natural logarithms for pooled data. Dli is the "intercept
 

d mwy" of value one for Mexican wheat and zero for local wheat. 

D2 1 is the "slope dumnW variable" with a value of one for 

independent variables (Xi ) - L, N, F, K - for Mexican wheat 

and zero for independent variables in local wheat. D31 is the
 

"year dummy variable" with a value of one for 1968/69(MW)
 

and zero for 1967/69(MW). There are two important observations
 

to be made on this estimating equation set up for Sample II.
 

First, the estimates for Mexican wheat are average estimates
 

for the years 1967/68 and 1968/69. Second, the way in which
 

we have introduced "year dummy variable" assumes that the
 

difference between 1967/68 (MW) and 1968/69 (MW) is only in
 

the intercept, with slope parameters remaining the same.
 

For Sample III, the estimating equation is essentially
 

the same as equation (15). But, the estimates for Mexican
 

wheat are averages for 1967/68, 1968/69, 1969/70, and
 

1970/71; D31 is the "year dummy variable" with a value of one
 

for 1968/69 (MW), 1969/70 (MW) and 1970/71 (MW), and a value
 

of zero for 1967/68 (MW) and the "year dummy variable" assumes
 

that the difference between 1967/68 (MW) and 1968/69 (MW),
 

1969/70 (MW) and 1970/71 (MW) arise only Aln Intercept, with
 

slope parameters remaining the same. Results of estimates for
 

all three samples are presented in Tables III.2, III.3 and 111.4.
 



It is shown in Table 111.2 that for Sample I, 

"intercept dummay-iriable" aid' 'slope a -Wvariable" for 

Capital (K) seem to indicate that the structural break is 

caused basically by shifts in intercept (A) and the output 

elasticity of capital (k). The "intercept dummy variable" 

is significant at a= 0.15, and the. "slope dummy variable" for 

capital (K) isignificant at a= 0.05. 

Table 111.2 	 Identification of Causes for Structural Break, 
Per Farm Analysis, Sample I. 

i/
 

Variables OLS Coefficients Stan. Error Computed T 

A (Constant) 0.533 	 0.529 1.009
 
L 0.646 0.088 7.110 
N 0.209 0.088 2.385 
F 0.092 0.018 5.098 
K 0.060 0.102 0.586 

DVA2 -0.834 0.732 -1.139 
DViL' -0.092 0.122 -0.757 
DVN 3 -0.115 0.122 -0.939 

3,/ -0.026 0.051 0.509 
0.262 0.145 1.814 

R = 0.92 

1/ Dependent variable is the outpvt' of wheat in physical units 

2/ DVA is the "intercept dummy variable" with a value of one 
for Mexican wheat and zero for local wheat. 

3/ DVL, DVN, DVF and DVK are "slope dummy variables" for Land (L), 
Labor (N), Fertilizer (F), and Capital (K) with a value 
of one for Mexican wheat and zero for local wheat. 



Table Il. $, Identification of Causes for StructWal Brea, 

Per Farm Analysis, Sample II.. 

Variables OLS Coefficients 
 Stan. Error, 'ComputedT
 

A ( onstint) 	 0.533 
 0.550 0.969
 
L 
 0.624. 0.091 6.826
 
N 
 0.209 0.091 2290

F 
 0.092 0.019 4.895
K 0.060 0.106 0.561
 

DVA 3.. 	 -0.460 0.692 -0.665
DVL3/ 	 -0.052 0.116 -0.453
 
DVN3/ -0.080 0.1.7 -0.689
DVF2 / 0.012 0.032 0.362 
Dl/ 0.175 0.133 1.317
DY -0.298 0.055 -5.440 

68_694/'
 

=g 0.91
 

1/ 	 Dependent variable is the output of wheat in physical units 

DVA is the "intercept dummy variable" with a value of one 
for 1967/68 (MW) and 1968/69 (MW), and zero for local wheat 

3/ 	DVL, DVN, DVF and DVK are "slope. dummy variables" for 
Land (L), Labor (N), Fertilimr (F), and Capital (K), with 
a value of one for 1967/68 (MW)and 1968/69 (MW), and zero 
for local wheat. 

4/ 	DY is the "year dummy variable" with a value of one for
 
1968/69 (MW) and zero for 1967/68 (MW).
 



Table 111.4 -Identification of Causes for Structural Break,
 

Per Farm Analysis, Sample III. 

Variables1 /  OLS Coefficients Stan. Error Computed T 

A (Constant) 0.533 0.529 1.066
 
L 0.624 0.088 7.511
 
N 0.209 0.088 2.519
 
F 0.092 0.018 5.386
 
K 	 0.060 0.102 0.617
 

DVAV' 	 -0.132 0.560 -0.235
 
DVL3/ 0.005 0.093 0.057
 
DVN3/ -0.014 0.092 -0.146
 
DWY. -0.025 0.022 -1.13,4
 

0.078 0.104 0.750
 
DY V -0.302 0.048 -6.337
68-69 
DY -" -0.287 0.044 -6.503
 

69-70
 
DY 4/. -0.175 0.048 -3.636
 

70-71
 

=A 0.91 

I/ 	Dependent variable is the output of wheat in physi.al units. 

2/ 	 DVA is the "intercept dummy variable" with a value of 
one for 1967/68 (MW), 1968/69 (MW), 1969/70 (MW) and 
1970/71 (MW), and zero for Local Wheat. 

3_/ 	 DVL, DVN, DVF and DVK are "slope dummy variables" for 
Land (L), Labor (N), Fertilizer (F), and Capital (K) with 
a value of one for 1967/68 (MW), 1968/69 (MW), 1969/70 (1W)g 
1970/71 (MW), and zero for local wheat.
 

4/ 	 DY is the "year dummy variable" with a value of one for 
1968/69 (MW), 1969/70 (MW), 1970/71 (MW), and zero for 
1967/68 (MW). 

http:physi.al
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uonceu.ng cne iaent'rication or causes-ror
 

structural break in production relations in Sample II, two
 

results from Table 111.3 may be cited as important. First,
 

"intercept dummy variable!' and "slope dummy variables" for 

Land (L), Labor (N), and Fertilizei (F), are not significar, 

at any reasonable level of significance. The "slope dummy 

variable" for Capital (K) is significant at a = 0.01. This 

seems to imply that capital variable (K) has played a 

significant role in causing the structural break. Second the 

"year dummy variable" is significant at a = 0.005, but has a
 

negative value implying a downward parallel shift in productior 

function for Mexican wheat. will examine detailsWe some on 

this lAter in this chapter.
 

When we examine results on identification of causes
 

for structural break in production relations in the case of 

Sample III, as given in Table III.4, we recall from Chapter II
 

that the population is no longer homogeneous in terms of both
 

geographical and temporal aspects. So results on sample III
 

need to be examined in this perspective. Two results from 

Table III. seem to be important. First, neither the "intercept 

dumw variable" nor the "slope dummy variables" for Land (L), 

Labor (N), and Capital (K) are significant at any reasonable 

level. The "slope dummy variable" for fertilizer (F) is 

http:uonceu.ng


significant at a 0.15. So.we bannot pinpoint any independent
 

variable as the cause of the structural break in production
 

relations, Second, "year dumuy variables" are all significant
 

•at a = 0.005, but each has a negative value,implying a downward 

parallel shift in production function for Mexican wheat. Some 

details on this will be discussed in a subsequent section in
 

this chapter.
 

3. Empirical Model III: Testing Equality of Slope Coefficients 

in Production Functions. 

Empirical Model I provided for all three samples, the 

finding of a structural break in production relations. The 

results from Empirical Model II suggest that the scale parameter (A) 

and the slope parameter for capital (K) were significant
 

factors in the structural break in Sample I; in Sample II,
 

capital (K)was a relatively significant element in the structural
 

break; in the case of Sample III, no single independent variable 

can be pointed out as an important factor in the structural break. 

Empirical Model III is designed to answerour third question, 

are the slope coefficients for the production function generated
 

by new production technology the same as for the production 

Eut the negative value for fertilier "slope dummy variable" 
is not believable, because it implies that output elasticity
with respect to fertilier is lower under Mexican wheat than 
under local wheat. We recall that output elasticity for 
Mexican.wheat is an average estimate of four years data. We 

*don't.have clear evidence on whether the adverse weather 
conditions,.as reported by Sidhu (1972), during the years
1968/69 - 1970/71 would account for this result. 

http:conditions,.as
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function generated by old production 'technology? .Our estimating 

equation for Sample I may be stated as followsi" 

In Y ; In A.+ 111n L + 02 1n'N + 0 31n r + 04 ln"K + Pj (16) 

K- P2 (17)in Y2 "-IA 2 + 01 1n L + 21n N + *3 1n F + 041 

in In Ap+ yln L + Y2 ln N + *31n F + Y4ln K + y5DI 

+Pp •(18)
 

For Sample I, equation (16) is the ordinary least squares
 

regression linear in natural logarithms for the local wheat 

production function, equation (17) for the Mexican wheat 

production function, and equation (18) is based on the poole 

data with a "variety dummy variable" (Di), of value one for 

Mexican wheat and zero for local wheat. 

For Sample II, the following are our estimating 

equations: 

in Yl c in Al + Oln L 021n N + 3 nF+4n K + p (19) 

In Y2 a in A1 + #,in L + #2 1n N + 431n F + . 4 1n K + *5 Dj 

+ P2 (20) 

In Yp is n Ap + y1ln L + Y21n N + Y3 1n F + Y4 1n K + y5 Dij 

+ y6D21 + Pp (21) 

Equation (19) is the same as in Sample I; Equation (20) is 

for estimating production function for Mexican wheat with a 

"year dummy variable" (Di ) of value one for 1968/69 Mexican 

wheat and zero for 1967/68 Mexican wheat. Equation (21) is 

for pooled data with a "variety dumay variable" (Dli) of value 



one for 1967/68 and 1968/69 Mexican wheat and zero for 1967/68
 

local wheat, and a "year dumny variable" (D21)of value one for
 

1968/69 Mexican wheat and zero for 1967/68 Mexican wheat.
 

Following are the estimating equations for Sample III: 

=In Y1 In A, t Olln L + 021n N + 03ln F + 041n K + ji (22) 

=In Y2 In A1 + *l1 n L + *2 1n N + *31n F + *4 1n K + *sDi 

+ 6 D21 + 7D3 + P2 (23) 

la Yp = in A. + ylln L + Y21n N + Y31n F + y 4 1n K + Y5 Dli 

+ Y6 D21 + Y7D3 i + YsD41 + P (24) 

Equation (22) is the same as in Samples I and II; Equation (23) 

is for estimating production function for Mexican wheat with 

"year dummy variables" (Dli, D2i, DU) of value one for 1968/69 

Mexica. wheat, 1969/70 Mexican wheat and 1970/71 Mexican wheat 

respectively, and zero for 1967/68 Mexican wheat; Equation (24) 

is for pooled data with a "variety dumTy variable" (D1 i) of 

value one for Mexican wheat and zero for local wheat, and "year 

dun, variables" (D2i, D31, D4i) of value one for 1968/69
 

Mexican wheat, 1969/70 Mexican wheat and 1970/71 Mexican wheat,
 

and zero for 1967/68 Mexican wheat.
 

Results of testing the equality of slope coefficients
 

for all three samples are presented in Table III.5. For Saurle 

I a per farm analysis of covariance gave an F-ratio of 1.36
 

with 4 and 226 degrees of freedom; this observed F-ratio of
 

1.36 is less than critical F-ratio of 2.37 at a = 0.05. For 
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Sample II, the observed F-ratio of 0.72 with 4 and 361 degrees 

of freedom is less than critical F-ratio of 2.37 at a = 0.05. 

In the case of Sample III, the observed F-ratio of 0.57 with
 

4 and 773 degrees of freedom is again less than critical
 

F-ratio of 2.37 at a = 0.05. Sidhu (1972, 1974a), using 

analysis of covariance test on Sample I, reported that technical 

change for Mexican wheat production was approximately neutral. 

Our result agrees with this conclusion. Extension of the test 

to Sample II and Sample III also suports the conclusion that 

technical change is neutral However, we recall the population. 

compositions for Samples II and III are different from Sample I. 

The conclusion that folloss from these tests is that output 

elasticities for the different inputs are the same in separate 

regressions for local wheat and Mexican wheat, if we allow the 

intercept terms (As) in two.regressions to differ.
 

Analysis of covariance for investigating the equality
 

of slope coefficients is also extended to per acre estimates
 

(Table 111.6), taking out the scale effect. From Table 111.6, 

computed F-rtios are less than critical F-ratios in the case 

of all three samples, implying that we cannot reject the 

hypothesis of equality of respective slope coefficients for 

new-technology production functions and old-technology production 

functions. So this result also supports the conclusion that
 

technical change is approximately neutral. 



Table 111.5 Testing the Hypothesis on Equality of Slope 
PerCoefficients in Production Functions, 


Farm Analysis. 

Sample Number of Residual 

Observa- Sum of 

tions Squares 


(1) (2) (3) 


I.
 

1967/68 (LW) 131 14.3755 

1967/68 (MW) 105 15.8456 


Pooled 236 30.9496 


If.
 

1967/68 (LW) 131 14.3755 

1967/68 

1968/69 (MW) 241 37.9892 


Pooled 372 52.7847 


II.
 

1967/68 (LW) 131 14.3755 

1967/68 

1970/71 (MW) 655 78.2437 


92.8940
Pooled 786 


Degrees 

of 

Freedom 

(4) 


126
 
100 


230
 

126
 

235 


365
 

126
 

647 


777
 

Calculated Theoretical 
F F 

0.05 
(5) (6) 

1.36 2.37 

0.72 2.37 

0.57 2.37 



Table II16 Testing the Hypothesis on .Equality of Slope 
Coefficients in Production Functions, Per Acre 
Analysis 

Sample 	 Number of Residual Degrees Calculated Theoretical 
Observa- Sum of of F F 
tion3 Squares Freedom 	 0.05
 

(1) (2) (3) (4) (5) (6)
 

I. 
1967/68 (LW) 131 14.3940 127
 
1967/68 (MW) 105 16.7235 101 0.80 2.37
 
Pooled
 

236 31.4467 231
 
II.
 

1967/68 (LW) 131 14.3940 127
 
1967/68
 

1968/69 (MW) 241 38.4976 236 0.53 2.37
 

Pooled 372 53.1252 366
 

III.
 
1967/68 (LW) 131 14.3940 127
 
1967/68 

1970/71 (MW) 655 78.7575 648 0.43 2.37
 

Pooled 786 93.3068 778
 



Summary of Results on the Nature of Technical Change 

In broad terms, the results of the empirical analysis 

of the nature of technical change may be summarized as follows:
 

First, a structural break in production relations with the
 

introduction of new production technology was established for 

all three samples. Second, as for the causes for the structural
 

break, the conclusion is mixed. In Sample I, the shift in
 

the coefficient of the capital variable (K) and the shift in 

intercept (A)seem to have contributed more. A shift in the
 

coefficient of the capital variable (K) seems to have played 

a role in the structural break in Sample II. For Sample III,
 

no single independent variable can be identified as a significant
 
20/


factor in the structutal break. Third, results from analysis
 

of dovariance--both per farm and per acre results--suggest the 

conclusion that technical change is approximately neutral. 

In addition to these statistical results which suggest 

that technical change is approximately neutral, let us use the 

concept of technical bias defined in terms of proportionate
 

change in the output elasticities. We generalize expression (10) 

as follows:
 

Since data from Sample III are not homogeneous in terms of
 
geographic region and years, analysis of decomposition
 
of output change, employment change, and the evaluation of
 
functional income distribution effects will be undertaken
 
with the results from Samples I and II.
 



- ' - using 

Hicks{1 -neutral (25)
• (Oi)LW 
 < i - saving 

where 0, is a measure of technical bias for factor i in 

terms of proportionate change in elasticity of output of factor i. 

Results on the nature of bias in the caseof both per farm 

analysis and per acre analysis are shown in Table 111.7 and 

Table 111.8 respectively. 

We draw three important results from Table 111.7 and 

111.8 for interpretation. First in Sample I, vhich is more 

homogeneous in terms of geographic area and year technical 

change introduced into the Punjab wheat farming sector is 

fertilizer-using and capital-using, and land and labor-saving. 

This conclusion is supported by results in Table 111.2 as well. 

However, since the "slope dummy variables" for land, fertilizer, 

and labor are not statistically significant, bias in technical 

change is Hicks-neutral. This is to say that slope coefficients 

for land, labor and fertilizer for old and new p!oduction 

technology are almost the same as shown in Table 111.2. However, 

'blope dummy variable" for Capital (K) is significant at 

a = 0.05. This tends to support the conclusion that technical 

change is capital-using.
 

Second, in Sample II,which is less homogeneous in
 

terms of years, the nature of bias is the same as in Sample I. 

Bias in technical change is Hicks-neutral with respect to land, 

labor and fertilizer as supported by results from Table 111.3. 
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Table III.7 Nature of Technical Bias, er Farm Analysis 

Sample Factor of 
Production Bi = 

(0i)MW 
.... 

- (0i)LW Nature 
of Bias 

WL) (2) (3) (4) 

Sample I:z Land -0.148 L-saving 
1967/68 (LW) Labor -0.550 N-saving 

versus Fertilizer +0.283 F-using 
19677-6-iw) Capital +4.367 K-using 

Sample II: Land -0.083 L-saving 

1967/68 (LU) Labor -0.383 N-saving 
versus Fertilizer +0.130 F-using 

1967/68-1968/69 Capital +2.900 K-using 
(MW) 

Note: parametric values for computing Column (3) are drawn
 
from Table 111.9.
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Table 111.8 Nature of Technical Bias, per Acre Analysis 

Sample Factor of 
Production 

()(2) 

Bi 
=(Oj)K - (0i)LW 

.(oi)Lw 
(3) 

Nature of 
Bias 

(4) 

Sample I: 

1967/68 (LW) 
versus 

1967/68 TM) 

Land 
Labor 
Fertilizer 

Capital 

-0.093 
-0.699 
+0.011 

+3.104 

L-saving 
N-saving 
F-using 

K-using 

Sample II: 

1967/68 (LW) 
versus 

1967/68-1968/69 
(MW) 

Land 
Labor 
Fertilimr 

Capital 

-0.062 
-0.523 
+0.154 

+2.060 

L-saving 
N-saving 
F-using 

K-using 

Note: parametric values for computing column (3) are drawn 
from Table III.10. 
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But bias in technical change is capital-using, and it is 

significant at a 0.01. 

So it may be possible to conclude that technical 

cnange in the Punjab wheat farming sector is approximately 

neutral, but some degree of non-neutrality is evident in 

Samples I and II. In our study, we may not want to proceed with 

the unquestioned assumption that technical change is neutral. 

We may prefer to incorporate the effects of difference in 

Intercepts and slope parameters into our decomposition process. 

When we decompose total change in output and employment, the 

effect of shift in intercept will be reflected in constant 

term (A), and the effects of non-neutral technical change will 

show up as differences* in slope parameters. 

Analysis of Results on Decomprsition of Total Change in Output
 

Following our preceding discussion, we decided to 

incorporate the appropriate effects of shifts in intercept 

(neutral technical change) and shifts in slope parameters (non

neutral technical change) into our decomposition process. 

Since production function estimates dre needed in addition 

to input levels, results of production function estimatos 

per farm and per acre are shown in Tables III.9 and III.10 

respectively. These estimates seem reasonable in the sense 

that the output elasticity for each input has the postulated 

sign and a low standard error. 
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In broad 'erms'i the folloiiawini esut t were bbtained
 

from Tables 111.9 and 111.10.
 

First, in Samples I'and II,per farm as well as per
 

acre results indicate the increasing relative importance of
 

fertilizer and other capital services in increasing output 

under new production technology compared to old production 

technology, whereas labor that was significant under old
 

production technology seems to have lost in relative importance
 

under new productim technology. One of the basic components 

of new production technology is found to be the higher level of 

output per unit of fertilizer than under old production technology. 

This follows from the fact that the new wheat varieties respond 

to heavier fertilizer applications without lodging and thus
 

have a higher "yield ceiling" than the local wheat. Local 

wheat is said to have long tender straw and to be susceptible 

to lodging under heavy fertilimr applications. This characteris

tic woivks as a limiting factor beyond a low "yield ceiling"
 

and constitutee a major barrier to increased wheat production.
 

the fact that the purchased inputs like fertilizer
 

and other capital services have become more important in
 
a 

generating output has a major implication for the growth 

promoting interaction between agriculture and industry that
 

has been a major characteristic of economic growth in 
21,'

developed countries. An increase in agricultural productivity
 

A more detailed examination of this issue can be found in 
Johnston and Nielsen (1966) and Johnston (1970) 



--

... a l 9 .Per Farm Yroduction Function Es3timates 

Sample 1/ Elasticity Standard Returns -

-Sample 	 "Variables of Output Error to Scale R2 

I. A (Constant) 1.704 0.488 
1967/88 (LW)Y I. 0.623 0.081 

N 0.209 0.081 0.983 0.85 
F 0.092 0.017 
K 0.060 0.094 

II. 3/ 
1967/68 (MW)- A (Constant) 0.741 0.551 

L 0.531 0.092 
N 0.096 0.093 
F 0.118 0.052 1.065 0.94 
K 0.322 0.112 

III.
 

1967/68-1968/694 / A (Constant) 1.070 0.442 
(MW) L 0.571 0.075 

N 0.129 0.077 
F 0.104 0.027 1.038 0.92
 
K 0.234 0.084
 
DY68 59 -0.298 0.058
 

I/ 	 Regressions linear in natural logarithms are estimated by
least-squares. Dependent variable is output of wheat in 
physical units. 

2/ 	 For 1967/68, local wheat, t-values for all independent
variables except capital are significant at a = 0.005. In 
the case of capital, t-value is not significant at any 
normally accepted levl.
 

/ 	 For 1967/68 Mexican wheat, t-values for all independent variables 
except labor are significant at a = 0.005; for labor t-value is 
approximately significant at a = 0.15. 

4/ 	Estimates for 1967/68 Mexican wheat and 1968/69 Mexican wheat
 
are 	averages for two years. For all independent variables 
except labor, t-values are significant at a = 0.005; for 
labor t-value is significant at a= 0.05; "year dummy variable" 
is significant at a= 0.005, but negative. 
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Table III.10 Per Acre Production Function Estimates. 

Sample Variables 	 Elasticity of -2 5/
 
Output- R
 

.. /.L)A (Constant) 1.530
 
L 0.626
 
N/L 0.216 0,27
 
F/L 0.091
 
K/L 0.067
 

-1967/68 (W).-11 A (Constant) 1.320
 
L 0.568
 
N/IL 0.065 0.16
 
F/L 0.092
 
K/IL 	 0.275 

1967/68-1968/69-,/ 
(NW) A (Constant) 1.490 

L 0.587 
N/L 0.103 0.24 
F/L 0.105 
K/L 0.205 
DY
 

68 69 -0.259 

I/ 	Regressions linear in natural logarithms are estimated by
least-squares, restricting estimates to constant returns to 
scale. Elasticity of output for land is obtained by the
 
homogeneity (of degree one) constraint as follows:
 

N 8n F Of(K )kY/L 	 = 

- n - Of - Ok N8 n F8 fso Y = ALl O	 Kok 

Otput elasticity for land is: 01 = I-o-Of-& 
2/ For 1967/68 local wheat, t-values for labor and fertilizer 

are 	significant at c = 0.005, but for capital it is not 
significant at any reasonable value. 

3/ For 1967/68, Mexican wheat, t-value for fertilizer is significant 
at about a = 0.005, for capital at a = 0.01. For labor, t
value is not significant at any reasonable level. 

4/ For 1967/68-1968/69, Mexican wheat, t-values for fertilizer 
and capital ae significant at a = 0.005, for labor at = 0.0. 
"Year dummy" variable is significant at = 0.005 but negative

5/ Low R2 follows from the ourwhelming importance of land as a 
generator of output in relation to other inputs, and 
elimination of land as an explanatory variable from the
 
estimating equation.
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and growth in demand. for,,purchased inputs supplied by industry 

,are; forces.that provide impetus for general economic growth. 

...one of the stulies of this type of interaction between 

agricultural and industrial development, Falcon (1967)
 

noted that rapid expansion of private tube wells in west
 

Pakistan gave, a strong stimulus to tha growth of local machine 

shops.
 

Second, the "year.dummy variable" in Sample II is
 

negative. The negative value implies a decline in the efficiency
 

parameter of Mexican wheat production function in 196.8/69 compared 

to that of 1967/68. The way in which we set up the "year
 

dummy variable" also implies that a decline in the efficiency
 
22/
 

parameter does not involve the slope parameters.
 

2J Sidhu (1972) found negative values for "year dummy variables" 

for the years 1968/69, 1969/70, and 1970/71. He argued
 
that this downward shift in the efficiency parameter could
 
have happened after 1967/68, due to adverse weather conditions
 
in those years compared to 1967/68, defective seed quality,
 
addition of marginal land to Mexican wheat production, and
 
possible technological regression in the production of
 
Mexican wheat. However, it does not seem to be possible to
 
assess the relative importance of thes;e possible factors in
 
the downward shift in the efficiency parameter.
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Decomposition Analysis
 

Using the production function estimates in Table I11.10,
 

we undertake to decompose the difference in per acre output into 

neutral technical change [that is, shift in parameter A' of 

production function (2)], non-neutral technical change [that is,
 

shift in parameters 0',s of production function (2)3, and change
 

in levels of labor, fertilizer and capital services used. We
 

rewrite our basic decomposition equation (4)as follows:
 

Y1 AI~jU=lIn Nl1 + InFl A01+ln Kl Ao7
 

Decomposition analysis with equation (4) did not
 

yield satisfactory results in the sense that the estimated
 

change was substantially different from the actual change.
 

We propose an alternative decomposition formula which includes
 

all the basics needed for decomposing total change in output
 

into constituent forces.
 

Per acre Cobb-Douglas production function (2)for
 

local wheat with error term is;
 

InY1 x ln Al + On In N1 + Of ln F1 + Ok In Kl + U1 (26) 

Per acre Cobb-Douglas production function (2)for 

HexIcan wheat is: 

inY 2 a n A2 Inunt4 2 *If, I +YJCie+ (27) 
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Taking,differences between (27) und (26). and adding 
someter' and subtracting the same terms: 

3n Y2" In YX 	 (in A2 - In A1 ) + (Yn In N2 On In N1 

+ yn In Ni - y 	 n N) + (yf In F2 - Bf in r1 

+ yf in F - I F1)) + (y in 2 - k n K 

I n n+ Yk K, -Yk 	I KI) + (U2 - Ul) (28) 

Rearranging terms in (28)
 

=In Y2 - In Y1 	 [in A2 - In All + yn - On) n N1 + (Yf - Of) 

In Fl ( k - 0k) in Kl ] + [yn (In N2 - in Nl) 

+ Yf (in F2 - in Fl ) + Yk(in K2 - In Kl)) 

+ .[U2 - Uli 	 (29) 

Equation (29) can also be written as: 

in [Y23.injA,2] + [(Yn* On In N1 + (yf - Of) in F1 

+ (Yk - 00c InK1 Jyn +'yf in(2Emn(Ni) 
+ Yk In( K2)]+ 	[U2 -Ul) (30) 

Equation (30) permits us to decompose the total 

difference in output into.the constituent forces in which 

we are interested. This decomposition equation involves 

decomposing the natural logarithm of the ratio of "new" output 

to "old". It is approximately a measure of percentage change 
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in Qutput with the introduction of new technology.- The 

first bracketed expression on the right hand side, natural 

logarithm of the ratio of constant terms, is a measure of 

percentage change in output due to neutral technical change, 

that is, change due to a shift in term (in A); the second 

bracketed expression, the sum of the arithmetic changes in 

output elasticities each weighted by the logarithm of the 

volume of that input used, is a measure of change in output
 

due to non-neutral technical change, that is,shifts in
 

slope parameters of the production function; the third
 

bracketed expression is the sum of 'the logarithms of the ratio,
 

for each input, of "new" to "old' input, each Weighted by
 

the output elasticity of that input; this expression is a
 

measure of change in output due to changes in labor, fertilizer
 

and capital used given the output elasticities of these inputs
 

under new production technology. Obviously, the fourth
 

bracketed expression is a measure of differences in error terms. 

Results of the decomposition analysis with equation (30) are
 

shown in Table II.11.
 

The following observations on sources of growth in
 

output per acre in the Punjab wheat Econony may be made on
 

24/n Y21 = In (1+ X) X for IX, 1
 

where X is a percentage change in output- it is approximately
 
a percentage change because the higher order terms in a
 
Taylor Expansion are discarded.
 



-79

the results 	shown in Table III.11 

Table III.11.: Decomposition Analysis of Total Difference in 

per Acre Output between New and Old Production 

Technology 

Percentage 'attributable 
Item Sample I Sample II 

(1) (2) 	 (3)
 

Total difference in
 

-
output	 40.2 22.3 

Sources of Change:
 

1. Neutral technical -15.1 	 -2.6
/
change.!


2. Non-neu)ral technical
 
change' 30.0 16.8
 

3. Change in inputs: 
I/
 

a) Labor 2.1 2.9
 
b) Fetilizer 15.1 
 15.7
 
c) Capital 8.3 
 5.7 

Total: due 	to input change 25.5 
 24.3
 

Total Change: due to all 40 
 38.3
 
sources
 

Notes: 1. 	Sample geometric mean levels of output and Inputs
 
per acre are shown for Samples I and II in
 
Appendix I, 	 Table I.A. 

2. 	Parametric values for computation are drawn from
 
Table III.10
 



First, regarding Sample I which is homogeneous in terms 

of both the geographic region and the year, per acre production 

on a Mexican wheat farm was about 4O percent higher than on a 

local wheat farm. What are the sources of this increased 

outputproductivity of land? How much of thIs increased 

is due to neutral technical change (in the sense of shift in 

to
parameter A of production function (1)), how much of it 


non-neutral technical change (Jn the soite of shift in slope 

parameters of production function (1)), and how much of it is 

due to change iL input levels? Contribution of the shift in 

pvrameter A, that is neWtral technlical zhange, is shown as 

negative. This implies that yield !a lower for new seed 

are applied and isvarieties when low levels of purchased inputs 

only above the old varieties when these inputs have reached a 

high enough level. To quote Zarembka (1972, pp. 165, 166) 

on this issue, "... the technical characteristics of new seeds, 

particularly the most high yielding one, are often that their 

yields are higer than traditional yields only when accompanied 

.,y highew utilization of other variable inputs." This perhaps 

provides an explanation of why the intercept for Mexican
 

wheat production function is lower (Tables I.I.9 and 111.10) 

than for local wheat, giving rise to negative contr.ibution of
 

neutral technical change. We think that this perhaps needs more 

empirical verification with data from experimental plots of
 

research stations. 



This contribution of non-neutral technical change 

to increased output is shown as 30 percent. Ifwe add both 

neutral and zon-neutral components, we got approximately
 

a measure of contribution of technology to output growth.
 

That contribution turns out to be about 15 percent. This
 

implies that with the same level of per acre Input of
 

labor, fe:rtilizer and capital used on a local wheat farm,
 

15 percent more output could be obtained per acre on a
 

Mexican wheat farm. Here Is a new growth source whose
 

presence has characterised the growth process of developed
 

economies, but its absence in less developed countries
 

has been partly responsible for low growth rates.
 

As shown in Table I1I.11, increased use of labor,
 

fertilizer and capital per acre under new production
 

technology has contributed about 25.5 percent of the increased
 

growth in outpit. The contribution of fertilizer (.5 percent)
 

is the highest, the conti-ibution of capital being about 8
 

percent and of labor being about 2 percent. The major
 

contribution of fertilizer is consistent with the idea that the
 

"Green Revolution" is basically a "Seed-Fertilizer Revolution,"
 

based cn biochcmical technology.
 

Second, regarding Sample II, which is less homogeneous
 

in terms of production years, per acre production on a Mexican 

wheat farm was about 22 percent higher than on a local wheat 

farm. As against this observed 2e percent difference in output, 



the expected (that is, by adding the sources of growth in 

output) growth in output was about 38 percent. If we examine 

Appendix Table I.A, the geometric mean per acre levels of 

labor, fertilizar and capital were almost the same for 

1967/68 - 1968/69 (OW) as 1967/68 (MW), whereas there was a 
25/ 

considerable differenc,) in output.- As we stated earlier 

in footnote 22, adverse weather conditions in 1968/69 would 

perhaps account for some of.the difference In per acre output 

and thereby the actual deviation from the estimate. This 

seems to be the case because the percentage contribution 

made by technical change was about 14 percent, and the 

contribution made by change in inputs was about 23 percent in 

the case of Sample II. This is in close agreement with the
 

result from Sample I. So perhaps the main reason why the 

actual (22 percent) deviated from tne estimated (38 percent) 

was adverse weather conditions. 

25/ It is shown in Appendix Table I.A that the geometric
 

mean level of output per acre was 12.32 quintals for the 
year 1967/68 (MW), whereas it was 10.30 quintals for the 
year 1967/68 - 1968/69 (MW). 
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SUMMARY 

From the statistical analyses of Samples I and II, 

which will be used in the subsequent analyses of this study, 

the following substantive conclusions seem to follow:
 

(1) The stability test (Table III.1) suggests that the 

parameters of the production function generated by the new 

production technology are different from those generated by 

the old production technology. Ibis implies a structural change 

in wheat production relations; 

(2)The tests (Tables III.2 and 111.3) on the causes 

of structural break seem to indicate that the capital variable
 

is mainly responsible for the structural change, because the
 

"slope dummy variable" for capital is statistically significant 

at a reasonable level of a; 

(3)The analysis of covariance (Table 111.5) indicates 

that the slope coefficients for two production functions are 

the same; output elasticities with respect to various inputs 

are the same in separate regressions for local wheat and Mexican
 

wheat, if we allow the intercept term (A) in the two regressions
 

to differ. 

However, an analysis of technical bias in terms of the
 

proportionate change in the output elasticities (Tables III.7 

and 111.8) suggests that the new technology is land and labor 

saving, and fertilizer and capital using. But as shown in 

Tables 111.2 and 111.3, "slope dumy varlables" for the output 



elasticities of land, labor and fertilizer are not statistically
 

significant. So we attach less importance to this conclusion 

on technical bias with respect to these three inputs. That
 

the new technology is capital-.using seems to be supported by 

the significant "slope dummy variable" for the output elasticity 

of capital.
 

On the nature of technical change introduced into the
 

Punjab wheat economy, the preceding analysis seems to suggest 

that, in broad terms, it is approximately neutral. However,
 

as we suggested earlier that we may not proceed with the
 

unquestioned assumption that technical change is neutral. We
 

would prcfer to incorporate the effects of shifte in intercept (A) 

and slope coefficients (Ris) of production function (1) into de

composition analysis of total change in output and employment.
 

(4) Our decomposition analysis (Table III.11) with 

Sample I suggests that of the 110 percent increase in per acre 

output, technical change-neutral and non-neutral - contributed 

about 15 percent, and increased use of complementary inputs 

fertilizer (15 percent), capital (8 percent) and lebor (2 percent)
 

contributed about 25 percent.
 

In the case of Sample II, there does not seem to be 

any substantial change in the sources of output growth; but 

adverse weather conditions in 1968/69 seem to have caused the
 

estimated (38 prcent) change in output to deviate from the 

actual (22 percent).
 



CHAPTER IV
 

EMPLOYMENT ELASTICITIES, AND DECOMPOSING TOTAL CHANGE
 
INEMPLOYMENT
 

Ever since the Committee on Distributioa of Income and 

Levels of Living, set up by the Government of India, reported 

(1964, 1969) on the glaring inequalities of income and consump

tion, much empirical evidence has been accumulated on the
 

distribution of incomi and consumption, and on the percontage

1/ 

of the people below the "poverty line."_ The percentage of 

people below the poverty line has increased over a poriod of time 

not only in India as a whole, but also in Punjab, a state where 
2/ 

substantial economic growth has been recorded. There is no 

easy answer to the question of what is to be done to alleviate 

poverty. Johnson (1973) examines two important sources of 

poverty; first, there is an excessive number of people dependent 

on the earning capacity of the family unit for their sustenance; 

second, there is an inadequate income to support the normal

sized family. This inadequate income may be due to inadequat: 

employment opportunities. and/or inadequacy of the factors of 

production the family can supply to command a non-poverty level 

of 	income. Johnson also argues that poverty will not cure
 

For details on these issues see Bardhan and Srinivasan (1971),
 
Dandekar and Rath (1971a, 1971b), Bardhan (1970a, 1970b, 1973
 
1974), Ojha and Bhatt (1971), OJha (1970), Minhas (1970),
 
Santana (1970), Abel (1971) and Rajaraman (1974). See McNamara
 
(1972) and Adcrlman and Morris (1973)onexperiences of developing
 

2/ 	economies.
 
More details on this aspect are provided in Chapter V.
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'have to be made by govermnents uoncerneC *toa.LeviaTe it1 

.This is as true of India as any.:other country. 

It seeT. that a "packageY approaches to.the problem is 
the "package" may include redistribution of income 

,iecessamr h "akge!m rd 

From the rich to the poor through fiscal mechanisms, increased
 

ublic investment for Increasing the human capital of the poor
 

(e.g. education, training in job skills), public works 

redistribution of property especially land (the source or income), 

3nd creating more employment opportunities. It is beyond the 

3cope of this study to indicate how much could be done under 

aach of these programs. However, a few general remarks are 

Ln order. Experience in redistribution through fiscal mechanism 

has not been at all effective in view of opposition of landed 

Woperty groups of increasing the tax burden on them. The human 

capital approach could be only a supplement to any other 

possible measure in view of its long gestation period. The 

redistribution of land approach is an immediate possibility if 

there is a political will; but how much could be done through 

this approach is still uncertain. In fact Dandekar and Rath 

(1971b) argue that it is futile to try to resolve the problem 

of ,rural poverty, in an overpopulated land, by redistribution of 

land which is in short sipply. Provision of income through the 

creation of employment opportunities is a major approach widely 

believed to be the feasible one. Employment is the process by 



wnlch, a laboring family"'is"'linkd'd:ett"the"ecbnomic&i1f_':6f "
 

'
 soczey. ror such a famiy, enplOyment mediates infcme and"'
 

offers the .oppo~unity foi participation n the development...
 

'
 process. -Prvison ofemployment' offers a means -of using;
 

a means of earning income, and"a,: 1
 

means of crossing above the "p0 rty line.' There are sorh"
 

questions to be examined in placing the employment issue in
 

proper perspecti-. What is the nature and magnitudeof 
 " 

unemployment in rural India?' What has been the experience in 

absorbing labor in the industrial sector? What are the-' 

employment dimensions of new production technology in'thc 

wheat farming sdt6r? Thee questions are briefly 'examined"below. 

The committee of Exerts'on Unemploymenht" Etim4ts,170 

(in'dethuraman (1972)1), tells us"that in ruralareas. there is 

very little open or outright unemployment, but 'there would be 

considerable seasonal unemployment and/or underemployment. 
Descrbing the Situation in an overpopulated country like India 

Georgescu - Rovk:en(1960, p. 31) argues that in overpopulated 

countries it is hed to find someonp unemployed. With"an. 

excess of labor, everyone fights to "establish"a solid claim to 

a share of the national product. This leads to a social 

pattern which may be labelled "splitting-the-job.,, Various 

attempts have been made to estimate -unemployment and under

employment in India. Estimates of surplus in terms of the
 

number unemployed range widely from 3 to 50 million including
 

an amalgam of unemployment, underemployment, low productivity,
 



3nd indQlence, *Eventhe.estimates .made by the National 
gam.e ,S~rey nd suggested by 	the Dandeka -tah sitUdy(1971b) 

asuffers,from.various, limitations. Krishna (1973) in recent 

study, reports, t, including the wholly unemployed and 

severely,,undeFqpployed available for additional work, the 

nu oworkers unemployein 	 zural India comes to about 

and 2.2 million in the urban19.8 411ion for the, yer 1971, 


areas ,.forA.the, same period. However. these estimates do not
 

on leisu e is high and for wbom
5nceuthose whose premium 

social status even-with semi-starvation is more important 

arethan gainful employment. Comparable figures not available 

for Punjab, eventhough studies by the, National -Council of 

and Uppal (1973) suggestApplied Economic Research (1962), 

not have been asthat .underemployment and unemployment 	 may 

of 1950ts as elsewhereserious a problem in the rural 	Punjab 

in Trnda. 

orWe have discussed briely the nature @nd magnItude 

The next question is,, what hasunemployment in rural India. 

been the experience in absorbing labor to industrial sector? 

The.contribution of the industrial sector to employment growth 

over the last decade has been disappointing in many countries. 

reports that between 1950,and 1964 emloqyentSethuraman (1970) 

For a critical evaluatibn of these estimates, m~e Sethuraman 
(1972). 

- Details can be found in Turnham and Ingelies (1971), Todaro 

(1971a, 1971b, 1973), Werner and Herve (1966), and Morawetz 

(1974). See Hazari and Krishnamurthy (1970) for Indian. 
experience.
 



ii the Inid han lege-scale -anufaw. g sectojwn.,i ased~at 

an annual ! ofra percent wh le*he rea-value a'ded byE' 

this Sb'etr rose At 'an a 1V ra't of ;over 10 prcent. During
 

the same period capital stock inconstant prices: rose at an
 

-
annual rate of aibout 17 percent per "year. Ths"the groath'ofr

empoymeiit lagged-behind the growt:h' of value added' 'and!Icapital 

stock.5"/ Moawr :li)lo rp %'hahn '1970' man facturing- " 


labor force as "apercentage of total laboIr was 9.5 ,'wb1reas gross 

value .added in manufacturing as a percentage of valIue added in 

commdity.production in'1969 was 20.5 I1inrecent years, a 
-
voluminous lite1te~: has eme.rged~~ attempting to explain, the


poor perforince of industrial sector in generat ng employment, 

'and to "suggest ways ifi which it might-be Improwd. Most of i 

is directed to three fundamental and inte~related questions.
 

Is there necessarily a conflict between increasing employment
 
6/ 

and increasing output? Which'goods should be produced (the

output composition problem)? How should they be produced;i(the 

Choice of technique problem)? "It is beyond'the scope o-:present 

sty to examine these interesting issues.
 

In'addition to a labor force explosion'due to high rate
 

of population growth, and poor performance of Industrial sector 

WSee Sethuraman (1970) for reasans why the capital-labor ratio 
rose rapidly in India.
 

6/ For excellent discussions of this issue see Marsden (1969
 
and Stewart and Streeten (1971).
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Ln ' ' 	 as ,gnerating 	employmntv us 	 have ,been advanced 

as to.why 	 eliance on .agrioulual.stg' fore lment, 

eneration is ineyitabl.-{,, Two maj orrxeaSons need to be
 

'Of. the projected
stated.-, Oneis the.setoral arithmetic. 

Lncz'ae,,of mqre ,than, 60.. million, intelabor foc fId 

it is 3,million may require!uwingth~e 	 !970's, estimated that 

Inthe ,rural sector'. In Punjab, rural population,mployment 

ks percentage of ota" opulation was 76.3 according to 1971 

census.x, Allbese additional people have to find their means 

of livelihood painly in rural areas., The other major reason is 

the,.technical,change in agriculture with the introduction of
 

high.:yielding varieties. The new cereal varieties are said 

to have the po ,er of 'being the catalysts of employmat creation 

One may examine different dimensions of employment opportunitiet 

offeped by, recent technical change in agriculture. Technical 

seasonchange may increase the labor input used per growing 

maygenerate additional employment by facilitating multiple 

cropping, .and may contribute to employment by creating a dynamic 
8/ 

onenvironment for farm diversifications.F In addition to these 

may throughfarm employment, oportunities, it generate eploYment 
8a/ 

backward and forward linkages, in Output. and input marketT.- Some 

. Discussions on thesereasons, areoutlined in Shaw (971) 

and Nurul 	(1973).
 

;,See Donovan (1974) for some details on effects of multiple
 
cropping and farm diversification on employment.
 



obser,ve~s belieye, for e ple,"Shaw (1971), Tat the amount 

of. emploent created indirectly will exceed ,he direct 

empoyment effects of the new technblogy. Krishna (undated) 

hasp. posed, a model for measuring indirect employment effects 

by usingthe basic input-output model. 

The present study i's concerned with one dimension of the 

direct employment effects of technical cha-,.l that is the employ

ment. effects per growing season of wheat in Punjab. The study 

does .not measure by farm operations the employment ef'."ects of 
9/
 

technical change - seedbed preparation, irrigation and harvest. 

Rather the study is concerned with a measure of total effect. 

It is-the fundamental premise of this study that there must be 

greater provision of.employment opportunities within the 

agricultural sector, and creation of employment opportunitio 

is one of the main ways thwough which the government can give 

expression to its "equity objective." The "pull" of high urban 

wages pointed out in the Todaro studies (1969, 7971a, 1977) ame 

very important in causing migration to urban areas, but the 

"push" factors may be made less operative by creating employment 

In farming sector,. 

8a/ The effects of green revolution in Pakistani Punjab on small 

scale industries supplying diesel engines, pumps, and other 
farm implements are reported by Child and Kaneda (1975). 

9/ Such studies are reported by Billings (1970), Billings and
 
Singh (1971), and Jhunjhunwala (1973).
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u.zu- ml~a~ures or re.Levant; quantit"i:es are require(1 

for The purpose of thish& oi'ul~I~nof emiplyment policy. 

ania to learn how much we must chanige variables 'which we "can:" 

control in order to effectuate th1e change required in : r 

empjloyment.~Tha' are two' important directions'in' which the 

government can have impact on generation of employment. First, 

it%can influence the creation of employment by influencing 

the price of some inputs such as fertilizer, irrigation Water, 

and price of farm machinery. second, the government "can" 

also influence the cre'ation of employment through its 'phystcal 

planning, thet is, planning of the production and distribution 

of off-farm inputs..Further, a decomposition of employment 

into .their constituent causal forces is also required provideto 

an empirical perspective on the relative importance of 

techologcaland' economic forces in generating employment. 

'Etlmation of employment elasticities with respect to cez'tair 

key variables,' and decomposing the total difference in ' ' 

employment between :farms employing old production technology 

and farms employing new production technology into constituent 

forces is the direct concern of this chapter. We need .e conomio 

ue.s .ana tneir poperatlonal counterparts. •These we• dv nnA , 

the sections below. 



Economic Models 

i n zisLa zo-clon our main concern is to formulate economic 
models that would enable us to estimate' employmen" elasticities 

f6i certain key variables, and to decompose the total change in 

employment into constituent forces. 
There are three Principal
 
theoretical canstructs avialable'for this Prpose:
 

th Prpoe'
 

(1) Constrained Cost-Minimization Model;
 

(2) The Unit-utput-Price (UOP) Profit Function Model,
 

and
 

(3) • The Unrestfrcted&Profi't-Maximzaton Model
 

Because the unrestricted proft-maximization model yields solutions
 
10/
only for returns to scale thanless unity,- we chose towork
 

with the first two models. 
A review of these two models, with
 

an emphasis on their strengths and weaknesses in'the context
 

Our study, is in order...
 

1. Labor Demand Function Derived .from Constrained Cost Minimization 
+Mode l: ' ": . . C o . .. . ns t .ra.... ed.C o s .. o. . ..... ... 

The Cobb-Douglas productio function (1') from chapter III 

ib rewritten as: 

Y L .AJ n.,f V k 

The cost eauation is 

C PIL'+ P(N+ p.p +'PvJ (2)
 

where C denotes total cost incurred by the firm, and P1, Pa,. pf 
and Pk are prices of land service, ,laborfert~llzep and.other 

For a detailed exposition of this Point, see Henderson and

Quandt (19 71). 



capital services. respective.y.. *iViables L, N, F and K are 

defined as in .Chapter II. Following Nerlove (1965)3 

minimization of cost equation (2) subject to production
 

,function (U)would yield us, the following labor demand function. 

,,1 8i1 • f k 

"Wuere 

Land -'y, + n + = returns to scale;' prsumab3y 

In labor demand function (3),. both output and factor 

prices are exogeneous. Heady and Dillon (1961), Brown (1968),
 

Bronfenbrenner (1971), and Samuelson (1974) have examined
 

various versions of this model. There is one aspect of the 

model that needs to be stated explicitly. That is, in deriving 

the labor demand function (3), we have constrained the firm 

to a given level of output. This has, implication for the sign 

'ofthe exponents in the labor demand function (3). It is 

obvious why we have a negative exponent for wage rate (On). But 

in the case of other exponents the sign is positive. This 

implies that an increase or decrease in input prices would gi, 

rise to an increase or decrease in the quantity of labor 

employed. " For example, an increase in the price 'of Cal,it a . (K) 
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wouldulead to~, a , deere asee'invthe quantlit ,.of Jit. 'emp l~ye d~ Since 

we he constr" nd-the tmi to afi"gi.v n soquant-,! the firm!would 

be, producing this given level of output by employing more,, labor. 

We propose to epploy labor demand function (3) to,determine 

employment elasticities with respect to output and input prices. 

Per farm prodtmtion Ifunction estimates'allowing for turns to 

scale differing from unity will be-used, for,evaluating employment 

elasticdities.-

S 1f; we assume corstant returns to scale, y =, equation 

(3) and expression (4) may be stated as: 

N=Y Pi P. p Pf k (5)
 

0r (
1 On Of Ok-


On01 (A8n Of Ok) (6)
 

Labor demand function (5) is employed for determining employment 

elasticities with respect to output, and input prices. Per acre 

production function estimates imposing the constraint of 

homogeneity of degree one in returns to scale will be used for 

evaluating employment elasticities. So labor demand function (3) 

is used for evaluating per farm employment elasticities and labor 

demand function (5) for evaluating per acre employment elasticities. 

In addition to determining employment elasticities, the 

other main concern in this chapter is to decompose the total 

difference in employment between farms employing old production 

technology and farms employing new production technology into 



.-96

'coistituent forces. 'j~ In .the; constrained .cost innmiz~tionl 

framework, we, propose to ,decopse the total, difference in 

employment into:",.

a), change An output;,
 

b).neutralstechnical. change; :
 

c), non-nutral technical :change; and
 

d) ;change, infactor prices.
 

Decomposition will be done with respect to per acre labor, 

demand. function (5) sitne it seems more meaningful to.talk in 

terms of per acre change .in employment. 

Taking the natural logarithm of labor demand function (5): 

inN In + ln Y + 01'in P1 + (On-i1n Pn + Of In Pf 

+ k 1nl Pk (7) 

Differentiating (7) totally: 

1n Pn den + Of dPf +In pf dgf + Ok k + in Pk dgk (8) 

f Pk 

Taking the natural logarithm of the expression (6) and taking 

total differential:. 

8~mln~~lnA~'0 1 ln~ n kn"n ff Ok in Ok 
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do d~~ '>dA 01, .~ 

11A - ,d~i In 01 d~l R do ! 
7T ~ % &t 4 , .. , n On 

O 10f -. i n",f dOf -._ d '*,'.in Ole do. LO) 

(M earranging terms in, (10):" 

dB. don f.1 I-In n "A dB in. 

3ubstituting (11) into (8) and rearranging terins: 

-'(1 n nkdk-AB+ i 01 

+ inPn dB + Of dPf+ in Pfd~f + Bc dk + In Pk :ddk 

:dAOn, dPd__ -01d 
N Y A 1u'4 t k 

- . '-''.+,InPndBn, {Ij in Bi-,ni0dB 

+In Of in Pf dof i1+ In In.fk2da) 

004(12a)
 

1 
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CIV, 

N In do.
 

~( 4 dPl 

PnPf Pk
 

,The expressi6n dN denotes percentage°difference in 
empldyment per acre*'ieten a 'farmaloyng old 'piodution 

technology, and one employing new technology.
 

The first bracketed expzession on the right hand side 

is a measure of percentage change in employment due to a given 

percentage change in output; the second bracketed expression is 

a measure of prcentage change in employment due to neutral 

technical change; the percentage change in employment due to 

non-neutral technical change isapproximately measured by the 

third bracketed expression; it is a measure of percentage 

change in employment due to shift in slope parameter given the
 

levels of input prices; and the fourth bracketed expression 

is a measure ofpeixentage change in employment due to change 

%ninput prices given-the slope coefficients (s) of new 

production technology. 

7quation (13) provides the following ins.ghts on the 

;ources of change in employment: 

First if all prices change in,the same n. tpropo
t"hen
 

the. fourth bracketed expression vanishes. fu is thi
 



.~l*'~+ 1k~v ~ " ,This, 

implies that thee will be no change in employment if all prices 

change in the same proportion implying constancy of relative
 

prices. Change in employment will have to come from changes 

in output &d technIical change - neutral and non-neutral.
 

Second if output elasticities for' all inputs are
 

identical under both old production technology and new
 

Production technology,,th!.en, dO0
 

third bracketed expression vanishes. If one or more-of .the,
 

dfls V 0 (suppose df k >0), then the contribution of the third 

bracketed expression would be to make dN (if dN> 0) greater
 

than it would be if all the d~i's 0. If input prices were
 

relatively stable, d~l dn d~f 0, dk> 0, then
 

N Y A l + In !jk d•kN YA k.
 

..... L 0% then the contriDutlon or dk 

to employment will be positive -If, ,then (~d-n 0 .heO 1 i In Fn.". in )n 

would be a.negative number and would tend to be offsetting_ 

t_, aIf the expression Pk became fairly small fraction as it 

would if Ok was small and Pk large, then In'k- would be a
fairly large negative numbev. trueThis is Pk for other 
In 01 in the third bracketed expression as there is symmetry 

in all the coefficients except that for the coefficient of 
d~n•
 

http:technology,,th!.en
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(.Y inIn , )d w tl , >,0,• :Net emplo ryment effect depe nidsto 


on the relative magnitude of d (cO) ad 0k'(>0). 

,Third, if dY then the situation would be that ,of 

the changes that would.take place on the same isoquant; 

employment effects depend on, relative input prices and technical 

change. 2• ' 12/' 
Fourth, suppose dP1 dP dP dPk. . 

an L 1 Ok 8 -2 then
Pn P3 Pf Pk 

(e -1) (d8n + d 1 + d f + dlk) +
 
N Y A.. "

d~n + d01 + d~f + dk An 

&-dY dA +d~
n
 
FY -A
 

4
If d n < 0, as we would expect under: capital-intensive technical 

change, thtn employment effects would depend on dY 
 and
 

hmagnitude of-cA and d n, both-.negative, 
A
 

12/ This is very unlikely because of differences '.n supp-y 
elasticities of inputs in response to changes in quantity 

-0 demanded. 

Since we are working with the assumption of constant returns 
to scale, On 1 01:+ 0 f + - 11. Differentiating the above 
expression totally d'n + d01 + d~f + d0k = 0. 

Change in output could be induced on the demand side by changes
in output price, population, or pe capita income. 



.ont he purpose ,o f,,docomposltion deristevres 'n 

SeqUtion, (3) ,a.. converted, o discrete va1ues as below:, 

iN la"o) demand (3)Ao+ 'f6, 	 n use[I
Pk 

'(On- 1): n" k 

77a f Pf+k-Pk(14) 

in summary, labor demand function (3) ls' used-fbf 

evaluating per farm employment elasticities with per farm 

production function estimates; labor demand function (5) f6i 

elasticities with pw acreevaluating per acre employment 

producticn function estimates; and equation (l4) is employed, to 

decompose,total.'difference in employment.
 

2. 	 Labor Demand Function Derived From the UOP Profit Function 
Model: 

The constrained cost,, minimization. model permits us to 

derive labor -demand as ,a, function of 'output and input prices, 

to estimate employment elasticities with -respect to -these, 

,variables and:.to decompose .the, difference,irn employment between 

old and new technology into respective forces. Given the 

production technology, the basic policy variables in this
 

For example, if N denotes the geometric mean number of 
hours of employment per acre, N = (N)MW - (N)LW. So are 
AY, AA, A~i's and APi's defined. 
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frarnewor)& are output, and-input prices. 'We recall that 

physical planning - planning the supply of farm inputs such,"l
16/
 

as irrigation services, fertilimr, farm machinery and 

implements - isa part of agricultural development, planning 

in India. An estimate of employment elasticities with 
AA
 

respedt to these key inputs would provide an empirical 

basis for government's, employment policy. as well. The recently 

developed UOP profit function model (Lau and Yotopoulos, 1971, 

1972, 1973) enables us to derive estimates of employment 

elasticities with respect to these key inputs. A brief 

outline of.the UOP profi* function model, including a crit.cal 

evaluation of its "desirable" and "undesirable" vroverties 

inthe .ontext of our study, is in order. 

a) The UOP Profit Function MOdel in a General Framework: 

Consider a firm with a following production function with 

the usual neo-classical'properties, 

Y= G (N; L, FS K)' (15) 

,D6niftions of Y, N, L , F and-K-are~the same:a in Chapter..II 

aexce'pt that 2abO}N) is treated 4asvariable .Input, and land
 

*(O) fertilizir (F) and capital':(K) az'e.'treated 'as fixedinputs
 
in optimization process. Tleproductionvfunction is assumed to
 

16/ Provision of irrigation either through public projects
 
or by advancing credit for developing private irrigation
 
would increase the effective supply of land to the extent
 
that irrigation facilities multiple cropping.
 



v-onucve ni, ,-continuous anc xncveas3ng'in.n L(- and!' 

ts 7eondicfn~iik"nn 	 differenti bleiib, !i -L,' F. 

and 1
 

ne pvrr-c kaerineci ascurrent, revenues less, curent
' ..... '. '17)
 
to'al labor costs) can be written as follows:
 

PG 	(N; L,.F, K)- WN (16)
 

)~~poft;P~suritIice' oouut W nit ,pricd of 

-labor; other variables are ias, defined.before 

M.rgina1 @roductivity conditions, for"a profit

.aximnzng firm are:
 

ax WG (N; L, F, K) = 
a8N
 

By defining W1 :I_ as tle noraiized (with respect to
 
'P
 

Output; pz-ru wage rate, equation (17) is written as
 

. . W1 

,,asimilar..deflation by. the, price, of output, equation 

"(16) ca ewritten as:,, 

* -'p = G (N; L, 1', K)- - W(N 

where A* = !'unit-output price" profit (or UOP profit) 

1./ 	 Since fixed costs do not affect the optimal combination of 
the variable input, nanely labor (N), these are ignored. How 
reasonable it is to assume fertilizer expenditure (F) and 
items of other capital expenditure (K) as fixed will be
 
discussed later in this chapter.
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Ia~gal jroductimity condit _In 41 equation .(), c
 

be SQ0vedI Torl .the. optipal quantity,of input i,N,
'arale 

as a function of the normalized' wage rate (W') and of the 

quantities:-.of fixed,,inputs,,,, namely ,FL,; d.d ,; 

18/ 
Substitute (20) into (16) to the profit function- as:
 

= P G (N*; L, F, K) -W N* 

iTnlS~rpt'%l.function,-gtves ,the maximized value :of.theiprofit 

for each set.ofvaues..(P, W, FLK) 

'Since F, K),by,(20), wN,=can rewrite (21) as:g,.;'L, we 

- _ it G*~ (WI; L9 F, K) (2
'P
 

'.The 'preceding discussion-isintierded to relate the 

production function,, profit function and_ the labor demand 

function. The ieneral frame'ork is translated into the 

Cobb-Douglas framework below. 

b) Labor Demand Function Derived from the Cobb-Douglas UOP 

Profit Function 

Consider a firm witn tne 'rollowing Cobb-Douglas produc

tion (1) [from chapter III] with the Usua neo-classicai 

properties as discussed earlier' 

18/ The profit function (21) is called thepartial profit 
function, because L, F and K are fixed. 

http:quantities:-.of


YAN FF K On < ' (23) 

The variables are definea as in capter II.,,, It seems 

appmpriate to comment on the definition -of. capital, yariables 

F-and K. Lau and Yotopolous (1971, 1972) and Yotopolous and
 

Lau"(1973) considered just one capital variable. The capital 

variable in their study is defined to include interest charei 

paid or imputed on the quantity of fixed capital per farm. 

In Sidhuts study (1972, 1974b), the capital variable includes 

all expenditures (or imputations)on capital services such as
 

fertilizer, irrigation, seeds, bullock 
labor, depreciation,,
 

and interest charges. In the specification of our model
 

we,have divided Sidhu's composite 
 capital input into fertilizer 

CF) and other capital services (K). The rationale for this
 

division is that an estimate of employment elasticity with
 

respect to fertilizer would plovide insights on the importance
 

Df a major nonfarm input in generating employment, and would
 

?rovide an important instrumental variable for any government
 

fith an employment objective. 
Following Lau and Yotopolous
 

:1972), we write our Cobb-Douglas UOP profit function
- 19/' 

*as,follows:

19A 2 o 3 a 4 

For details on derivations see Lau and Yotopolous (1971. 19721
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,where
 

43= Of(1-0)0 1 >0 (28) 

SW= normalimd . ,==. -

De~fiitibnfig ,F' n 'r the seine as in-


ChaterII;'~'nj' in A'~ai,j denote 'output, -elasticities
 

in pro'ducti.on function (23):...
 

It'st' evident from the way in -which parameters Iof UOP 

profit function (24) are defined that the production function 

(23) iand the UOP profit function (24) are closely related 

'This foliows from the propositlon that every 'concave, production 

function has a dual which is a convex profit function, and
 
20/


vice versa:'. We have UOP profit in (24) as afirction of
 

normalized wage rate, and quantities of land (L), fertilizer (F), 

and other capital services (K). On the basis of a priori
 

theoretical considerations we know that the UOP profit function 

Is decreasing and convex in t e normalized wage rate, and
 

increasing in quantities of L, F. and K.- It follows also .that
 

2_/ See Lau and Yotopolous, (1972) for details on this.proposition. 

http:pro'ducti.on
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I"th LJOPr~fitl fiitionA is in'reasinig 'In' th pk!fi the 

Following are the assumptions underlyin the UOP 

profit function (24): 

u.) krirs are pront-maximizing; 

(2) Fix= are price-takers both in the output and
 

labor markets; 

(3) Labor is theonly variable input; land L) 

fertilizer (F), and other capital (K) services are
 

fixed inputs.
 

The crucial feature of the UOP profit function model 

is that it assumes firms behave according to certain decision. 

rules, which includes profit maximization, given the price 

regime for output and labor and given the quantities of L, F
 

and K. For the purpose of our study, the existence of these
 

systematic decision rules is a maintained hypothesis.
 

Following Lau and Yotopolous (1972), the labor demand
 

function in the UOP profit function framework is. 

W1N (A) (30) 

Taking the natural lolrithm of (30) and rearranging 

terms: 

lnN 1n (-Al) -ln W1 + InI (31)-. 

Taking the natural loprithm of (24): 

in in A+ A, in 2 + "At In F... 32 



Ln N in (.'l) + in A* + i(l)in Wl +A 2 In L + Xq .in F.+ 

In equation (33), 
we have a labor demand function ii
 

terms of normalizd wage'rate, and quantities of land (L),
 

fertilizer (F)and capital (K). Eqation (33) is used to
 

estimates employment elasticities with respect to the
 

variables mentioned above. We estimate production function (23),
 

and evaluate parameters for our labor-demand function (33) by
 

using the duality property underlying the Cobb-Douglas production
 

and profit functions discussed earlier.
 

In addition to determining employment elasticities,
 

decomposition of total difference in employment between farms
 

employing old production technology and farms employing new" 

production technology is our other main concern. For this purpose,
 

we differentiate (33) totally:
 

al = .Ai A" (_ 1 )'dWJ- dL F d," "A*+ L + . K,-


+ in W1 (dAI) + In L(dA2) + in F(dX3).+ n K(dA4) (34)
 

We recall that Al and A* 
are defined as follows:
 

Al O or-A1 On (26)
 

l. 114T "0n n (2nl.6)A....i1,' A ( - n no:-( (25)
5
 



Taking'the natuxl,logarithm of (26) and differentiating 

it totally: 

lri( ) i~n -n' l (5
 

AL 'dn don
 

_______n (36a) 

- n(l~~ 

Taking the natural logarithm of (2S) and differentiating 

it totally: 

In A* InA + In(l-o~n*)+ l i3---n n,(37) 
1-On l-On
 

dA* ( A In A d8 d dn
n n 

+ In O [(1-0n) d~n.+ Ofn dn(
 

d dA ,don don " 
A*= (ln) A + in A [1-n )2+ in n 2J (38a) 

dA* dA rIn A + nn n d+ (a
7,A _DA+ (1-On)A dob 



Substituting (36a) and (38b) into (34)O: 

dN, = + dA .IInA_+ n'i d .(+,In) dW1On + 
Pn(l_ 	n) i O-"
 

~dL dF dK 

2 -L 3 -F A4 "K+
 

+ in 	L (dA2) + in F (dA ) + in K (d)O 
(39) 

Rearranging (39):
 

d dA- r d~n jiA+in0 1 
dA O n) + JI(lBn)2 
 dn + InWl(dXl)
 

+ in L(cdX 2 ) + in F(dA3 ) + in K(dA4)J
 

L F
 

Since our interest is to undertake decomposition analysis
 

with per acre estimates, equation (39a) can be simplified further
 
21/
 

'as' follows: 

21/ 	 Since we specify our decomposition analysis with respect 
to per acre estimates, terms in L(dA2 ) in the second 
bracketed expression of (39a) and 

bracketed expression vanish. brceeL in the fourth 



LT d-P. li AA )2r
 
'
cu ricm E" In ..In. ... 

+ l.W (jdA 4fJ '~dW.LJ(d 11)+in ;~d~3 1+In.-K [( 


3- T 

(40)
 

To get the terms .dl,dX3 and .dA4 in (40) we take the
 

total differential of expressions (26). (28) and (29) resoectivelv
 

ts follows:
 

Bn - d 2 (41)dkl= (1-Bn)zOn -,,: ( ~) : 

dof 0 d~f + OfdBn . (1-0n)d~f + Ofd n (42)• 3. 1_A 2 ( - ')2
 

d=k- 'Od0k + Okd~n =(l-Bn)d k +-icd~n (43) 

(l-On )2 (l-n)2 

VtSubstituting (26), (28),(29), (41)', (42), and-(43).'
 

a' r41 dn n A + In O k 
71- A n -O .+inI 

In WI +O td8 Un On) dfSpdfdfl 
(1-n)2
 

U-On,,.)+J W1
Okd-n 



OdF: k dK j'(04) 

Equation (44) permits us to decompose the per22/acre 

6ttldiffeience in! 'nploy fit N intf6iour' forces: 

(a) 	 neutral technical chage (the first"bracketed 

expression on the right hand side); 

(b) 	 non-neutral technical change (the second bracketed 

expression); 

c) difference in normalized wage rate (the -hird 

bracketed expression); and
 

(d)difference in quantities of fertilizer (F)and
 

capital (K)per acre between Mexican wheat farms
 

and local wheat farms (the fourth bracketed
 

exp.ression). 

For decomposition analysis, derivatives in equation (44) 

fare expressed in discrete form as follow: 

22/. We have divided the technological effects on employment
into two components, namely, neutral [working through
shift in intercept term (A)of production function (23));
and non-neutral [working through shifts in slope parameters
of production function (23)]. If we add both components

that will be approximately a measure of technological
effects on employment.
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+ in W1 -Ah +nF iLnAf f n" 
.. ... . + OAAI..-. 


......-B n "-, - .2 
+ ~ A F I8AK] 

In summary, labor demand function (33) is employed 

for deriving employment elasticities with respect to normalized
 

wagerate (WI), and quantities of land (L), fertilizer (F) and 

capital (K). Equation (45) is used for decomposition analysis. 

Before undertaking an empirical analysis of results, 

itwould seem appropriate to evaluate some of the "desirable" 
and "undesirable" properties of the UOP profit function model 

in the context of our study. Two desirable properties are 

discussed first.
 

First, since Le uvF prori; xuncjLon .rramewor, wouiq, 

enable, us to derive labor demand as. a function of normalized 

-wage rate (WI), quantities of land (L), fertilizer (F), and, 

other capital (K), employment elasticitieas with respect to key 

farm inputs in addition to wage rate would provide a new
 

empirical basis for influencinz emnlovment emeation thourh
 

policy measures.
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S8cnd,,* decomppition, of liotal difftrence in :employment 

between fars 'emp3lJying oldf'viddidtion e.inology and farms 

e qp.!0ying new production technologyinto constituent forces 

would add an, Important dimens Jn6to. our understanding of 

.. elative importance of these variables in generating employment. 

Oneth adverse side, we'do recognize some degree of 

arbitrariness in specifying fertiliser (F) and capital (K) 

as fixed inputs in the profit .':function (24).." Ie,recall that , - :. ' ? " ' " " , .' t 

the definition of capital variable as a fixed input in Lau and 

Yotopolous (1971, 1972), and in Yotopolous and Lau (1973) 

includes interest charges paid "or imputed on the quantity 

of fixed capital per farm; whereas in Sidhu'6 study (1972, :1974b), 

capital variable as. a: fixed input includes all expenditure or 

imput iton on capital services such"'as fertilizer, irrigation, 

seeds, bullock, labor,- depreci*tion. and "interest charges. 

Ih-the specification 'of ur model,, capitalis divided into two 

components, namely, fertilizer (F) and all' other capital 

services (K). Unlike, land, it doe's not seem reasonable to 

expect farmers to treat these capital expenditur:e' items 

'especially fertillzer', ,a's fixed' i" iits However, .we' have, 

an-arbitri; way ;treated t as .nputsin'theaemfixed 

optimization process.' 



Empirical: Analysis 

Emp~kalnalysis in this section has two major
 

namely,pa fis empirical' analysis of labor demandfunictions 
derivea,*rom constrained cost minimization-framework,)and of 

the labor demand functions derived from the UOP 'profitfunction 

framework. 

"PaZ't A
 

Here we are conarned with the empirical analysis of 

labo demand functions derived from the constrained cost 

miniiization framework. Empirical analysis in this part is 

further divided into two sections namely, empirical analysis 

of employment elasticities and of empirical decomposition of 

labor demand. 

1. Embirical Analysis of Employment Elasticities: 

We recall from the previous section that labor demand 

funct.on (3) and (5) are used for estimating per farm and per

"acreempioyment elasticities respectively. Parameters of 

the per farm production function (Table III.) and of per 

acre production function (Table III.10) are used for evaluating 

employment elasticities with labor demand functions (3) and (5). 

Results on per farm and per acre employment elasticities are 

shown in Tables IV.1 and IV.2 respectively. 

Per farm employment elasticities shown in Table IV.l 

are measures of percent.aga change in employment due to one 

http:funct.on


Table IV.l: Per4FarmEmployment,,;Elasticities Derived
 
frWi- dfSiR d'CostHMinimization Model.
 

Sample 


1967/68A(LW)i 


l967/68'(MW), 


1967/68-1968/69 (MW) 


Variables 


(2) 


..(constant) 

Y 

Pn" 

P1 

Pf 

P .c 


0,.(constant).. 

Y 

P'n 1 

P1 

Pf 

Pk 


0 (constant) 

Y 

Pn 

P1 

,Pf 

Pie 


Einployment
 
Elasticities
 

(3)
 

0.339
 
1.017
 
-0.787
 
0.634
 
0.094
 
0.061
 

0.876
0.939
 

.-0.912
 
0.499
 
0.111
 
0.302
 

0.368
 
0.963
 

.0.876
 
0.550
 
0.100
 
0.225
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Table .V#,2: . (Ppr,Acre EPplrymen,;,Elasticites Der~ve'd
 
from Constrained Cost-Minlmization Model 

Sample Variables Employment 
ElasticitLes 

S r (l) ' ( 2) ... .. ..... . _______.. . 

1967/68 (LTW) 30(constant) 0.391 
Y/L 1.000 
Pn -0.784 
P1: 0.626 
Pf 0.091 
Pk 0.067 

'1967/68 (MW) 0 (constant) 0.143 
Y/L 1.000 
Pn -0.935 
P1 0.568 
Pf 0.092 

Pk 0.275 

1967/68-1968/69 (MW) 0 (constant) 0.209 
YL 1.000 
Ph -0.877 
P1 0.587 
Pf 0.105 
Pk 0.205 



percent 	change'in; wage rate(Pn) outputi (Y), prices 6f land
 

service 	(PI), of fertilizer (Pf) and of capital (Pk). 
 Of
 

: course 	appropriate assumptions about ceterisribus conditions 

with respect to each of these variables are necessary. These
 

employment elasticities are derived from the respective
 

technological parameters of local and Mexican wheat production
 

functions. We analyze them for both Sample I and II. Our
 

analysis takes two broad forms; first the difference in slope
 

parameters that is, the parameter associated with wage rate
 

(Pn) between local and Mexican wheat farms is examined; second
 

we discuss ths difference in shift parameters, that is, shift
 

parameters associated with output 
 (Y), price of labor service (Pi), 

price of fertilizer (Pf) and price of capital (Pk). 
These
 

general 	remarks are equally applicable to per acre estimates.
 

The slope parameter (Pn) implies that labor has 
a 

negative own price elasticity of demand as predicted by
 

economic theory. Further in the case of both Samples : and II 

the absolute value of elasticity for Mexican wheat is greater 

than that of local wheat. For Sample I, in response to one
 

percent 	increase in wage rate (Pn), holding Y, PI, Pf and Pk
 

constant, an average local wheat farm reduces employment of 

labor by 0.79 percent whereas a Mexican wheat farm reduces 

employment by 0.91 percent. However, this difference in
 

employment elasticities between a Mexican wheat farm and a
 

local wheat farm with respect to wage rate (Pn) must be 



concluded to be statistically insignificant because the output
 

elasticity of labor between old and new production technology 

is not statistically significant evidas enced in Tables 111.2 

and i±i. . 

TurnAS8 LO -CHU S~ parameters, demand for labor 

responds positively to increases in Y, P1 , Pf, and Pk. On an 

average local wheat farm a one percent increase in output (Y),
 

holding other things constant, led to 1.02 percent increase
 

in employment of labor, whereas on an average Mexican wheat
 

farm it increased by 0.94 percent for the year 1967/68. This 

Blight difference In response follows from the difference in 

returns to scale as shown in Table 111.9. Rega'ding other shift 

parameters, employment elasticities with respect to prices of 

fertilizer (Pf) and land service (P1 ) are almost the same 

under both old and new production technology, because the
 

"slope dummy variables" for output elasticities as shown ir 

Tables III.2 and 111.3 are not statistically significant. 

Among shift variables, price of capital services (Pk) 

seems to have emeged as the most important force in influencing 

employment under new production technology compared to its role 

under old production technology. In view of higher output 

elasticity of capital (Tables 111.9 and III.10) under new
 

production technology, a given change in price of capital leads 

to substantial change in quantity of it used. This implies,
 

other things being equal, a substantial change in quantity 

of labor employed to produce a given level of output. For 



example, 	 as shown in Table IV.l, a one percent. change in the 

price of capital, other things being equal, would change 

employment by 0.30 percent on an average Mexican wheat farm
 

in Sample I, whereas the change is only 0.06 percent on an
 

average 	local wheat farm. This difference in employment
 

responses to a given change in price of capital (Pk) may be
 

concluded as significant because the "slope dummy variable"
 

for output elasticity with respect to capital is statistically
 

significant as shown in Tables 111.2 and 111.3.
 

Estimates of per -acre employment elasticities are showit
 

in Table IV.2. Out discussions, in the context of per farm
 

estimates, on slope and shift parameters are approximately
 

relevant here as well.
 

2. 	Decomposition Analysis:
 

Decomposing the total difference in .employment is
 

our matn concern in this section. Let us again write our
 

final decomposition equation (14) as follows:
 

[.1 I.,f- (1n1n 1(+ln Ll ),-+ Lk 

( 1 )Af' n Pk 	 P1 

+APf .. 



Results obt1dinea wivn'tnis equation on decomposition 
are showziIn Table,IV. 3. In t1he ase of Saple I, at is, 

WdS"se6 ap:XIs~ ht 

1967/68 (tW)versus 1967/68 (LW), the percentage change in
 

per-acre employment is about 38. 
The follobing observatico

may be made on the sources of this change in employment:
 

First, the change in output alone is indicated to.
 

have generated about 49 pecent increase in employment; but
 

technological change alone would have decreased employment
 
22/


by about 40 percent.- This source of decrease in employment 

follows from technical efficiency leading to a decrease in
 

employment of labor for producing a given amount of output. 

Differences in input prices - Pn, PI, Pf and Pk  alone are 

indicated to have conitributed over 4 percent increase in 

employment. Among input prices, the only difference was in 

the rental value of land, the rental value of an acre of 

Mexican wheat land being higher as shown in.Appendix Table II.A.
 

Second, there is a considerable difference between the
 

2/ In Table IV.3, the contribution of neutral technical changeto employment is indicated as positive. 
This follos from

the result (Table III.10) discussed in Chapter III that
 
the value of constant term (A) for Mexican wheat production
function is lower than for local wheat production function.
 
If we add both neutral and non-neutral components, what we
get is 
an approximate measure of technological effect on
 
employment.
 



Table IV.3: Decomposition Analysis of Total Difference in Per Acre Employment-Between Old and New Production Technology: The Constrained Cost.,,
Minimization FrameworkS/ 

Percentage attributable
Item 1967/68 (MW) 1967/68-1968/69 (MW) 
versus 
 versus
 

2/ 1967/68 (LW) ....... 1967/68 (LW)

Total percentage change in ernloyment-
 37.9 
 32.3
 

Source of change:

1. Change in output; 2/ 49. 25.0
2. neutral technical change;3' 
3. non-neutral technial chanye,, 4 13.7 2.6 
4. difference in input prices!__. -53.9 >40.84.5 
 14.5
 

Total change: due to all sources 
 13.8 
 1.3
 

Notes: 1. Details on computation are shown in Appendix II, worksheets 1 and 2.
2. Parametric values for computing this itei- are from Appendix Table II.A3. Parametric values for computing this item are from Table III.104. Parametric values for computing this item are from Table III.10 and Appendix Table. II.A 
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actual. change in employment (37 9 percent) and the -estima d 

chArge (13.8 percent). Several reasons may have Fdven rise
 

to this situation. .a-t may zo--ow rrom tne imi-tations
 

associated with the measurement of labor input as we discussed
 

in chapter II, from the*crude measures of fertilizr price
 

and capital price used, from the conversion of derivatives
 

into discrete values, and from the marginal productivity
 

conditions underlying the derived labor demand function not
 

being satisfied. One reason that seems to cause the problem
 

needs to be stated explicitly. We know from Table III.10
 
.that -thet-value for the output elasticity of labor (On) under
 

nest production technology is not statistically significant
 

at any reasonable level of a for the year 1967-68. This means
 

a.higher standard error for On of new production technology.
 

The numerical value of the term (l In  1 n in
 
Fn n
 

'equation (14) as shown in Appendix II worksheet 1 is -0.70,.
 

indicating a negative employment effect of 70 percent. On the
 

otherhand the numerical value of this term, as shown in Appendix II
 

worksheet 2, for Sample II,that is 1967/68-1968/69 (MW) versus
 

1967/68 (LW), is-0.50. 
This 20 percent lower negative employment
 

effect evidently follows from lower AU 
as shown in Appendix II
 

,worksheet 2, because all other components in the term
 

(i + lI " n are the same for both samples. This 

lower A~n, given On under old technology, follows from h.igher P 



under .1ewproduction technology of Sample II. In fact, as
 

shown in Table III.10, the t-value for On under new production
 

technology of Sanple II is significant at least at a 0.10,
 

that Is 80 percent level of significance, indicating a
 

lower standard error for On . This lower standard error alone
 

reduces negative employment effect by 20 percent. So the
 

major conclusion that follows from this discusson is that it
 

is the higher standard error of On under new production
 

technology of 1967/68 that seems to be a major explanation
 

for actual change in employment deviating from the estimated. 

In the case of Sample I, 1967/68-1988/69 (MW) versus
 

1967/68 (LW), there is a wide difference between the actual
 

change In employment (32.3 percent) and the estimated change 

(1.3 percent). The negative employment effect of technical
 

change is almost the same as in the case of Sample I. The
 

positive employment effect due to input price differences is
 

indicated to have increased to 14.5 percent. But *the decrease
 

in positive contribution of output from 49.5 percent in the
 

-case of Sample I to 25.0 percent was large enough to offset the
 

increased positive contribution of differences in input prices 

to employment. If the contribution of output had been 49.5
 

percent, which it could have if the per acre geometric mean 

level of output was 12.32 instead of 10.30 (Appendix, Table II.A), 

the estimated change in employment would have been about 

29 percent instead of 1.3 percent. This suggests the obvious.
 



importance of output in generating enployment, and illustrates 

how adverse weather conditions, discussed in chapter III, 

couldlaffect employment through affecting output. 

In the preceding discussion on decomposition, we' 

attempted to incorporate the effects of technical change 

through shifts in intercept te.m (A), the neutral canponent, 

and shifts in Pi' s, the non-neutral c'omponet, on employment. 

Even though the actual change in employment is substantially 

different from the estimated, our economic modal on decomposition 

has illustrated the basic mechanics through which employment 

is affected. We now illustrate the working of our modal under 

Hicks-neutral technical change. Our Empirical Model III in 

chapter III led usto conclude that we could not reject the 

hypothesiu that output elasticities with respect to various 

inputs were the same in separate regressions for local and 

Mexican wheat if we allow constant terms (A's) in the two 

regressions to differ. Economically, this is Hicks-neutral 

technical change. This was also the major finding of Sidhuvs 
23/

(1972, 1974b) study. With the results obtained by Sidhu
 

(1972, p.53) under the assumption of Hicks-neutral technical
 

change, we intend to illustrate the working of our decomposition
 

3/	rollowing are the estimated per acre production functions 
obtained by Sidhu imposing the assumption of equal slope 
coefficients for Sample I:
 

.139 .600 .088 .173 
Y = 2.718 N L F K (Mexican wheat) 

.139 .600 .088 .173 
Y = 2.316 N L F K (Local wheat) 
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With thq, assumptcn of Hicks-neutral technical change, 

the main consequence is d =d dof =dpl- 0. Sowe modifv 

our decoposit n equation (14). as . follows:. 

.~ ~ .+(46' 

PfP
 

We note that th3 third.., _bracketed expression in equation (14),. 

vanishes. Equation (46) pemits us to decompose total change: 

in employment into three forces, namely, change in output, 

technical change and difference in input Irices. Results on 

decomposition are shown in Table IV.4.
 

As shown in Table IV.4, 37.9 percent increase in pei
 

acre employment with the introduction of new -technology is 

decomposable broadly into three forces. Change in per acre 

output alone wouldincrease eployment by 49.5 percent. But 

technical chanV alone reduces employment by 17.4 percent. This 

follows from the efficiency gain; thai. is a given amount of 

output could be produced with less labor. Differences in input 

prices alone would generate 4.5 percent more employment under 

new production technology' the major one being the difference in 

per acre rental value of land. So positie employment effects 

of output cha.ng3 and difference in input prices more than 



Table IV.4: Decomposition Analysis of Difference in Per Acre Employment Between
 
Old and New Production Technology: The Constrained Cost Minimization
 
Framework, 1967/681/
 

Item Percentage attributable
 

Totl percentage change in eqployment2! 37.9 

Lourcesof change:
 

1. change in outp~x~ 49.5, 

-17. 4.3
2. -chnical change.3/ 


2 /
 3. difference in input prices. 5-

Tbtal change: due to all sources 
 36.6i°
 

- Notes: 1. Details on computation are shown in Appendix II, worksheet 3.
 
2. Parametric values for computing this item are from Appendix Table II.A, and :fotnote'234
 
3. Parametric values for computing this item are from footnote 23. : 



offset the. negatlv -employment effect of technical change. The 

astimated change. employment is.close to the{ actual change., 
The discussion in this sectionhas sho" 
,,the'basic f rces
 

working in crgaton of employment. Our mocel in equation (14) 

even though id inot yield satisfactory results in the sense, 
of the actual'not being close to"estimated,,seems to have 

Illustrated the relative importance of output, pinput prices 

and technical change in creating employment. The modified 

decomposition model in equation (46), with the assumption of
 

Hicks-neutral .technical change, has not merely illustrated the
 

working of our model. but also 
has yielded satisfactory results. 

Part B
 
In this part, our concern is with the empirical analysis 

f labor demand functions derived from the UOP profit function
 

nodel. As uncr part A, empirical analysis is further divided 

Lnto analysis of employment elasticities and decomposition analysi 

Empirical Analysis of Employment Elasticities: 

Estimates of employment elasticities evaluated from 

the labor demand function (33) are shown in Tables, IV.5 and 

IV.6. 

6In Table IV.5 per farm employment elasticities are show

for average local and Mexican wheat farms. 
These elasticities
 

measure percentage change in employment due to one percent 

change in normalimd wage rate (WI ), land (L), fertilizer (F) 



Table1"XV5:, Per FarmEmployment Elasticities Derived
 

from UOP Profit Function Model
 

.1Samp le ,:. Variables Employment 

Elasticities,
(2) (3). 

•1967/68 (LW) C (Constant)2 0.271 
Wi -1.264 
L 0.788 
F 0.116 
K, 0.076 

1967/68 (MW) 
 8 (Constaut)./ 
 0.051
 
Wi 
 -1.10It
 
L 
 0.586
 
F 
 0.130
 
K 
 0.355
 

1967/68-1968/69 	(MW) 6 ('Constant) 2/ 0.103
 
Wl 
 -1.148
 
L 
 0.656
 
F 
 0.119
 
*K 
 0.269
 

Notes: 	 . Parametric values for evaluating employment
 

elasticities are drawn from Table III.9:
 

2. 8 =n(-Xl) + in A* 



Table IV. 6: Per Acre Employment Elasticities Derived' 
" fromUOP fPiFt Finet1n M6del 

Saimple 	 Vaifabies . . Empoiyment 

(2) ... ......... (3) .
 

1967/68 (LW) 	 4(Constant)2_ 0.245 
W; -1.276 
L 0.798 
F 0.116 
K 0.085 

1967768 ) ..... (Constant)-,' 0.073 
-.1.070 

L 0.607
 
F 0.098
 
K 0.294
 

-.967/68168/69() .... 6 (Constant) ' 0.124 
w 	 -1.115 
L 	 0.654
 
F 0.117
 
K 0.229
 

N6es- .1. Paiametric values for evaluating employment 

AlP- ticities are drawn from Table III.10 

-.0 - .n(-A 1 + In A* 
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and capital () with appropriate assumptions about ceteris 

paribus conditions. We recall that these 6mployment 

elasticities are derived from the respective technologicaA
 

parameters of local wheat and Mexican.wheat production
 

functions. Discussion of employment elasticities for both
 

samples assumes two forms; first, we examine the difference 

in. slope parameter, that is, parameter associated with 

normalized wage rate (WI) between farms employing old
 

production technology and farms employing new; second we examine 

differences in shift parameters, that is, parameters associated 

with land (L), fertilizer (F) and capital (K). All remarks 

here are applicable to per acre estimates as.wbll.
 

Regarding slope parameter (WI), it is apparent tha. 

labor has a negative own price elasticity of demand'. Moreover, 

the absolute value of the elasticity is greater than one, 

indicating a rather elastic response of farms to labor employment 

.with respect to wage rate. 
As shown in Table IV.S., in the case
 

of Sample I, in response to one percent increase in wage rate, 

holding quantities of L, F and K constant, an average farm
 

reduces employment of labor by 1.26 percent under old production 

technology, whereas under new production technology it reduces 

employment by 1.10 percent. It does not seem possible to attach
 

any importance to this slight difference in employment with 

respect to normalimd wage rate.
 

However, the implication of high absolute employment 

elasticity with respect to normalized wage rate (W1) needs to be
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amnvuxurner jn -ne context or LaDor aDsorptlion unler 

new produc.-6n' tieinolog'. °Sidhui "(1972, 1974b) estimated 

the.elasticity of Output supply with respect to normalized 

wage rate as -0.271. The relatively inelastic output response
 

with respect to normalized wage rate along with an elastic
 

response of demand for labor with respect to the same variable 

may imply a substantial reduction in employment of labor if 

wage rate higher than the market rate are exogeneously enforced 
24/


by labor group or the government. 

Now we examine the differences in shift parameters 

associated with land (L), fertilizer (F) and capital (K) of
 

labor demand function (33). It is apparent that labor demand 

responds positively to increases in the endowments of L, F 

and K. A given increase in the quantity of L, F and K will
 

shift the marginal product-curve of labor upward. As a result
 

the pofit-maximizing firm will employ more, labor than before 

at a given wage rate. An examination of employment elasticities 

would have obvious partial equilibrium implications for the 

labor absorptive capacity of new production technology; it also 

provides a better pespective on the changing importance of 

these key inputs in generating employment. For example, on an 

For a discussion of the impending problem of labor force 
absorption in the context of the "Green Revolution" and
 
farm mechanization see Johnston and Comie (1969), Billings
(1970), Billings and Sing% (1971), Rao (1972a), Srivastava 
and Heady (1973), and Jhunjhunwala (1973).
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average local wheat farm, a one pecrent increese In"Z1 holding 

other things constant, leads to the employment of 0.79 percent 

more labor, whereas an average Mexican wheat farm employed only 

0.59 percent moze labor during the year 1967/68. To explain
 

this difference in response, we rewrite expression (27) as
 

follows:
 

(27)" 

Itis shOwn,in'eqai 
 (33) 'that A2 is the employment elasticity

with_respect to land. 
We also know frcn Table III,9 that
 

(1),, > (0l)zw and '(n)LW > (0n)i*i It follovs that"
 

>nl or (2).LW > (X2) 

Similarly, a one percent increase in capital (K)
 

holding other things constant, leads to an employment of 0.36
 

percent more labor in a Mexican wheat farm, whereas an average 

local wheat farm employs only 0.08 percent more labor during
 

the same period. 
This changing r-ole of inputs in generati.ng 

employment is significant, because generation of more employment 

will have to be brought about through the application of
 

purchased inputs in view of limited supply of land.
 

In Table IV.6 the per acre employment elasticities
 

are presented. Our earlier discussions of per farm results
 

on slope and shift parameters hold here as well, since
 

employment elasticities with both per farm and per acre results
 

http:generati.ng
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~, almost the same., 

;. vcomposv1ion Analysis:
 
The second aspect of this empirical alysis is the
 

decomposition of total difference in per acre employment. 

Results obtained with decomposition equation (45) are shown 

in Table IV.7. In the case of Sample I, that is 1967/68 (Mw) 

versus 1967/68 (LW), the per acre percentage change in 

employment is about 38. If we examine the sources of change in 

this employment, the following observations seem to be relevant. 

First, the effect of neutral component of technical 

change on employment is indicated as negative, because as 

we discussed in chapter III, Table III.10, the constant term (A)
 

in per acre Mexican wheat production function is lower than of
 

local wheat production function; the effect of non-neutral 

component of technical change on employment is also indicated 

as negative. So negative employment effect of technological 

change comes to 74.7 percent. Before examining the possible 

reasons for this unexpected result, let us discuss the direction 

of employment change predicted by our decomposition model based 

on the UOP profit function framework. We recall from our 

earlier discussion that every concave production function has a
 

dual which is a convex profit function and vice versa. Technical 

change that shifts production function also shifts profit 

function. This shift in profit function, other things being 

equal, shifts demand for labor. This is clearly suggested in
 



Table IV.7: 	 Decomposition Analysis of Total Difference in Per Acre Employment BeteenOld and New Production Technology: The UOP Profit Function Framework1 _ 

Percentage attributable
 
Item 

1967/68(MW) versus 1967/68(LW) 1957/68-1968/69 versus
 
1967/68 (LW)
 

Total percentage change in employment2/ 32.3
37.9 


Sources of change:
 

1. neutral technical chang;-/ 
 -17.5

2. non-neutral technical change;±/ 	

- 3.3 
-57.2 
 -50.2
3. difference in normalied wage rate;- -13.4 
 -27.9
4. difference in input levels 2 7 

fertilizer 
 40.7 	 _I40.3capital 
 10.3 
 - 7.3 
Total change: due to all sources -37.1 
 -33.8 

Notes: 1. Details on canputation are shown in 	 Appendix II, worksheets 4 and 52. Parametric values for computing these items are from Appendix Table II.6.3. Parametric values for computing this item are from Table III.10
4. Paramaty. "',,a- -or computing these items are from Table III.10 and Appendix Tabie II.3B. 
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laboi, demand function '(31). So the' negative 'Imployment effect 

of technical change does not square with the prediction of 

our model. The main reason for this unexpected result, as we 

discussed earlier while doing decomposition analysis with the 

Cost Minimization framework, 'seems to be a high standard error
 

for O
n (Table III.10) fornew production technology. In the
 

decomposition analysis with Cost Minimization framework, the
 

high standard error of On affected only (ltln 'In )n
 

in equation (14), but in decomposition equation (45), th:
 

standard error affects all the terms in the second bracketed
 

expression, that is, the expression for non-neutral component
 

Df technical change.. This argument can be easily read from
 

Nppendix II,worksheet 4. So the unexpected large negative
 

%mployment effect of technical change may be attributed mainly
 

lo high standard error of Onfornew production technology.
 

Second, the negative employment effect caused by the
 

lifference in normalized wage rate (W1 
 W/P) between a farm
 

employing new technology and a farm employing old is shown ar
 

13.4 percent. Given the new(n__) 
 the difference 'n,•
 

W. alone decreases employment by 13.4 percent. This follows
P
 
from the fact t1at thehourly normalizd wage rate paid by a 

Mexican wheat farm is slightly higher than the one paid by a
 

local wheat farm as shown in Appendix, Table II.B. This higher
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Zrmai-ed follows ,wage rate t even t-hough the"money wage rate 

can be assumed the same for both classes of farms as shown;' 

inAppendix, Table II.A, from the lower output price per 
25/
quintal of Mexican wheat than of local wheat. This result
 

seems to indicate the importance of output price, given the
 

money wage rate, in generating employment. The negative
 

employment effect of magnitude of 13.4 percent 
could perhaps
 

have been averted if the price of Mexican 
 wheat per quintal 

was the same as that of local wheat.
 

Third, the positive employment effect of complementary 

inputs, namely fertilizer and capital, results from the 

increased marginal product of labor with the use of more
 

fertilizer and capital under 
new production technology. This
 

increase in marginal product 
of labor alone shifts denand for 

labor to the right. The positive employment effect of increased 
use of complementary inputs is indicated as 51 percent. 

Fourth, there is a substantial difference between the 

actual (39.7 percent) and estimated (-37.1 percent) change in 

employment. 
As we discussed earlier, no other explanation,
 

except the high standard error of On of 
new technology,
 

occui.s to us.
 

25/ -Sample mean price per quintal:
 

Rupees
Local wheat (1967/68) 79.9
Mexican wheat (1967/68) 75.5
 
Mexican wheat (1967/68-1968/69) 76.3
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~In thie case; of Sample II, that is 1967/68-1968/691(W) 

versus:;1967/68 (LW),, the negative employment, effects of 

technology are reduced somewhat due to lower standard error
 

of ,of new technology of 1967/68-1968/69. As we discussed
n 


earlier, the t-value for. n is significant only at 80 percent 

level., As a result the effect of technology on eiployment is 

st'i11 negative. The negative employment effect of normalized 

wage rate has increased stbstantially from 13.4 percent to 

27.9 percent. This results, as shown in Appendix, Tables II.A 

,and II.B and footnote 24, mainly from almost a constant output
 

price per quintal of Mexican uheat but an increased money wage 

rate giving rise to a higher normalized wage rate. This
 

suggests that a constant output price but a situation of 

increasing money wage rates leads to a negative employment effect 

under new production technology. The positive employment
 

effects of increased use of complementary inputs are almost 

the same as int the case of Sanple I. 

For the reasons discussed above, our decomposition model 

(45) did not yield satisfactory results in the sense that the 

estimated was substantially difFerent from the actual change in 

employment. However, the model illustrates in quantitative 

terms the importance of cutput price and complementary inputs 

in generating employment. As we did with the decomposition 

model (l4), let us examine how our decomposition model (45) 

works under the assumption of Hicks-neutral technical change under 

which dn = d01 = d~f = d~k 9 0. So the entire second bracketed 



expression, that is non-neutral component, in equation (45)
 

vanishes. With this modification, the new decomposition
 

equation is stated as follows:
 

AN AA 
 AWl"
l.'1-i)A)+[ 41Ciin)- 7 -r
 

+Of AFr Ok AK] ,(47) 

,Results obtained with the decomposition equation (47)
 

are shown in Table IV.8. Four observations may be made from
 

results in Table IV. 8. First, of 37.9 percent change in total 

employment technical change alone by shifting profit function 

contributes about 20.2 percent. It gives rise to positive 

employment effect in this framework for the reasons discussed 

earlier. Second, the negative employment effect (14.5 percent) 

of higher normalimd wage rate under new technology is due to 

almost the same money wake rate confronting local and Mexican
 

wheat farms, but lower output price for a given unit of
 

Mexican wheat. Third, increased use of complementary inputs 

under new technology, by shifting the marginal product of 

labor, alone contributes 49.3 percent increase in employment. 

Fourth, the estimted (55.0 percent) is higher than the actual 

(37.9 percent) change in employment. This could perhaps be 

due to errors in measurement of variables and due to the use 

of old input levws as the base values for computing percentage 

changes.
 



TableIIV. 8: 	 Decoposition Analysis of Total DifferenceBetween in Per Acre EmploymentOld and New Production Technology: The UOP Profit FJctionFramework, 1967168 -

Item 
Percentage attributable
 

Total percentage chan, in employmentai 
37. 

Sourcesof change: 

1. technLcal 	change;- /
2. difference in normalized wag /20.2'rate;- "20 * 3. difference in input levels:

fertilizer

capital 
 42 .37.0.
 

Total change: due to all sources 
55.0. 

Notes! 1. Details on computation are shown in Appendix II, worksheet 6.2. Parametric values for computing these items3. Parametric 	 are from Appendix.TabI II.B.values for computing this item are4. Parametric values 	 from footnote 23.for computing this item are from footnote 23 and Appendix Table II .B. 
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Suiftry 

In broad terms, following findings may be stated, as," 

impbrtant from the preceding discussion of employment elasticities 

,and' decomposition.. 

(1): The labor demand analysis (Tables IV.l and IV.2). 

based on the constrained cost minimization framework, suggests 

that, difference in employment elasticity between old and new 

production technology with respect to money wage rate may be
 

concluded as statistically not significant, because we cannot
 

:reject the iull hypothesis, as discussed in chapter III, that
 

the output elasticity of labor between old and new production
 

technology is not statistically significant., The same is true
 

with respect to prices of fertilizer and of land. But,
 

difference; in employment elasticity, 0.30 percent versus
 

-0.06 percent, may be concluded to be statistically significant,
 

,,because we cannot accept 
 the null hypothesis that the output,,
 

elasticity of capital between 
 old and new technology is the
 

same.

(2),The decomposition analysis (Table IV.3) with
 

aquation (14), derived from the Constrained Cost Minimization'
 

Framework, sugested that the negative employment effect of
 

:echnology.is more than offset by increased output. 
This part
 

)fthe investigation eventhough it illustrated the basic
 

:,mechanics of our economic model on decomposition, is far from
 

complete in view of substantial difference between the
 

estimated and actual change in employment. The major reason
 

http:echnology.is
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gfor this d1fference may have been the h±Rh standard. error c
 

of new: production technology.
 

However our decomposition; aa3ysis (Table ;.IV44) wiht. 

equation (46), assunng Hicks-neutral technical- change -clearl3 

demonstrated the effects of technical change, change in output 

and difference in input prices on enployment. Even though 

negatlve employment effect of technology alone would have 

reduced employment by 17.4 percent, it was more than offset~b5 

a 49.5 percent positive employment effect of output change. :; , 

Decouosition analysis, assuming Hicks-neutral technical- change 

also yielded satisfactory results in the sense that the 

estimated change in employment was close to actual. 

(3) The labor demand analysis tables IV.5 and IV.6)1 

based on the UOP Profit Function Model, indicated that thee 

difference in employment eiasticity with respect to normalized 

wage rate is not statistically significant. This follows from
 

our earlier discussion in chapter III that we could not reject
 

the null hypothesis on the equality of output elasticity
 

of labor under both old and new proauction technology. Another
 

main result from this analysis was the increased importance of
 

purchased inputs, fertilizar and capital, in meneratinp

employment.
 

(4)The decomposition analysis (Table IV.7) with
 

equation (45), based on tbo UOP Profit Function Model, illustrated
 

the effects of technology, normalized wage rate and complementary
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.azliuuLau on empLoymiet. Due'.probably~to h.igh standard error 
of n of ew' .technoloy, the "unexp ectedll negative employmenl 

effect (74.7 percent) was not offset by positive employment 

effect (51.0 perceat) of compleuentary inputs. As a result, 
the estimated chan in employment was substantiallv diffrwni : 

:from the actual. 

The decomposition analYsis (Table IV.8) with equation., 

(47), assuming Hicks-neutral technical changes yielded us 
satisfactory result. 
The positive employment effects of
 

technology (20.2 percent) and of complementary inputs (.49.3
 
percent) were strong enough to offset the negative employment 
effect (14.5 percent) of higher normalized wage rate under new 
technology due to lower Irice Der unit of Mexican wheat. 



:CHAPTER V
 

'ECHNOLOGICAL CHANGE AND FUNCTIONAL
 
INCOME DISTRIBUTION
 

rhepresent chapter is concerned with: (1) reviewing 

income distribution models emphasizing personal and functional 

income distribution; (2) developing an economic model for analyzin 

the effects of.technological change on functional income distri

bution; rand (3) evaluating the functional income distribution 

effects of technological change with empirical data. 

Review of 	Income Distribution Model,
 

Scitovsky (1964), in surveying the major competing 

theories of income distribution, points out that there are four 

possible subjects that theories of income distribution could 

deal with: the distribution of income by occupations (agriculture 

vs. non-agriculture), by size, by factor shares, and by income 

categories of the official personal income accounts. We add
 

regional distribution involving the division of income by 

regions within a country. Personal and functional income distrl 

bution models are the relevant ones for our study.77 

1. 	 Personal Income Distribution Models: 

By personal income distribution we mean the division 

iThe present study isnot concerned directly with the personal

income distribution questions. The intent is to bring out 
some suggestive implications of changes in functional income
 
distribution to personal income distribution. 

-144'
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of inclome 	by size, or more precisely, by size brackets of the
 

income or 	wealth of economic units. One may distinguish two
 

stages in 	the evolution of personal.income distribution models.-


The first 	includes efforts to summarize, measure, and 

interpret 	the varieties of statistical frequency distributions
 

of income. The second attempt includes the studies using multi

variate statistical analysis of "casual" factors associated
 

with size 	distribution of individual income. 
Human capital
 

models are gaining importance in this category. Johnson (1973,
 

page 206) distinguishes two kinds of concern with personal
 

income distribution; one with inequality, that is, the dispersion
 

of income about the mean; the other with poverty, that is, the
 

existence of people whose 
 incomes are somebelow minimum level. 

Perhaps in the Indian context, the second requires more urgent
 

consideration. More on this later. 

2. 	 Functional Income Distribution Models: 

By functional distribution we mean the division of 

income among the different factors of production. Two streams 

of theory can be distinguished in the income distribution 

literature. 

The first concentrates on the technological laws of 

production, on individual decision processes of business firms 

and factor suppliers. It is microeconomic in orientation, and 

-2/ See 	 incer (1970) for details. 
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• 3/ 

is oriented towards the marginal proIductivity approach. The 

acceptance of the marginal productivity theory of income 

distribution is closely bound with the aggregate productior. 

function. The present study is based on this analytical
 

frame~work. 

The second major stream of theory is macroeconomic in
 

character, and is based on the consumption and saving habits
 
4/


of income receivers. It is in the 'Keynesiantradition'. The
 

present study is not concerned with this aggregative approach.
 

How are personal and functional income distributions
 

related? Individuals or households oun or control various
 

quantities of primary factors of production--land, labor$ capital 

--which determine their income shares. These functional shares'
 

determine the distribution of personal or household income.
 

Technical change could affect personal distribution of income 

.by changing the functional .distribution. More on this later.
 

Economic Model 

The main concern here is to decide on an economic
 

model for analyzing the effects of technological change on
 

functional income distribution. Technical change may give rise
 

Details on this can be found in Hicks (1964) and Douglas (1948), 
Kalecki (1954) has advanced an alternative microapproach to
 
functional income distribution. His model relates income
 
distribution to the entrepreneur's pricing policy and profit
margin, and thus goes beyond the assumption of competitive 
factor and product markets. 
A detailed exposition of this macro model can be found in 
Kaldor (1956). 



-147

to different dimensions of income dstribution problems. First, 

new technology in wheat production is highly selective in its
 

adaptation to particular ecological zones. There is a technical
 

dichotomy - the division of agricultural regions into those that 

are suitable for the improved production system and those that 

are not. So primary productivity gains accrue to farmers in 

a particular region. Studies byChowdhury(1970), Santana (1970), 

and Sen (1969) have dealt with the implications of new 

production technology for inter-regional income distribution. 

Second, technical change may affect the pattern of income 

distribution among various size groups of farmers within a 

region where the new production technology is adopted. Studies 

by Kahlon (1970), Singh and Sandhu(1971), and Srivastava,5/ 
Crown and Heady (1971) have evaluated these effects. Third, 

technical change affects the distribution of income among 

factors of production. This is the concern of the present study.
 

-/ Kahlon found that because of the divisible nature of new 
technology farm incomes of the big farmers rose even faster 
in Punjab and Haryana. However he argues that lage farmers 
spend a greater proportion of their income on purchase of 
technological inputs which would broaden the incomc distribu
tion. Using data from 126 farms of Ludhiana district in 
Punjab state, Singh and Sandhufound some evidence of uneven 
distribution of income among different farm size groups. 
Srivastava, Crown and Heady (1971) have provided a theoretical 
basis on how "Green Revolution" could exaggerate inter
farm income disparities. 
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we turn to the fopulation of relevant economio model for 

th purpose. 

Hicks (1936, 1964) provided analytical tools which 

are useful in evaluating the effects of technical change on 

factor shares. These analytical tools have been the basis o:
 

the neoclassical theory of functional income distribution.
 

The neoclassical approach first assumes that the production
 

function is a useful empirfcal tool, and it also assumes that
 

factor shares depend on marginal productivities. The
 

assumption of perfect competition in factor and product markets
 

is built into the model. The present study makes use of
 

the neoclassical approach, assuming inchanges functional 

income distribution are revealed in changing production 

technology in the wheat farming sector of the Punjab. 

Two propositions in the neoclassical tradition theory 

lefine the relation between technical change, elasticity 
6/


)fsubstitution (a), and factor shares.-
 The first holds
 

that a factor-saving technical change, ceteris paribus, reduces 

the share of that factor in total income. The second maintains
 

that if the supply of one factor increases more rapidly than
 

another, the elasticity of substitution (a) will affect 

relative shares in the following way:
 

In addition to these two propositions, Brown and Cani

(1963) add a third: an increase in the elasticity of

substitution reduces the share of the scarcer factor. 
Kennedy and Thirlwall (1973) have questioned this 
proposition. For a detailed discussion see. Kpnnatlv anA 
Thirlwall (1973). 
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( 	 If Q < I, the relati"ve share of plentiful factor 

will decrease. 

(b) 	 If U = 1, the shares wi.u. stay consrant 

(c) If a > 1, the share of plentiful factor. will rise 

Since our production function framework is based on 

the Cobb-Douglas tradition, relative factor shares remain 

unchanged even with a change in relative factor prices, because 

the 	elasticity of substitution between inputs is assumed to be
 

unity. The unitary elasticity of stwstitution assures that 

relative income shares of factors will be constant for any 

change in the relative supplies of factors. If elasticity 

of substitution is unity, the change in relative price just 

compensates for relative change in quantity and relative
 

shares are unchanged. So in the Cobb-Douglas framework, 

technical change alters relative factor shares only when it
 

changes the ratios of the partial elasticity of production.
 

This 	reduces the evaluaticn of effects on functional income 

distribution to evaluating the nature of technical change,
 

neutral versus non-neutral. 

We recall from Chapter III that technical change can 

be.classified as Hicks-neutral or Hicks-biased on the basis 

of changes in the output elasticities. It is also established 

that in the Cobb-Douglas tradition, the factor share of total 
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7/ 
income is equal to its output elasticity. With this

definition, we examine the effects of technical change on.,
 

factor shares in a two-factor framework and four-factor
 

framewcrk.
 

1, Two-FactorModel:1
 

If technical change introduced into wheat farming
 

is.neutral, the following result will hold for functional,
 

income distribution:
 

U )
--- , = ( n)LW 

wee an all" ak are the shares of labor and capital
 

from total income respectively. The absolute share of both
 

factors is increased, but the ratio of relative factor share
 

is unaltered. The effect on income distribution is neutral.
 

If technical change is neutral, the elasticity of substitution
 

and the direction of change in relative input supplies are
 

the only factors governing the behavior of relative shares. 

Since we are working in a Cobb-Douglas framework, neutral
 

technical change and unitary elasticity of substitution imply
 

- For the share which labor receives, let WN the total wage 
bill paid to labor.
 
Marginal productivity of labor n (Y/N)


WN = N~n Y = Ony
6nn
 

iN
 

Similarly, for lands fertilizer and capia.". 
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not only that the ratio of relative, factor share is,, 

naltexed at a pqint in time, but that It is also unaltered 

over a period of time for a given technology. 

4. A non-neutral technical change may give rise to
 

the. following configurations of income distributions: 

1(1)! Both the absolute and relative share of a given factor, 

say capital, may be increased; but technical change increase
 

only the absolute income of the other factor, that is, labor.
 

It inplies that
 

W < L and (Sn)MW > (Sn)LW (2) 

(2)"'Both the absolute and relative share of capital may he
 

ncreased; there is not merely a decrease in the relative
 

hare of labor, but also a decrease in its absolute share.
 

his ,implies that
 

)MW LW
 

This kind,of non-neutral technical change is called .veryor 

"ultra" capital-biased and labor-saving. In both cases, 

the relative share imputed to labor is changed in the same 

direction, but the absolute share moves In an opposite direction. 

The final outcome depends on how pertial output elasticities 

of these factors of production are affected by technical change. 
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±'.-ro.m-ractor moao.L: 

We recall from Chapter III that technical change 7an6 

be classified on the basis 'of changes in the output 

elasticities. In the preceding section, we have shown tnaz 

output elasticity is identical to factor share in the Cobb-

Douglas framework. .ith these definitions we propose a single 

measure of effects of technical change on factor share as 

follows:
 

Di = T £ 1 Share of factor -i increases 
dT Si Share of factor -i remains 

Share of factor -i 
constant 

decreases 
(4) 

where Di is a measure of the proportionate rate of change 

in factor share, Si is the income share (output elasticity) 

of factor i, and dT indicate change in production -technology 

(with T denoting technology) as represented by Mexican wheat 

production. We propose to make use of the following expression 

in discrete form for computational purpose. In an arbitrary 

Iway Di is defined as follows:
 

-.S)M (Si)LW > Share of factor -i increases 
S ( L0 Share of factor -i remains 

(SX)L W constant (5) 
Share of factor -i decreases 

In developing our economic framework - the two-factor 

model as well as the four-factor model - we have assumed 

constant returns to scale. This is the framework we employ;n 
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ev-luating the effectsof techncal change on-functional
 

income distribution, in the case, of per acre analysis which
 

Involves constraining homogeneity to be of degree one. ,Howeyr 

in evaluating the functional income distribution effects with 

per farm estimates, we have to incorporate the effects of 

change in returns to scale on factor shares. In this case, 

our estimated factor share is the ratio of the elasticity of
 

production of a given input to 
the sum 'of the production 

elasticities. 
 This ratio is called the'relative factor
 

production elasticity. It may be expressed as follows for
 

labor (N) in two-factor model as
 

On (6) 

where on denotes the elasticity of production with respect to
 

labor, k denotes the elasticity of production with respect 

t.o capital, and (O
n +Ok) yields the sum of productior 

elasticities. 

Relative factor production elasticity say for labor_(N), 

in four-factor model may be expressed as follows:
 

O(7)"(n+.l+Of+k) 

where On, Ol' Of, and Ok denote production elasticities of labor, 

land, fertilizer and capitai respectively, and (f + + 

denotes the sum of production elasticities.
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Therefore, in our fo - tatoi'-m6delI .folldwing,t*o
 

expressions are used f6r evaiuatTig the fun6tioL income
,&','tbutibn efftcs", 

( W(8)
 

(sfll.sl+ fs)LW 

Expression (8)is used for per acre analysis, and
 

,(9) for per farm analysis.
 

Empirical Analysis 

An empirical determination of the effects of technical 

change on factor shares involves three basic questions. Ffrst, 

how different are estimated from actual factor shares? Second, 

what is the direction and magnitude of change in factor shares 

between old and new production technology? Third, what is
 

the direction and magnitude of the absolute changes in actual 

factor shares? These three questions are investigated under 

three headings.
 

8/ These expressions are for labor. The same formulation
 
would hold for other inputs with appropriate substitutions. 
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1.:, Comparison -ofEstimated and. Actual Fantor Shars., 

Let, w examine one,'6f he most import ant,' features 

of. the theory of production and of distribution, namely, 

.the,.relative degree to which the.actual shares received b 

inputs approximate those which we would expect from the
 

values estimated from the production function. From our 

earlier discussion, under perfect competition with a.
 

production formula of Cobb-Douglas type, we would expecti
 

factor to receive as its share of the product, the proportion
 

,.dicated by its exponent in the case of constant return to
 

scale,, and by its relative factor production elasticity if
 

returns to scale differ from unity. 
With this proposition
 

on hand, we examine the comparability of estimated and actua.
 

factor shares. Per farm estimates of relative factor production
 

elasticity are 
shown in Table V.1 which is self explanatory.
 

In Tables V.2 and V.3 
are shown estimated and actual-factor
 

shares for per farm and per acre respectively.
 



7a1y4R9. atve rapto, od -,t ;On Mast4city, Per Farm, 
Estimates
 

Factor ofProduction Relative Factor Production Elasticity* 
1967/68 (LW) 1967/.68(MW,. 1967/68-1968/9. 

Land 0.634 0.498 0. 550 

Labor 0.213 0.08 0.14
 

Fertilizer 0.093 0.111 .0,100*
 

Capital 0.060,080 '022 

Note . Relative factor production elasticities are computed
by using expression (7). Parametric values for computa
.tion are drawn from Table 111.9. 



Table V.2: Estimated and Actual Factor Shares, Per Farm Analysis
 

Sample Factor of Estimated Factor Actual Factor 
Production Share 1/ Share 2/ 

(1) (2) (3) (4) 

1967/68(LW) Land 0.634 0.553 
Labor 0.213 0.165 
Fertilier 0.093 0.045 
Capital 0.060 0.237 

1967/68(MW) Land. 0.498 0.570 
Labor 0.088 0.153 
Fertili r 0.111 0.070 
Capital 0.302 0.207 

1967/68- Land 0.550 0.472 
1968/69(MW) Labor 0.124 0.192 

Fertilimr 0.100 0.084 
Capital 0. 225 0.252 

Notes: 1: Colium (3) is the sam-as -relative factor production elasticity, 
Table V.1. 

Degree to which the Actual 
Differs from the Estimated 
in Terms of Standard ErrOrs

(5)
 

-1.00
 

-0.59
 
-2.82
 
+1.88
 

+0-.78_
 
+G.70z,
 
-0.78
 
-0.85
 

-1.04
 
+0.88
 
-0.59
 
+0.32
 

so numbers'are drawn from 

2. Column (4): proportion of income accrued to each factor from gLoss income: 
Let WN = total wage bill 

F Fertilizer bill 
K Capital bill
 



PY = total gross income from wheat production 
WN 
F-= labor share 

-- = fertilizer share 

K-

K- = capital share
 

SF + K land share 

So land share is treated as a residual, and land a residual claimant. As we stated in Chapter
II Punjab agriculture is an economy of peasant proprietors so far as the type of business organization
is concerned. So treating land owner-operator as a residual claimant is a reasonable assumption. Howeve 
we do recognize that part of the residual accruing to landowners may be a return to management. 

3. Column (5) is computed as follows: 

WN 	 - 8 n1y
 
- t- value 
(observed)'an 

where: 
WN = actual labor share 

-n/y=estimated labor share (relative ractor production elasticity labor);.
8 denotes the output elasticity of labor; and y = 01+On+ 8 k = returns 
to scale. 

an = Standard error associated with the coefficient of labor input. 

So column (5) is approximately the observed t-value. With appropriate substitutions 
t-values are computed for other inputs as well. 
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Table V.3: Estimated qnd Actual Factor e, Pe' Acre 
Analysis i 

Sample Factor of Estimated Factor Actual Factor 
Production Share 2/ Share 3/ 

(2) (3)-4) 

1967/68(LW)I/ 	 Land 0.626 0.553 
Labor 0.216 0.165
 
Fertilizer 0.091 0.045
 
Capital 0.067 0.237
 

1967/68(MW) 	 Land 0.568 0.570
 
Labor 0.065 0.153
 
Fertilizer 0.092 0.070
 
Capital 0.275 •0.207
 

1967/68- Land 0.587 0.472
 
1968/69(MW) Labor 0.103 0.192
 

Fertilizer 0.105 0.084
 
Capital 0.205 0.252
 

Notesz 1. Column(5) of Table V.2 is not repeated in Table V.3.
 
The reason isthat the oLserved t-values indicated
 
in colunm (5)of Table V.2 are almost the same for
 
Table V.3, since estimated factor shares in per farm
 
analysis differ little from per acre analysis and
 
actual factor shares are identically the same.
 

2. Estimated factor shares in column (3) are the same as 
relative factor production elasticity. These are
 
computed by drawing parametric values from Table.III.10
 
and by using expression (7). Since the sum of
 
production elasticities adds up to one in the case
 
of per acre production function estimates, relative
 
factor production elasticity of a given input is equal
 
to its output elasticity.
 

3. Actual factor shares in column (4)are computed on
 
the same lines as explained in note (2) of Table V.2.
 
However the identity of actual factor share for
 
per farm estimates and for per acre estimates needs
 
explanation:
 



J=n
 

. .per farm actuallabor share 

E PiYii=1 

where, WiNi is the total wage bill of ith farm, 
and PlYf isthe gross income of ith farm. 

J=n 
E WiNi/j=n J=n 
i=l X Li E WiNi 

=n j=n per acre actual labor 
Z PiYi/j=n E Piyi share. 

i~l 	 Z Li i=1 
i=1 

where, WiN i and PiYi are defined as above; the
 
definition of Li includes the number of acres
 
operated by ith farm. The above illustration is
 
with respect to labor share. The same applies to
 
other inputs with appropriate substitutions.
 

With the empirical results shown in Table V.2 and V.3,
 

let us examine the comparability of actual factor share with
 

the estimated ones. In Table V.2 the differences between actual 

and estimated factor shares are not statistically significant 

at a = 0.05 in the case of all samples except fertilizer share 

and capital share under local wheat. With these two exceptions,
 

there is 	 a close agreement between what we would have theoreti

cally expected the distribution of the product to be under the
 

Cobb-Douglas production formula and that which actuall oc---- -


The degree of agreement seems to suggest that resuls 

conform to what normally would be expected to occur under 

marginal productivity theory. 



The: ~t-vaJues reprbented in Table V.2 suggest that, 

except in the case of fertilizer and capital under old technology, 

that we cannot reject the null hypothesis that the actual factor 

shares are equal to estimated factor shares. In the case of
 

fertilizer, the observed t-value of -2.82 exceqids the critical
 

t-value of 2.576 at a = 0.005; for capital, the observed t-value 

df 1.88 exceeds the critical t-value of 1.645 at a 
 0.05. This 

implies that fertilizer appears to be underpaid and capital overpaid 

relative to their observed prices in comparison with their
 

contribution to output under the old technology. 
To put this
 

differently, the local wheat farmers, as decision makers, seem
 

to have made allocative errors in the sense that they used less
 

fertilizer and more capital'than the quantities warranted by the
 

principle of equating marginal value product (MVP) of these 

Inputs to their respective prices.
 

Actual factor shares are expected to equal the estimated 

factor shares if resources are optimally allocated given observed
 

prices. hy are the allocative errors by local wheat farmers
 

whereas the Mexican wheat farmirs do not seem to have made this
8/
 
error. 
 One would expect the absence of allocative errors in the
 

8/ Local wheat Mexican whe. 

Marginal value product of
 
fertilizer (MVPf) 4.44 1.24
 

Price of fertilimr per

kilogram (Pf) 
 0,84 0'.84
 

Marginal value product of

capital (MVPk) 0.27 114 

Price of capital (Pk) 1.42 
 1.43
 



case of local wheat because farmers have been-'growing this variety 

f6r quite some time. A priori wewould expect (MVPf - LW C 

(MVPf - Pf)MW and (MVPk -Pk)LW < (MVP k - Pk)W This is 'to 

mean that we expect MVPf ,Pf and MVPk V Pk under old technology, 

and MVPf 0 Pf and MVPk V Pk under new technology. Hiebert (1974) 

pursuasively argues that when a particular innovation such as
 

fertilizer and new seeds are to be adopted, decision makers may
 

perceive the production function parameters of the new technology
 

as early as the old technology. As the innovation process precedes,
 

with additional information and experience decision makers more.
 

clearly perceive the production characteristics of the new
 

technology and hence decrease the possibility of making allocative 

mistakes. So a priori allocative errors are a possibility 

in the case of Mexican wheat farmers whereas it is apparantly
 

surprising to observe this in the case of local wheat farmers.
 

One could come out with three possible reasons for 

MVPf < Pf in the case of old technology. First, this allocativw 

error is likely to happen if the local wheat farmers have less 
9/

educational background than the Mexican wheat farmers.-. But 

in the absence of adequate data on difference in educational 

level, nothinR definite can be said on this. .Second, the allocative 

Huffmar (1974) has demonstrated that the rate of adjustment
 
to disequilibrium in the usage of nitrogeneous fertilizer in 
the case of Midwestern U.S. farmers is positively related to
 
the level of education of farmers in addition to other
 
things.
 



errors could happen if opportunity., cost of fertilizer confronting 

local wheat farmers is hiier than the price confronting Mexican 

wheat farmers. There is no reason to accept the validity of this
 

hypothesis, since fertilizer price is government regulated. Third,
 

this allocative error could also happen if growing local wheat 
10/
 

is 	 riskier than growing Mexican wheat.- But one tends to think 

converse as true. In addition to these three explanations, one
 

other possible reason might be that fertilizer was not available
 

in 	adequate quantity at the government regulated price during the
 

year 1967/68. Why could this 'Iva'lability hypothesis" be relevant 

in the case of local wheat farmers alone? This could follow possibly
 

from the "economic power" enjoyed by more progressive farmers
 

who are likely to be early adopters of new technology.
 

In the case of fertilizer, we have explored four 

possible reasons for ,VPf > Pf under old technology. In the case 

of capital MVPk is less than Pk. This kind of allocation error 

is possible if educational level of local wheat farmers is low. 

But, as we discussed already, ve dont have adequate data to test 

this hypothesis. The "differential opportunity cost" hypothesis 

and "differential risk hypothesis" dont seem to be relevant for 

this case. So we do not have adequate explanation for this kind 

of 	allocative error at this stage.
 

0/	See Hiebert (1974) on allocative errors caused by risk
 
preferring, risk neutral and risk averting attitudes of
 
decision-makers.
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2.'Direcltion and Magnitude of 'Change in Factor Shaz
 

to examine has to'

The second question which we want 

do: with the determination of direction and magnitude of difference 

in factor shares between old and new production technology, 

Results are shown in Tables V.4 and V.5. Results in column (3) 

of Tables V.4 and V.5 indicate the direction and magnitude of 

change in technology-determined factor share. In broad terms' 

two observations may be made on these results: 

First, the relative share of fertilizer (F)and
 

capital (K)has increased, but the rate of increase in capital
 

share is substantial; this follows from the difference in
 

output elastildty of capital under the two production technologies.
 

Since the "slope dummy. variable" for capital (K) is significant 

(Tables 111.2 and 111.3, Chapter III) the rate of increase in 

share of capital io significant as well. The "slope dummy 

variable" for fertilizer (F) is not significant (Tables 111.2 

and 111.3, Chapter III) at any reasonable level. So the magnitude 

of change in factor share in the case of fertilizer (F)between old 

and new production technologies is not statistically significant. 
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Fa]le V.40:; Change in Factor Share, Per Farm Analysls
 

~'atorof(Si/y)IW (Si/,y)LW
 
Sample Production. i
 

.(si/Y)Lw
 

(1) (2) (3),
 

X967/68(LW) Land 
 -0.215
 
versus Labor. -(.587
 

1967/6 8F) Fertilizer +0.194
 
Capital +4.033
 

1967/68(LW) 
 Land -0.132
 
versus Labor 
 -0.418
 

19676-8- Fertilizr +0.075
 
1968/69(tfW) Capital 
 +2.750
 

Note4: w Expression in column (3)is a generalized version of
 
expression (9), where y = S1 + Sn + Sf + Sk.
 

Parametric values for computing column (3) are drawn 
from Table V.2. 

Table V.5: Change in Factor Share, Per Acre Analysis 

Sanple Factor of (Si)MW (Si)LWProduction Di- (S)LW 

(1) (2) (3)", 

1967/68(LW) Land 
 -0.093
 
versus 
 Labor -0.699
 

1967/68MW) Fertilizer 
 +0.011
 
Capital +3.104 

1967/68(LW) 
 Land -0.062
 
versus Labor -0.523
 

1967/68- Fertilizr +0.154 
1968/69(MW) Capital 
 +2.060
 

Notes: *Expression in column (3)is a generalized version of.
 
expression (8). Parametric values for computing
 
column (3)are drawn from Table V.3.
 



3econd, the share of land and labor has, decreased;.ii, 

ato of decrease is greater for labor., Since the 

"slope dummy variables" for land (L) and labor (N)are not 

statistically significant (Tables 111.2 and 111.3, Chapter III) 

at any reasonable level, the rates of decrease sbown'lin c0o1 

' (3)of Tables V.A and V.5 are not .statistically signific'ant. .t 

Thus the major conclusion that follows from the above 

discussion is that with respect to functional income distribution
 

new production technology in wheat production is neutral
 

regarding land, labor and fertilizer, but biased in favour of,
 

capital.
 

3. 	Direction and Magnitude of Change in Actual Absolute Factor
 

Shares:
 

So far we have been examining rate and direction of
 

change in technology-determined factor share. The discussion
 

has centered around relative position of a factor in terms of
 

the fraction acrrued to it under two production technologies.
 

We recall from the previous section that the functional income
 

distribution effects of new tcchnology on land, labor and
 

fertilizer are neutral, but biased in favor of capital. But
 

deterninLig the direction and ,magnitude of change in the actual 

absolute factor share provides a better perspective on
 

functional income distribution problems. The present section 

Is concerned with this issue. Since we have homogeneity with
 

respect to both the region and the production year, the absolut
 

http:decreased;.ii
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hahngqek# actual factor share is discussed with per acm'a.
 

resultsafrom Sample 1. Results are shown in Table V.6.
 

;t can be seen in Table V.6 that all factors in 

absolute terms stand to gain under new production technology, 

but the percentage of gain varies. Percentage of gain is 

greater for 	land than for labor.
 

Table V.6: 	 Percentage Change in Absolute Actual Factor Share,
Per Acre Analysis, Sample I, 1967/68 

Factor of 
Production 

Absolute Share 
P&om an Acre 
of Wheat 

Absolute Share 
from an Acre of 
Wheat 

Percentage 
Change in 
Absolute 

Total Revenue(LW)?, Total Revenue(MW)' Factor Share 
(1) (2) (3) (4) 

Land Rs. 377.55 Rs. 563.00 49 

Labor 112.65 151.12 34 

Fertilizer 30.72 69.14 125 

Capital 161.81 204.46 26 

Notes: *Per acre total revenue from an average local wheat
 
farm is Rs 682.73, and from an average Mexican wheat
 
farm it is Rs 987.72. Absolute shares for each factor
 
are obtained by multiplying total revenue by .tha
 
percentage shares shown in Column (4)of Table V.3.
 

This has implications to personal income distribution which 

will be discussed in the next section. The largest percentage 

gain to fertilizer is consistent with the fact that fertilizer 

is a basic ingredient of new production technology. The small 



percentage gain to capital follows from the earlier discussion
 

that capital appears to be overpaid in comparison with Its
 

contribution to output under old production technology.
 

Summary of Empirical Results and Some Implications
 

for Personal Income Distribution
 

In broad terms two results from the empirical analysis
 

of the effects of technical change on functional income
 

distribution may be cited. First, the functional income
 

distribution effects of new technology on land, labor, and
 

fertilizer are approximately neu.tral, but is biased in favor.
 

of capital.. This is the conclusion suggested by estimated 

factor shares; Second, if we examine percentage chang in 

absolute factor share, all factors of production stand to
 

gain, but percentage gains to land and fertilizer seem to be 
1i/
greater than the gains to labor and capital. 

Before outlininA the implications suggested by the above
 

results on personal income distribution, a review of evidence 

on personal income inequUlities, consumption inequalities,
 

and the percentage of the people below "poverty line" is in
 

order. Ojha and Bhatt (1971) reported that overall income
 

distribution in India isnot merely highly skewed at a 
point
 

in time, but it became slightly more unequal in 1961/64
 

11/

In appendix III are presented the results on change in
functional Income distribution under new production technology

between two points of time, that is, 1967/68(MW) versus
 
1970/71(-14).
 



than it.ws... I l'953/55.- Natonal Sample Surv (S) 

estimates (in Fourth Five Year Plan) for the year 1967/6 

'ndicatedthat the share of the bottom 10 percent of the 

population in rural areas was 4 percent of total consumptior 

whereas th3 share'of top 10'percent was about 23 percent. 

This indicated the relative position of a spending unit in the 

structure of the consumption hierarchy. Relative poverty is 

found to exist even in affluent societies. So for a developing 

country, a useful criterion for income distribution problem 

is to observe change over time in the percentage -f people 

below a well defined minimum standard of living. This amounts
 

to measuring changes in the absolute or relative incidence
 

of poverty over a period of time. Table V.7 presents a 

summary of various estimates on the percentage of rural 

population with an absolute level of poverty. These studies 

have followed different estimation procedures, and there are 
13/

differences in their estimates. It is beyond the scope of 

12/ 
- For a documentation of results from various studies see
 

Abel (1971); and Rajaraman (1974).
 

13/ 	In OJha's study (1970), the difference in terms of quantity 
between the ininimum caloric requirements and the actual 
consumption for each expenditure group represents the nutri
tioral deficiency. The percentage of deficiency to the 
estimated nonn represents index of poverty. Irn Bardhan's 
studie-(1570a, 1970b, 1973), those whose consumption expenditure
is less i:han T 15 per month in 1960/61 prices come under the 
category of below poverty line. Bardham employed separate 
piice deflators for the poorer sections of the rural population
than the remainder of rural population to get real levels of 
consumption expenditures in 1967/8. In Rajaraman's study
(1974), poverty line is constructed at 1960/61 prices on the 
basis of a least cost diet determined by a process of linear 
minimization subject to nutritional and other constraints. 
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aO e Y;?t) 	 PTercentage of the Rural Population Below the.
 
.Poverty Line
 

Study 	 Percentage of Rral Population 
with Absolute Level of Poverty, 

1. Ojha (1970):
 

All India:
 
1960/61 	 51.20 
1967/68 	 70.00 

2. Bardhan (1970a. 1970b, 1973):
 

All India:
 
1960/61 	 38.00
 
1967/68 	 53.00
 

Punjab:
 
1960/61 	 13.00
 
1967/68 	 32.00
 

3. Rajaraman (1974)
 

Punjab:
 
1960/61 	 18.31
 
1970/71 	 22.51
 



this 4 cmmn nethodologiesMuyt used 'by these researceers 

Howeve, ons thing that is unmistakenly clear is anincrease in 

.e,percentage of rural population below whatever poverty 

line is chosen. The Dandekar-Rath study .(1971a) has also 

found the same trend. It is more disturbing to observe thi
 

trend in Punjab which 
 is said to be a "show case" -of the 

Green Revolution.
 

From an examination of the above evidence on some
 

dimensions of personal income 
 distribution in India aas whole
 

and Punjab in particular, let us turn to discuss the
 

personal income distribution implications suggested by the
 

empirical results summarized earlier. There are two paths 

through which technical change affects personal income
 

distribution. 
First, the nature of technical change, that is, 

neutral or non-neutral; second, the distribution of productive 

assets-especially land in. our case. 

From our earlier discussion we know that the functional 

income distribution effects of technical change in wheat
 

production are neutral, even though the percentage of gain in
 

actual absolute labor share is a bit lower than that of land. 

However, the personal income distribution problems arise from 

the second factor, namely, the distribution of productive 

assets especially land in the Indian context. We borrow the 
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14/
followi.ng expression- from Meade (1964 Appendix II) to
 

indicate possible personal income distribution problems: ' 

Z [1)I + [VU] (Io' 

where: 

Z = farm family income; 

1 c number of hours worked;: 

Wz wage rate per hour; 

U a amount on non-human property, basically land in our 
case; 

V = the rate of return on property (Land). 

It is obvious from equation (10) that a farm family 

income is the sum of the payments to factors of production
 

owned by it. This framework allows us to analyse farm family 

income inequality as a function of the distribution of factors 

of production and the rates of return to them. The distribution 

of labor earnings (WN) will be influenced significantly 

by the distribution of working members of the family in our 

case. In the case of landless farm families, the second
 

bracketed expression vanishes. With the introduction of new 

production technology an increase in W alone would increase
 

14/ Gardner (1969) has used this framework with a transitory
 
component (the transitory component being the unanticipated

income) added for analysing farm income inequalities.
 
Martin (1972), using the same framework, examines the
 
correlation between WN and VU and its implication to
 
variance of Z.
 

http:followi.ng
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farm labor family income from labor alone. *An increwie 

in Nalone would increase family income. We know from 

Chapter IV that there has been over a 37 percent increase in 

-the number of hours employed per acre on Mexican wheat farms 

couipared to local wheat farms. However two impr-tant 

developments may work against the farm labor families. Firsts 

higher wage rate may lead to substitution of family labor
 

for hired labor by land owing farm families. Seconi, as
 

reported by Billings (1970), farmers in the Punjab have
 

responded to labor shortage during peak seasons by substituting 

a more capital-intensi e technology for certain,critical 
17/ 

operations. We have indicated some broad developments which
 

It is reported [in Statistical Abstract of Punjab (1974)] that money
 
wages paid to agricultural laborers (men) increased from
 
Rs 3.82 to Rs 6.46 for plowing, from Rs 3.73 to Rs 6.47 for 
sowing, and from Rs 3.94 to Rs 7.71 for harvesting during tho
 
years 1966 and 1970 respectively. Evidences on gains in real 
wages are conflicting. See Bardhan (1970b) and Herdt and 
Baker (1972) on this issue.

16/ 	 See Kahlon (1971) on this development. 
1_ 	 The study of Billings suggested that the introduction of
 

mechanical harvesting would eventually result in a net
 
decrease of about 90 million mafi days of employment in Punjab. 
Sidhu (1972) provided empirical evidence on the fact that 
there are no differences in ow-r-all economic efficiency and 
its components (technical and price efficiency) between 
tractor and non-tractor farms. There is no evidence of 
significant difference in land productivity but the input 
composition is different. Farms with tractors use more than 
100 percent more capital per acre than farms without tractors; 
they displace not merely animal power, but human labor as 
well. This displacement effect of tractor mechanization 
alone on labor is in the order of about 25 percent per acre, 
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may alone work against the economic well-being of farm families 

with nothing but labor to offer.
 

Let us look more closely at the ways in which the 

now production technology might operate on the expression (10) 

in the case of land-ownirgfamilies. Given N and U, an increase 

in W and V alone would increase fam!.ly income. If an increase 

in Wplaces a premium on leisure and social status, given U, 

an Increase in W, N and V would increase family income. We
 

are particularly interested in V and U because assets (particularly

-18/ 

land) play an important role in agriculture.- Table V.8 

shows some evidence on the land ownership pattern in Punjab.
 

It is evident in Table V.8 that in the Punjab more than 37 

percent of all rural households operated farms of lesc than 5
 

acres and accounted for less than 7.5 percent of the area. 
By
 

contrast, the top 13 percent of the households cultivated 

holdings of 20 acres or more and controlled over 40 percent of 

the area. The situation after 1966, when the old Punjab was 

19,divided into two states of Punjab and Haryana is less clear. 

Given the skewed distribution of land ownership, and given the 

increase in V by 49 percent (Table V.6), expression (10) implies
 

The distribution of asset as a prime determination of income 
distribution in developing countries is emphasized by
 
Ahluwalia and Chonery (,Ln Cline 1975, p. 373).
 

Rajaraman (1974) reported that land distribution in the
 
new state of Punjab seems to have worsened over the ten
 
year period, that is, from 1960/61 to 1971/72.
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T~1o S.0:-, 	 Distribution of Cultivators and Cultivated Areas 
in Old Punjab State by Size of Operational Holdings,

S1961-62 

Acres 
Item Less than 5.00-9.90 10.00-19.90 20.00 and 

5.00 above 

Percentage of
 
rural households 37.! 24.8 
 23.8 13.4
 
in the group
 
sampled
 

Percentage of
the cultivated 7.4 	 33.0
18.3 	 40.7
 

area for the
 
group sampled
 

Source: Frankel (197 ,. 

the changing income distribution in favor of land-ownirgfamilies.
 

With a considerable increase in V the gain in income increases
 

linearly with the amount of land owned. 
In the absence of
 

offsetting fiscal measures, income distribution problems would
 

come to surface.
 

0/ Although the Committee nn Taxation of Agricultural Wealth 
and Inrome (1972) reported agricultural income per capita
in the Punjab to be about twice as high as in the rest 
of India, the total yield from land zevenue, surcharges and
 
special charges, cesses on zornercial crops etc amounted
 
to less than 0.4 percent of the net domestic produ't
originating 	in agriculture compared to nearly 1.0 yercent
 
for the country as a whole. See Rao (1974) for some
 
details on inequitable tax policy.
 



This Increase in income to land made -possible In part
 

by the introduction of new technology has capitalized into
 

increased land value. Herdt and Ccchrane (1966) provided both
 

theoretical and empirical evidence that the expectation of
 

rising income from technological change in conjunction with farm 

support prices was important in contributing to the rise in farm 
.23/
 

land prices In the U.S. In Punjab, the increased land
 

productivity resulting from the introduction of new technology 

has resulted in increased values at almn- nn cost to the 

owner,
 

The preceding discussion of the implications of change 

in functional income distribution for personal income
 

distribution, given labor-displacing trends and skewed distri

bution of land ownership, may lead one to predict tensions in 

rural areas. Perhaps one may be led to believe Gray's (1931, 

p. 189) remarks that " . . . Ricardo provided, all unwittingly, 

the foundation stones of so-called scientific socialism. The 

doctrine of rent, especially if one forgets that Ricardian rent 

is an abstraction, appears as an instigation to agrarian socialism."
 

Also see Chryst (1965) and Floyd (1965) for interesting
 
discussions of this issue.
 

See Frankel (1973) for details on this development.
 



SCAPTCR V1 

SUMMRY IND CONCLUSION.
 

Considerable growth in output per acre (about 40 percent) 

accompanied the introduction of new production technology into 

the Punjab wheat economy during 1967/68. This has given rise 

to wany interesting issues in the fields of growth, employment 

and income distribution. Questions arise with respect to the 

sources of this growth in output and the impact of this new 

technology on employment and income distribution.
 

The main objective of this study was a quantitative
 

assessment of some of these issues using farm-level primaz ., 

cross section data from the Indian Punjab for the years 1967/68
 

to 1970/71. Specifically, the major objectives were: (1)to
 

decompose total difference in per acre output between farms
 

employing new technology anid those employing old into two 

broad forces, namely technological change and change in the volumE 

of (complementary) inputs, (2) to determine employment 

elasticities with respect to certain key economic variables, 

(3) to decompose total dcfference in per acre employment with 

the introduction of Mexican wheat into relevant forces 

technical change, output change, change in input prices and 

input quantities, and (4)to determine the direction and 

m.,Snitude of changes it functional income distribution. 

For empirical implementation of the objectives listed
 

above, interrelatei economic models based on the neoclassical
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theory of production and distribution were used. Questions of 

sources of output growth were approached with the help of 

aggregate (Cobb-Douglas) production functions. A derived labor 

demand function provided the theoretical foundation for 

estimating employment elasticities with respect to output and 

input prices, and for decomposing total change in employment 

into technology, output and input prices. A labor demand 

function derived from the UOP profit function provided the
 

theoretical framework fov e-terz.uning employment elasticities 

with r spect to normalized wage rate and quantities of land,
 

fertilizer and capital, and for decomposing total change in
 

per acre employent.into technological changes, and differences
 

in normalized wage rate and quantities of complementary inputs
 

such as fertilizer and capital. The neoclassical theory of
 

distribution, based on the aggregate production function, was
 

used in determining the direction of change in functional 

income distribution.
 

The farm level primary data, on which the empirical 

analyses are based, came from private farms of the Indian Punjab 

Input-output data, collected by the Directorate of Economics 

and Statistics, M*inistry of Food and Agriculture, Government o, 

India, for the years 1967/68 and 1968/69 in the Ferozepur 

district of Punjab, data collected by the Government of Punjab 

for the year 1969/70 and data collected by Sidhu (1972) for 

the year 1970/71 provide the data basis for this study. 



Sanpling methodology used in collecting thaWe data,
 

aid definition and measurement of variables used in empirical
 

estimation are discussed in Chapter 
 11.
 

E pirical Findings and their Policy Implications 

Empirical findings dnd their policy implications are
 

discussed under three headings:
 

1. 	Sources of output growth:
 

The need for efforts to increase the rate of growth of
 

farm output in India requires hardly any emphasis. A 40 percent 

increase in per acre output on a Mexican wheat fa.yo compared 

to a local wheat farm has added to the urgency of investigating
 

the sources of this pheomenr;l growth. The main raticnale 

for this kind of investigation isto gain an increased understand

ing of sources of output growth, and this increased understanding 

hopefully indicates the directions in which efforts will have 

to be made for raising the rates of growth and productivity 

Increases in the agricultural, economy. For any production 

function, the total change in output is brought about by shifts 

in the parameters that define the function itself and by changes 

in the volume of inputs. An essential ingredient of technical 

change is a shift in the production function such that a larger 

output is obtained from a given level of inputs or a given 

level of 	output can be obtained with sranaller quantities of
 

inputs. 	 So technical change affe -.. the sources of output 
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growth by shifting the parameters A and O's. In Chapter III,
 

measured output growth of about 40 percent per acre with the
 

introduction of Mexican wheat i decgmposed into technological
 

change and change in the volume of inputs; about 15 percent of
 

the increase in output is attributable to technical change and 

25 percent to increased inputs, the major contribution (15 percent) 

being made by fertilizer.
 

A quantitative assessment of the two sources of output
 

growth has two important implications for development policy: 

(1) The measured contribution of technology to output
 

growth obviously demonstrates the importance of technical change
 

as an engine of growth. Schult'z (1964) suggested that 

significant. growth in productivity cannot be brought about by 

the reallocation of resouz,,es in traditional agricultural 

system. Significant opportunities for growth become available 

only through changes in technology - new husbandry techniques, 

better seed varieties, more efficient sources of power, and 

cheaper plant nutrients. Investments in agricultural research, 

leading to the supply of new inputs, and in the education of 

the farm people who are to use the new inputs provide the bases 

of technical change and productivity growth. The results of 

this study suppcrt the thesis of Schultz. The dramatic increase
 

in per acre production following the introduc*.ion of Mexican
 

wheat varieties suggests the desirability of improving production 

technologies of other crops and livestock. A continuous stream 

of new knowledge represents a necessary ccndition for modern
 



agrcultur development. How to insure a dialectic inter

action, as suggested by the Hayamt-Ruttan (1971) model of
 

agricultural development, 
 among farmers, research scientists, 
and research administrators is one of the challenging tasks 

for development planners in India.
 

(2)The 25 percent contribution of increased inputs
 

to total change in output indicates a structural transformation
 

in the form of increased dependence of agriculture on off farm
 

inputs. This has inplications not only for the need for
 
inputs, but also for the growth promoting interactions between
 

agricultural and industrial development. 
This sectoral
 

interaction is 
one of the necessary conditions for general
 

economic growth.
 

2. 	Employment Elasticities and Sources of Growth in Employment:
 

Development economists have begun to emphasize equity
 

as one of the primary goals of economic development and have
 
focussed on employment creation as a major means to achieving 

increased equity. Given the labor force explosion and the 

poor performance of the industrial sector in generating
 

employment, it is the fundamental premise of this study that
 

there must be greater provision of employment opportnities
 

within 	the agricultural sector. The new technolog; in wheat 

production is said to have the power of being a catalyst for 
employment :reation. The employment dimensions of new technology 

are many. The present study is concerned with one dimension of 
total direct employment, that is, employment effects per growing 
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season of wheat. To be efffective, any enploymnt policy must 

have reasures of the forces affecting employment. There is 

need for quantifying the various forces affecting employment 

and to know how much we must change controllable variables 

which we can control in order to effectuate the required changes 

In employn:ent. In Chapter IV, using the constrained cost 

mlinimzation model and the UOP Profit Functional model, we 

have derived labor demand functions to estimate employment 

elasticities and formulated decomposition models to investigate
 

the sources of measured growth in employment. 

There are two major conclusions that emerge from 

employment elasticity and decompositioa analyses based on
 

constrained cost minimization framework:
 

(1)Employment elasticities with respect to money wage
 

rate, rental value of land, price of fertilizer and output 

are estimated to be the same under old and new production 

technology. This means that employmnt response to a given 

change in these variables will be the same on bcli Mexican and 

local wheat farms. Employment elasticity with respect to 

price of capital is higher (0.30 versus 0.06) on a Mexican 

wheat farm than on a local wheat farm. This difference is 

statistically signifiiant, because, we discussed in Chapter III, 

we cannot accept the null hypothesis that output elasticity 

of capital is the same under both old and new technology. 

This means that any variation in price of capital leads to a 

greater change in employment on a Mexican wheat farm than on a 



local wheat farm. 
We want to qualify this conclusion, because
 

our measure of capital includes expenditure on seedst 

irrigation, depreciation, interest charges and bullock labor 

service. Our stuly does not provide the answer to the question 

to the price variations of which of these capital items is 

employment response on a Mexican wheat farm different than on 

a local wheat farm. Perhaps this disaggregate analysis would
 

provide a better empirical basis for uiing price of capital
 

as an instrumental variable for influencing employment creation. 

(2)On the problem of decomposing the total observed
 

change in labor input per acre 
into the separate contributions
 

of constituent forces, 1,e did not meet with much success 

with one decomposition formulation (equation (14)). 
However,
 

another decomposition analysis with equation (46) assuming 

Hicks-neutral technical change yielded satisfactory results.
 

In the constrained cost minimization frameAork, where the firm 

is constrained to a given isoquant, technical change alone would
 

have decreased employment by 17.4 percent. But this negative 

employment effect of technical change is more than offset
 

by a 49.5 percent positive employment effect of output change
 

and 4.5 percent positive employment effects of input price
 

differences. Obviously, output change is more important in 

generating employment. In this framework, forcesthe affecting 

employment are technological progress, variations in output, and 

relative factor prices. Of these, perhaps output is the variable 



,Iost'1C.,p.D.Lsc QlZ. tya~u OL-~9Y .e.S Hn 

in order to achieve a given .employment target, we require a 

xneasure,'t lqofn o,-holding~te, effect ppn ,epp_94tent 

.,o tepiozces ,,cortant.,. The measure, obtained, goes ,.a,long 

tpe • "" .
way, , at,least , in,princPle:,- towar's improyiug, the t .ment"rpi
.,~~~~ 

of,tbs policy problem. W.edo,recognize .that adverse weather 

effects ,on output could affect erployment. This was eviden 

from decomposition analysis with the results ,of Sample II. 
SIn,this sense, output in "agriculture unlike industry is not 

easily susceptible to contrl. So use ofoutput as -an 

instrumental variable to influence employment :is also rsubject: 

to limitation. :.Yet- it Is incontrovertible that for, any,iVtial 

sepin this direction, .we must bbtain ,measurements of the 

relevant ,forces:,affecting employment.,: That is precisely t 

attempt; made in tbis study. 

;Employmept elasticity,,endidecomposition analyses 

based .on;,the UOP profit; function: modelyielded two major 

resuilts:,I 

U) ,Employment elastIcity, with*respect to normalized ! 

wagp,zate(Wl), landl L) and fertilizer.(F)jbetween'old !and 

new production technology,,may be: concluded! to :,be..not,sigificantly
 

different. -The reason is that'these employment elasticities 

are..derived from output elasticity of labor (On), land (0i) and 

ifertilizer (f). Since .w cannot reject the nul. hypothesis 

that these output elasticities are the same between old and new
 

production technology, we tend to conclude that employment
 



elasticities, are:the same. !,i iSoeuployment responseat !,he 

marginl.to variations in WI, L.andjF':may be concluded to bek 

approximately, the same on, both Mexican and local wheat -farm 

Employment.. elasticity with; respect to capital;.was estimated 

to.be- higher ,ndr,,new, technology, because outpu.t elasticity:. 

of capital is~.significantly higher under new te6hnology* 

Harginal ,employment response to one percent*change in, capital 

EsO.365 percent on a Mexican wheat farm, only O,08 percent on 

t;local .wheat farm. Our capital variable includes many items of 

Zapital- expenditures such as seeds, irrigation, depreciation' 

ind ,nterest, ;and bullock labor service._ Which ofthese capital 

.xpenditures ,increases marginal product of labor, shifting the 

demands for <labor more tnradr new technology than under old? This 

disaggregated analysis would possibly provide a better 

empirical basis for using capital expenditure as an instrumental 

variable for influencing employment. 

(2) Due to high standard error of On of new technology, 

our decompositio. analysis with equation (45) did not yield 

satisfactory results; the estimated C-37.1 percent) change in 

employment was substantially different from the actual (37.9 

percent). The decomposition analysis with equation (47) thal 

imposed Hicks-neutal technical change, yielded satisfactor
 

results. Of the 37.9 percent total change in employment,
 

technical change alone by shifting the profit function, makes 

a positive contribution to employment of 20.2 percent. The 

negative employment effect (14.5 per'cent) of normalized wage 

http:marginl.to


rate"clearly indicates.,t'positive -role of output price .in 

ereating employment., Attempts to keep.: utput- price belo.:!..: 

.the%market,price iwould perhaps' decrease employment on :farms , 

be.ause >a low zoutput price, given the'money. wage" rate, meansO 

aidhigher normaliazd wage; rate ,tol farmers; leading todecreased 

employment;., So 'the,present study' suggests the use of' 

output price as 'an instrumental variable for creation of. 

employment. ':The positive contribution of 6omplementary- inputs 

alone to ,total change in employment ,comes to about 49.33.percent 

This suggests the need for efforts to increase .the 4produetion 

and.-distribution of complementary 'inputs :such as fertilizer. 

'irrigation, pesticides, seeds and 'farm implements. -Thes 

complementary, inputs have made positive contribution to 

employment via shifting.the marginal product of labor. 

3. Functional Income Distribution Effects: 

The effect of new technology on income distribution 

is a widely debated question. This is especially true in a 

country like India where income and consumption inequalities 
are present. Technical change gives rise to different
 

dimensions of income distribution problems such as regional, 

farm-size groups and functional. The present study is 

concerned with an evaluation of effects of technical change 

on functional income distribution. An analysis of results 

from Tables V.A and V.5 suggests that with respect to functional 

income distribution, new technology is neutral toward land, 



Tapt.labr ad zebdtiazer b deIu n avoof his 

result follows fom tables III. 2and IIIf. 8. where 

el'asticities of land,'labor -iid' fertililzer are not 

old' and tehoy 

the ouut elasticity of capi-il under new technology is higher 

nh the difference-is statisdtcilly significant. It is shown 

statistically different dbeteennew whereas 

in Table V.6 that all factors of production s tand to gain 

under niew technology. 

Letus assume as under Hicks-neutral technical change 

that .the +effectsof new. technology on income imputed: to 

various factoz s of production are neutral. So the absolute 

income imputed to all factors rises in the same proportion 

and the relative income shares remain unaltered. Even 

then, income distribution problems could arise from the unequal 

distribution of productive assets especially land. Given the 

49 percent increase .in income to land'(Table V.6) and the skewed 

distribution of land ownership pattern :(Table V.8), personal 

'theincome distribution is bound to become more unequal. Now 

Iij challenge confronting policy makers is how to design fiscal 

(short run policy measurm) to mobilize part of thismeasures 

increased income for meeting the goals of more equal income 

distribution. 

Before appropriate fiscal measures can be designed -an 

empirical basis has to be developed. In the case of fiscal
 

measures, there are at least five issues that have to be
 

examined. First. how inadequately is the agricultural sector 



taxed at.present? Second, can the agricultural sector beaP.
 
S4. 

additibnal tax burden without suffering seriously 'interms of
 

agricultural production and.investment? Third, to. what degree 

has.:the taxable capacity of the agricultural sector been 

Increased by tbe pew technology?, Fourth, which classes of 
farmers.have the additional taxable capacity? Fifth, how is
 

the surplus likely to be used"if left untaxed, that is, is it 

likely to flw into savings or productive investment within 

agriculture? We don't deny the need for progressive tax policy
 

as a tool for redistribution. But that policy has to be 

formulated and implemented after developing a valid empirical
 

basis.
 

,.Oneof the aspects which are relevant in the ,context of 

personal income distribution implications of technical change 

is the policy of subsidizing farm capital. equipment. Distortions 

in capital market may encourage the use of factor proportions 

which are not in line with the factor endowments of the country. 

This is likely to happen on large and tractor-operated farms. Not
 

only gains of subsidies are primarily accrued to these farms,
 

but also labor is likely to be displaced through capital
 

substitution. :An investigation into the personal income
 

distribution effects of factor market distortions is a potential
 

area for' research. 

According to the neoclassical view, each indi-vidual 

has at his disposal an endowment of factors, and his income is 



merelyi; the,sum of,,th .multiplication of these factors by.their.. 

rginal ,pro,ducts, One .approach,to equalizing .income distribution 
is.preciselyo accept the neoclassical presumption that .factor 

ownership causes the distribution, and seek, ways to transfer 

factors to the impoverished classes. With the introduction of_
 

new technology. per acre output of wheat increased by 40 percent
 

The increased productivity of.land is equivalent to- an increase. 

in the effective supply of'land. 
This seers to provide a case.., 

for redistribution of land a§ a policy measure... Here.again, 

,as in the case of fiscal measures3, careful analysis has to bE 

undertaken before implementing the measure. In formulating land
 

redistribution policy, at least two issues have to be examined.-


First, is their enough land to redistribute so that every one 

may employ himself and his family on his own land earn even a
 

inimum desirable living? Who should get the surplus land taken
 

o-er from the present big landowners?. Should it go to landless.
 

laborers or to the present farmers with very small sized holdings?
 

Second, is there a trade-off between growth and improved
 

distribution? 
In.other words, are small farms.as effiqient.isii 

large farms so that productive efficiency is not affected? Would 

a redistribution of land from larger to smaller farms raise total 

output and employment? Would redistribution of land increases 

output and employment in the short-run, but slow down the growth 

of Output and employment in the long-run owing to the reduction 

Meade (1964) in addition to other things, proposes equalization

of property ownership as a step toward equalization of income.
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PsaVngs 'and investmeiti if we 'dade 'interested 1n the'question
 

6f w'a:it 'would happen foi'.agricultural Poutu and ep6
r oyment under
 

a-new .,agrarian structure with land ceilings and redist
 

we should ideally consider the problem 'in a 'general equilibriii 
2/ 

fraework." 

Once a new agraran structure has been created with 

li-d"'iedistribution' specially designed programs wil be requihec 

fo small farms to function' effectively. Policy.makers will have 

to woik purposefully through research and extension to place 

land-saving technology in the hands of small cultivators. Ho 

-can'we ensure the dialectic interaction, implied in the Hayami-
Ruttan induced innovation model (1971), among farmers, and research 

scientists and administrators? Mere transfer of lahd from large 

owners to small owners or to landless laborers without examining
 

these issues will threaten the growth of rural economy without
 

which social justice is a mere notion with no operational content.
 

2/ For more details on these issues see Bhagwati, and ,Chakravarthy
*~(969, 'ao l97b5 and Sifiha 5(-973). 
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1. 	 Table I.A: Sample Geometric Mean Levels of Fer Acre 

Output and Inputs 

Sample
 
Item '1967/68(LW) IC67/68(MW) 1967/68-1968/69(MW)
 
(1) 	 (2) (3) (4)
 

Output 8.24 12.32 10.30
 

Labor L61.00 222.00 213.00
 

-Fertilizer 13.50 69.50 60.00
 

Capital L66.00 224.0.0 219.00
 

2. 	Decomposition of Total Difference in Output Between New
 

Production Technology of 1367/68 and 1970/71.
 

In Chapter III, we.decomposed the total difference
 

in per acre output between old and new production technology
 

into some constituent forces. In this section, our concern
 

Is with the decomposition of per acre output between new
 

production technology of 1967/68 and of 1970/71. The main
 

reason for undertaking this analysis is to see whether
 

sources of output growth have changed ov43r a period of four 

years under new production technology. Perhaps the period 

of four years is not adequate for undertaking this kind of
 

study. The results from this analysis may have to be treated
 

as illustrative. Production function estimates are presented
 

in TableI.B and I.C. Results on decomposition analysis 'are
 

shown in Table I.D.
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Before discussing the reults in Table IE., wo 

preliminary observations should be made. o,First, .the..date hase 

Sfor 19 6 7/68(Mi) is Ferozepur district of Punjab which is 

homogeneous in terms of wheat growing conditions, whereas the 

data base for 1970/71(MW) is whole of Punjab state in which,. 

case the assumption of homogeneous growing conditions for..
 

wheat is quest:ionable. 
Second, we recall from Chapter II that 

output (Y) and labor (N) are measured in physical units, whereas 

fertilizer (F). and Capital (K) are measured in value (Rupee) 

terms. So per acre geometric mean levels of output and labor, 

shown in Table I.E don't involve any measurement problems,:
 

whereas the geometric mean levels of fertilizer and capital
 

involve measurement pioblems in view.of the fact thatthese
 

two inputs are measured in value terms and price changes for 

various components of these two inputs between 1967/68 and 

1970/71 may distort the comparison of these two input levels 

between these two points of time.
 

After these remarks let us examine results on~1/ 
decomposition analysis in Table I.D.-
 Per acre wheat output
 

was 13 percent lower in 1970/71 than in 1976/68. Let~us
 

investigate the sources of this negative growth in output.
 

As shown in Table I.E, changes in input levels do not seem to
 

account for this because there"was no considerable difference
 

Decomposition equation (30) of Chapter III is used f'rthe 
purpose.
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in per 'acre inputc leveIs'of'1aboifeitiizer and capital
 

etween thes 'two periods of time. Thenthe main soure Of
 

'negative growth would have come from. technological"parameters. 

It iSidicated in Table i.D t'hat shift in 'parameter (A). 

that 'is, neitral technical change more than offset non-neutral 

technical change between two p~riods of timn. The main 

'point is that the downward shift in new production'function or 

'-i970/71i'as so lowcompared to that of 1967/68 that even a 

considerable upward shift (Table I.D, Coluim (2)) "in slope 

coefficients.between owb not toperiods of't.me was enough 


offset the downward drift. This seems to be the main reas
 

for 13 percent lower output per acre in 1970/71 than 'in
 

1967/68 under new production technology. Why this downward
 

drift"in intercept and upi.ard shift in slope parameters? 
Were"these due to weather .inferior quality of seeds and 

land? ;Is 'this downwardshift a temporary phenomenon or a 

long-run technological regression in the production of 

,Mexican wheat? We don't claim to have answer for these
 

questions. These questions are undoubtedly worth investigajing 

in future studies. 
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Table I.B:i Per Farm Prduction'Function Estimates 1970/71(W) 

_ 	 2/Variables-' Elasticity of Output Stan. Error-

A (constant) 0.177 	 0.565
 
0.305 0.099
 

N 0.473 .0.Q95
 
Fw 0.110 0.0a2
 

0.173 	 0.072 

,Returns* to scale-='l.061 

R, 0. 92
 

•Notes: :.1/ Regressions linear in natural logarithms are 
estimated bk least squares. Dependent variable
 

,,..is output of wheat Y, in physical units. 

2/ 	 In the case of land (L), labor (N)and fertilizer(F) 
t-values, are significant at a 0.005; t-value is 
significaht at a = 0.01 in the case of capital (K) 
variable.
 

Table X.C:,, Per Acre Production Function Estimates, 1970/71(MW) 

-Variables 	 Elasticity of output
 

-A, (constant) 	 .264 
I .	 0.293" 

NfL 	 0.423
 
F/L 	 0.123 
K/~. 	 0.161
 

.R 0.28
 

Notes: l/ Regression linear in natural logarithms are estimated 
by least squares restricting estimates to constant
 
return to scale. Output elasticity for land is:
 

= ( 1 0 - On - Of + Ok) 



3 

(ntd.),aT C"IdoC 

2/ 	For labor (N/L) and fertiliier (F/L), t-values 
. e.asignificant at =0.005, for .capita~li 
(K/L) it is significant at a'= 0.025., 

..3/ 	 Low I results from the elimination'of land 
as an explanatory variable. 

Table 'I.D:, 	 Deconposition Analysis of Total Difference in 
Per Acre Output Between New Production Tdchnology 
of 1967/68 and 1970/71. 

Source 	 Percentage Attributabl 
(1) 	 (2) 

. To"tal difference in output 	 -13.00 
2/-160.90
 

2.* 	Neutral Technical Change '109 

Non-neutral 	Technical Change +144.90 

4. 	Change in inputs:

a) Labor -. 30
 
b) Fertilizer -0.30
 

') Capital ' -0.40
 

Total: due 	to change in inputs.. + 2.60°
 

Iotal.-13. 	 .40 

Notes:1/ 	 ' Sample geometric mean' levels of output and 
-" 	 inputs per acre are shown in Table I.E. 

2/ 	Parametric values for computation are drawn
 
from Tables III.10 and I.C.
 

http:2/-160.90
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,,'Table IE: Sample Geometic MeaaifiLevels of Pdr Acre Output 
and,. Inputs 

-- Item 
(). 

197/68(M) 
(2) 

bampLe 
1970/T71(4W) 

(3) 

Output 12.32 10.80 

[abor 222.00 240.00 

e itizer 69.50 67.70 

qapital 224.60 219.00 



TableII.,A: 	 Sample Geomet r.o mea'nLevels, o 
Employment. Output and 'Inout Prices 

1967/68 '1967/6 . 1967/68-1968/69 
.. Item .(LW) (M(W)(MW) 

() Peer acre 	labor employment
in hours 	 2221 

(2> Per acre 	wheat output in 
quintals 8.24 12.32 l0.3( 

(3) 	 Wage. rate per hour-in, 
rupees 0.69 .0.68 0.72 

(4)Per acre land rent in
 
rupees 
 133 140.- 173 

(5)Fertilizer price per

kilogram in rupees* 
 0.84 0.84 0.85 

(6)Per hour bullock rental 
value in rupees 1.42 1.43 1.46 

*Source:• "Fertilizer Statistics" (19730 P.1-247) 



Table II.BE 	 Sample Geometric Mean Levels of
 
Employment,,Normalized Wage Rate ahd Inputs
 

1967/68 1967/68, 1967/68-
Item (LW) (MW) 1968/69 (MW) 

( P.Per acre labor employment 
-in hours 161 222 213 

(2) Normalized wage rate :,per
 
hour (in rupees) 0.008 0.009 0.010'
 

(3) Per acre use of fertilizr
 

(inrupees) 13.5 69.5 600
 

(4) Capital 	(in rupees) 16.6 224 219
 



Worksheet 1: Decomposing Per Acre Change in Employment, Cost MinimizationpFraineworl 
1967/68 (MW) versus 1967/68 (LW)*
 

0.379
 

y
 

- .0.495 

U3n + (1+1n, "l.-)++-1+1n :1+n A-- -) 

= - £0.72 +0.25 - 0.001 - 0.43 -0.539 

101I-p+ (On-I) Pn 0' =-- + 0k " 0.04S5lp A k 

'Values of parametersA and Oi are from Table I.10; ' Values of N, Y and P11aefrjfi
Table II.A of this Appendix. 



Worksheet 	 2: Decomposing Per Pcre Change in Employment, Cost Minimization-framework, 

1967/68 - 1968/69 (MW) versus 1967/68 (LW)* 

A. 4' = 0.323 

B. 	(1) AY =0.25(
 
Y 

(2- = 0.26 

- (I) + ( In ASI, +Uz +In A'( .+,4 k 
0.541+ 0.168 - 0.017 - 0.2841 = -0.408 

Pl.n 	 Pf k 

* Values .of parameters a ;y0.andP:iaze fom Table-fII, 1O;T vadues~ofN, are. fromTableIIAOi 
this Appendix. 



Woksheet 3: 	;,,eDec o"osing ,1-r - Ca e °ren M " "Cos" a t_4 Im.96/68 (4w)versus 1967/68-(LW) . 

S 	 0. 379N 

B. L2WAY 0 45.19 
Y
 

(3)" . PI +;Onz.:;.-I
LS.~~+0~i)APn + OfAf+ k.APk 

*-	Values :of parameters A and Oi's are from chapter IV, footnote 23,-.*.
The basic assumption underlying these parameters is that technical chanee is Hicks-naut_i.nValues of N Y and.Pi are from Table II.' of this Appendix. 



worksheet 4: 
 Decomposing Per Acre Chango in EmPloyment, UOP Profit Function Model,

1967/68 (W) versus 1967/68 (LW)*
 

A. AN Z.379
 

i2. AA
 

2. [AIn + nOA -+ 1-0 ) Of-&On'
lj) &a n In it FjI 1~n,- .z 

+inK{(-0n) A'k+ Ok On -0.572 
- (1-n)2 

39 Awl'
 
7on 0.134& 

4.[F0 -f _ 
f F Ok AK 

+ 0.510 

* Values of parameters A and Oi ale from Table IIol.0;" values ofN, 
W1
 , F and K are from Table Ii.B
of this Appendix.
 



Worksheet 5:. Decomposing Per Acre Change in Employment, UOP Profit Function Model, 
1967/68 - 1968/69 (MW)versus 1967/68 (LW)*
 

A. AN 0.323 
N 

B . 1. A- - 0.03 " 

l - A n2. +A InA + ln o n W	 -Sn) Af + f ASn 
n~l_+ h){ (lSn) + lm 	 +ln2In FL l .... 

(-1n))2 =j-0.50 2
 
-	 I Il8~ i 

1-{(ln. -A~k +' Sk AS
 
In -o.502
________K 

(l-on)z al
 

3. [(-0 Awl
-1-n) ) W'Ij -0.279 

4. 	 f r+o AKi..= 0.476
 
[L--iOn) -F -CIWO) KJ
 

Values of parameters A and Oi are from Table IIT.10; values of N, Wl , F and K are from 
Table II.B of this Appendix. 



Worksheet 6: Decomposing Per Acre Change in Employment, UOP Profit Function Model,
1967/68 (MW) versus 
1967/68 (LW)*
 

A. 
 AN 0.379
 
-N
 

B. .iAAB."." A = 0.202
 

(lnA
 

2. (m-m) -IJ 
 =---
-0.145
 
27L) [(1n WT 

3. O + Ok = 0.493 

Values of parameters A and Bi are from Chapter IV, "footnote 23. The basic assumption-unbrlyingthese parameters is that technical change is Hicks-neutral.Values of N, WI, F and K are from Table II.B of this Appendix. 



APPENADIX III 

CHANGE IN FUNCTIONAL INCO14E DISTRIBUTION UNDER NEW
 
PRODUCTION TECHNOLOGY BETWEEN 1967/68 - 1970/71 

The purpose of this section is to indicate empirically 

what has happened to functional income accrued to various
 

factors of production under new production technology over a
 

period of four years. Any explanation of why a new pattern of 

functional income distribution has emerged, if it has, is far 

from complete. Following the same method of analysis as in 

Chapter V, we examine three basic questions. First, how
 

comparable are estimated and actual factor shares? Second,
 

what is the direction and magnitude of change in factor shares
 

under new production technology between two points of time? 

Third, what is the direction and magnitude of absolute changes
 

in actual factor shares? An investigation into these basic
 

questions is attempted under three broad headings. 

1. Comparison of Estimated and Actual Factor Shares:
 

Results of the comparison are presented in Tables III.A 

and III.B. As we have already discussed in Chapter V, the 

differences between actual and estimated factor shares are not 

statistically significant for the year 1967/68. So we cannot 

reject the null hypothesis tha~t actual factor shares are equal 

to estimated ones in this case. However, the same cannot be
 

said with respect to 1970/71 results. In the case of land, 
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fertilizer and capital, we cannot reject the 2)ullhypothesis 

that actual factor shares are equal to estimated shares at 

a = 0.05; but'in the case of labor we reject thenull 

hypothesis that actual share is equal to estimated shares at 

a = 0.025. This implies that labor was underpaid under new 

production technology during 1970/71. The explanations for
 

the actual deviating significantly from the estimated may take 

different forms such as inaccurate measurement of labor 

variable, irrationality in the employment of labor by firms 

and so on, but it does not seem possible to identify the 

specific set of forces giving rise to this disequilibrium. 

2. Direction and Magnitude of Change in Factor Share: 

The second issue has to do with the determination
 

of direction and magnitude of changes in factor shares as 

revealed in production functicn estimates. Results on this 

issue are shown in Tables III.C and III.D. Two observations 

may be made on these results: 

First, the relative share of labor has increased 

substantially. This is also stpported by results shown in 

Table III.E; the difference between output elasticity with 

respect to labor between the years 1967/68(NW) and 1970/71(MW) 

is significant at a = 0.005. Since we reject the null 

hypothesis that (On) 1970/71 0 (0n)1967/68, the difference in 

relative share of labor under new production technology of 

1970/71 from that of 19.67/68 is concluded as statistically 

significant. 



-Table III.A: Estimated and Actual Factor Shares, Per Farm Analysis 

Factor o Estimated Factor Actual Fjtor Degree to Which the Actual-Samle Producti ShareL Sharez-, Differs from the Estimated 3/ 
in Terms of Standard ErOrs .-

(1) (2) (3) (4) (5)
 

1967/68(11W) Land 0.498 0.570 
 +0.78Labor 
 0.088 
 0.153 
 +0.70
Fertilimr 0.111 0.070 -0.78 
Capital 0.302 0.207 -0.85 

1970/71(MW) Land 0.287 0.397 +1.11
Labor 0.446 0.250 -2.06Fertilimr 0.104 0.098 -0.19Capital 0.163 0.255 +1.28' 

Notes: 1. Column (3) is cowputed by using the expression (7) of Chapter V. Parametric values are drawn from Tables 111.9 and I.B.
2. Same procedure as explained in Chapter V (Table V.2) is followed in computation , 
3. Computational procedure is the same as in Chapter V (Table V.2) 
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Second, the changes in shares of land, fertilizer 

and capital are not statistically significant at a = 0.005, 

since the "slope dummy variables" as shown in Table III.E 

are not significant at a = 0.005. These are not even 

significant at a = 0.05. So we tend to conclude that we 

cannot reject the null hypothesis there have been no 

statistically significant changes in factor shares accrued 

to land, fertilizer, and capital. 

Table III.B:. 	 Estimated and Actual Factor Shares, Per 
Acre Analysisl/ 

Sample 	 Factor of Estimated Factor Actual Factor
 
Production Share2/ Share 3/
(U) 	 (2) (3)- (4)
 

1967/69(MW) 	 Land 0.568 0.570
 
Labor 0.065 0.153
 
Fertilizer 0.092 0.070
 
Capital 	 0.275 0.207
 

1970/71 	 Land 0.294 0.397
 
Labor 0.423 0.250
 
Fertilizer 0.123 0.098
 
Capital 0.160 0.255
 

Notes: 1. Same 	details as in Table V.3 (footnote 1).
 

2. Estimated factor shares are computed by drawing 
parametric values from Table 111.10 (1967/68), and from 
Table I.C (1970/71 - Appendix I) Other details 
are same as in Table V.3 (footnote 2). 

3. Same details 	as in Table V.3 (footnote 3).
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Table III.C: 
 Change in Factor Share, Per Farm Analysis
 

Sa4' Factor, f (SI 7 /71 -. yIS,)>

Production .. 

7 
/6


Y..
(i
67/~68
 
(1) : (2) 
 }." .(3),,.-. 


1970/71(IIW) Land 
 -0.424
 
versus 
 Labor 
 +4.068
1967/68TIIW) Fertilizer 
 .-0.063
 

Capital 
 -0.460
 

Note: * Expression in Column (3)is a generalized version of

expression (9) in Chapter V, where y 
= Sl+ Sn + Sf + Sk.
Parametric values for computing column (3) are drawn

from Column (3) of Table III.A.
 

Table.III.D: 
 Change in Factor Sharq Per Acre Analysis
 

Sampl.e Factor of 
 (Si).70/71 - (Si)67/68
 
Production 
 Di (S )67/78
 

(l) 
 (2) 
 (3)*
 

1970/71(1W) 
 Land 
 -0.482
 vorsus 
 Labor 
 +5.508
 
1967/-68MW) Fertilizer 
 +0.337
 

Capital 
 -0.418
 

Notes: * Expression in Column (3)is a generalized version of

expression (8)in Chapter V. Parametric Values for
computation are drawn from Column (3) of Table III.B.
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.Table III.E:,, Testing the Hypothesis on Equality of Parameters
 
Between 1970/71 (W) and 1967/68 (MW) Production
 
Function Estimates.
 

Variables-
 OLS 	Coefficients Stan.Eror Computec
 

A (Constant) 	 -1.733 
 0.724 -2.393

L 
 0.305 	 0.127 
 2.397
N 
 0.473 	 0.121 3.898
F 
 0.110 	 0.041 
 2.648
 
K 
 0.173 	 0.092 1.873
 

DVA/, 
 1.432 	 0.854 
 1.677

DVl/ 
 0.226 	 0.148 1.523

DVN-/ 
 -0.379 
 0.143 -2.641

DVF3/ 
 0.008 	 0.059 0.136

DK31 
 0.149 	 0.130 
 1.143
 

R2 
 = 0.94
 

Notes: 1. 	Dependent variable is the output of wheat in
 
physical units.
 

2. 	DVA is the "intercept dummy variable" with a value
 
of one for 1967/68 Mexican wheat and zero for 
1970/71 Mexican wheat. 

3. 	DVL, DVN, DVF and DVK are the "slope dummy variables" 
for land (L), labor (N), fertilizer (F) and
capital (K) with a value of one for 1967/68 Mexican 
wheat and zero for 1970/71 Mexican wheat.
 

Thus the major conclusion that follows from the above
 

discussion is that functional income distribution as revealed
 

by production function estimates has not altered fundamentally
 

under new production technology, except in the case of labor, 

between 1967/68 and 1970/71.
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"iDi ectlon6 ,ain& Magnitudae'of Chage In'Absolute Fabtor Shaf'es. 

The preceding discussion has'centered around changes 

in. factor shares as revealed by production function es cimates. 

In this section we are concerned with determining percentage 

change in actual absolute share acruing to various factors. 

under new producticn technology between 1967/68 and 1970/71. 

Table III.F: 	 Percentage Change in Absolute Factor Share, Per
 
Acre Analysis, 1970/71(14W) versus 1967/68(MiO
 

Factor of Absolute Share Absolute Share Percentage 
Production from an Acre from an Acre Change in 

Total Revenue' Total Revenue* Absolute 
(1967/68) (1970/71) Factor Share(1) (2). 	 (3)(4
 

Land Rs. 563.00 Rs. 339.76 -0.40
 
Labor 151.12 213.96 +0.42
 
Fertilizer 69.14 83.87 +0.21
 
Capital 204.46 218.24 +0.07
 

Notes: 	 *'Per acre total revenue from an average 1967/68 Mexican
 
wheat farm is Rs 987.72, and from that of an average
 
1970/71 Mexican wheat farm it is Rs 855.83. Absolute
 
share,- for each factor are obtained by multiplying
 
total revenue by the percentage shares shown in
 
Column (4)of Table III.B.
 

It is shown in Table III.F that labor has improved
 

its relative income position much more than fertilizer and
 

capital; but land has suffered a loss in its relative position.
 

We don't know 	whether the conclusion would have been different
 

if we had treated land in the same way as other inputs instead 



of treating it as a residual'cldiiit. We have indicated what 

has happened to the pattern of absolute factor shares between 
,two perio of time, but exlanationon why a new pattern 

has e"merged is far from complete. 
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