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"There is law and'relativé'régulérity évaﬁyWhere

else - why nof in pfoduétibpiéﬁd~di$tribﬁtion?

~Paul H. Douglas

"Until the laws of thermodynamics are repéaled, I
shall continue to relate outputs to inputs - i.e. to believe in

production functions"

Paul A. Samuelson



EFFECTS. OF TECHNOLOGICAL CHANGE%* ON OUTPUT,.EMPLOYMENT
AND FUNCTIONAL INCOME DISTRIBUTIOM IN INDIAN AGRICULTURE:
-+ *A-CASE.STUDY OF THE PUNJAB WHEAT ECONOMY
CHAPTER I

INTRODUCTION

"Problem

National goals underlying the ecbndmic and agricultural
development of India since 1951, the .year when the First Five
Year Plan 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
develoﬁmént indicators such as gross naticnal product (GNP), per
capita income and employment. Secend, 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 (in Fourth Five Year Plan, p. 21)
"the economic activity must be so organized that the tests of
production and growth and those of equitable distribution ace
equally met." For all'India,E/ the index of agricultural production
(1951=100) increased to 139.2 in 196é, and agricultural

producti#ity index increased to 113.3; the corresponding figures

Schmookler (1966) defines technological change to denote the

act of producing nes knowledge, and technical change to include
incorporation of this new knowledge in the production process
,of firms. In almecst all studies no such distinction is followed.
In the present study the concepts of technological change and
‘technical change are used synonymously. : '

.%!vSource:‘ Bulletin of Food Statistics (1972, p. 157)

-1-



for wheat:wereii152:2 :and H18.2:zespectivelyiiFor Punjabthe

index of agricultural production (1961~62 100) 1ncreased to f
115 18 for wheat the corresponding:flgure was. 116 57 |

3/ : Ioouy
percentage increase (1961-62

: 100) in yield per hectare of
wheat was 28.11 in‘1966-67:?ﬁ¥hekﬁ1gures quoted. above 1nd1cate
;in broad termssmellxgains in;groQQCtion and productivity
” dimensionsfgf‘egricﬁlturaltdevelopment.f.What has  happened to
the.eqnitable:ﬂistributionvopjeotive?Y~Astudy“byﬁbandekarqand
Rathé(lS?la,gP¢¢25);summarizeeathe.situation'in;the'following:
words:
4T 18 clear that 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 consumptlon inequalities, and increa51ng
numbers of people below the "poverty line," not merely in

a of

Indie as a whole but also in Punjab, have been extensxvely
dogu;ented -8 Healey (1972, pp. 765- 770 776- 779) has rightly
identifled unemployment and income dxstrlbutlon as two basic areas
in which development efforts of less developed countries have
exhiblted conSLderable failure.. |

Let us examine some recent statlstics on production

and productivity galns of agricultural development in India as

2/ Source. . Statistical Abstract of Punjab (1974 pP. 99)

,ik ource' Socio-Economic Review of Punjab' 1870-71 (1972, p 25)

'El' Some of these details will be examined in subsequent chantanm
" of this study.-



a.wholeuahdtPunjébTState;vfFobkallwIndia;Ethe'indek7ofua
*agrlcultural productlon 7 (19515 100) increased’ from 139:2 dn
| 1966 to 180.6.in" 1971}"and: agricultural productivity” 1ndex
1ncreased from 113.3 in 1966 to 146.9 in- 1971.5{ "The" correspond-
ipg?figures.for'wheat increased"tdiauO}Sfand\laﬁ;ﬁirespectiVely:
For Punjab,the index of ;griculturél:productionf(1961-62:= 100)
increased from 115. lq:in 1865-66 to'222.13 -in 1972-73' the
corresponding flgures for wheat are from 116.57 to 326.62.
Percentage increase (1961-62 = 100) in yield per hectare of wheat
was 28,11 in 1966-67, and 89.02 ian.970-7l.-6-/ Fupther, in
Ferozepur district of Punjab state, &uripg the production year -
1967-68 sample arithmetic mean output per acre on a '"Mexican wheat"
férm was 13.0 quintals, whereas on a "local wheat" farm the
corresponding figuré wés 8.5 quintals.

The recent figures quoted above on production and
productivity dimensions of agricultural development indicate in
broad terms substantial (compared to previous periods) growth
in output as well as efficiency in this gpowth.' The growth in
-outpuf 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 dur;ng_which Mexican
wheat variety was introduced. - This gfowth in wheat farming

sector has given rise to many interesting debatable issues relating

fg!;ﬂéource' Bulletin of Pood Statisties (1972, p. 157)

}g‘,lsburce Soclo-~Economic Review of Punjab: 1970 71 (1972, p.25)“




Layl

-to both growth and equltv.f,Most;development economiuts 0!
‘flonger agree that growth in aggregate output: should be:overriding
Hobjective,fand.that;meaqures»to~redistributefinéomefin”favor‘
«of»theypoo;,areA%S_beipostpbned. ~Unemployment: is ﬁOalongerxv
considered -as a .symptom of’underdevelopmgnt.whithfnecessanily
_disappears as;GNPuincreasés:nghekéliche*ofuthe“lgso's:waév“
that the size ofCGNPxin,relatiﬁn to.total‘popuiation;was;so 1.
that distribution would mean distribution of poverty; economic -
growth was therefore ‘the overriding objective in pcor countries.
The cliche of the lé?b'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 growfh-with-equity is feasible. However, interest
has.certéinly shifted from the narrower considerations of.
economic growth to the broader issues of economic development
such as unemployment, poverty ;nd income distribution. It is
. in this context that an evaluation of economic impacts of new
production technoLogyzj 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"

2/ In this study new productlon technology is defined to include
Mexican wheat and acconpanylng production practices; old

}ggh production technology is to include local wheat and accompanying

production practices.



.

output is due to increased effig%epqyainﬁpgcduction, and how
much of it is.due.to:increase;in/quantity;ofiinputs? What
are,¢h§{effgctgngythisanewﬁpxnduct;onstechno;ogy~on.employment
andm;ncome@distiibution?¢;Usingwthe~results from Punjab state,
the present stu&y is an:attempt' 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 tctal change in employment between farms
| eﬁploying old production technology and farms employing
:rﬁéélprodﬁction technology into the folléhiﬁg forces:E/
) a;"nehtral technical chénge; |

'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. More on this in Chapter IV. '



c;jmchapge@in¥outputgé
d:ﬁabh#pgé?iﬁiihﬁﬁfipbiéésgiaﬁdl
é{énéhapgeﬁianuanﬁifié5§of*éértéin¥kejfinPUfé.
(4).n Determine: the:direction and- xn:éighitude ‘of change®in
| ?functionélbindqmé?disfpibutibﬁ.
The above stated objectives will be examined 'with results
from the Punjab wheat economy. |

‘Market Structure and Ecénomic Opganizatién’ Governing'the
Punjab Wheat Economy

It will be evident in subsequent chapters of this study
that econoﬁic mddels with underlying éompétifive premises are
uéég;fbf the purposé of analysié. So-a brief.deScfiptiqn of
eéonomic charactéristics of the Eunjab wheat econcmy is not out
of place. TwWo issues seem to be important in this context. What
is the market (input-output) structure confronting wheat farm-
firms? Second what is the basié prevailing economic organization
in wheat farming?

Regardipg the first question, farmers are price takers
in sbthvthe product and factor markets. In the case of product
markets government announces price of wheat much before the
hérvesting season. Plahting decisions can be made by farmers
'expecting that at least last year s prlce w1ll 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 thropgh villgge dooﬁefé%ivés.



The level of wages of both annpal and daily hired,

gbor are deternined fairly.in a competitive village labor

@pkgt..,@hgsimgpkqp,gomgtimes'extends over several small

oontiguous villages. . The annual rental of lands'rented is al§9
faiqlx_gompgtitivgly determined in village land market. The
assurption that markets for labor and land are competitive
‘does not mean that there are no price variations among farms;
these_?ariat;ons are assumed to be the reflections of differentia
rent.

9/
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 sSome 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 gﬁ 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 prevailing economic

3/:'3ee Rao (1972a pp. 393, 1395) ‘and $1dhu (972, p: 6)
' for detalls.



organization, that is,the fype;of business opganization,-in"
the:wh23§}§c3ﬁ3ﬁ§.E?ﬁhéyﬁgf$a%éi§fﬁénhgea'fEmeigyfﬁéfgconomically
releva%%aﬁ%ifhéfiéﬁai&éiéf**féfm;ng‘in'Pﬁnﬁab'éfaté‘iﬁ'&bﬁiﬁéﬁ%iy
of the'%gégénf?bibﬁfiefor type. Billings and Singh (1971;:Pi“99)
?é;éf%}fh§¥”52 percent of the cultivators farm entirely owned -
1andﬁ25u percent rent some land to augment their owned 1$nd,

and lﬁubéb'éﬁt are exclusively tenants. So nearly All'Wheat

is produced by privately managed farms.  Average operational
‘Fhrm 6ize is about 12 acves with aboﬁf.sd 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 élso forms part of this chapter. .

In chapter III, decomposition of total change in output
between farms employing old prqduction 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,



Chaptenr IVfdéals‘qith the: determination .oF ‘employment
elasticities and decomposition of total change 1n‘emp16yment-
into constituent forces. First,ieconomic models'for dériving
employment elasticities and decomposing total change in
employment are developed. Empirical analysis of employment
elasticities and decomposifion follow.

An evaluation of the effects of technical change on
functional income distribution is presented in chapter V.

Fiprst 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 change in factor shares, and direction and
magnitude of absolute chaﬁge 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 measues will also be examined.
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~SOURCES :UF .DATA, AND, MEASUREMENT :AND -
DEFINITION OF VARIABLES o
~This chapter is intended.to;cover four important
aspects: .

,(1) A description of the nature and sources of data
used in this.study,femphasizing sampling methodology
used in collecting the data,l!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 anatomy of the r§gions
coverad in the study; and )

(4) A description of measurement and definition of

variakles.

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
sampling methodology uéed in collectipg 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-output data on 131 local
wueaL rarus auna 1lvo.Mexican wnheat rarms Ior tTne .year Lyob/-bd
ana data ror 136 Mexican wheat farms for the vear 1968-6Y.
The agency which .collected tﬁesé dé£;'islthe Directorate of
Economics and Stétiétics; Munistry ot Food and Agriculture,
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 steﬁs were followed in
selecting fapms;

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 sach 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 1§ villages was prepared in
ascending order of their cultivated ;rea, and dividod into §

. 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.



. giving 10 farms in each v1llage and 150 farms-in the district.
-Of these 150 farms the numbers of "usable"s/samples were 131
1ocal wheat farms and 105 Mex1can wheat farms for the year“
1967~68 and 136 Mexican wheat farms for the year 1968-69

iy
N

Data were reoorded by traened investigators through
daily visxts to the sampled farms.' This procedure is cha;aeferlzed
' as the "Cost Accounting Method."

2, ‘Tractor Cultlvatlon Sample:

| This sample, made available by the Economlc Adviser to
the Government of Punjab, covers the crop year 1969 70, It is -
larger ‘than the Ferozepur Sample in terms of ban geographic
coverage and number of farms. This sample spreads over the
whole of Punjab state; covering 304 farms in 19 villages with
16_famms in each village. Six sample farms from 16 sample
farms in each village owned and operated tractors. Of these,
304 farms the number of "w#ble" samples is 286 Mexican wheat
farms.

The "Multistage Stratified Sampling" and "Cost
Accounting Methods" were used in iellectlng these data.

8. Regionally Stratified Sample: Y

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.

4 Data collection of this sample was designed ‘and supervised by
-~ Sidhu (1972),
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state"afus‘Irom“zone“\ll),;ax"rréﬁ“éoﬁé (iiiﬁ;féh&‘SI*ffoﬁ”ibﬁéﬂ
(iviis*( In"éonsiiltation With ‘théSoils Department at Punjab''®
Agricultural Uniersity, Ludhiana, a representative Site was -
picked fpr,eachfzone. In zone (iv), two representative sitéé-
were selected owing to its larger size relative 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 number of farms at each site to be studied.

The Data Sheets or "proformas" 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.empiricél framework involves some
abstractions and generaliz.tions. A brief mention of limitations
of data is intended to place our analytical and empirical models
in proper perspective, and thereby 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

" 5/ For a detailed discussion on zone classification see Sidhu
(1972, Appendix I) R 1



j;cepends upon the.quality of 1rrigatlon ~ the. source, regularxty,

‘ilcontrollabxlxty as.well as thc quantum of water’ uupply., h“_
-qual;ty ofv;rpigqt;onulswcrucic;,;n the case of new irp;gat;qn;

' baced"producticn;technology in whbét.farming.}lthther:a,fcpm

is supplied by well. 1rr1gatlon or-canal lrrlgatlon cruclally r

f;affecps the quality and dependablllty of .water supply.; S%P%;QR%Y

in the case of tenancy there are no details on tcrms:andk:

conditions of lease arrangements. Tenurial afrqngcmentg assume-.

vcry,many,divcrsevfcrms“in the matter of conditions pffﬁork,

‘permaqenénce_of tenure, sharing of ipppts etc.

Seccnd, there are difficulties in measuring agriculturcl
inpufs and output which are much more general and not confined
to this ctudy. We fccnd no specific difficulties in getting a
measure of wheat output in the context of our study. But we do
recognize‘some sbecific difficulties associated with human labor
and other specific inputs; " Farm workers are broadlj divided
into permanent workers and casual labor. Amcpg the former are
included family workers (male, female and children) and
permanent farm servants. Labor which cén be hired out and labor
which may be used on family farms are not indepcndent of the
economic status (or sometimes even of the sccial status of the
household). For example, among very small fanmlng households
women and children not only work on thelr 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



smdo=

- children may be employed on .family farms, but thejy are not
-entrants: into. the labor market even though their.working o

family farm would influence the . functlonlng of labor market.

My alela LD

TPe dlstrlbutlon of work hetween adult males and females
and chllooen‘appears to follow a largely Traaltional allocatlon
of tasks.‘ Female labor is employed mostly as casual labor
fbr certaln typical operations such as weeding. Chlld labor
is employed mostly in cattle grazing, crop watchlng etc. Al
these detalls are intended to bring out the point that we ar
abstraotlng from all these complex forces while comparlpg'-
agricultural wage rates with the marginal produetivity of
1abor. Wege rate is but one variable in the_scheme of things
which goes to determine labor utilization on farms. 6/ 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 answereto 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 - especlally 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

6/ . : ‘
For more.details. on this particular aspect see Bharadwaj -

(197u, pp. 25-30).
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vmain’cained. Ddta on 't:he technologlcal and financlal aspects

[ SRR i idd !a df'ﬂ' i

_of agﬁiculture ave prone to be "ess accurate and to allov' 53“:
‘mach- w1der- mnrgms of reportlng and non-reportlné errors

| Th:.rd added to these dlfflcultles is the fluctuatmg
pesforsnnce of agmcultune wh:.ch is sens:.t.we to clJ.ma'LJ.c
variat:.ons. This will be dn.stmctly ev;\.dent when we pvesent

emp:.mcal results .

[]

- The preced:.ng discussion has brought’ out some possn.ble
J.J.mn.tations assoc1ated wn:h the data. ‘Some of the limitations
are more general and net pecullar to 'th:.s study. We ‘have laid
emphasis on some aSpects of labor market behavior w:.th a view
to bring ont the complexitles from wh:l.ch e are abstractn.ng in

developmg our analytlcal and operational framework. -

Sample Structure for the Present Study

- 8o far we have deseribed the data sources and the
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.



‘Table II;l"Samﬁle’Stbnéiure: A DDLET :DUnmary
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Sample Geographic
‘ - - Coverage

I Ferozepur District

II Ferozepur District

III Ferozepur District

Punjab State

Wheat Variety Numbepr of
""" Yean Tty " Obdervations
1967-68 Local 131
1967-68 Mexican 105
1967-68 Local 131
1967-68 Mexican 105
1968-69 Mexican 136
1967-68 Local 131
1967-68 Mexican © 105
1968-69 | Mexican 136
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

beiveen 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 ig still '"nomogeneous" in terms of geographic coverage, but

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

jTy{eazz‘ effect by introducing a year dummy into our estimating

éqqatiqn,‘we will'still have a relatively 'homogeneous" data set
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Sample III 1ncludes 131 local wheat rarms or terozepur
edistrict for the year 1967—68 and 655 Mexican wheat farms for
:the years 1967-68 through 1970-71. This sample 1s_not?'homogeneou§'
iin terms of elthep geographic coverage or years. We will take
qut yearly effects by introducing yearly dummy variables into owr
éétimating equation; but our estimates of parametefs will still
b; left Qith regional biases. We will be examining the objectives
_5f our study wifh results from Ferozepur for local wheat, and
results from Punjab state Y 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 presentatlon of some economic characteris-
tics of Punjab region would provide a requlrgd background for
' placing the results on sources of output growth, employment
growth and changes in funct;onal incomé distributioa in proper
perspective. These economic characteristic; are presented under
three heads: ‘

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

and population.
(2) An analysis of agricultural gpoﬁth and growth

nntentials in agriculture,

7/
‘There is need for qualifying the statement that for Mexican
wheat we are considering the state of Punjab as one unit. OFf
the 655 samples of Mexican wheat farms, 24). farms were from the
district of Ferozepir.
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(3) A.description of employment structure,
Wherever possible, these ecmomic characteriséics of Punjab
are, comparéd 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 Noveuber l,v1966 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 (1371 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
gtate has a strong agricultural base with over 76 percent of its
people living in the villages and dependent on agriculture for
1ivelihood.

The state of Punjab.is on the average one of the more
affluent in India. The per capital income of the state is Rs #72

in ;97977}Aat119§0—§l prices compared to'Rs 374 in 1960-61. ..
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2, gvicultural ‘Growth and Growth: Potentlals“!

«xAncording to ‘ar study ‘by ‘the' Economic and .Statistical "
A&viser, Ministry ‘of Féod and Agriéultuﬁé;‘Government of India
(1966) in the period 1952-53 f0'1964-65 the growth' of crop
output in Punjab (the old state) was the highest 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 growth in agricultural productivity per acre
per year of 2.86 percent, while the éll-India rate was 1.9
percent. Thus much before the recent introduction of high-
yielding varieties, Punjab had a high rate of growth of
both total output and productivitf.gj

Let us examine some indices of agricultural growth

with an emphasis on wheat in Punjab.

Table I1.2: Some Indices of Agricultural Growth in Punjab

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

t)) Index of agricultural 115.15 -~ - 208.97 222,13
production: all . -
commodities (1961-62 = 100)

(2) Index of wheat production 116.57 -~ ~ . 3813.05 326,62
(1961-62 = 100) .

(3) Yield per hectare of wheat 1,236 1,863 :2,285 2,238 - 2,233
(kilograns)

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 yieldlng
varieties,
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AConsiderable.gains in agricultural production in
‘Punjab especially ‘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
tecﬁnoipgy. Among the foodgrains wheat is the most important
cereélAcrép in the state as 1t covers 58.6 percent of the total
cropped area under food gvaiqs in 1970-71L. Relative shafe of
Punjab in the Indian wheat area was 12.6 percent for 1969-70 to
1971-72 average, whereas its share in total productlon was 22.1
percent for the same perlod.g/ 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 nev production technology. In Table II.3 we
present some growth potentials - cultivated area, irrigation,
agricultural machinery, use of chemical fertilizer and pesticides

'fh;f have been built into the Punjab farm economy.

9/

Source: . Indian Agpléuifﬁre'in Brief (1973, ppn 94, 96)




Table IX.3 'Some Indices'of'Growth:Potentials'fbb'Punjab Agricultun

Item of Growth Poteéntial ' ‘ Indices
(1) Total cropped area 4,782 (1960-61)
(Thousand hectares) 1.5,931 (1972-73)
(2) Total wheat area cropped “1,400 (1960~61)
(Thousand hectares) 2,404 (1972-73)
(3) Cultlvable area per agricultur'al worker 0 1.75 (1971)
- (Hectares) ' :
(4) Percentage wheat area under high- 3.5 (1966-67)
yielding varieties 57.9 (1968-69)
69.1 (1970-71)
(5) Percentage irrigated area to total
area under crcps:
all crops 7%.2 (1969-70)
cereals 80.2 (1969-70)
wheat ' 83.2 (1969-70)
(6) Agricultural machinery and implements:
ploughs 1,085,650 (1961)
1,255,095 (1972)
sugarcane crushers 75,257 (1961)
71,702 (1972)
tractors 4,935 (1961)
39,798 (1972)
bullock carts 283,575 (1961)
295,016 (1972)
oil engines with pumping sets 6,983 (1961)
229,906 (1972)
electric pumps for tube wells 6,565 (1961)
71,062 (1972)
(7) Consumption of fertilizer (Thousand metric 26 (1960-61)
tons) 876 -(1969-70)

1,694 (1971-72)

(8) Area under. plant protection (Thousand 2,609  (1966-67)
hectares) 4,047  (1971-72)
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Table II.3.continued

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

2. Socio-Economic Review of Punjab (1872, 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 II.3, growth in the productive
capacity of tpe Punjab farm economy is in terms of what Schultz
(1964) célls "modern inputs." Three items are worth mentioning.
First, thers was a tremendous growth in irrigation infrastructure
as a2 result of which for all crops the percentage of Ilrrigated
area to total area was 783.2 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
corresponding figure for all India was 16.46 kilograms. =2 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 fram primary industries to

EQ./ ‘See "Fertilizer Statistics 1972-73" (1973, p. I-178, I-179).




secondary and tertiany industries is one of the'traditional
indicators of economic growth Let us examlne the trends in
India as well as Punjab in partlcular. According to 1971 census,
the percentage of workers to total population is about 32.92

for all-India and 28,87 fberunjab _ Table II. b shows the

sectoral distrlbutlon of working force.’

Table II.4 Percentage f%itribution of Working Force, All-India

and Punjab =~ |
961 — 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 hy,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 ().

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

It is evident from Table II.4 that about 62.7 percent
of workers ire cultivators and agricultural laborers in Punjab.

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

1/ 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.
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by working:on. farms. ::This brings out the importance of growth

in output and employment in the farming sector.

Measuzﬁén{ent and Definition of Variables -

This section deals with the measurement and definition

of variables

Y

used in this study:

physical oﬁtput of wheat measured in quintals per
farm including by-products.}z'/ The by-products

are converted into quintals of wheat by dividing
the total value of by-products by wheat price.

the land input measured in acres.

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 conversim is based on the assumption

 that each type of labor is paid its marginal value

product.

the current value of fertilizer and farm produced
manures measured in rupees per farm.

a measure of the flow of capital services going into
wheat production per farm. It includes depreciation
charges, operatihg expenses of physical capital,

value of irrigatim expenses, bullock labor expenses,

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

3"'2-/ The major by-product is wheat straw, which in chaffed form
i{s used as cattle feed. Sometimes sarson (an oilseed crop)
is also grown mixed with wheat. :
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#Dépreciation’charges ave calculated:by:straight:
line: method.

the total wage bill measured in rupees for wheat
praduétion per farm. It ihgludeé payments to

hired labor on casual basi;;, to J.abor hired on
annual contract basis,' énd the imputed value of
famly labor s;grvice.' Family labor services are
valpe& as equivalent to those of the annual contract
‘labdf for each farm. For farms which do not employ
labor on annual' contracts, the average rate of tluse
farms in the sample which do employ contract labor
was applied for evaluating the services of family
labor. |

the héurly wage rate of labor meaéured in rupees.
It is obtained simply by dividing the total wage
bill (WN) by the total labor input (N).

'ﬁhe 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 owed 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 vshare of fhe wheat crop.

Pg = érice of nitrogen per kilogram. We recall that
fEftilizef Qariable (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
qQuantity 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 usz 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‘;ll the different forms of nitrogeneous
fertilizer, urea is the most important one in view
of it forming a large proportion to total quantity
of nitrogeneous fertilizer used in Punjab.iﬂ/ so
price of urea per kilogram is a measure of fertilizer

price used in this study.

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

for detalls

‘1 _
: é‘/ See "Fertilizy Statistics: 1972-73" (1973). for details
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P = hourly rental price of . bullock capital.k We

,,,,,

recall that the capital variable (K) is defined
to include depreciat:.on charges Ti;.nt‘:;rest expenses,
oPeratmg ‘expenses’ of physical cap:.tal value of
irgz{igation expenses,'value of bullock capital
sél&ices and value of seed' ‘all measured in rupees,
with the data ava:.lable we can develop rental
price only of bullock cap:.tdl by dJ.viding 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
vériation in rental prices of 6ther capital services.
However with the data available, using rental
price of bullock capital as a proxy For price of
| capltal is the only chnice left. Further, it
nay be'stated that expenses on bullock capital are

a major component of capital expenditures.

L I
"

the price of wheat per quintal measured in Rupees.
¥ = the profit from wheat production is défined as
total revenue less total variable cosfs, that is,

the total wage bill.



DECOMPOSING' TOTAL' CHANGE IN'OUTPUT

.-One .of the specific objectives. of this study 1s.to.
decompose .total difference in output between,farmS'emplqyiﬁg&
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) CcChange in volume of inputs.

Before developipgveconomié and empirical models for this purpose,
a review of some studies on the sources of growth is in 6rder.
The formal analysis of -economic growth started as an analysis
of accumulation of factors of production, in particular of
capital. Simple Harrod-Domar modelséj 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 increase; 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 growfh. Empirical studies attempted to

isolate the separate influence of input growth (movement along =

ééfroﬁ”defails;see,ﬂabn and Matthews (1964).

-29-
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a production function) and technical change (shift of the
;cpéaauéfioh;functlon). ~ine upsurge in tne. attention given to
[;tééhniéaf&chﬁpgejé§d5b6Vdated}ini1956 ﬁith}théfépﬁéaﬁéﬂqe

_.'o.fl ;ﬁ'féIrtiéle by “Abramovitz (1956). He f"fdﬁnd‘éthafa'betweéﬁ:

' the ‘décade 186978 to 1944-53 in the’ U.S. econanyﬁ,“?‘-aﬁioét;fﬁ
the entire increase in net product peb'capita*was.assbciétgd’
with the rise in somethipgf;fsubsequently?célled the?'residuai'
- other than the iﬂpﬁxsidfffhéxphySicalfcépital{sfo¢kfénd the —
services of labor. After‘-’-‘thé appearance of this 'érficle,
-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.'ebpnﬁmyl;ngSS output per -
man hour doubled, with’87;5’percent of ‘the increase attributed
to technical change and reméiﬁipg‘l2.5 perCent to increased

use ‘of capital. This study seems to have suggested drawing
attention away from capital formation as a source of gr&wth to

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

'He showed that since technical ad#ance occurs when tha capital
used’ embodies the néw:techngﬁogy; capital formation is important

to make use of new methods.” Griliches (1964), Jorgenson ‘and

2/ For details see Resek (1963).

3y 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.
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Griliches. (1967); and Denison (1969) . have made efforts to
allocate technicél 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 economles 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 ppogréss 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 owrall, about
Lalf 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, end capital; one quarter

by an increase in the level of education} and another quarter
by an increase in the puﬁlic 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)
‘agguesvthat "there is at best little opportunity for growth from
k;éé&;tiong;'ggriculture because farmers have exhausted the

;Ptqfixable production possibilities of the state of the arts
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at their disposal;"~u1nJféct5BhAftachanyé 61972;?pb;‘51;f52)i
using the Cobb-Douglas production function, showed’ that
‘technological progress did mot contribute SignifﬁéahtIY”td”
the growth of the Indian agricultural sector betireen the period
1948-49.'and 1960-61; whereas technological progress was
a signxfxcant factor in explalnlng the movements in the level
of non-agricultural output in Indla.u/ This result is in
conformity with the Schultz.(lgsu, p.145)argument  that .less
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 educatéd labor
force, better intermediate inputs (e.g. seeds) and neﬁ capital
equipment adapted to the local conditions. It is his "High-pay-
off Input Model"éj that has provided a theoretical foundation
for the "Green Revolution" in less de§eloped 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

L
& 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 agrlcultural sector,

and the nature of tecnological progress (not in line with the

factor proportions of the country) in the non- agricultural sector.
5/ See Hayami and Ruttan (1971) for an exposxtlon on the "ngh-
pay-off Input Model" of agricultural development.
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Thanjavur é§§5§i°F"I%Wil,Nad“ stat9ﬂ£¥9di?)é,§?§5$ was a

22 percent incease in paddy production betweeh 1965-66 and
1960-71, Of the total change in production, changes in yie;dg_
accounted for 18.9 percent, and the rest is accounted for by
changes in the double-cropped area. Sidhu (1972, 1974a) has
determined empiricaily 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 thé 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 éttenpt 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
ecoﬁomic 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



‘three ways of measuring technical change; partial productivity
,vmeasuréggsﬁah:ggﬂoﬁgﬁﬁf;ﬁgbhﬁggéﬁ;ﬁfi;5g;“éé;éﬁyfbf§i:
pro&hdfi%ity meésﬁfés"éu;hﬂéé output bébfuniflof total input; and
gggregéte productibn'functién.éjPrbducfivity indices ave deduced
either frbm an explicitly défihed producfion 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 fuﬁctioh whose parameters reflect current
available technical production possibilities. Technical Ehange
can then be viewed as a cbange in one or more of the parameters
of the aggregate productim function resulting from the addition'
of new production techniqpes‘to the existing stoc¢k. . 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.

8/ 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 fraimework:.ﬂ. However, we have to decide
on the functionai form Cobb-Douglas, Constant Elasticity of
Substitution (CES), or Translog Cost functiongl(as well as the
Translog production function)gj- 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 substiéution between any pair of inputs.
There is considerable empirical evidence supporting the
assumption of unitary elasticity of substitution and fhereby
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 elesticity 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 "Kmenta approximation

7
Y 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, 197ub). . )

9/
~. See Christensen, Jorgenson and Lau (1973) for details on
Translog product;on function.



(1967). and ‘found the:elasticityof substitution.between land
and-labor inputs to.be sjgnifiégﬁtly 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
properties it poséesses.lg/ It satisfies all the three neo-
classical criteria: positive marginal products, dimigishipg
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:

B, B. B. B
l. "™ °f K k eu

Y=AL N"F (1)

where: A = constant term, a scale parameter
u = pandom disturbance term independently distributed
with zero mean and finite variancel;/
Definitions of Y, L, N, F, and K are as defined in

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

.....

10 '
19/ See Brown (1968) for details

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

including a stochastic term when estimating production functions,
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the percentage changes in output, the four coefficients taken
together measure the total percentage change in‘output for

a given percentage change in inputs. In shert, Bl+Bn+Bf+Bk is
the degree of homogeneity of the Cobb-Douglas production
function,

In production function (1), technjcal change finds
expression in variations in A and the B's. Variations in A
would indicate neutral technical change. The Cobb-Douglas
production function would give evidence of non-neutrality if
the slope coefficients (B's) shift. Details on the implications
of neutral ana non-neutral technical change will be provided
in a subsequent section of this chapten.

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

(1) the contribution of technical change - both neutral
and non-neutral -- to difference in output between farms
employing old production tecﬁnology and farms employing new

118/
*production technclogy;

1la/ . . .
A major point on this attempt to break technical change up

into neutral and non-neutral components needs to be made
~explicit. In the context of decomposing total differences
in output and employment between oid and new production
technology, the neutral caaponent 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 (B8's) in Production function (1).
If we add both corponents, we get an approximate measure of
technological contribution to differences in output and
employment. '
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”(2)‘thetcbntrdbufioﬁﬁofﬁfebhﬁi&alféﬁaﬁgé“td“emplbfﬁéhtgx
and -

(3) the effects of technical change on functional “income
distriburion.

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 impaét of technical change on
output is felt in two stages. Initially, more ?utput is made
possible from the existing resource base under the new production
technology. This is éhe efficiency component, reflected in a shift
in thé 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 disequiiibrium 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 lpganithmié.

form:
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“In YJ’. | ln“AJ’ + Bln lnf'N’l'.-ffr:B]"f ln"Fl.t'Blk in Kl (2)
where:

Y1.= output of wheat in quintals per acre.

Nl = number of hours of huxfxan labor employeﬁ per acre;

Fl = value of fertilizer expenditure in rupees per acre;

Kl = value of other capital services per acre; and Al is
the scale parameter in per acre production function estimates.
The ﬁnderlying production function (2) is homogeneous of
degree one, that is constant returns to scale.

Differentiating (2) totally

art | oaal gl @ g1 oarl a} | 1n v'as;
vl Al n oyl f R k L
+ 1 ot + 1n klag (3)
£ k

Replacing derivatives by discrete approximations and rearranging

* terms:
ayt - apl + In yt Agl + 1nrt Ag% + AB;
! Al n
Y
1A Art AKL
*Bn”',;l*"%-;r* s;%..ir (4)

Equation (4) considers the technologicél parameters
- Al, 5;}1, Bi;, 'B}JC' - as variables, These technological parameters
are themselves the functions of biochemical technology such

as new seeds, fertilizer. pesticides, irrigation, and mechanical
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technology such as tractors, weeders and threshing machines.

{ Equation (4) glves '.u:‘s‘ins.igi"xts%c;fxwhow ;;ihclx: change in labor,
fertilizer, and other capital services is required'fo attain a
glven level of output change per unit of land. We hope to“4wﬁn

bring out the importance of technical change, and of change
in the level of inputs for producing a giveh vlevel of output.
In brief, this is an attempt to detérmine the scurces of output
gfovrth per wit of land.l'g'/ |

- Lef us see how we éan use equation (4) to decompose
the total difference in’output per acre between farms employing
new productioﬁ technology and farms employing old production

technology:

The expvession ayt represents the percentage change
Y

in output with the introduction of new production technology.
If Y1 is the per acre geometric mean output under old production
technology, we define Ayt as:

ayl =yl .yl
YNew o1d

The expression aAl on the right hand side of equation
AL .
(4) measures the percentage change in output due to neutral
technical change. If Al is the castant term in the Cobb-Douglas

production function governed by old production technology,

we define AAl as:

12/ See Martin (1972) for more details on.this line of
reasoning.
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N 1
8% = By = Ao

To measure the percentage change in output due to
non-neytral technical change, we evaluate the following

expression in equation (4):

1
1n Nt ABi +1n FL ABé + 1n K A8, (5)

If B% is the output elasticity with respect to labor, AB&
is defined as

agt = gt - gl ., and

n New n 01d

1
ABf and Bi‘ in the same way.

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 1
Bié.“:_ + Bl.A_Ei + Bl K- (6)
N1 Fl Kl

If NL is the geometric mean number of hours of labor employed
per acre by farms, ANl is defined as (Nl)New - (Nl)Old’ ‘and
AF! and Akl defined in the same way. So equation (4) provides
us with the basic expressions required for decompesing into
_ growth .sources the t.otal change in per acre output with the

introduction of new production technology.



Techriical Change:" :Neutral vs ‘Non-Neutral

Technical change is one of the major forées_lead;ng
to-changesfin'output,'employment and functional income. distribu-
tion. Change in technological parameters witﬁ the iﬁtroducfion%
of Mexican wheat is postulated to affect:

(l) the sources of outpur growth by -hlftlng either
the scale parameter (A), or slope parameters (B's) or botﬂ
and by changing the level of resource use;

(2) the parameters;goverﬁ;ng'ihe labor demand function; -
and

(3) functional incomé distribution thfbpgh variations
in the ratios of output elasticity of inputs.

" So the 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 nafurerf
technical change and with drawing some implicafions from our
study. We illustrate the nature of technical change, first,
in a two-factor framework and then extend it to a fbur;factor‘ﬁ

framework which is our concern in this study.

1, Two-factor Case: To illustrate the traditional
two-factor case iﬁ the context of.our study, we write a wheat -
producticn function in Cobb-Douglas tradition as:

‘B .B
,Y.ananl (7)-

" where Y and N are as defined in Chapter II.
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Ky = value of all capital services that, go into wheat

o 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 %ﬁ and(lkl are output elasticities
with respect to labar aﬁd capital respectively.

If technical change governing the production relations
in Mexiéan wheat is Hicks-neutraIéé/the following results would
be evident:

(1) Neutral technical chaﬁge finds expression in
-variation in scale parameter (A) of production function (7);
My > By

(2) Variation in A does not affect the marginal
rate éf substitution (MRS) at a constant capital - labor‘ratio.
Neut;ality is a homothetic inward shift of the unit isoquant,

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

The following relationship follows from the unaltered MRS,

Fkl)mw (rkl LW,

where,Fn and Fj; stand for the marginal products of labor and
capitai respectively. The ratios of marginal products

'remgin unaltered. Alternativély Hicks-neutrality may be stated as

13/ Detailed exposition of the concept can be found in Hicks
(1936), Hicks (1964), Brown (1968), Neher (1971), Nadiri -
(1870), Ferguson (1971), Bronfenbrenner’ (1971), and Johnson (1973)
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where T, = proportional change in the marginal '_pr"odtifct of labor;
“kl = proportional change in the marginal product of
capitadle
Bias. (B) is zero if marginal prbdiiéts" of both labor and capital
' change in the same propor-tlon.

(3) " Another J.mpor-tant impl:.catmn of neutral “technical

Bkl MW _,Bkl LW
LY

+that is, the rat:Lo of output elastlcity will remain unaltered

change i

If techm.cal change is of H;Lcks-non-neutral type, |
followmg results would be obtained in a two-factor case:
o (l) Marginal products of factors change other than

equiproportionally, that is,

p— <
Frajw \ Tk Jw

F F . ~ ‘
If ( FP—) < ?2-5 holds, marginal product of labor (F,) rises
kb \ “ka/ww | " o

relative to the marginal product of capital (7, ) imply.mg that

1y ’
L4/ The implication of unaltered ratio of .output elasticities

.to functional income distribution will-be discussed in
Chapter V.
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technical change is labor-biased or labor-using, and therefore

capital-saving. ' It implies that B'= m, - m, > 0

Cbnverse results would follow if( 53_5 5 Fn
| | o Padw | Ba)
’ Technical change would be judged very cgpitaiﬁbiased

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

relative to F,, but also declined absolutely,i.e. (1",,)Mw < (Fn)Lw.

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

will be found in variations in the ratio of output elasticities

as follows,

Bn > Bn
() 2 (525) o

The direction of bias is indicated by the direction of changa
15/

in the ratios of the elasticity coefficients of output.

If Bkl rises relative to én 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

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

_»}_§,/ " Implications of change in the ratio of output elasticities
to functional income distribution will be examined in

Chapter V.
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B, B B, B
Gos AL INAETKE ),

The same analysis applied to tWO-factor case could be extended
to our four-factor case., Bht the¥e are more pOSSJbllltleS .“
for the eutcomef An extension of two-factor Hicks definition
of feeheical Sias leads te nel measures of technical biasiv

for each factor. Binswanger (1973, 1874b) uses the Hiekeien
'eiessifieation 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 to the many-factor case and leads to a single measure

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

measured as:

*
da L i - using
Bi - -d‘_t-i. %'— % o HiCkS i - neutral ® o o o o (8)
i ‘ i - saving

where a; is'the'shere of faetor i in total costs, and the
notation da? indicates that relative factor priees are held
coustant for this share change; B; is a measure of proportionate
rate of change in factor share; dt denotes time derlvative.
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 Binsw@nger (1973, 1974 b)

as follows:
¥ i ~ using
dBi l 2 s HiCkS i bt nelltl‘al e e s © @ (g)
20 i - saving

Bi = .9 B,

where ﬁi is the output elasticity of factor i, the notation dB:
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 1. TFor example, a
measure of technical bias for labor, in discrete form; may be

stated as follows:

(Badyi (Bplry labor-using
Bp = Mi_nw % 0 Hicksjlabor-neutral . . . (10)
(Bpdiw labor-saving

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 Sichu (1972) supports the conten-
tion that the Cobb-Douglas function would fairly represent the
daté 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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function. We discuss these problems under. four- important
headings:gﬁ
(1) Least-squares bias.
_(2) HuifICSIIiﬁéarity
(3) Sgééificatidn error

(4) Factor share effects

1, Least-Squares Bias:

One criticism of estimatiﬁg any form of production
function concerns the use of straightforward single equation
least~squares regression équation. 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 Chapteb V.

, 17/ gee Walters (1963) for details on this.issue.
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are consistent. -Simultaneous equation bias arises'qheq
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 variable;. Further Mundlak and Hoch (1965,
p. 817) advanced the vies 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 tranémitted

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 of inputs and realization of output. 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 labor. 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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‘e belleve the production‘environment 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 fromirter-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. Pioduction 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
conmon empirical 'tompromises" 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 éuality differences
in our measure of land and labor are disregarded, it would lead
to an wpward 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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'Empirical Models ‘and 'Analysis 'of ‘Results

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 devélop empirical models
to determine the nature and magnitide of technical change.
Sidhu (1972) veports that technicai change introducéd into
Punjab wheat economy is approximately neutral. In this ppéard,
the present study differs from Sidhu's study inAfwo respects.

First, we will investigate the nature of technical -
change with respect to all three samples outlined in Chapter II;
whereas Sidhu's conclusion is based on Sample I.

Second, in arriving at his conclusion on the nature
sf 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. Perfbrming tests
with per acre estimates i; 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?
Seqond, if there is a stfuctuxal break, is the structural break
caused by a difference in intercept (A) of production functioné,
or difference in slope parameters (8's); or both? Ihird; are

the slope coefficients for old productfon technology equal to
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the siope coerricients for new production technology? Empirical

Models I, II, and III ave 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 investigati_ng the question of whether the parameters
of the production function governed by new production technology
are different from the parameters generated by old production
technology.éy The question is investigated with respect to
all three samples. We set out our estimation equations for

the purpose as follows:

InY)=InA)+8)InL+ByInN+ByInF+ByInK+u (11)
J-nYz:’-’-'l-nAg'l'¢lJnL+¢21nN+¢3'1nP+¢41anu2 (12)
.1an=lnAp-!-yllnL-l-mlnN+731nF+'mlnl<+u.p (13)

For Sample I, equation (11) is the ordinary least-squares _
regression linear in natural logarithms for prdduction function
(L¥), equation (12) for production function (MW), and equation
(13) is for the pooled data. For Sample II, equation (11) is

the same, but equation (12) has two years of Me:ican wheaf data
with a "year dummy" of value one for 1967/68 and zero for
1968/69; Equation (13) is the estimatfl'ng eéuation for pooled data.

18/ gee’ Chow (1960) and F.ish'er (1970) foi'.detaila on this test.
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In th?‘case of Sample III, equation (11) 18 the same, but
‘za;;;ion (12) has four years of Mexican wheat data with
'"year dummy variables" of value one for 1967/68 and zero for
t~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: A1 = A2, By = ¢, B2 = ¢, B3 = ¢35, By = ¢y
Results for the test are presented in Table III.l

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

Sample Number Residual Degrees ' Theoretical
of Obser-- Sum of of . Calculated . F
vations Squares Freedom F a = 0,05
(1) . (2) (3) (4) ~(5) (6)
I. :
1967/68 (LW) 131 14,3755 126 '
1967/68 (MW) 105 15.8456 100 3.23 2,21
Pooled 236 32,3817 231
II,
igg;ﬁge (W) 131 14,3755 126
8 and 24, 37.9892 .
1968/69 (M) 235 5.4 2.10
Pooled 372 57.09870 367
III. .
1967/68 (LW) 131 . 14,3758 126
1967/68 and 655 78.2437 847 6.53 1.94

1970/71 (MW)

Pooled " 786 98.8750 781
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As iAs‘.evﬁld_en‘t: in Table III.1l, we reject.the null
hypothesis that thé parameters of production functionq_governed
by two production techno;ogies.are the same, since observed
F-pratios exceed critical F-ratios at o= 0.05 in the case of
all three samples. So the two population structures are
different in the case of three samples implying & structural
break in production relations.

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

What we have shown in Table III.1l is that there was
a structural break in production relétions. But we don't know
yet whether the structural break was caused eithgr by shifts
in intercepf, 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:

ln¥Yp=lnA+B8)InL+B,InN+ BgInF+ B In K+ v4Dyy

+ 83X; Doy + €5 (14)

Juqation (14) is the ordinary least square regression linear

in natural lpgari£hms for pooled data. D;; is fhe Yintercept
dummy"" of valﬁe one for Mexican wheat and zero for local wheat.
Dpj is the "slope dummy variable" with a value of one for
independent variables (X;) -~ L, N, F, K - in the case of Mexican
wheat and zerb.for independent variables in local wheat.

Following is the estimating equation for Sample II:
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InYp = In A + Bl in L + Py AN N + Be In F # Bu-In K+ YaDyy
oo 61X1 Dz:: + °1 Dai + ei “(28)
Equa%loﬁ’(is) is the‘ordinar§ﬂleaaf¥squa§evfeéﬁessloaAliﬁea;ﬁyl
in natural logarithms for pooled data. Dll is the "1ntercept |
dummy" of value one for MQchan wheat and .zero for local wheat.
Dy; is the "slope dummy variable" with a value of one for
independent variables (X;) - L, N, F, K - for Mexican wheat
end zero for independent varisbles in local wheat. Dy; 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 eetimates for Mexican
Wheat are averages for 1967/68, 1968/69, 1969/70, and
1970/71; D33 is the "year dummy variable" with a value of one
for 1968/69 (MW), 1969/70 (MW) and 1970/71 (M¥), and a value
of zero for 1967/68 (MW) and the "year dummy variable" assumes |
that the difference between 1967/68 (M) and 1968/69 (MW),
1969/70 ) and 1970/71 (MW) arise only in lntercept, with
8lope parameters .remaining the same. Resillts of estimates for

all three samples are presented in Tables III.2, III.3 and III.4.



It is shown in Table III.2 that for Sample I,
"intercept’ dumy variable" and slope dummy .yarizble" for
Capital (K) seem to indicate that the structural'break is
caused basically by shifts in intercept (A) and the output
elésticity of capital (Bx). The "intercept dummy variable"
:is'a;gnificant at a= 0,15, and the."slope dummy variable" for
capital (K) is significant at o= 0.05.

Table III.2 Identification of Causes’ for Structural Break,
Per Farm Analysis, Sample I.

| Y

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
Dva.g -0,834 0.732 -1.139
DV?E/ -0,092 0.122 -0.757
DVNa/ ~0.115 0.122 ~0,939
nzlr('z/ - -0,026 0.051 0.509
D 0.262 0.195 1.814
P .

R = 0,92

1/ Dependent variable is the output’ 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/ bDVL, 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 II1.3, Identification of Causes'for Structural Break,

by 1/ foon o on L : o LI I s SR a1y '
Vari’ab’iés'-/' " OLS Coefficients Stan. Error  Computed T
A (Constant) 0,533  0.550° 0,969
L 0.62Y. . 0.091 6,826
N 0.209 0.091 2,290
F 0,092 0.019 4,895
K 10,060 1 0.106 0.561
pva2/ -0.,160 0.692 -0.665
pvLd/ ~0,052 0.116 -0.453
oW/ ~ -0.080 0.117 -0.689
pvEY/ 0.012 0.032 ' 0.362
pvk3/ 0.175 0.133 - 1.317
DY , -0,298 0.055 -5.440

68-69"/ .

R = o.01

g._[ Dependent variable is the output of wheat in physical units

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

.8/ 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) and 1968/69 (MW), and zero
for local wheat. : .

_l#_/ DY is the "year dummy variable" with a value of one for
- 1968/69 (MW) and zero for 1967/68 (MW). :
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Table III. 4 Identification of Causes for. Structural Break,
'Per Farm Analysis, Sample III, °

Vari’ablesy OLS Coefficients Stan. Error Computed T
A (Constant) 0,533 0.529 1.066
L 0.624 0.028 7.511
N 0.209 0.088 2.519
F 0.092 0.018 5.386
K 0.060 0.102 0.617
DVAZ/ 0,132 0.560 0,235
pvL.Y/ 0,005 0.093 0.057
pvNS/ -0,014 0.092 -0.146
nvr§§ ~0.025 0.022 ~1.134
Dvxny 0.078 0.104 0.750
DY % -0, 302 0.048 -6.337
68-69
py ¥/ -0,287 0.044 -6.503
69-70
oy ¥/ -0,175 0.048 -3.636
70-71
R = 0.9

1/ Dependent variable is the output of wheat in physicel 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 (MW).
, 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), 1970/7L (MW), and zero for
1967/68 (MW).
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Loncerning tne identirication or causes. for

structural break in production relations in Sample II, two

;.esults from Table III.3 may be cited as important. Pipgt,

"infercept dummy variable" and "slope dummy variables" for
Land (L), Labor (N), and Fertilizer (F), are not significar
atlany reasonable level of significance. The "slope dummy
variable" for Capital (K) is significant at a = 0.01. This
seems to imply thét capital variahle (K) has played a
significant role in causing the structural break, - Second the
"year dummy v;-miable" is significant at a = 0.005, but has a
negative value implying a downward parallel shift in producticr
function for Mexican wheat. We will examine some details on
this later in this chapter.

When we examine results on identification of causes
for structural break in prociuction relations in the case of
Sample III, as given in Table III.4, we recall from Chapter 11
'that the population is no longer homogeneous in terms of both
geographical and temporal aspects. So results on sample IIY
need to be examined in this pex-specti've. Two results from
Table III.4 seem to be important. First, neither the "intercept
durmy variable" nor the "slope dummy variables" for Land (L),
Labor (N), and Capital (K) are significant at any reésmable
level. The "slope dummy variable" for fertilizer (F) is
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19/....
significant at ¢ = 0.15.”  So.we cannot pinpoint any independent

variable as the g;;;éidf fﬁeﬂsffﬁcturalﬁbreak'ihﬁproduction‘
=relétions. -Second, "year dummy variables" are all significant
-at o = 0,005, but each has a negati%e 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

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

.don't have clear evidence on whether the adverse weathepr
conditions, as reported by Sidhu (1972), during the years
1968/69 - 1970/71 would account for this result.
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wfunction generated by old production technology? .Our estimating

equation fbr Samole I may be stated as fbllows"

Jn"Yi‘s' In'A; +8;In L + Bydn N+ B3ln F + Byln'K +'5y * : (16)
1 Yp = In Ay 4+ ¢3In L+ dodn N + é4ln F 4 dyln Ko+ pp - (17)
“In Yp 3 In Ap + Yy1n L + yaln N + yaln F + yyln K + ygDl

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 ﬁased on the poolec
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
equatiqns:
In Y3 = 1n Ay + élln L+ B2ln N + B3ln F + Byln K+ p;  (19)
In¥p=1n Ay + ¢11n L + ¢oln N + ¢gln F + ¢yln K + ¢gDy
+ y2 (20)
in Yp = 1n Ap + y1In L + Yoln N + y3ln F + yyln K + ygDy4

*+ YgDai * Mp (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 dummy variable" (D,;) of value



one for 1967/68 and 1968/69 Mexican wheat and zero for 1967/68
local wheat, and a "year dummy variable" (Dpj)of value one for
1968/69 Mexican wheat and zero for 1967/68 Mexican wheat.

Following are the estimating equations for Sample III:

ln Yy =1n Al + ByIn L + Baln N + Bgln F + Byln K + uy (22)
ln Y2=1lnA) + $In L + $oln N + ¢31n F+ ¢In K+ $gD1 1

+ ¢gDog + $7Dg3 + U2 (23)
la YP = Iln Ap + ylln L + Yolu N + ygln F + y,ln K + YsD11

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" (Dy4s Doi, Dy;) of value one for 1968/69
Mexicar. wheat, 1969/70 Mexican wheat and 1970/71 Mexican wheat
respectively, and zero for ;967/68 Mexican wheat; Equation (24)
is for pooled data with a "variety dummy variable" (Dli) of
value one for Mexican wheat and zero for local wheat, and "year
dummy variables" (Dp;, D3i, Dyj) of value one for 1968/69
Mexican wheat, 1969/70 Mexican wheat'and 1870/71 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.S. For Sample
I a per farm analysis of covariance gave an F-ratfo of 1.36
with 4 and 226 degrees of féeedom; this observed F-ratio of

1.36 15 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 d?S?GEB
of freedom is less than critical F-ratio of 2.37 at « = 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 supports 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 follows 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 III.6), taking out the scale effect. From Table III.6,
computed F-ratios are less than critical F-ratios in the case
cf 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.
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Table III.5 Testing the Hypothesis on Equality of Slope
Coefficients in Production Functions, Per
Farm Analysis.

Sample Number of Residual Degrees Calculated Theoretical
Observa- Sum of of F F
tions Squares Freedom 0.05
(1) (2) (3) () (5) (6)
I.
1967/68 (LW) 131 14,3755 126
1967/68 (MW) 105 15,8456 100 1.36 2,37
Pooled 236 30,9496 230
II. :
1967/68 (LW) 131 14,3755 126
1967/68 -
1968/69 (MW) 241 37.9892 235 0.72 2,37
Pooled 372 52,7847 365
III,
1967/68 (LW) 131 14,3755 126
1967/68 -~
1970/71 (MW) 655 78.2437 647 0.57 2,37

Pooled 786 92,8940 777
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Table ITI1.6 Testing the Hypothesis on Equality of Slope
Coefficients in Production Functions, Per Acre

Pooled 786

Analysis
" Sample Number of  Residual Degrees  Calculated Theoretical
Observa- Sum of of F F
tions 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.u467 . 231
II, :
1967/68 (LW) 131 14,3940 127
1967/68
1968/69 (MW) 241 38,4976 236 0.53 2,37
Ponled 372 53.1252 366
III.
1967/68 (IW) 131 14,3940 127
1967/68 -
1970/71 (MW) 655 78,7575 6u8 0.43 2,37

93.3068 778
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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 establishied 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 I1I,
no single independent variable can be identified as a significant
factor in the structural break.gg/ Third, results from analysis
of covariance--bcth 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:

8ince 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,
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o -~ (Bg) .. . .. )i~ using. |
Bfféa'”-“‘)“" Lt 2 ‘Hick‘s{i - neutral (25)
- (81w i - saving

where B; is a measure of technical bias for factor iin
terms of proportiomate change in elasticity ofvoutput'of factor 1.
Results on the nature of bias in the case:of both per farm
analysis and per acre analysis are shown in Table III.7 and
Table III.8 respectively.

We draw three important results from Table III.7 and
I111.8 for interpretation, First in Sample I, vhich is more
homogeneous in terms of geographic area and year technical
change introduced into the Punjab whea£ farming sector is
fertilizer-using and capital-using, and land and labor-saving.
This conclusion is supported by results in Teble III.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. Tﬁis is to say that slope coefficients
for land, labor and fertilizer for old and new ‘production
technology are almost the same as shown in Table III.2., However,
'slope durmy variable" for Capitel (K) is significant at
a = 0.05. This tends to support the‘ccmclusion 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 III.3.



Table III.7 Nature of Technical Bias, Per Farm Analysis

Sample Factor of (Bg)yy - (Bg)py Nature
Production  Bj = of Bias
(Bi)1w
(1) (2) (3) (4)
Sample I:
Land . -0.1u8 L-saving
1967/68 (LW) Labor -0,550 N-saving
versus Fertilizer +0.283 F-using
1967768 (M) Capital +4.367 K-using
Sample II:
Land -0,083 L-saving
1967/68 (LW) Labor -0.383 N-saving
versus Fertilizer 40,130 F-using
1967/6€-1968/69 Capital +2.900 K-using
(MwW) ‘

Note: parametric values for computing Column (3) are drawn
from Table III.9.
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Table III.8 Nature of Technical Bias, per Acre Analysis

i

‘Sample . Factor of :

Production B; = Bias
(81w
(1) (2) (3) (W)
Sarple I: ; ,
Land ~0,093 L-saving
1967/68 (LW) Labor -0.699 N-saving
versus  Fertilizer +0.011 F-using
1967768 (MW) o
Capital +3.104 K-using
Sample II: '
Land "’ -0.062 L-saving
1967/68 (IW) Labor -0.523 N-saving
versus Fertilizer +0.154 F-using
1967/68-1968/69
(Mw) Capital +2,060 K-using

Note: parametric values for computing column (3) are drawn
from Table III,10,
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But, biss in technical change is capital-using, and it is
significant at o = 0,01, ‘

yﬁq{i;,mayibe 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 employmernt, 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'ip intercept
(neutral technical change) and shifts in slope parameters (non-
neutral technical change) into our decomposition process.
Since production function estimates dre needed in additicn
to input levels, results of production function estimatas -
per farm and per acre are shown in Tables III.9 and 1II1.10
respectively. These estimates seem reasonable in the sense
that ihe output elasticity for each input has the postulated

sigm and a low standard error.
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In byoad 'terms’the ‘following results were cbtained
* from Tables III.9 and III.1O,

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 productioﬁ'
technology, whereas labor that was significant under old
produztion technoiogy seems ‘to have lost in relative importance .
under nev 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 productlon technology.
This follows from the fact that the new wheat varieties resp&nd
to heavier fertilizer applications without lodging and thus
have a higher "yield ceiling" than the local wheat. Local
wheat is sald to have long tender straw and to be susceptible
to lodging under heavy fertilizer applications. This characteris-
tic works as a limiting factor beyond a low "yield ceiling"
and constituter a major barrier to increased wheat production,

The fact that the purchased inputs like fertilizer
a?d other capital services have become more'important in
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

21
2/ A more detailed examination of this issue can be found in

Johnston and Nieisen (1966) and Johnston (1970)
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_.Table II1.9 . Per Farm Production Function Estimates

1/ Elasticity Standard Returns.

Sample fﬁaﬁiableé' of Output Error  to Scale R?

I

11,

1967/68 (MW)~

III.

1967/68-1968/69%/
(MW)

1067/68 (L#)2/

A (Constant) 1.704 0.488

L 0.623  0.081

N 0,209  0.081 0.983 0,85
F 0.092  0.017

K 0.060  0.094

3/

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 .

A (Constant) 1.070 0.442

L 0.571 0.075

N 0.129 0.077 .
F 0.104 0.027 l.038 0,92
K 0.234 0.084

DYgg 59 -0.298  0.058

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

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 level.

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

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.



~Th-

Table 111,10 Per Acre Production Function Estimates,

Sample Variables Elastig}ty of -2 8§/
Output= R &
1957/68f(LW)£!‘ ‘A (Constant) 1.530
AR B L 0.626 :
N/L 0.216 0,27
F/L 0,091
| K/L 0,067
2967/68 (MW)3/ A (Constant) 1.320
‘ L 0.568
N/L 0.065 0.16
F/L 0.092
‘ K/L 0.275
1967/68-1968/695/
(M) 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

1/ 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:

B Bek B
vn= @

so Y= AL PnBe Pk B By By
output elasticity for land is: By = 1-8;- B~

2/ For 1967/68 local wheat, t-values for labor and fertilizer

~  are significant at ¢ = 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 & = 0.01. For labor, t-
value is not significant at any reasonable level.

4/ - For 1967/68-1966/69, Mexican wheat, t-values for fertilizerp
and capital are significant at a = 0,005, for labor at o = 0.10,
"Year dummy" variable is significant ata = 0.005 but negative

§/ Low R? follows from the owrvwhelming 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
save: forces that provide impetus for general economic growth.
_In: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-é strong stimulus to uﬂagrawth 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 1968/69 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.”

22/ 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 these possible factors in
the downward shift in the efficiency parameter.
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Decomposition Analysis

Using the production function estimatés in Table III.}O,
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 8',s of production function (2)], and change
in levels of labor, fertilizer and capital services used. We

rewrite our basic decomposition equation (4) as follows:

ayl aAl 1,1 1 201 1 anl
- =[.,KI’]+[}nN ABn + ln F* Agg + 1n K 4g;

Y
1 AN | 1 AFl 1 AKl]
‘|’[Bn =T + Bf + B (4)

Decomposition analysis with equation (4) did not
yleld satisfactory results in the sense that the estimated
change was substantially different from the actual change.

We propose an alternative decomposition formﬁla'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:
1nY1=1nA1+BnlnN1+BflnP1+Bklnl(1+Ul (26)

. Per acre Cobb-Douglas production function (2) fop

Mexican wheat is:

WY rlnAtyadnNat yplnFaty, K +v"  (2an)



Taking ‘differences between (27) und (26), and adding

some terms and subtracting the same terms:

In¥Yp-1n Yy = (In Ay - 1n Ay) + (yy In Ny - 8 1n Ny
t+YplnNy -y InN)) + (ygdnFp - Bgln |y
+ygInF) - yg In Fy) + (v In Ky - By In Ky
+ Yk In Ky - v 1n Ky) + (U - Uy) (28)

Rearranging terms in (28)

in Yo -~ 1n Y; = [1In Ag - 1n Al] + [(Yn - Bn) In Ny + (Yf - Bf)
In Fy + (v - Bx) In K31 + [y, (In Ny - 1n Ny)
+ ¥£ (In F2 - 1n F3) + Yk(1n Ky - 1n Kp)J

+ [Uz - U] (29)
Equation (29) can also be written as:
Jn[yi’:lnﬁz]-r[(y.-ﬁn)lnll + (yg ~Bg) In F
N ' F
+ (yx - Bx) In Ky |+ ] vy In( 2) + yg In(2
, T+ In g2 * e InGD

t % 1ﬂ(_§%),]+ [Uz,- Ul'] (30)

Equation (30) permits us to decompose the total
difference in output intc the constituent forces in which
we are interested. This decnmposition 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 output with the introduction of new technology.2u, The
first bracketed expression on the right hand Bide, natural
logarithm of the ratio of constant terms, is a measure of
percentage change in output due to neufral technical change,
that is, change due to a shift in term (1n A); the second
bracketed expcession, 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 analyéls with equation (30) are
shown in Table III.ll.

The following cbservations on sources of growth in

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

2u/
""1n[3?.—}=1n(1+x)-,-.a,x fov|xl<l
Yl .

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.




the results shown in Table III.ll

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

per Acre OQutput between New and 01d Production

Technology
Percentage attributable
Item Sample 1 ' Sample II
(1) (2) (3)
Total difference in
output= . 40.2 22.3
Sources of Change:
1. Neutral technical -15,1 -2,6
changezf
2. Non-neg;ral technical
change< 30.0 16.8
3. Change in inputs:éj
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 III1.10
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First, regarding Sample I which is homogenecus in terms
obedth the geographic region and the year, per acre production
oni & Mexican wheat farm was about 40 percent higher than on a
local wheat farm., What are the sources of this increased
productivity of land? How much of this increased output
{s due to neutral technical change (in the sense of shift in
parameter A of production function (1)), how much of it to
non-neutral technlcal change {in the sense of shift in slope
parameters of production function (1)), and how much of it is
due to change i, input levels? Contribution of the shift in
parameter A, that is neiutral technical cnange, is shown as
negative. This implies tnat yield %s lower for new seed
varieties when low levels of purchased fnputs are applied and is
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 ylelding one, are often that their
yields are higher than traditional yields only when accompanied
oy higher utilization of other variable inputs." This perhaps
provides an explanation of why the intercept for Mexican
wheat production function is lower (Tables III.9 and 111.10)
than for local wheat, giving rise to negative contribution of
neutral technical change. We think that this perhaps needs more
empirical verification with data from experimental plots of

research stations.
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This contribution of non-neutral technical change
to increased output is shown as 30 percent. If we add both
neutral and non-uneutral components, we get 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, fertilizer and capital used on & local wheat farm,

15 percent more output could be obtained per acre on a
Mexican vheat 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 IJI.1ll, increased use of labor,
fertilizer and capital per acre under new production
technology has contributed about 25.5 percent of the increased
growth in output. The contribution of fertilizer (15 percent)
is the highest, the contwvibution 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 Revplution' is basically a "Seed-Fertilizer Revolution,"
based cn biochemical technology.

Second, regarding Sample I1I, which is less homogeneous
in terms of production years, per acre production on a yexican
wheat farm was about 22 percent higher than on a local wheat

farm. As against this obsarved 2« percent difference in output,
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the oxpected (that is, by adding the sources of growth in
output) grovth in output was about 38 percent. If we examine
Appendix Table I,A, the geometric mean per acre levels of
labor, fertilizer and capital were almost the same for
1967/68 - 19868/69 (MW) as 1967/68 (MW), whereas therc was a
considerable differcenca in output.zé/ 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 agrcement with the
result from Samples I, So perhaps the main reason why the

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

vwas adverse weather conditions.

25/ It is shown in Appendix Table I.A that the geometric
mean level of output per acre was 12,22 quintals for the
year 1967/68 (MW), whereas it was 10.30 quintals for the
year 1967/68 - 1968/69 (MW).



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. 7This implies a structural change
in wheat production relations;

(2) The tests (Tables III.2 and III.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 aj

(3) The analysis of covariance (Table III.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
prgportionate change in the output elasticities (Tables III.7
and I11.8) suggests that the new technology is land and labor
saving, and fertilizer and capital using. But as shown in

Tables III.2 and III.3, "slope dummy variabies" 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 prefer to incorporate the effects of shifte in intercept (A)
and slope coefficients (B;s) 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 o% the 40 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 lcbor (2 percent)
contributed about 25 percent.

In the case of Sample II, thefe 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 parcent) change in output to deviate from the

actual (22 percent).



CHAPTER IV
EMPLOYMENT ELASTICITIES, AND DECOMPOSING TOTAL CHANGE
IN EMPLOYMENT
Ever since the Committee on Distribution of Income and
Levels of Living, set up by the Government of India, veported
élé&u, 1969) on the glaring inequalities of income and cousump-
tion, much émpirical evidence has been accunulated on the
distribution of inwmite and consumption, and on the percentage
of the people below the "poverty line."il The percentage of
people below the poverty line has increased over a period of time
not only in India as a whole, but also in Punjab, a state where
substantial economic growth has been recordcd.g! There is no
easy answer to the question of what is to be done to alleviate
poverty, Johnson (1373) examines two important sources of
" poverty; first, there is an excessive number of people dependent
on the earning capacity of the family unit for thelr sustenance;
second, there is an inadequate income to support the normal-
sized family. This inadequate income may be due to inadequate
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

y For detalls on these issuss see Bardhan and Srinivasan (1971),
Dandekar and Rath (197la, 1971b), Bardhan (1970a, 1970b, 1973
1974), 0jha and Bhatt (1971), Ojha (1970), Minhas (1970),
Santana (1970), Abel (1971) and Rajaraman (1974). See McNamara
(1972) and Adesman and Morris (1973)on experiences of developing

economles,

2/
T More details on this aspect are provided in Chapter V.
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itself through economic. progress; deliDerate aTTENpTs: wi.

have to be made by governments "concerned to alleva.ate 1T,

§

This is as; true ‘of India as any. other country.

It seems that 2 "package" € approaches to the problem is -

AR ;,. “‘ 5 v«'
12

mecessary, the "package" may J.nclude redistribut:.on of income ‘

e S '-.Z«x""vk“” N5 lREE 5y ;; i ‘}L ;wor ,‘,“ ,’u}

: v‘"'he pich to the poor. through fj_sca]_ mechanisms, increased

proey ag o wed OIS R SAY

R B n
"‘4??,,'- 3 ,k‘ ‘w} AL Fuh 5 7N

:ubllc investment for increasmg the human capltal of the poor

A I

oy Ry "..,l':., N

(e g, education, tram.mg in job skills), public works

‘.>¢ o1 “-. BRI

pedistributlon of property especlally land (the source or J.ncome),

.,»‘-.1

and creatmg more employment opportum.ties. : It is beyond the

scope of thlS study to J.nd:.cate how much could be done under

L Ll i.".".i MU G e Y

aach of these programs. However, a few general remarks are

in order., Experience in redlstribution through fJ.scal mechanism

hfonmal, -

.has not been at all effective in v;Lew of opposition of landed

..........

Iroperty groups of increasmg the tax burden on them. The human
ST P ’.. < :

capital approach could be only a supplement to any other
possible measure 1n v:.ew of its long gestat:.on perlod. The

redistmbutlon of land approach :LS an nmnediate poss;b:.lity if

"r, 1{)

there is a politJ.cal WJ.ll' but how much could be done through
thJ.s 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 redlstribution of
'land'whlch is in short swpply. Prov:.smn of income through the |
creation of employment opportunities is a major approach widely _

believed to be the feasible one. Employment is the process by



which:-a laboring family ‘is”1inkeéd to”the economic’1ife o

‘socrety.. ror such a fami]y, employment mediates income and"

Figanad o i
offers the oppor"unity for part

Pt

P

ieipation in" the development i
process.v Provis:.on ‘of - emp.'loyment offers a means ‘of using o

ones own working skz.lls, a means of earm.ng income, and" a’

’)

means of crossa.ng above the’ "poxerty 1ine." There are some'

questions to be examined in plac:.ng the’ employment :lssue :ln
proper pe‘rspectne.; What is the nature &nd magnltude ‘o 17T
unemployment in rural IndJ.a? What Has been the expemence inv
absorb:.ng Jabor in the 1ndustr1al sector? What are ‘the
én1ployment dimensions of new gproduetion : 'tecfinology “in ‘the
wheatfarming sector° These quest:l.ons are bri.ef]_y ‘examined’ below.
The COmm:Lttee of Experts on’ Unemployment Estlmates 1970
“(in S'ethuraman (1972)) tells us' that in’pural ‘aveas ‘theve 18 |
ve;:y lJ.ttle open or outrlght unemployment but there would be |

: cons:Lderable seasonal unemployment and/or underemployment.

Describ:.ng the srtuat:.on in an overpopulated country 1ike India

. ;; (l :-,r-'u:‘,«z'

aaaaa

'Georgescu - Rou,_en (1960 p. 31) argues that in overpopulated

countries 1t J.S ‘hard to f1n'1 some ong unemployed. WJ.th an’ e
‘}e’::cess of labor, everyone fights to esta.bl:.sh a solid claim to
‘a share of the national product. This leads to a ‘s'o'oial‘.
fpat‘tern which may be labelled "éplitti;ig-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,



Sangle Sqrvey and suggested by the Dandekar-Rath study ,(19715)

m mwﬁ‘: 3

suffgrsifrom vaxuous llmltatlonS.B_' Krishna (1973) in a recent
severely undaremployed available for addxtional work the .
nunbap,of workers unemployed in rural Indla comes to about'r
19 3 mllllon for the year 1971, and 2, 2 million in the urban N
areas forpthe same perlod.ﬂ However these estlmates do not
include those whose oremium on 1elsure is hlgh and for whnn‘F
social Status even with semi—starvation 15 more 1mportant
than_ gainful employment.‘ Comparable flgures are not available
Applled Bconomlc Research (1962), and Uppal (1973) suggest
that.pnderemploymentJand unemployment,may not_have“beenras?w;
serious a problen in the rural Funjab, of 1950's as elsevhere
in Tndia. - N

| We have discussed briefly the nature and magnltude or
nemployment in rural India. The next questlon is what has
been the experience in absorbing labor to industrial sector?
:?heJcontribntion of the industr1a1 sector to employment groythhl

‘over the 1ast decade has been disappomting i.n many cmntries.

‘Sethuraman (1970) reports that between 1950, and 1964 employment v

3 For a critical evaluation of these estimates, sce Sethuraman
u/ (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.
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in” th‘e""Ii‘idian’“”large-scale manufanturing secton” increased 'at

\’i‘t e

',j'an annual rate of & percent whi le* the ‘peal’ value “added’ by
';\"'.this sector ‘Pose At an’ annual ‘rate of ‘over 10 percent. 'During |
.*‘the game per:od capital stock ‘In"constant prices rose ati&an”
v-'annua'l 'rate 'of‘.'abouf "7 p‘erceht"per“ y'ear." “Thiss” the‘gmirfth"”o‘fhi
en%pioymenit 1agged ‘Behind the ‘growth'of value added l"and??’capi“‘t.a]".‘« -

: 1‘7:»»::5 SRy T s R . . el s o
stock.” ‘*Méf-awe*é’z“ ‘(19‘74') “also reports that'in ='1’9'70f*‘v manufacturing

i tcﬂ" r B

labor “force as ‘@ percentage ‘of total ‘laboy was 9. 5, whereas! gross

FE

value added in manufacturing as a percentage of value added in

'Ebmmodxty productlon in' 1969 was 20. 5. . In recent years,

voluminous li't:er 1ture has’ emerged attemptmg to ‘explain: the-

H

poo’"’ performanoe of induqtmal sector in generatlng employment

1"76

and to' suggest ways m which it might be’ improved ‘Most of it

is airected to ‘three fundamental and intewrelated questions.”

{’ P .
Is there necessar-:.ly a confllct between increasmg employment

&/ .
and increasmg output?” Which goods should be produced (the-

outi;ut chompOSition probiem)'? ‘H’o’w* ehould *they’ be "producé“d"‘~(tli'e"’* -

------

study to examine these 1nteresting 1ssues.
“In’ addition to a labor force“"explosion‘ due to high rate

af'p;spuia’é{an. 'grouth, ‘and’ poor performance of ‘industrial sector

8 g ‘See Sethuraman (1970) for reasans why the capital-labor ratio
rose rapidly in India.

&/ For excellent discussions of this issue see Marsden (1969
and Stewart and Streeten (1971).



l.n generating employment,c,variqus *;-eaeens havexbeen adyanced

.&Nu\,ﬂ

2s to. why reliance on agricultural s
/
gene"ation is. inevitable. 'rwo major reasons need to be

stated. One is_the. sectoral arithmetic. }Oﬁ ,Ithe pro:)ected

juring -the 1970!s, . it As estimated that uaf million may require
mployment in the rural. sector. In Punjab. rural population - .'
18, percentage of total, population Was 76 3 according to. 1971 ot
census 5 -Al) these additional people have to find their means .
of livelihood mainly in rural areas. The other major reason ie
the, technical change in agriculture with the introduction of
high yielding varietis. The. new cereal varietiee are said '
to have .the pover of ‘being the catalysts of employment creation
One may . examine different: dimens;Lons of employment opportunitie'
offered by recent technical change in agriculture. Technical
change may. increase the. labor input used per growing season

may generate additional employment by facilitating multiple
cropping, ‘and may contribute to employment by creating a dynamic
environment for farm diversifications '8‘ / In addition o vthes,e on-
farm employment opportunities, it may generate employment through’

8a/
backward and. forward linkages in output and. input marketS.” §cme

7 .
Jm Disoussions on these:reasons. are; outlined in Shaw (197l).
and Nurul (1973).

8
/ --See Donovan (1974) for some details on effects of multiple
cropping and farm diversification on employment.
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ohee'rw}eps belie've?, .fo:'c-example,' Shaw (1971)? tlat;the amount

of employment created indirectly will exceed the direct .
employment effects of the ney technology.‘ Kmshna (undated)
has proposed a model for measumng J.nd.rect employment effects |
by using he ,basic :anut-output model. .

7&3‘?": L The pre.,ent study is concerned wn,th one. dlmension of _the

direct empJ oyment effects of technlcal changa, that is the employ-
ment effects per, growing season of wheat in Punjab. 'ghestndy
doss mot ,meé,svregbv;ifam..épﬁmrlc??ﬁ., the employment efects of
technical change - seedbed preparation, irrigation and harvest.
Rgther&thestudy " iS fconoe_r’\‘ned_ with a measure of total e'ffect’,
It:.s the ,/fundamentalpremj.se;of this study that there must ih:e
gre:ater'g,provis’ion _of.emp;oyment opportunities within the
‘a‘ggdenitnxgali.,eecton,_and cneation of employment opportcnit;:eﬁ

is one of the main vays tiwough which the government can give
expression to its "equity cbjestive.” The "pull" of high wrban
Yages pointed out in the Todaro stuies (1969, 1871a, 1971b) are
'veny_important invcausing migration to urban‘areas, hnt)thetw
"push" factors may be made less operat.we by creat ng employment

in farning 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).

8/ Such studies are reported by Billings (1970), Billings and
Singh (1971), and Jhunjhunwala (1973),



,mne.l.(.!.au.l.e measures or re.!.evant quantities. are requ:l.rea.

for the formulation of employment pol:.cy. “The’ purpose of this ‘

study'zis 'to quantifv the various forces affecting’ emnlovment-
ancl to learn how much we must change variables wmch we ‘can™
control in order to effectuate the change reun.red in

¢ Ve

employment. There are two important dlrections ‘in whz.ch the
government can have 1mpact on_ generatlon‘of employment. -Fi’rst,
it cana.nfluence ‘the creation of employment by 1influencing

the pmce of some inputs such as fert:.l:.zer, 1rr:|.gatlon water,
and’ price of farm machinery Second, the government' can',_

also 1nf1uence “the creation of employment thronén its "physical
‘Planning, tiat is, planiiing of the production and disteibution
of off-farminputs r"17‘1'1r1;:he‘r-’, af‘de’co’mposition of’employment'

an empirlcal persoective on the'relative’lmportance of
';technological and economJ.c forces in generat.mg employment.
;Estimation of employment elastlclties with respect to certair
key 'iiariables';" and 'de:comp‘osing the total difference in
employment between farms employ.mg old production technology :
and farms employing new production technology into constituent
forces is the direct concern of this -chapter. - We need-e conomic
modeLs ang tneir operational counterparts. -These we devalan in

the sections below
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:Economic Models

40 Thas section our main concern is to formulate economic
models that would.enable us to estimate employment elasticities
for cértain key variahles, and to decompose the total change in
employment into constituent forces. There are three principal’
theoretical ccnstructs available for this purpose.

(1) Constralned Cost-Minimization Model;

(2) The Unit-Output-Price (UOP) Profit Function Model,

and

(3) . The UnrestﬁictédyfrofitlnaxinizetionfModel
Becauseftheﬁunrestrlcted profit-maxlmization model yields. solutions
only for returns to scale less than unlty,l?/ we¢phose to,work
with the first two models. A review of these two models, with
anﬁenbhssis'on“tHEir”stfengths and weaknesses in the context
oF ‘our study, is in order. .

1. Labor Demand.Functlon Derived from Constrained Cost Minimization
“Model:’
fﬁe*éobb-nouglas production function (1) from chapter III

is rewraitrten as:
"By s s B
,Y =andty £, k (1)

The coét equation is
€= PyL'4 BN PP+ K (2)

'where c denotes total cost incurred by the firm, and Py, P, Pg

and Py are prices of land service, 1abor,4fertilizer and, other

10/ For a detailed exposition of’this pofnt. see,Henderson and
Quandt (1971). : '
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capital services respectively, ' Variables L, N, F and K are
defined as in chapter i, Following Nerlove (1965),

}_mi imi ,ation of cost equation (2) su.bject to production

w‘

function (1) would yield us, the follow:.ng labor demand function.

1 By By Be By |
Ny:_.'w‘ﬂgﬂ pl'"f’ Pn—? ik p"'T P"T (3,

TWIeIre

By B BB 1

= Bn (A BT BR BE BR) Y ()
Hand' yo= Byl # 8 ¥ Bf + Bk ‘returns to Scale; . presumably

BI" B, BE) BB o RIS

n Jabon demand fmction (3),, both output and factor
prices ene enogeneous. Heady and Dillon /(lSGi),_Brown (‘;968),
Bronfenbrenner (1971), and Samuelson (1974) heve examined
‘various versions of this model. There is one ESpect 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. rThlS’ has implication for the sign
'of the exponents in the ilabor demand function (3). It is
obvious why we have a negative exponent for wage rate (Pn). 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 Capital (K)



-95-

‘ wouldulead tola decreaseﬂin the ‘quantity.lof ittempléyed“’“Since '
we‘hdﬁbfhonstréinedtthe&ﬁrﬁitO?qﬁglvenfiSOquant;%the‘f;rmtwouldﬂ

; p,e ,:.pybbduci.ng this given level of output by employing more.labor.
: We pi'opose fo enploy labor demand function (3) to-determine
~;ernpl.':a\yment elasticities with respect to:output-and input prices.
Per farm prodwction: function estimates: allowing:for:raturns to
scale differing from unity will be used:for:evaluating employment
elasticitiesi.: i

#} ¥isy If we assume corstant returns to scale; Yy '= 1;:equation

(3) and expression (4) may be stated as:

N=gYPy P, Pe Pu (5)
B1 Bn Bf Pk -1
B =B, (ABy Bn Bg By) (6)

Labor demand function (5) is employed foz:'de?-ermining employment
elasticities with respect to output, and input prices. Per acre
production function estimates imposing the constrainﬁ of
homogeneity of degree one in returns to ecale wiii be tsed for
evaluat:.ng employment elasticities, So labor demand function (3)
18 used for evaluating per farm employment elasticlties and labor
demand function (5) for evaluating per acre employment elasticities.
In addition to determining employment elasticities, the
6ther- 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



vconsta.tuent forces. mIn the:: constrained -cost: mJ.nJ.mizatJ.on
‘“tframeuor'k we propose o decompose%the total difference An
; eymployment into::
| *:a); change!:in output;:
b)..neutral:technical. change; -
e): non“fnqxtral é,te chnical :change; -and
d);change . in.factor prices.: B
Decomposition will be done wi:th‘ respect to per acre:labor;:
demand: function (5),.since it seems more meaningful:to: taik in
»ferms‘ of per acre change:in. employmént.;:
Taking the natural logarithm of labor demand function (5):

{2} . . :
InN = 1n B+ InY + B3 In Py + (By-1)in Py + Bf In Pg

. + B ln P (7)
ay KTk |

Differentiating (7) totally:

v B“Y-l-Bl l+lnP1d81+(Bnl)_E;
s 1;“ dB + Bf de + ln P dBf + sk K + 1n Pk dB (8)
n,tfpf‘. f Pk k.

Taking the natural logarithm of the expression (6) and taking

total differential' l-

“i1n B.=l1n By = InA =By In By = Byt In By - folan-BkIan
i09)
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-}Agf 38f - 1n;Bg dBg - Bk — 4By 010 Bie dfy. L0)
‘!B‘,f- 3 Bk PEA ; ¥ .

“#Réarranging terms in’(10):

"é' dBn{B--l-ln sn}- iﬁ- - d8y {1 ¥ 1n 81}“

@

Su]gs_titu't;‘ipg;(ll) into (8) and rearranging terms:
el 2 fa-1- 1an} oy - B L gy} oy - o+ ssie] ane

{1 + 1n’ Bk}dBk + —-'l' Bl _.P__+ m’ Pl dBl +(B "J)dpn.
1
- dP
+ 10 P dB, + Bg F + 1n Pe gz + B Pk 4 1n P .dg
EFRT IS n n 5..‘,:1-'f5 ;Pf.«, f f'f Dt kk“-‘:Fl?." . k{.;...k
.o (12)"
Fpr .i‘.;_. ’(Bn-ﬂ dpn v & +Bk
{%;- 1.~1n: e,, #n Pn}dBn {"l,;rln 8y - 1n ’-‘Pl'} ds,

ENA

{l-l- in Bf ln Pf}daf - 1+ 1n~8k - lnPk}dﬁk

PP (123)
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ﬁr? ;# p T8 STh R
dv o 1d bn "L £1Ya
"}T .’I‘:_Y_] [ l_(l + 1o D n )dan (l +;1n )dﬁl

3 ;r;f B '_u ‘
W} (1 -F“‘lﬁff_)*a*af o 140 )dBk] [Bl
" Pf - L
+ (Bn - 1) dPn t 5f dl’f "'in deJ (13)
R Pr

.The expression dN denotes percentage dlfference in

N o8
employment per acre§ betileen a farm employing old productlon
technology, and one employing new technology.

The first bracketed expzession on the right hand side

L
‘2. aﬂf“

is a measure of perceptage change in employment due to a given
pez;\centage change in output; ‘the second bracketed _expressa’on is
a measuﬁe of percentage change in employment due 1.'-6 neutnal
technical change the pencentage change in employment due to
non-neutral technical change is approxlmately measured by the
third bracketed‘expressz.on; it ie a measure of percentage
change in employment due to shift in slope parameter given the
levels of input prices; and the fourth bracketed expressmn
is a measure of percentage change in employment due to change
‘f.n:input prices given-the s;l.ope coefficients (B's) of new
production technology.

F’quation (13) provides the following insights on the-
;ounces of change in employment:
First if all prices change in the same proportion -then

the fourth bracketed expression vanishes. If u 18 th¢
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.Bro psui ny. il en,,ﬁ(51\.+ o) +oBE +oEdn 7 0, M -ao. 5 This |

«Sdk *s;\

impl es that there Wlll be no change in employment if all prices

\

.,w

prices.y Change in’ employment w1ll have to come from changes
in 'outpht and techm.cal 'changé"- neutral and ‘non-neutral.
Second if output elasticJ.tJ.es for all 1nputs are
J‘.dentical under both 01d production technoloy and new -
production teehnology, then dBl = dB = dBf dBk 0 the
third bracketed express:.on vanishes. . If one or more: of the, .
dBj_'S # 0 (suppose 4By >0), then the contmbntlon of the third
bracketed expressmn would be to make aN (if d8k> 0) greater
than it would be if all the dB 's = 0. NIf input prices were

‘relatively stable, dBl = dBn = dBf = 0 d8k> 0, then

LR - O
N Y A Py
i:‘g{pgrﬁ y§ tey ' ‘;;‘Il":?z}‘\gév}:,B%,‘gﬁ,'ﬁ 1 'ik,H_./;
' where s+ In X < 0} then the contribution ot dB

Saws 'Pk L
to. employment will be- posit:.ve.: “IF: dﬁ <0, then (14 1 _3_1_1_ --'.B__)dsu

Woqu be a negative number and would tend to be offsetting

ﬂ' / If the expression ok became a faJ.rly small fraction as it
ez Px

would i 5k was small and Py large, then 1n’ Bk would be a
fairly large negative number. This is true Pk for other

In Bi in the third bracketed expression as thepe is symmetry
, Pi

in all the coefficients except that for the coefficient of
dsno
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X aniig

g to (1‘*+ J.n )dB ! with |0’ 0.7 Net ‘employment effect’ depends

‘on.the pe.fl.ative magn:.tude of dBn (<0) and dBk ¢ 0).
gg‘h%rd, 1f dY = 0, then the s:Ltuation would be that of

. the changes that would take place on the same J.soquant' ‘

Ty w«u? KPORLS T 35 4 L L ; S e

lemployment effects depend on. relat:.ve input prices and technical

: change . S
:“:‘ﬂ Fourth suppose dPl P ‘}:de:de,' R
‘ ~\‘v o ‘.- Pn 4 ” Plg - Pf R »Pk & -m voE '.

p tt) AR
~~~~~ (0 = 1) (dsn + d81 + dBf + dg) + =R “
SdEeheg oAyl u a13/

dBn + dBl t dBf + dB;< 8n

g “‘

AN ar dA ’dsn
e e '—+T
TR

If dBn < O as we would expect under capltal-intensive techn:.cal

co s ‘"fiis:a. pondina e v b l‘*/ <hetar :
'change, then employment effects would depend on dY nd S
;the*magnitude of. dA and dBn, both negative.

o 'ﬁ” A Bn

-J-'ﬂ- This is very unlikely because of differences in suppiy

elasticities of inputs in response to changes in quant:.ty
.demanded.

Since we are working with the ‘assumption of constant returns
~ to scale, B, + By + Bg+ B, = 1. Differentiating the above
”expression totally dBn + dB; + dBg + dBy = 0. *

in ‘output price, populatlon, or per capita income.

Change in output could be induced on the demand side by changes
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E‘on ;the,.,purpose of decomposit:.on der-ivat;.ves ,}in

T e e e
15/
eqﬂetions;(lsi are converted to discrete valueslas below:.

-,m m‘; M T A
[Az [] [ mt 31>Ae,,+<1+1n_oasl

l; 3

+ ‘"{‘

N (l + ln %_) ABf + (1 + ln )AB]J [81 APII.

e S e

Nt

" In stmmary, labor demand function (3) is used For
evaluatlng per farm employment elastJ.cJ.tJ.es with per Farm
g ; A ‘- i

production funct:.on est:.mates labor demand funct,_on ( 5) for
' evaluat:mg per acre employment elastlcitles wz.th pe:- aera "
,’Pm.ductiqlfunction est:mates; and equation’ () is emPlOye o d ito
de eenxp‘ose stotal: difference “in b.employme‘nt‘,

2. ‘Labor Demand Funct:.on Derived From the UOP Profit Function
MOdelo

The constramed cost; minimization model permits us to
derigesflabomdemand as.a. function of output and input prices,
;I:o estimate enrplo"ment elasticities with .respect to these
variables end to -decompose .the difference in employment between
'zpld;,and new,t,echnology ‘into respective forces. -Given the .

- production technology, the basic policy variables in this

25/ pop example, if N denotes the geometric mean number of
hours of employment per acre, M = (N)MW - (N)LW.. So are
AY, AA, 0B;'s and AP;'s defined. e T
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3fmamework are output, and input prices. We recall that
physical planning - planning the supply of farm 1nputs such
as :ergatlon Se!‘V.LceS ,ls/fertllmer, farm machlnery and .
implements - isa part of agricultural development planning

in Indm. An est:.mate of employment elastic:.tles w:.th

B r % i :5;"" ir oy i
respect to these lfey inputs would provide an emp:.mcal

fhasis for govemment's employment policy as well._ The recently_v
vt ¥ a0
deve.'l oped UOP profit function model (Lau and Yotopoulos, 1971, :
1972 1973) enables us to derive estlmates of employment

ALTEE N ;
feJ.asticitmes w:.th respect to these key mputs. A brief
: itk chrdvl o
- outline of the UOP profit function model, including a critical
evaluation of its "desirable" and "undesirable" properties

inthe centext of our study, is in order.

a) _T-he UOP Profit Function MOdel in a General:Framework::
| Consider a firm wiﬁ; a following production fumection wwith
‘vth'e‘. usual neo-clasoical‘propertiee, |
= G (N; L, Fy K) - (15)
fﬁé’finitions' of Y, N,’L ', F and ‘K'are: the sameas " in Chapter&II
except that Yabop" (N) ‘18 treated’as ‘s variable input, ‘and land
e (L), ferti1izer (F) 'and-capital"('K) ":are*treate’di?as fixed’ inpnts

“in optimfzation process: ‘The production’function is assuméd 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.
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L ¢ CONCAVe: 1Ny "CONTiNUOUS ‘and. :mcoeas:mg D NELguE and ¥

twice*"differentiable fian and onOa differentiable in L, =P |
and‘l(
lne pmnt tuermed as currem: .revenues. less current
to'tal labor costs) can be written ~as. follows'J-_W-
A = PG (N; L,’F, K) - WN (16)
thepe:
x’l profit, P& unit poice ‘of: output;:W.= umitprice6f
labor, other vamables are ‘as: defined:before.
:«;\The'»marginal ;productlvity- ‘con‘clitions::' for'a profit-

aximizing firm are:

e ‘\f‘n’

N 36 (N; L, F, K) _

NW“— P 3N = W 25(17)

By defining W' =.g. as the normalized (with respect to

outpuu. price, wage rate, equatlon (17) is written as

¥ By ,ginxilar deflation by the, pz'ice of output,aequation
(16) can. be, wrj.ttens»as:;,. :
w=d o G (N; L, F; K) < WIN (19)

“where A% = "unit-output price" profit (or UOP profit)

17/ Since fixed costs do not affect the optimal combinatlon of
the variable mput nanely labor (N), these are ignored. How
reasonable it is to assume fertlllzer expenditure (F) and
items of other capital expenditure (K) as fixed will be
discussed later in this chapter.



as a function of the normalized wage rate (W') and of the

quantities iof Fixed- inputs, namely, L, F\ a,nd K.

A
u* = g (WY L,‘E’, X)) (20);.
snbstitute_ (20) into ’ (16)' to the profit function as:
u=P G(N*'L P,K) —W’N*
(mn1s. prgritafmction gives the maximized value of the ,profit
for each set: of values (P, W, L, Fs:. K)

Since N* gr(W'-v L,,F, K) b.V (20). We can; rewrite (21) as:
;f'%= G* ‘(w!; L,‘ F, K”) B S (33)"

{ Jh'l'he preceding discussion is intended to: relate the
«production function,. pmfit function and the labor demand
.f'nnction. The general framework is translated into, the
':C:ob)b-Douglas framework below,

b)) Labor Demand Function Demved from the Cobb-Douglas uop
' Profit Function

'Consider a firm witn tne ‘Tollowing ‘_(:ohb‘-Do_uglae produc-
~ tion (1) [from chapter I;IIJ withthe usual ‘feo-classical ’

. properties as discussed earlier;

a8/ The profit function (21) is called the.partial.profit.

function, because L F and K are fixed.{
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COLRE Y e g Lo
<1 (23)

fThe variables are defunea as in’ chapter II. » It seems

wappropriate to comment on the definitlon of capital variables
iF and K. Lau and Yotopolous (1971, 1972) and Yotopolous and
Iﬁa;&?£973) eonsidered just one capital variable.' The capital
ivariable 1n their study is defined to include interest charge
paid or imputed on the quantxty of fixed capital per farm.

In Sidhu s study (1972 197ub) the capltal variable includes
‘all expenditures(or imputations)on capltal services such as
fertillzer, Arrigation, seeds, bullock  labor,. depreclation,
‘and interest charges. 1In the specification of our model .

we have divided Sidhu's composite capital input into fertilizer
(F) ;and other capital services (K). The rationale for this
diiigieq is that an estimate of employment elasticity with
respect to femtilizer would provide insights on the importance
af a major nonfarm input in generating employment, and would. -
provide an important instrumental variable fop any'government
vi;baan‘employment objective. Following Lau and Yotopolous
1972), we write our Cobb-Douglas UOP profit function .
uas,feiieWs-lg/

Ay XS AL a
I = A*wllersg“ 24)

52/ For details on derivations see Lau and Yotopolous (1971; 1972)



" where =%
| (1-Bn) $1~ 3

MW, (1~ n) B (25)
e Gy (26

.7'.}‘1'],'*31‘ Bp (1:!; i )’ﬂ":i' o;-::-'
N EBiE)T5 D €27
A3.= Be(l-8) "t >0 S?e)
“'J. Lt i
Bk(l-ﬂn) (29)

. wl__ = E.. = normalized, WAES L'alLS

‘Definitions of W,"L,"F,"and K'are the same as an-

: Chaﬁt‘ér"i=f1v§7"f ‘Bi's in"A® ‘and 'v:X{" s ‘deniote ‘output’ "élastici;ffé‘s‘

. in pfo"ddctio'nfffu'n"cti‘o‘n‘ (23)4¢

m‘”I1::|.s evident from the way in which parameters of UOP
profit function ( 2#) are defined that the production function

",'(23)‘3-‘ahd the UOP 'p‘rofif function (24) are closely related

“This ‘follows from the p'r:opositl'.on that every ccncave production
function has a dual which is a convex: profit function, and
vice versa?O/ We have UOP profit in (24) as ’a'fmétion of
normalized vage rate, and quantities of land (L), fertilizer (F),
and other capital services (K). On the basis of a priori S
theoretical considerations we kpow that the uoP profit furiction

13 decreasing and convex in the normal:lzed wage rate, and

increasing in quantities of L, F, and Ko - --It-follows‘-alsoeth.at‘

20/ see Lau and Yotopoléus,'(1‘9172)‘(.for[det'aibs"bh,th_:l.sfpbopo'sit:l;m.
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*.the UOP profit’ finction’is increasing in' the'price”of: the
odtpit !
Pollowing are the assumptions under'].y"ip‘g_i the UOP
p.r'ofit function (24):
U.) urms are prot:.t—maximizing,

it ST S ”

(2) Fims are pmce-takers both in the output and
1abor markets,.

( 3) Labor 1s theonly variable mput' land (L)
fertilizer (F), and other capital (K) services are
fixed inputs.

| The cruc:.al feature of the UOP profit function model

"

is that 11: assumes firms behave accordmg to certain decision

,r\“. :

lss, whicn includes pm‘:.t maxim:.zation, given ‘the price
reéimo for output and labor and given the quantlties of L, F
fand K. For the purpose of our study, the existence of these
systematic declsion rules is a maJ.ntained hypothesis,
Following Lau and Yotopolous (1972), the labor demand

function in, the UOP profit function framework is

1 .
gny_ = (-\) (30)

Taking the natural logarithm of (30) and rearranging
terms: |
»ln’N =1n (-21) - ln Wl 4 In N : (31)..
‘Taking the natural lo@rithm of (24): |
lnﬂ=1nA*+Allnwl+A2 lnL+131nP+Aulnlfr‘ (82,
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Suystiwtin& (92); intgp(al) and.vea anging terms.,,,g ;

In N = n (-A1)+1nA*+ (A1-1) an1+)21nL+ Jain E4
\tp 1n I K( - (83)

In equation (33), we have a 1abor demand function i
bj‘terms of nomalized wage rate, and quant:.ties of land (L),
'fertilizer- (F) and capital (K) Eq.xation (33) is used to
estimates employment elast..cities with respect to the
vamables mentioned above. We estimate producuon function (23), |
;nd eveluate parameters for our labor-demand function (33) by
using the duality property underlying the CObb-Douglas production
an&‘ﬂpzv'ofit functions discussed earlier.

o In addition to determining employment elasticities,
decomposition of total difference in employment between fanns
employing old pmduction technology and fa.rms employing new e
production technology is our other' main conoem. For thie purpose,
we diffe“entiate (33) totallv-{

an = GA] . OAW dW ar _ 4 odKoonn
') —1_1-+ w t O1-1) 804 2y +Aa F+'M"T<'

+In WL (@0) + 1n L(dAp) + In F(dAg) + In K(dhy)  (34)

We recall that A) and A* are defined as follows:

B o
Ay = ".i."E_ or-Ay =--a.n , (26)

(1-9 5‘1 B (158" o
A (1) U (25)
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Taking the natural logarithm of (26) and differentiating

it totally:

i(-Ay) = In By~ In(1°B) (85)

dr _ d8, 4By it
— = By e L P A . 36)
T ) (36)

any sy (36a)
cAL Bp(a-By)

-k
B
7
g

, oot e b s
‘Taking the natural logarithm of (25) and differentiating

it totally:

’ LB
= Br) + —Bb
In A 5 InA + In(1-By) + 8, in By . (37)

dak  (1-8p) 9—%—-&- In A 4B, dBy, . Bn  dBy
ey NN Bz T T TP By

+In B [(1-s-n> dB, + Bn dsn"] (38
= (l-Bn)2

T By N [aBy

A " Togp)y *n A[mp;]* 1o B"[HIB;S?] - (ata)

da% _da [lnA+ln By
A% ) (1—3,,),\+ -'—zr:a;;yz—'] dbn

(3b)
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aN

N

a0

Substituting (36a) and "(3%‘);‘inté"ﬂl(ﬁ*?)‘:"',

; (1- } —
B,(-fy FlA (1 an) ‘
S, dL daF dK ‘
+ Ag T _+ A3 P+ Au——-flnwl (du)
,+‘f1r'; -'n‘.-(.diz') + 1n.r (&Aa) +-31n K (@) ( )
IR L 39
Rearranging (39):
dA a8, InA + lan} S P
=l + dBp + 1nWi(dr;)
[ 1-8n A-}' [ n(l" n) (l-Bn)2 »
+ 1n L(dAz) + 1ln F(dAa) + 1n K(dlu):]
c dwl . dL ar K 9
kA [ul 1) ] [_\ *a3 s 1 3K ] (39a)

:

Since our interest is to undertake decomposition analysis

with per acre estimates, equation (39a) can be 81mp11f1ed further

21/

fasvfolldws.

-—- ‘

Since we specify our decomposition analysis with respect

to per acre estimates, terms ln L(dAp) in the second
bracketed expression of (3%a) and

bracketed expression vanish,

A Q%, in the fourth
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a fln A+ Inig.§" !
N [18““] [n(l-n) { - (1-8,)? %

*+. 1n wl (dAy)it! ln Fi(dAz):+ In-K (dku)]-h[(ll-l) foing

[). dF+fA dx']

(40)

- To get the terms dry1s dA3 and d)\q in (40) we take the
total differential of expressions (25) (28) and (29) respectively

1fs follows:

éx G0n(1-Bp)aBy - By dByt T Byt o
1= = 41
O T N ‘1”5n’2 )
Da = dBe ~ B dBg + BrdBy _ (1-Bp)dBe + BgdB,  {42)
=9 (1-8,)2 B P
" @By - BndBy + Bydfp (1-Bn)dﬂk +BdBy « (43)
Ay = =

(1-gn)2 . (1-8p)2

fisub'stituting (25), (28);:(29); (41), (42), ard-(43)%%

i ,,W,&

r' dN .

h‘ y ] IB (1—%;)'; ' {h?lteif;fn }d%,‘

. '+' 1wl {-dﬁn } . 1n F -(1-6,,)daf.+.sfda,,}
(1-8,)° 0-8,)2

L (1-B,)aB, + BdB, ] [
-+ In K 2—-——-]

awl
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‘Equation (44) permits us t0"de'¢‘;omp5§é 'i:hg?.peii'/aéfej

i:i)téi}‘éififeieﬁéé in’émployment ‘dN ‘ into; four‘ forces R

N

snge (the first bracketed

Lo R e g
g

(a) neutral technical ch
éxlsv’ress»idn on fche_righf hand side);

(b) 'fzqhﬁ'neutral t‘eéh‘nical:cha'nge (the;,"secohd bracketed
expressicn);
(c) digferériée‘iﬁ ﬁormalized wage rate (the third
bra;:keted expression)j and
- (d) difference in quantities of fertilizer (F) and
e caéi‘fél v(K) per acre b‘efweer'x Mexi;;t‘ll wheat farms
and local wheat farms (the fourth br"a.ck'etl:’edv |
ooty
For de’composition analysis, derivatives in equétio_n (%) ,

{are expressed in discrete form as follows:

22/ e have divided the technological effects on employment
into two components, namely, neutral [working through
shift in intercept term (A) of production function (23)1; _
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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’_3‘3!,‘= BN ~ [ : {1n‘A+1'n e,,}A
41"!7‘—";; {13 )A Bn(l"ﬁ*x (CRTR I

+ n wl{;'z\'s,;" } +1n F (1-5,,)Agf +. Bg ABn }

[FRCEE R - (1-8p)2°

’rﬂln K :{ﬂ(l'ﬁn)?:;jsi)slc A8 ﬂ [ (ﬁ':“‘ ) I J

[Bi _é_{?'__'_ B AKT -

" (l- ) .F' (l"‘Bn) ’K

in summary, labor demand function (33) is employed
for deriving employment elasticities with respect to normalized
wagerate (#1), and quantities of land (L), fertilizer (F) and
capital (K). Equation (45) is used for decomposition analysis.

. Before undertsking an empirical analysis of resulté,.

;;;ygg;d)aeeﬁ;aPPropriate to evaluate'some;of the "desirable"
"and "undesirable" properties of the UOP profit fungti§n model
in the context of our study.‘ Two desirable properties are
discussed first.

" Pirst, since tue uur, (PTOTLT TUNGTiON ITAMEWOTK WOULQ,
{.enable us to derive lsbor demand as. a function of normalized
. wage rate (wl), quantities of land (L), fantilizer (F), and .
other capital (K), employment elasticities with respect to key
farm inputs in addition fo wage rate would provide a new

empirical basis for influencing emnlovment ereation throuch .

policy mezsures.
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would add an important dlmems ion’ to' our underutamding of

:velative importance of these variables in generating employment.
On the adverse side, we do recogm.ze some degree of

arbitrarmess in specifying fertillser (F) and cap:l.tal (K)

as fixed inputs in the profit function (2u).. We recall that

the defim.tion of capital :ve;iagle ias e‘fixed mput in Lau and

Yotopolous (1971 1972), and in Yotopolous and Lau (1973)

includes interest charges paid ‘or” 1mputed ‘on the quantity

of ‘fixed capital per’ farm' whereas in Sidhu s study (1972 197%) R

capital variable as a fixed input includes d.lJ. expendi‘ture or

imputation on‘-capital serv1ces such'as fertilizer’, ‘irrigation,

seeds, bullock ‘labor, depreciation and interest charges. s

. In ‘the specification of our model, capital is divided 1nto two

‘, components namely, 'fertilizer (F)“and ‘a1L other oapital

' services (K) Unlike 1and, ‘1t does"not seem reasonable to"

expect farmers to treat these capital expenditure items, ;

v especially fertilizer, as fixed inputs . However, We have;

in ‘an arbitzaoy way, 'treated them as’ fJ.Xed inputs :m the

f ‘optimization process;
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Empirical: Analysis

Empirlcal amalys:.s in this sectlon has two major

: par-ts

*n‘!

Q‘namely, emplmcal ana]ysis of labor demand functions

,t

f derived fpsm constra:.ned cost mlm.mlzation frameWOrk" xand of S
'thev':‘l" ’or‘ demand functions *demved from the UOP fprofit ’function

‘ framemrk

'lleré‘we are conoemsd with the enlpirical analysis of
v',’\..abor demand functions derived from the constramed cost. -

’ mininxisa:tlon framework., Empa.mcal analysis in this part is '
'further divided into two sect:.ons namely, empirical analysis

‘of employment elasticities and of empirical decomposition of

“iabor demand.

1. Emuimcal Analysis of Employment Elasticities:

We recall. from the previous section that labor demand
“functl..‘. (3) and (5) are used for estimating per farm and per-.
*acre emplovment elasticltles respectz.vely. Parameters of .
the per farm.production function (Table III.9) and of per
vacre productlon function (Table II1.10) are used for evaluating ~
femployment 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.lj‘r

are measures of percentagz change in employment due to one


http:funct.on
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. Table IV.1l: Per: Parm Employment; Elasticities Derived
from Constrained Cost-Minimization Model.

‘Sample Variables Euployment ..
R ' Elasticltles

G5 L) v i et (2 (8)

1967/68;(LW): iB.(constant) ... . 0,339

D S o 1.017

Pn -0.787

Py 0.634

Pf 0.094

P 0.061

1967/68:(MW): 8 (constant).: .. 0,376

‘ ‘ Y 0.939

Pp =0,912

P 0.499

Pg - 0,111

Py 0.302

1967/66-1968/69 (M?) B (constant) 0.368

- Y . - 0,963

Ph - «0.876

Py 0.550

Pg - 0,100

Pr 0.225
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,Table 1V.2. - Per;Acre:Employment:Elasticities, Derived:
o frOm Constrained Cost-Minimization Model

‘ Sample o Variables . Employment

g Semfs wer ot Elastieities
(l) (2) P (3) . .

1967/68 (Lw) B (constant) o 39).

Y/L - 1.000

Py ~0.784

Py . . 0.626

Pf . 0,091

P - 0,067

;1967/68 (MW) B (constant) 0.143

Y/L 1.000

Pn R -0.935

P ) 0,568

Pg - . . 0.092

Py 0.275

1967/68-1968/69 (MW) B (constant) 0.209

- . . Y/L 1.000

Pn -0.877

P 0.587

Ps 0.105

Px - 0.205
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Y), prices’ of. land

percent&change 1n wage ratei'(B,);y" outpu

P’Jfé' TS IAJ: Al RS SRRV i;-:q;":.ﬁ’.',{';

ﬁ{senvice (Py), of fertilizer (Pg) and’of capital (Pk)

{;course appropriate assumptions about. ceteris paribus conditions

jﬂ-’with respect to each of these variables are necessary These
employment elasticities are derived from the respective :
' technoiogical parameters of 1oaa1 and Mexican wheat production
'functionsg We analyze them for both Sample I and II. Our
- analysis takes two broad fbrms First the difference in slope
parameter, that is, the parameter assoclated with wage rate h
(Pn) between local and Mexican wheat farms is enamined; second
we discuss the difference in shift parameters, that is, shift
parameters associated with output (Y), price of labor service (Py1),
price of fertilizepr (P£) and price of capital (Py). 'These |
’general remarks are equally applicable to per acre estimates.,
The slope parameter (Pp) implies that 1abon has a
negat‘ve own price elasticity of demand as predicted by |
economic theory. Further in the case of both Samples ). and I
the absoiute 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 (Pp), holding Y, Py, Pg and Py
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
empioyment elasticities beiween a Mexican wheat farm and a

local wheat farm with vespect to wage rate (Pp) must be
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concluded to be statistically insignificant because ‘the ouxpux
'"'fff il :3&}5?3"."('«{;? 3%"(“"" }2 SR 0 [ ) s rlely ok
elasticity of labor between old and ned production technology
R tE o BT e *‘l'tr 4 B i

is ‘not statistically significant as evzdenced in Tables III 2

and i1il,3,

Ay e
i SR

,,w_\

Turnlug Lo tne smrt parameters, demand for labor
responds p081t1vely to increases in Y, P, Pg, and Pg. On an
average local wheat farm a one percent increase in output (Y),
holding othep 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
sliéht difference in resnonse follows from the difference in
returns to scale as shown in Table III.O. Regarding other shift
paramefers, 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 III.3 are not statistically significant.

| Among shift variables, price of capital services (Pg)
seems to have emerged as the most important force in influencing
employmenf under nen production tecbnology compared to its role
under old production technology. In view of higher output
elasticity of capital (Tables III.9 and III.10) under nes |
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
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' _eicf.mple, as shown in Table IV l, a one per-cent change in the
§mce of capiml other things belng equal, would change
employment by 0,30 percent on an average Mexlcan wheat farm
m Sample I, whereas the change is only 0.06 percent on an '
average local wheat farm. | Th:.s dlfference in employment ;
'responses to a given ohanéerm prn.ce of capltal (Pk) may he
concluded as s1gn1f1cant because the "slope dummy variable"
for output elastlcz.ty w1th respect to capltal is statlstically
significant as shown in Tables III.2 and I11I.3.

Estimates of per -acre employment elastxc:.ties are showri
’in Table Iv.2, Out d:.scusszons, m the context of p&‘ farm‘
(estimates, on slope and shift parametars are approximately

relevant here as well.

2, Decomposition Analysis:
Decomposing the total difference in employment is
our main concern in this section. Let us again write our

final decomposition equation (1u4) as follows:

(L) [ g e o

n n l

+(l+ln....)AB #(L+1n 2k )ABk] [Bl

(o= S gy p M)
e : pn i P o . Ja
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5

Results obt

ained witn' tnis equation on decomposition
It I Y sy 3

. i

are Showéiin fableiIV.a; Iﬁfﬁﬁ§ §?se of Sg;;i§:§, t?at is,
1967/68 (Mw) ‘versus 1967/66 (LW), the percmtagechange in
per—acre?gmploymgnf is about 38, The fbil@ﬁdpgiobservationn
may be mé&e on thelsources of this change in empioymenf:‘
first; the change in output alone is indicated to

have generated about 49 Percent increase in employment; but .

technoLogicél 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 fopr producing a given amowmnt of output.
Differences in input prices - Py, P;, Pg and Pk - alone are
indicated to have coritributed over Y4 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

22/ In Table 1V.3, the contribution of neutral technical change
to employment is indicated as positive. This follows 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 0ld and New Production Technology: The Constrained Costéx
Minimization Frameworkl/ _

Percentage attributable

 Item | 1967/68 (NH) 1967/68-1966/63 (W)
versus versus .
1967/68 (LW) - - - 1967/68 (LW)
, 2/ .
Total percentage change in exployment 37.9 32.3
Source of change: 2/ .
1. Change in output; < : 49.5 . 25.0
2. neutral technical change;§/ ‘ 13.7 - 2.6
3. non-neutral techniwal changﬁ;&! - ~53.9 . " 40.8
4. difference in input prices2/ : 4.5 . 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.
3.
4,

Parametric values for computing this itew are from Aprendix Table II.A
Parametric values for computing this item are from Table III.10 . S e e
Parametric values for computing this item are from Table III.10 and Appendix Table II.A

-geT-



-123~

 actual. change in employment (37 9 percent) and the estimated
W:harigiem(la 8 percent) Several reasons may rI;xa.ve ;r:lven rise m
to)/this situat:.on. 1T may IOllOw Trom the limitations
associated wn:h the measurement of labor input as we discussed
in chapter 1I, from the crude measures of fertilizr price
and c.epitc'-tl priee used, from the conversion of derivatives
1nto discrete values, and from the marginal productivity
conditions underlying the derived labor demand function not
beil:ng satisfied. One reason that seems to cause the problem
needs t> be stated explicitly. We know from Table III.10
'/_*!:nat 'the t-value for the output elasticity of labor (B,) under
new production technology is not statistically significant

at any reasonable level of ¢ for the year 1967-68. This means
a higher standard error for ﬁn of new production technology.

The numerical value of the term (1+ln .0 Bn in

o - %A)AB“
-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, thet is 1967/68-1968/69 (MW) versus
1967/68 (IW), is -0.50. This 20 percent lower negative employment
effect evidently follows from lower AB, as shown in Appendix II

» worksheet 2, because all other coinponents in the term

. 8 :
(L41n_n -1 4Bn are the same for both samples, This
R~

- lovwer ABp, given B under old technology, follows from higher Bn
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under '3ew pr-oduction technology of Sample II. In fact, as

LI e b P Ly 1k ,‘} ‘M ;v;‘:

:'shov{n in Table III J.O the t-value for Bn undez' new produotion
tecnnologar of Sanple II is s:.gnif:.c.ant at least at u= (;10
,that is 80 percent level of mgmficance, 1ndicating a

lower standard error for Bn. This lower standard error alone
reduces negatlve employment effect by 20 percent. So the
major conclusmn that follows from this dlscusszon is that :lt
is. the higher standard error of gy under new productlon .
technology of 1967/68 that seems to be a major explanation

for actual change in employment dev:Latmg from the estimated.

‘ - In the case of Sample 11, 1967/68-1908/69 (MW) versus
1967/68 (v), there is a wJ.de diFference between the actual
change in employment (32.3 percent) and the estimated change
(‘l\,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 inout price differences :Is
indicated to have increaeed to 14.5 percent. But ‘the decnease
in positive contribution of output from l+9.5v percent in ‘the "'
“case of Sample I to 25.0 percent was large enough to offset the
increased positiwe contribution of differences in in;;ut prices
to employment. If the contribution of output had been 49.5
percent, which it could have 1f the per acre geometric nean
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 syggests the obvious:
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iwgrtance of output in generating employment, and i11lus trates¥ |
th%fiﬂ':é}dveiwse'w'eathez:' cvo‘ridit’tons,,. ciiscussed in cha"p'téjr;- “fII,
’M couldaffect employrhent *'li:hr'o_ugh affecting output. R
In the preceding discussion on decompositidﬁ',’"iié"{";‘; Lok
attempted to incorporate the effects of techniéal change
through shifté in interce.pt term (A'), the neutral cahp'"onent,‘

and shifts in Bi's, the non-neutral component, on employment.

Even though the actual change in employment is substantially

different from the estimated, our economic modl on decomposition

" has illustrated the basic mechanies through which employment
is affected. We now illustrate the working of our modl undep
Hicks-neutral technical change. Our Empirical Model III in
chapter III led usto conclude tiat we could not reject the
hypothesis 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 Sidhu's
(1972, 1974b) study. With the resultsgyobtained by Sidhu
(1972, p.53) under the assumption of Hicks-neutral technical

change, we intend to illustrate the working of our decomposition

28/ Following are the estimated per acre production functions
obtained by Sidhu imposing the assumption of equal slope
~ coefficients for Sample I:
.139 .600 .088 .173
2.718 N L F K ~ (Mexican wheat)
.139 ,600 .,088 .173

Y

Y

2.316 N L F K (Local wheat) = =
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‘model
. Hith the, assumptim of Hicks-neutral technical change,
fhe‘ main conseq_uence is dgn = dBJ_ = dﬁf = dB], = 0, So we modify

out' decomposition equation (1u) as. follows. :

.8y [..A_A_ I "APi,. By n
..[.—Y] "t " A‘] + [81 __1.)1. -|-(Bn-1) ....I_,;.‘.

B LE Bk 2% (46
i PR
- We;mo}j_e ‘that the third .bracketed exbfession in equation t(lu) P
' vanishee. Bquatmn (1&6) peomits us to decompose total change
in employment into three forces, namely, change in output
technical change and difference in input prices. - Resm.t.sg_op
decomposition are shown in Table IV.4.

As shown in Table IV.4, 37.9 percent increase in pe:
‘acre employment with the introduction of new ‘technology is
decomposable broadly into three forces. Change. in per acre
output alone wouldincrease employment by 49.5 percent. But
technical change alonevreduces employument by 17.4 percent. This
follows from the efficiency gain; tha. 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 positive employment effects

of output chang: and difference in input prices more than



Table IV.4: Decompos:.t:.on Analysis of leference in per Acre Employment Between

0ld and New Production Technology: The Constrained Cost I-Iinimzat...on
Framework, 1967/681/ -

» '.Itexfnj . : . Percentage attributable
‘ Total percentage chaoge ii;n et,aploYment‘?../. o N 379 _
“ourcesof change: - ' .
1. change in output? Cne.5’
2. technical change.d/ a7
3. difference in input prices?/ 45
. Total change: due to all sources 36.6

-LeT-

.J_;N‘otes: l. Details on computation are shown in Apperd:.x II, worksheet 3.
2. Parametric values for computing this item are from Appendix Table II A, and footnote 23. -
3. Parametric values for computing this item are from footnote 23. - '



offset the negative employment effect of»'techniical change. ‘l‘he
i i p

estimated change in employment “is close to 'theg actual change. i

The' discussion in this section has shoym ”ihe basic forces

workmg in’ creatjon of employment. Our model in equation (14)

even though it d1d tnot yield satisfactory results in the sense
of the actl.al not being close to estimated, seems to have "
- 1)lustrated the relative importance of output Iinput ,prices
and technical change in oreating employment. The mod:.fied
"',.‘decomposition model in equat:l.on (u46), w1th the assumption of
- Hicks-neutral technical change, has not merely illustrated the

working of our model but also has yielded satJ.sFactory requts.

Part B
In this[part, our concern is with the empirical analys.is ‘
:f labor demand functions derived from the UOP profit function
nodel. As under part A, empirical analysis is further divided

lnto analysis of employment elasticities énd decompoSJ.tion analysia

Bmpirical Analys1s of Employment Elasticities'v

4

Estimatee of employment elasticities evaluated from
the 1abor demand function (33) are shown in Tab;.es IV.S and
[V s.~ |
o ' In 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 normalized wage rate (Wl), land L), fertilizer (F)
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o Tablé%lVﬁS}o;Per ‘Farm.Employment Elasticities Derived
' ' from UOP Profit Function Model

FVéﬁiébles Employment 1
o , Elasticitzes /
(@) @

1.1967/68 (LwW) ' 6 (Constant) 0.271

- wl -1.264
L 0.788
F
K

0.116
0.076

1967/68 (W) 8 (COnstant)Q/ 0.051
WL ~1.104
L 0.586
F 0.130
K  0.355

' 1967/66-1968/69 (M) & (COnstant)2/ 0.103
wl -1.148
L 0.656
F 0.119
X | 0.269

Notes: 1, Parametric values fop evaluating emplqyment
elasticities are drawn from Table III.Q -

2,8 = In(-21) + 1n A®
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‘Table IV.6: ' Per Acre Employment Elasticities Derived.
i from-UOP f Prafit FimatieniModellfil

. ‘”Mivaiiéblésfl:"”Wfoh‘"ﬁﬁﬁidyment'”i/
s e : ' suddesnny Elasticities=
:“\ . . . e (2) PN . ‘. b et e 8w (3) . .
Rls L e
1967/68 (W) 5 (COnstant)2/ 0.245
1 ; =1.276

w
L 0.798
F. 0.116

X 0.085

‘1967768 (MH) ) (Constant)2/“ 70.073
F&W ' -1.070:
‘L 0.607
F 0.098
K 0.294

T1967/68-1968/69 (M) T 8 (Constant)-/' 0,12y

o o W -1.115
L 0.654
F 0,117
K 0.229

Fi el

“Notes: ‘1. Parametric values for evaluating employment
e1nﬂ+icities are drawn from Table III.10

Lo Q = ;n(fll) + In A* |
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o0 apital () yith appropriate sssurptions sbout ceterls
fgaribus_cpnditiqns,A We, recall that thesevemployment
elasticities are derived from the respective technologlcal
pavameters of 1ocal wheat and Mexican wheat production )
functions. Discussion of employmart elasticities for both .
vsamples assunes two forms° first, we examine the differenceﬁ
in slope parameter, that is, parameter associated with |
normalized wage rate (Wl) between farms employing old
éroduction technology and farms employing new; second we examine
differences in shift pavameters, that is, parameters assoclated
Qith;landl(L), fertilizer (F) and capital (K). All remamks
neme‘are apblicable to per acre estimates as.well.
Regardmg slope parameter (Wl), it is apparent tha.
labon has a negative own price elasticity of demand. Moreover,
the absolute value of the elasticity is greater than one,
inéicating a rather elastic response of farms to labor employment
with respect to wage rate. As shown in Table -IV.5, in the case
yof 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 cld 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 normalizd wage rate.’
However, the implication of high absolute employment

elasticity with respect to normalized wage rate (W!) needs to be
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-€XanunodTIurtier in TNe CONTexT OT Lapor apsorption under
neﬁe proeuetiEﬁ"'te'éhnelaﬁy . "'Sidhﬁ;"'(’ig' 72, 1971ib) eStinxate'El""

the elasticity of output supply with respect to normal:‘.zed

wage rate ;s -0, 271. ‘The relative1y inelastic output response
with respect to normal:l.zed wage rate along wn.th an elastic
response of demand for labor thh respect to the same vaviable
may imply a substantial reductlon in employment of labor if
wage rate higher- than tlie market rate are exogeneously enforced
[vby 1abor group oo the government.zu/

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 w:.ll ;
shift the marginal product - curve of labor upward. As a result
the pvofit-—maximizing firm will employ more’ 1abor than before
at a given wage rate. An examination of employment elasticities
would have cbvious partial equilibrium implicatiens for the
labor absorptive capacity of new production t.echnology; it also
pﬁvides atbetter perspective on the changing importance of

tﬁese'key inputs in generating employment. For example, on an

.2.9../ For a discussion of the impending problem of labor force
absorption in the context of the "Green Revolution" and
farm mechanization see Johnston and Cownie (1969), Billings
(1970), Billings and Singh (1971), Rao (1972a), Sr:l.vastava
and Heady (1973), and Jhunjhunwala (1973).
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verage local wheat- farm, a one pmcent increase in L, holding
'other things constant, leads to the employment of 0 '79 percent
morg labor, whereas an average Mexlcan wheat farm employed only
0.59 percent more labor dumng the year 1967/68. To explain
;‘this dJ.fference in response, vwe rewrite expressmn (27) as

| follows:

By
.‘"""A,2' =

(1_62;)' - (27).

It'is"shown’ in“equation’ ( 33) ‘that Ao is the employment elasi:icity
wi"th*‘féépéét‘ifo 1and. We also know from Table IIT.9 that

(B1)ssy > (Bydyy and*(By)yy > (Bplyw. It follows that’

‘.’(Ts‘)'] " lu—e,p' w0 O
Similarly, a one percent increase in capital (K)
holding other things constant, leads to an érnp,loyment 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 rolé of inputs in generating
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
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.ave almost. the sama,

2, Dbecomposition Analysis:

RThé second aspéct.6f‘thfsJéﬁpiriéai’aﬁaiﬁsis‘is”théb
déébmpoéifion of total difference invpéﬁ acre emplbyméﬁf.”
Results obtained with decomposition equation (45) ave shown
in Table 1V.7. In the case of Sample I,.that is 1967/68 (MW)
versus 1967/68 (LW), the pép acre ﬁercentage change in
employment is about 38. If we exaﬁine the sources of change in
- this employment, the foliowing observations seem to be relevant,

First, the effect of neutral component of technical
change on employment is indicated as negative, because as
ﬁe 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 employmént 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 comvex 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 Between
R 014 and New Production Technology: The UOP Profit Function Frameworki/-

o Percentage attributable
Item ‘

1967/68(MW) versus 1967/68(LW) 1967/68-1968/69 versus
) ‘ ' ’ 1967/68 (LW)
Total percentage change in employment2/ 37.9 32.3
Sources of change: '
1. neutral technical chan@;s—/ -17.5 - 3.3 4
2. non-neutral technical change;?/ u/ -57.2 =50.2
3. difference in normalizd wa;e rate;u— ' -13.4 -27.9
4. difference in input levels 2/ . g
fertilizer » 40,7 - 40.3
capital ~10.3 7.3
Total change: due to all sources -37.1 -33

Notes: 1. Details on camputation are shown in Appendix II, worksheets 4 and 5.
2. Parametric values for computing these items are from Appendix Table II.6.
3. Parametric values for computing this item are from Table III.10 )

L. Parametrir valnec Fop computing these items are ‘from Table III.10 and Appendixi’able II_!;;.B. ’
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, laboin demand funct:lon ( 31). So the’ negative employment effect '.
) of technical change does not square with the prediction of v
our model. 'I'he main reason for this unexpected result as we
discussed ear'llev while doing decomposition analySJ.s w1th the
Cost Mlnimlzata.on framework ‘s’eems to be a high standard error
for B, (Table I11.10) for new production technology. In the
decomposition analysis with Cost Minimization framework > th.."e
high standard error of Bp affected oY (141n &x_ _ hy ).ABh
- Pn Bn
in equation (14) but in decomposition equation (45), th
standard error affects all the terms in the sec,ond bracketed
expression, that is, the expression for non-ne_utr'al component
of technical change.- This argument can be casily read frorp
Appendix II, worksheet 4, So the unexpected large negative
:mployment effect of technical change may be attributed mainly
to high standard error of By fornew production technology. . ’
Second, the negative employment effect caused by the
lifference in normalized wage rate (Wl = W/P) between a farm
employing new technology and a farm employing old is shown ar

13.4 percent. Giwen the new (—- B - 9 the difference in
-8, 7/

W alone decreases employment by 13.4 percent. This follows
P :
from the fact that thehourly normalizd wage rate paid by a

t

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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normalizédiwage rate follows, even "though' the’money wage rate
;ian be®#ssumed the same for both classes of férx'ns""aié“shownii
in'Appendix, Table II.A, from the 1owe.r» output price per
quintal of Mexican wheat than of local wheat.25/ This result
seems: to indicate the importance of output price, given the
ménéy-wage rate, in generating employment. The negative |
: émployment 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.
J Thirsl, 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 demand fop
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 b;atween'the
.actual (39,7 percent) and estimated (-37.1 percent) change in
employment., As we discussed earlle:v, no other explanation,
except the high standard error of By of new technology,

ocecurs to us.

o v

28/ . .
~— - -Sample mean price per quintal:;

) ' Ru ees
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,the case of Sanple II, that is.1967/68-1968/69, (MW)
m;‘l%?/w (L), the_‘x‘;pgative émployment éffects.oﬁ
technprgy are reduced somewhat due to lower standard error
of B, .of new teéhnology of 1967/68-1968/69. As we discussed.
eapliep,'the.t-value for Bn is significant only at 80 percent
level.’ As a result the effect of technology on employment is
sp;L;unegafive. - The negative employment effe;f‘of normaiized
wage ~rate .has increased sdnstantially from 13.4 percent to.;
27.9 percent. This results, as shown in Appendix, Tables IIL,A

xgndWII.B'ana footnote 24, mairly from almost a constant output
price per quintal of Mexican wheat but an increased mones( wage
rate giving rise to a higher normalized wage ré\te. This
suggests that a constant output price but a situation of
incréasing 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 Sample I.

~ For the reasons discussed above, our decomposition model
(45) did not yield satisfactory results in the sense that fhe'
.estimated was substantially different from the actual change in
employment.l 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 (1), let us examine'how our decomposition model (45)
works under the assumption of Hicks-neutral technical change 'under

which dg, = dBy = dBg = dBk = 0. So the entire second bracketed
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- expression, that is ‘non-neutral component in equation (u5)
vanishes, With this modification, the new decomposition

equation is statod as follows:

Ab_l_.-; AAI: +[ -Bn - 1) Awl_
Wi | (3-By), ((1-5,,) ] T

+[ B _ ar -, Bk AK (H7)

;Rosuits ootained with the decomposifioh equation (47)
are shoﬁogin:Table IV.8. Four observations may be made from
results in Téble 1vV.8. First, of 37.9 percent change in total
amplqymeot 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 normalizad wage rate under new technology is due to
alrost the same monéy wage rate confronting local and Mexican
wheat farms, but lower output pfice for a given unit of
Mexican_wheat. Third, increased use of complementary inpufs
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) chqnge_in employment. This could perhops be
due to errors in measurement of variables and due to the use
of old input levds as the base values for;oomputipg percentage

changes.



E Ika““l:lef;AIV.az I_)ecompositioﬁ Analysis'of Total Diffei'encg in Per Acre Employment
R Between 01d and Newlll’roduction Technology: The UOP Profit Function -
Framework, 1967/68 = ‘

. Item . | Percentage attributable

' Total Percentage éhange in enploymentz—/ 37.¢
Sources of change: '

1. technical change;gl ' 4/ 20.2"

2. difference in normalized wagf rate;— 14,5

3. difference in input levels: </ toE

fertilizer ‘ ‘ 42.3

capital _ 7.0

~ Total change: due to all sources ' 55.0*

Notes: 1, Details on computation are shown in Appendix II, worksﬁéet;s. e
2. Parametric values for computing these items are from Appendix Table II.B,
3. Parametric values for computing this item are from footnote 23. o

4. Parametric values for computing this item are from footnote 23 and’ Appenciix Table II.B.

 =0hT~
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 Sunmary |

Iﬁ broad terms, following findings may be stated\
important ‘From the preceding discussion of- employment elasticities‘
and! decomposition .

(1) The labor demand -analysis (Tables IV.1 and: IV.2).
base’,dion. the constrained cost minimization framewc'*mk,«s'u_gge"sts
.tfxaf, difference in emi:loyment elagticify between old and new
- production technology ﬁith respect to money wage rate may be
concluded as statistically not significant because we cannot
;reject the null hypothesis, as discussed in chapter III, that -
the output elasticity of labor between old and new production
technology is not statiStical;l.y significant. The same is true
with respect to prices of fertilizer and of land. But,
diffc;rence: in employment elasticity, 0.30 percent versus
0 06 percent, may be concluded to be statistically signlficant,
~because we .cannot accept the null hypothesis that the output,,
el)a.s_tn.cj.tyv’of capital betveen old and new technology .is the ..
same. .

(2) ‘The deconposition analysis (Table IV.3) with
aquation. (14), derived from the Constrained Cost Minimization
Framework, suggested that the negative employment effect of
:echnology .is more than offset by iqcréased output. This' part
»f the investigation éventho_ugh it illustrated the basic
:-mechanics of our economic model on decomposition, is far £rom
complete in view of substantial difference between the

estimated and actual change in employment. The major reason


http:echnology.is

‘:For .this difference may have been the high standard-error ¢
B of new product:ion ‘technology.

- However our decomposition ana]ysis (Table IV u) with?
equation (46), assuming Hicks~neutral technical change, clear13
demonstrated the effects of -technical".chang_e, chapge 7in output
and différéncé in input pbidés-'ohf‘enpioyment. Even s‘tho,ugh;
negative employment effect of technology alone would: hava:
reduced employment bjr 17.4 percmt,"‘it was more than offset:by
a 49.5 percent positive ‘employment effect of output’ change...- ,
Deccmposition analysis, assuming H:Lcks-neutral technical change

~also ylelded satisfactory results in the sense that «'ther;
estimated change in employment was c¢lose to actual.

- (3) The labor demand analysis (Tables Iv.5 and IV.6~)f
based on the UOP Profit Function Model, indicéted that the'’
‘difference in employment eiasticity with respect to-nomaaliiéd
wage rate is not statistically significént. . This follows fro&n
our earlier discussion in chaéter III that we éould not rejéct
| the null hypothesis on the equality of output elasticity - |
of labor under both old and new pro&uction‘téchnology. Another -
main reéult from this analysis was the increased importance of .
purchased inputs, fertilimr and capital. in generating' |
‘employment.

‘ (4) The decomposition analysis (Table IV.7) with -
equation (45), based on the UOP Profit Function Model, illustrated

the effects of technology, normalizd wage rate and complementary
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+Lputs on employment, Due: probably .to high standard error.
eof Bn of néw technology, the "unexpected"%negative employment
;;effect (74.7 percent) was not offset by positive employment
fefT%ctf(Sl.Ovpercaﬂﬂ~of.complementary inputs.. As a result,
_thke-:estimatedichen@, in employment was substantially aiffarent:
‘from the actual,

~The decomposition analysis (Tabie‘IV.B) with equation :
(u?);“aeéuming}Hcks-neutral technical change, yielded us
;safisfactony resuls. The positive employment effects of
, teehnology (20.2 pPercent) and of corxiplementary inputs (49.3
percent) were strong enough to offset the negatlve employment
effect (1u 5 percent) of hlgher normallzed wage rate under new

technology due to lower pm.ce per unit of Mexican wheat.



" CHAPTER V
~TECHNOLOGICAL CHANGE AND FUNCTIONAL
INCOME DISTRIBUTION

he:present chapter is concermed with: (1) reviéwing

: iﬁcome“distribution models emphasizing personal ggg_functional 3
 'income distribution; (2) developing an economic hodel for analyziﬁ
thavéffbcts of technological change on functional income distri-
bution;;and (3) evaluating the functionél income distribution :

| effacts: of technological change with empirical data.

Review of Income Distribution Model:

ééiﬁovsky (1964), in surveying khe major competiﬁg
tﬁéories of income distribution, points out that there are fbﬁr
possible subjects that theories of income distribution could
deal with: the distribution of income by occupations (agriculture
vs. non-agrichlture), by si;e, by factor sharas, and by income |
categories of the official personal income accounts. We add
regional distribution involving the division of income by

regions within a country. Persmal and functional income distri

Yy

bution models are the relevant ones for our study.

1. Personal Income Distribution Models:

By personal income distribution we mean the division

Y The present study is not concerned directly with the perscnal
income distribution questions. The intent is to bring out
some suggestive implications of changes in functional income
distributinon to personal income distribution.
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uof income hy size, or more precisely, by size brackets of the :\t 

Coand SR GI AR At Ly LB L

income or wealth of economic un:lta. One may d.stinguish twe
stages in the evo].ution of personal income distribution modeis. 4
. The first includes efforts to eummarize ‘measure, and
interpret the varieties of statistical frequency distributions o
ofrincome. 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,
'-pqée 2oe) distinguishes two kinds of concern with personal |
'incomei distribution; one with inequality, that is, the dispersion
:‘qf income about tle mean; the other with poverty, that is, the
" ’exist‘ence of people whose incomes are below some 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 progluction. Two streams
’. ‘of theory ean be distinguished in the income dietribution
literature. o |
: " The first concentrates on the technological laws of
nmduction, on individual decision processes of business firms |

and factor suppliers. It is microeconomic in orientaticn, andr

2
"-/ See Mincer (1970) for details.
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is oriented towards the‘ﬁargiﬁﬁi productivity approaéh.gl The
accepténce of the marginal productivity theory of income
distribution is closely bound with the aggpegate producfion
fﬁhction. The present stﬁdy is based on this analyfical
framwork.

The second major stream of theory is macroeconomic in

_character, and is based on the coﬁsumpfion and saving habits

b/

Con—

of income receivers. It is in the Kéynesiénltradition . The
pﬁGSent'study is nbf concerhed with this aggregative approach.
How ‘are peﬁséﬁél:ahd fﬁhétibnal income distributions
gféiated?‘ Iﬁdividualéyor households own of'cbntrpl variéus 
quagtities of primany factors of production--land, iabor; cépital
--which determine their income shares. These functional éhafes'
defermine the distribution of personal or household income. |
Technical change could affect personal distribution of incOmé:

by changing the functional distribution. More on this:later.

Economic Model

The main concern here is to decide on an economic
 model fbr‘analyzing the effects of technological change on .

 functional income distribution. Technical change may givé'riéé

3 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.

4 A detailed exposition of this macro model can be found in

Kaldor (1956).
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to different dimensions of income distribution problems.’ First,

new technology in wheat production is highly selective in its

adaptatlon to particular ecological zones. There is a technical
'dichotomy - the d1v1sion of agricultural regions into those that

are suitable for the improved production system and those that

are not. So primary productlvxty 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.
;’éccond; technical change may affect the pattern of income

distulbufion among various size groups of farmers within a |

region where the new producticn technology is adopted. Studies

by Kahlon (1970), Singh and Sandhu(1971), and Srivastava,
R4
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 large farmers

" 'spend a greater proportion of their income on purchase of

technological inputs which would broaden the income 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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Now e turn to the fornulation of relevant economic model for
the purpose.
| Micke (199, 1964) proviad analytical tocls which
are useful in evaluatiné the>effects bfbtecﬁhiééiuchgﬁéédég
factor shares., These analytical tools have beeﬁ theﬁbasis o
the neoclassical‘theony‘of functional inc&me distriburion,\
‘The‘ neoclassical approach first assumes that the produétion
function is a useful empirical tool, and it also assumes thaf
factor shares depend on marginal productivities. fhe |
assumption of perfect competition in_factor and product ﬁérkets
i1s built into the model. The present study makes use of
the neoclassical approach, assuming changes in functional
inéomg distribution are revealed in changing produétion
technology in the wheat farming sector of the Punjab.

Two propositions in the neoclassical tradition theory
1efine the relation between technical change, elasticity
of substitution (o), and factor shares.Ej 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 (g) will affect -

relative shares in the following way:

8/

In addition to these two sropositions, 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 Kennadv and
Thirlwall (1973).
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(a) If g <1, the relgj:fve»shari‘e of pléhtifu; fgct_or

PR EAN ’

will decrease.

| (b) ‘mIf'a‘. ==1, '.cl‘xe‘ éhares W1ll sTay constant .
(e)- If o > 1, the share of plentiful factéﬁ. ﬁill rise
Since our producti'on 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 substitut.ion between inputs is assumed to be
unity. The unitary elasficity of suustitution assures that
.relgtive income shares of féctors 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,
téchnical change alters relative factor shares only when it
changes the ratios of the partial elasticity of production.
This reduces the evaluatio 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
iof changes in the output elasticities. It is also estabiished

that in the Cobb-Douglas tradition, the factor share of total
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174
income is equal to its output elasticity With this
c S ks
definition, we examine the effects of technical change on
factor shares in a two-factor framework and fbur—factor

framework,

1, 7Two-Factor Model::
If technical change introduced into wheat farming

is neutral, the following result will hold for Functional.

income distribution:

(%—)m : ('zf)m - d

wiere o auu o are the shares of labor and dapital

from total income respectively. The absolute éhéféibf 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, thg elasticity of substitution
and the direction of change in relative input supplies are |
the only factors governing the behavior of relative shafes.
Since we are werking in a Cobb-Douglas framework, neutral

technical change and unitary elasticity of substituxion impiy

y For the share which labor receives, let WN = the total wage
: bill paid to .labor. o

Marginal productivity of labor = 9 (Y/N)

: WN =NB Y=@Y ,
N
Bn = WN
Y o
Similarly, for land, fertilizer and capitat. ..
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not only that ‘the ratlo of mlative‘ factor, shara is

Saltd T

vsfx}glﬁemd at A pqim. in t:.me, Put that it 1s also unaltered
over a period of tJ.me for a g:.ven technolog/.
.fﬁ%&z{j:‘ﬁ‘él_qog.:ngu;pal technical change may give pige to
th“e:i;'ollowing configurations of income distributions:
;s(l) . B;oth the absolute and relative share of a given factor,
“sﬁa’y capital, may be increased; but technical change .incpgage
', 6ﬁly the absolute income oif the other factor, that is, )llabfo_l_;'v;,

It inplies that

{¥ 1s; |

(25‘“‘8’61:11 'the absolute and relative share of capital may be
ncreased; there is not merely a decrease in the relative
hare' of labor, but also a decrease in its absolute share.

his implies that

Sll Sn N o WL U TR S 5Ty ORI SR | SRR LAY N
| (SE)MW <(S§‘)Lw and (S < (S 1 (8)

'This kind of non-neutral technical change is ca.ued very or
"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 elastic'j.ties

- of these factors of production are affected by technical change.
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4y Four-ractor MOGeL:
.We recall from Chapter III that technical change tan
be classifiéd on'thé:faégéTofféﬁéngeé*in:%ﬁéfﬁﬁtpu%l’
‘eiastiéiffés.:wih the préééaiﬁé'éébtion;'we have Sh6§n tnat
output elasticity is identical to factor share iﬁ’;he Cobb-
Douglas framework. ¥ith these definitions we propose a single
measure of effects of technical change on factor share as

follows: |

D1'=’-jE 1 0 Share of factor -i increases
. 4T si Share of factor -i remains
v ' : constant  (4)

-8hare of factor -i decreases

AUV

“ﬁﬁére'ni is a measure of the proportionate rate of change
;51n f§9tépVshare._si‘;s“thé income share (output elasticity)

-of fggtor i,pand dT indicate change in productién technology
(with T denoting technology) as represented by Mexican wheat
production. We propose to make use of tlie followiné expressioﬂ
in discrete form for computational purpose. in an arbitrary

,way D; is defined as follows:

Share of factor ~i increases

Y Share of factor -i remains

B constant  (5)
Share of factor -1 decreases

'ifﬂ;'(si)mw - (Si)LW’

PERCS R

AL V

‘ ;n developing our economic framework ~ the two-factor
mqga}iaa,well as the fbnr-fgctor:model - we h&ve,assumedf

constant returns to scale, This is the framework we employ.in
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.fevaluating the. effects of technical change on- fnnctional
;  income distribution.in the case, of per acre. analysis which
-involves constraining homogeneity to be of degree one., Howevéﬁ
in evaluating the functional income distribution effects w:l'th
‘p‘er: farm estimates, we have to incorporate the effects of
change in réturns to séale 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’ relatlve factor
production elasticity. It may be expressed as follows for

labor (N) in two-factor model as

Bn
Bty

where B, denotes the elasticity of production with respect to

(6)

dabor, B denotes the elasticity of production with respect
to capital, and (B, +B) yields the sum of productior
elasticities.

Relative factor production elasticity say for labor, (N), -
in fcur-factor model may be expressed as follows:

B (7)
(Bn+61+8f+8k7

‘where Bm Bl, Bgs and By denote production elasticities of labor,
- land, fert.ilizer and capital respectively, and ( B, +8 + B¢ + (&){..

~denotes the sum of production elasticities,
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Therefore, in ‘our four~factor model;‘fbllowing two
'expressions are used for- evaluatiug thé fumctiotdl income”

8/
?distribution effects.

(S = (S

(Sl

(8)

+El+,s f+sk M §n‘fsl'f§ffsk LW

PRSI
D =

n — Sg. |
(sn+sl+s f+s]3 L

(9)

| Expression (8) is used for per acre analysis, and

(9) for per farm analysis.

 Empirical Analysis

An empirical detefmination of the effects of technical
QCEange on factor shares involves three basié questions.  Pirsf,
how different are estimated from actual factor shares? Second,
‘vhat 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.

174 These expressions are for labor. The same formulation
would hold for other inputs with appropriate substitutions.
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1. Comparison of Estimated and Actual Facutor Shares:
Letwus examine one’ of the most important féatures’

'of the theony of production and of distribution, namely,
;the relatlve degree to which ths actual shares received b
inputs approximate those which Wwe would expect from the
alues estimated from the production function. From our”
earlier diScussion, under perfect competition W1th a. |
_broduction formula of Cobb-Douglas type, we would expsct}
. fs?tgr to receive as its share of the product, the prspsrtibn
'{iséigated by its exponent in the case of constant rsturn to

: sssls,.and by its relative fastor production elasticit§ if
‘returns to scale differ from unity. With this proposition
.Isn hsnd, we examine the comparability of estinated and actuc..

| 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  factop

shares for per farm and per acre respectively,



ZTablgyy,l.que;ativa,Factor Ppoduction Elasticity,;Per Farm.
‘ ~ Estimates

- Factor of Production

Land 0.6 0.498 “0.550
Labor 0.213 0 1%6'!8“'8‘ “o.10h
Fertilize:o 0.093 0an “5160"
cpital 0.060° ‘0302 0,285

. Note: % Relative factor production elasticities are computed.
" by using expression (7), Parametric values for computa-
.., tion are drawn from Table II1.9.



Table V.2: Estiuia.ted and Actual g‘a‘.cto;‘-(slhéreg, PerFarm Analysis

et el T m
S IV S P T

3/

Sample Factor of - -~ . Estimated Factor Actual Factor Degree to which the Actual -
- ‘Production Share 1/ Share 2/ Differs from the Estimated _
_ - - in Terms of Standard Errors
(1) (2) (3) (4) (5) R
1967/68(1LW) . Land . 0.634 0.553 ~1.00
Labor 0.213 0.165 -0,59
Fertilizer .- 0.093. 0.045 -2.82
Capital 0.060 0.237 . +1.88
1967/68(MW) Land. 0.498 0.570 . +0,78::
Labor - 0.088 0.153 +0,70:%
Fertilizer -0.111 0.070 0,78«
Capital 0.302 0.207 -0.85°
1967/68- Land - 0.550.". 0.472 ~1.04
1968/693(MW) Labor 0.124 0.192 +0.88
Fertilizer 0.100 0.084 -0.59 -
Capital 0.225 0.252 +0.32

Notes: 1: Columm (3) is the same -as-relative factor production elasticity, So numbersaredra;m f;-om

Table V.1. o

2. Colum (4): proportion of income accrued to each factor from gross income::
Let WN = total wage bill
F = Fertilizer bill
K = Capital bill .

"non



total gross income from wheat production
‘labor share . .

fertilizer share

capital share

LR oY eE

W F . K\.,.
-(ﬁ-+ﬁ-+-P—Y§‘landshare

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 residuval 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 - B :
A . ® t - value (observed)
‘ % .
whepe:
WN = actual labor share
Bn/Y= estimated labor share (relative tactor production elasticity of labor);..

By denotes the output elasticity of labor; and v= B, +8 +BgtB) = returns
to scale. ' ' -

Op = Standard error associated with the coefficient of labor input.

So colum (5) is approximately the observed t-value.
~ t-values are computed for other inputs as well.

With appropriate substitutions
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3.

Table V.3: Estimated 7nd Actual Factor Share, Per Acre -
" hnalysis 1
Sample Factor of - ‘Estimated Factor  Actual Factor
= Production Share 2/ Share 3/
(1) (2) (3) ‘)
1987/68(LH)-" | Land " 0.626 - 0.553
.o 777 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
Notes: 1. Column(5) of Table V.2 is not repeated in Table V.3.

The reason is that the oL.erved t-values indicated
in column (5) of Table V.2 are almost the same for
Table V.3, since estimated factor shares in per farm
analysis dlffer little from per acre analysis and
actual factor shares are identically the same.

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 elast1c1ty of a given input is equal
to its output elasticity.

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 estlmates needs
explanation: ‘



;Mwlm. LI
| —..% per farm actual labor share

PyYy
i=1

where W N is the total wage bill of ith farm..
and PiYi is the gross income of ith farm.

3=n
£ WiNi/§en j=n
i=1 I Ly I WgN;

- S %:l per acre actual labor
J=n 3=n = share.
I PiYi/j=n z PiYi
i=1 I Li i=1

i=1

where, WiN; and PiY; are defined as above; the
definition of Li includes the number of acres
operated by ith farm. The above illustration is
with respect to lzbor share. The same applies to
other inputs with appropriate substitutions. '

With the empirical results show 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 dctual
and estimated factor shares are not statistically’significant,
ata = 0.05 in the case of all samples except fertilizer share
'énd capital share under local wheat. With these two exceptions,
there is a close agreement between what we would have theoreti-
caily expected the distribution of the product to be under the
Cobb-Douglas production formula and that which actuall o¢---—--
The degree of agreement seems to suggest that mesults .
conform to what normally would be expected to occur under

marginal productivity theory.
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]ThEQtfyalues représented in Table V.2 suggest that, ‘
e§c?pt:in”the case of Yertilizer and capital under old technology,
that:te}cannet reject the null‘hypothesis tﬁatvthe actual facter
_qhares are equal to estimated factor shares. In the case of
fentilxzer, the observed t-value of -2.82 exceQés the critical
t-value of 2.576 at & = 0.005; for capital, the observed t-value
df 1.86 exceeds the critical t-value of 1.645 at e = 0,05, This
%m?;ies that fertilizer appears to be underpaid and capital overpaid
relatlve to their observed prices in comparison with theip |
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
fettilizer and more capital than the quantities warranted by the
principle of equating marginal value product (MVP) of these
'inpéts to their respective prices.

N Actual factor shares are expected to equal the estimated
'factor shares if resources are optimally allocated given observed
prices. Vhy are the allocative errors by local wheat farmers
whereas the Mexican wheat farmars do not seem to have made this

8/

erron,” One would expect the absence of allocative errors in the

E VR

;2/ ' Local wheat ~ Mexican whee._
Marginal value product of
o fertilizer (MVPg) b4y 1.2y
“ Price of fertilizr per o :
; kilogram (Pg) . 0.84 0.8Y4
Marginal value product of R S
capital (MVPy) 0.27 1.4

Price of capital (Pg) 1.42 1.43



case of local wheat because farmers have been growing this varlety
for qpite some time. A priori we would expect (MVPf - Pf)Lw
CMvey - Pl and (MVPy - Bi)pyi < IVP = By This is'to
| mean that we expect MVPgn P¢ and MVPj 2 Py under old technalogy,
and HVPf # Pf and MVPy # Pk under new technoiogy. Hieberf (1974)
. pﬁfsuasively argues that when a par-tic-'ular innovation such aé
fertilizer and new seeds are to be adopted, decision makers may
perceive the production function parameters of the new technolog§
as early as the old technology. As the innovation process procedes,
with additional information and expefience decision makers more.
clearly perceive the production characteristics of the new
technology and hence decrease the possibility o£:' making allocative
mistakes. So a prior-i. allocative errors ar'e a possibility
in the case of Mexican wheat farmers whereas it is épparantly
surprising to observe this in the case of local wheat farmers,

One could come out with three possible reasons for
MVP£ < Pg in the case of old technology. First., this allocative
error is likely to happen if the local wheat farmers have less
educational background than the Mexican wheat farmers. g/_ But
‘in the absence of adequate data on difference in educational

level, nothing definite can be said on this.. .Second, the allocative

8/ 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,
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‘errors could happen if. opportwity.cost of fertilizer confronting
local wheat farmers 1is higher 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

is riskier than growing Mégican wheat.ég/ 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 durgng the
year 1967/63. Why could this 'availability hypothesis" bhe relevant
in the case of local wheat farmers alone? This could follow poésibly
,iiom‘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 MVPf > Py under old technology. In the case
of capital MVPy is less thaﬂ Px. This kind of allocation error
is possible if educational level of local wheat. farmers is low,
But, as we discussed already, we dont have adequate data to test
this hypothesis. The "differential opportunity cost" hypothesis
and "differential risk hypothesis" dént seem to be relevant for

this case. So we do not have adequate explanation for this kind

of allocative error at this stage.

19/ see Hiebert (1974) on allocative errors caused by risk
preferring, risk neutral and risk averting attitudes of
decision-makers. ’
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“The second question which we want to examine has to
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‘(a)

'of Tables V.4 and V.5 indicate the direction and magnitude of "

change in technology-determined factor share. In broad terms’

two cbservations may be made on these results:

First, the relative share of fertilizer (F) and

capital (K) has increased, but the rate of increase in cnpitél”

~ ghare is substantial; this follows from the difference in

outpui elasticity of capital under the two production technologies.
Since the "slope dummy variable" for capital (K) is significant
(Tables III.2 and 1II,3, Chapter III) the rate of increase in
share of capitul in significant as well. The "slope dummy
variable" for fertilizer (Pi is not significant (Tables III.2

and III.3, Chapter III) at any reasonable level. So the magnitude
8f'change in factor share in the case of fertilizer (F) between old

and new production technologies is not statistically significant,
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Table V.4:  Change in Factor ‘Share, Per Farm Analysis‘j
| .Factor of S e YA 2L L LV
- Sample “Production ‘Di'=
| (811w
s (1) (2). (3)*
1967/68(LW) Land -0,215
~ versus Labor . -0.587
1967/68(HK) Fertilizer 40,194
: Capital +4.033
1967/68(Li1) Land -0,132
versus Labor -0.418
1967/68- "Pertilizer +0,075
1968/69(MH) Capital +2,750

Notes: * Expression in column (3) is a generalized version of
expression (9), where y = S3 + S, + Sg + Sy.

~ Parametric values for computing column (3) are drawn
from Table V.2,

Taﬁle V.5: Change in Factor Share, Per Acre Analysis
Sample Factor of (Sgdwy - (S1)1y
- Production Di= Gy

(1) , (2) (3)%
1967/68(LW) Land ~0.093
versus Labor -0.699
1967/68(MH ) Fertilizer 40,011
~ Capital +3,104
11967/68(LH) Land -0.062
' versus ‘ * Labox -0,523
1967/68- Fertilizep +0,154
1968/69(MW) Capital +2.060
Notes: *Expression in clumn (3) is a generalized version of .

expression (8). Parametric values for computing
column (3) are drawn from Table V.3,



Sécdnd, the share of land. and labor has »dedre\{aéed;‘f;};
ﬁﬁ%?%hé rafe of decrease isvgreatéf for labor. Since the
"sicpe dﬁmmy variables" for land (L) and labor (N) are ﬂot
statistically significant (Tables III.2 and III.3, Chaptef iII)
at any reasonable level, the rates of. decrease shownincolumh
(3) of Tables V.4 and V.5 are'not.éfétistically sighifiéaﬁfff

Thus the major conclusion that follows from the apovg
discussion is that with respect to functional income'disfribution
new production technology ia wheat production is néutrql
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 sharé. The discussion
has centered around relative position of a factor in terms of
the fraction acrrued to it under two productioﬁ technologies.
’Wé recall from the previous section that the functional incoﬁe
distribution effects of new tcchnology on land, labor and
fertilizer are neutral, but biased in favor of capital. But
determining 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 concernmed with this issue. Since we have homogeneity withb

respect to both the region and the production year, the absolut


http:decreased;.ii

;éhangég;¢~adtua;»factopAshare is discussed‘with;pep-acreﬂ
resultsgfrom'Sample’I. Results are shown in Table V.6, .

| . It can be scen in Table V.6 that all factors in
absolute {erms 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: Petcentage Change in Absolute Actual Factor Share,
_Per Acre Analysis, Sample I, 1967/68

T Absolute Share Absolute Share Percentage
Factor of From an Acre from an Acre of Change in
Production of Wheat Vheat Absolute

Total Revenue(L¥W)* 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 'iég'
capital  161.81 204,45 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 .the
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

ia a basic ingredient of new production technology. The small



percentage gain to’capital follcws 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 functi§nal income
:&igtribution may be cited. First, the functional income
distribution effects of new technology on land, labor, and
fertilizer are approximately neutral, 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 productién stand to

galn, but percentage gains to.land and fertilizer seem to be
11/

greater than the gains to labor and capital.
Before outiining the implications suggested by the above

ﬁesults 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

6rder. Ojha and Bhatt (1971) reported that overall income

distribution in India is not merely highly skewed at a point

in time, but it became slightly more unequal in 1961/64

11/ :

T 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(1wW),
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‘than it'was in '1953/55.'—'1"2‘ National Sample Survéy (NSS)

estimates (in Fourth Five Year Plan) for the year 1967/€

{géiéétéd tﬁat thé'share of the bottom 10 percent bfffhér
ﬁdpulafion in rural areas was 4 percent of total conéumbéion
vﬁhefeés th2 share of top lO'percent.was about 23 percent.

This indicated the relative position of a spending unit in the
strucéure of the consumption hiergrchy. Relative poverty is
fbﬁmd 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 vrelative incidence

of poverty over a period of time. Table V.7 presents a
summary of vapious 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-
tional deficicncy. The percentage of deficiency to the
estimated nom represents index of poverty. In Bardhan's
studie(1570a, 1970b, 1973), those whose consumption expenditure
is less than Rs 15 per month in 1960/61 prices come under the
category of below poverty line. Bardham employed  separate
perice deflators for the poorer sections of the rural population
than the remainder of rural population to pet real levels of
consumption expenditures in 1967/58. 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 coustraints.
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able y,ya§ Percentage of the Rural Population Below the ...y
"~ -Poverty Line

g%ﬁ&yb %_ o Percentage of Raral Populatibﬂ
g e C with Absolute level of Poverty.

1 'ojﬁa (1970)

: Ngi( o

ALL India: |
1960/62 051,20 |
1967/68 70.00

5 Bardhan (1970a, 1970b, 1973)

ALL India:
1960/61 138,00

- 1%67/68 53,00

" punjab: U
1960761 - 13,00

1967/68 82.00
3 Rdjaraman (1974) |
Punjab:

. 1960761, e . 18.31
1970/71 N - 22,51 -
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fthis ayudy togcomment on methodologies used 'by - these researchers
?However, one, thing ‘that is: unmistakenly clear is anincrease in
lythe percentage of rural population below whatever poverty

‘1ine is chosen. The Dandekar-Rath study -(1971a) has also -
‘féund the same trend. It is more disturbing to observe thi
trend in Punjab which is séidkto be a "show case" .of the

Green Revolution,

From an examination of the above evidence on some
dimensions of personal income aistribution in India as a whole
and Punjab in particulaf, let us turn to discuss the
péggénalbincome distribution implications suggested by the

“empirical results summarized earlier. There are two paths
thrdugh thch'technical change affects personal income
disfribution. First, the nature of technical change, that is,

) heufral or non-neutral; second, the distribution of productive

assets-especially land in our case. |
From our earlier discussion we know that the functibnal
income distribution effects of technical change in wheat
prbduction are neutral, even though the percentage of gain in
acfuél 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/
following expression”  Ffrom Meade (1964 Appendix II) to

indicate possible personal income distribution problenaz"‘
2 = [WN] + [VU] . (10
where:
‘% = farm family income;
N = number of hours worked;:
= wage rate per hour;

U s amount on non-human prbperty;‘basically~lhhd’in our
case;

Vv= the rate of return §n probertyl(Land).

It is obvious‘frém equation (10) th&t a farm family
1ncdﬁé iélthe sum of the’payments fo factoré of prbduction |
owned by it, This framework allows us to analyse farm family
income inequality as a function of the distribufion of factors
6f production and tﬁe rates of return to them. The distribution
of labor earnings (WN) will be influenced significantly
| by the distribution of wérking 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

Pl 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.
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~ farm lobor family income from labor alone. = ‘An increase

in N alcne 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
compared to local wheat farms. ﬁowever two imprGtant
developments may work against the farm labor families. First,
higher wage rate may lead to substitution of family labor

for hired labor by land owing farm families.lg/ Seconl, as
reported by Billings (1970), farmers in the Punjab have
responded to laber shortage during peak seasons by substituting
a more capital-intensive technology for certain critical

17/
operations.  We have indicated some broad developments which

15/ 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 plouing, from Rs 3.73 to Rs 6.47 for
sowing, and from Rs 3.94 to Rs 7.71 for harvesting during the
years 1966 and 1970 respectively. Evidences on gains in real
wages are conflicting. See Bardhan (1970b) and Herdt and
16/ Baker (1972) on this issue.
v See Kahlon (1971) on this development.

/ The study of Billings suggested that the introduction of
mechanical harvesting would eventually result in a net
decrease of about 90 million man days of employment in Punjab.
Sidhu (1972) provided empirical evidence on the fact that
there are no differences in ower-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.




~174-

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
new production technology might operate on the expression (16)
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

o dnw places a premium on leisure and social status, given U,

an increase in W, N and V would increase family income. We

are barticulavly interested in V and U because assets (particularly
land) play an important role in agriculture.jiy 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 cultivéted

~ holdings of 20 acres or more and contrblled over 40 percent of
the area. The situation.after 1966, when the oid Punjab was
divided into two states of Punjab and Haryana is less c:le::tr'.-:Ez

Given the skewed distribution of land ownership, and given the

" 'increase in V by 49 percent (Table V.6), expression (10) implies

Efy The distribution of asset as a prime determination of income

distribution in developing countries is emphasized by
Ahluwalia and Chenery (in Cline 1975, p. 373).

19

2 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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5$§§;§§V%3§3;D#gtribution of Cultivators and Cultivated Areas
' ' in 01d Punjab State by Size of Operational Holdings,

5 '-1961"'62
o . Acres :
Item less than  5,00-3,90  10.00-19,90 20.00 and
‘Percentage of | E |
rural households 37.% 24.8 23,8 13.4
in the group
sampled

Percentage of ol pliore B R S
the cultivated . 7.4 18.8 33.0 40,7
area for the

"~ group sampled

Source: Frankel (1973,

tﬁé changing income distribution in favor of land-~ownirg families.
With a considerable increase in V the gain in income increases
lineerly with the amount’of land owned. In the absence of
offsetting fiscal measures, income distribution problems would

20/

come to surface.

22/ Although the Committee mn Taxation of Agricultural Wealth
and Income (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 revenve, surcharges and
special charges, cesses on commercial crops etc amounted
to less than 0.4 percent of the net domestic product
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 impogtant in contributing to the rise in farm
land prices in the v.5.~ 1In Punjab, the increased land
productivity resulting from the introduction of new technology
‘has resulted in increased values at almost no cost to the

2 .
owner,

The preceding discussion of the implications of cha#ée
4n 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,
pP. 189) remarks that " ., . . Ricardo providef:l, 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."

2V p1s0 see Chryst (1965) and Floyd (1965) for interesting
" discussions of this issue. '

2 ,
29 See Frankel (1973) for detalls on this development,



,CHAPTER. VI
- SUMMARY. AND CONCLUSION.

Considerable growth in output per acre (aboﬁt‘uo pebéent)
accompanied the introduction of new production technology into
fké Punjab wheat economy during 1967/68. This has given rise
to‘iany interesting issues in the fields of growth, employment
and incpme distribution. Questions arise with respect to the
sources of this growth in output and the impact of this new
téchnoiogy on employment and income distribution.

The main objective of thiss&udy vas a quantitative
assessment of some of these issues using farn-level primary
:Lcross section data from the Indian Punjab for the years 1967/68
%o 1970/71. Specifically, the major objectives were: (1) to
deéompose total difference in per acre output between farms
employing new technology and those employing old into two
broad forces, namely technological change and change in the volume
of (complementafy) inputs, (2) to determine employment
elasticities with respect tc certain key economic variables,
“’(3) to decompose total dlfference in per acre employment with
the introduction of Mexican wheat into relevant forces -
;Htechnical change, output change, change in input prices and
input quantities, and (4) to determine the direction and
megnitude of changes ih functional income distribution,

For empirical implementation of the objectives listéd

above, interrelatec economic models based on the neoclassical
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thaory of production and distribution were used. Questions of
sowrces of output growth were approached with the help of
aggregate (Cobb-Douglas) production functions. A derived labor
deﬁand 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 for datermining employment elasticities
with respect to normalized wage rate and quantities of land,
fertilizer and capital, and for decomposing total change in -
per acre employment.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 qirection 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, coliected by the Directorate of Economics
and Statistics, Hinistry 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) fop

the year 1970/71 provide the data basis for this study.



Sampling methodology used in collecting these data,
and definition and measurement of variables used in empinrical

estimation are discussed in Chapter II.

Empirical Findings and their Policy Implications

Empirical findings &nd their policy implications are

discussed under three headings:

“ifi Sources of output growth:

The need for efforts to increase the rate of growth of
farn output in India reguires hardly any emphzsis. A 40 percent
“increase in per acre output on a Mexican wheat farm compared
to a locai wheat farm has added to the urgency of investigating
the sources of this phenomenal growth. The main raticnale
for this kind of investigation iz to gain an increased understand-
ing of sources of cutput 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 agricultura) economy.‘ For any production
functicn, the total chaﬁge 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 smaller quantities of

inputs. So technical change affe ". the sources of output



~180~

‘ Mth by‘ahlft.{,ng the parameters A and 8i's. In Chapter III,
measured output growth of about 40 percent per acre with the
introduction of Mexican wheat is decomposed 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 percant to inareased inputs, the major contribution (15 percent)
being made by fertilizer. |
A quantitative assessment of the two sources of output
‘gpowth has two important implications for development poliqy:‘
(1) The measured contribution of technology to output
growth obviously demonstrates the importance of technical change
as an engine of growth, Schuliz (1964) suggested that
eignificant growth in productivity cannot be bmught about by
the reallocation of resourues in traditional agricultural
system. Significant opportunities for growth become available
only through changes in tachnology - newyhusbandry techniques,
better seed varieties, more efficient sources of power, and
cheaper_plant nutrients. Investments in agricultural research,
leading to tha supply of new inputs,‘and in the education of
the farm people who are to use the new Inputs provide the basesl
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 iﬁtroducxion onf Mexican
vheat varieties suggests the desirazbility of improving production
technologles of other crops and livestock. A continuous stream

of new knowledge represents a necessary codition for modern
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agricultural development. How to insure a dialectic inter-
Iiction, 8s suggested by the Hayami-Ruttan (1971) model of
agricultural deveiopment, among farmers, research scientists,
and research administrators is one of the challenging tasks
for development planners in India.

(2) The 25 percent cortribution of increased inputs
to total change in output indicates a structural transformation
in the form of increased dependence of agriculture on off favﬁ
inéuts. This has impliations not only for the need fopr
inputs, but also for the growth promoting interactions betw#en
agricultural and industpial development. This sectoral
interaction is one of the necessary conditions for general

economic growth,

2. Employment Elasticities and Sources of Growth in ECmployment:
Development economists have begun to emphasize equity
as one of the primary go?ls of economic development and have
focussed on employment creation as a major means to achieving
increased equity. Given the labop 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 eﬁployment opportwities
within the agricultural sector. The new technolog, in wheat
pProduction is said to have the power of being a catalyst fop
employment creation. The employment dimensions of new taechnology
are many. The present study is concerned with one dimension of

totul direct employment, that is, employment effects per growing
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season of wheat. To be efffective, any employment policy must
have measures of the forcas affecting employment. There is
need for quantifying the various forces affecting cmployment

and to know how much we must change controllable variables
which we can control in order to effectuate the required changes
in employment. In Chapter IV, using the constrained cost
minimization model and the UOP Profit Functional model, we

have derived labor demand functions to estimate empioyment
elasticities and formulated decomposition models to invesgigate
the sources of measured growth in employment.

There are two major conclusions that emerge from
employment elasticity arnd decomposition 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 employment response to a given
change in these variables will be the san§ on boili 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 cn a local wheat farm. This difference is
statistically signifisant, 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
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local wheat farm. We want to qualify this conclusion, because
our measure of capital includes expenditure on seads,
iszfigation,' 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 differant than on
a local wheat farm. Perhaps this disaggregate analysis would
Provide a better empirical basis for using price of capital
as an instrumental variable for influencing employment creation.
(2) on the problem of ducomposing the total observed
change in labor input per acve into the separats contributions
of constituent forces, ve did not meet with much success
with one decomposition formulation (equation (14)). Howaver,
another decomposition analysis with equation (u46) assuming
Hicks-neutral technical change yiclded satisfactory results.
In the constrained cost m:!.nimization framework, 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 i3 more than offset
by a 49.5 percent positive employment effect of output change
and 4.5 percent positive employmeat effects of input price
differences. Obviously, output change is more important in
generating employment, In this framework, the forces affecting
employment are technological progress, varifations in output, and

relative factor prices. Of these, perhaps output is the variable
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QST Buscep'CJ.D.Le»tD 1GQATIOL (BT VarIous, lpo.u.cy .n.eve.:.s.w Hence,

: in order to achieve* ;given employment target, ;We, require a

; measure of >1:he effect on employment of output hold:mg ”

;;:o ,err,forces constant. The measure, obtainedggoes a long
f at least J'.n prmcnple - towarrls\ J'.mprovmg the treatment
of th:.s policy problem. We do recogm.ze that adverse weather
effects on. output could. affect ettployment. 'l‘h:l.s was ev1den+
from decomposrt:.on analye:.s mth the results of Sample II.
;In th:.s sense, output Ain. ag-m.culture unl:Lke :.ndustry :Ls n01
“easJ.ly susceptible to control. ..So use, of output as an
.instrumental varlable to influence employment 1s also subject
to-limitat:.on.' Yet it is J.ncontrovert:.ble that for any. n.mtial
tep in th:.s d:.rectz.on, -we must obtam measurements of the
, relevant forces affectmg enmployment. - That is’ precieely;:tl
attempt made -in;this: study. :
Emplcyment .elasticity.and:decomposition -analyses
| ;l;ar‘ae;ed;;_ong;the “UOP profit function model yielded two .major
| results o
(1) Employment elaeticity with: respect to normallzed i
'f'wagetrate (Wl), 1and (L) and fertilizer (P) between old and
new production technoloy may be concluded to be not sigmf:.cantly
rdifferent. The reason is that: these employment elast:.cities
arer derived from output elasticity of labor (8,), land (Bl) and
;;fertillzer (B£). Since we cannot reject the null. ~hypothes:.s.
,that these output elasticines are the same between old and new

production technolog, we tend to conclude that employment .
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’;v'jelastici‘tieSsare the same.: A4S0k euployment responser*a't: the
:_marglngtd var:.atmns An: wl’ L: and F may be concluded to be"
-approximately the same on. both MexJ.can and local wheat :farm
*'Bmployment elastlclty wn.th irespect . to capltal was estlmated
tc be higher under new: technology, ‘because’ output elast:.city
of cap:.tal J.S signifn.cantly h:Lgher under new.: technology.
Margmal employment reSponse -tc one. percent change in capital ,
i.s 0 36 percent on.a Mexican wheat farm, only* 0 08 percent on
af local wheat farm Our capi'tal variable includes many items of
"apita.l expenditures such as. seeds 1rr1gation, deprecn.atlon
andminterest, d bullock labor service:. Which of these cap:.tal
'xpendltxmes J.ncreases marglnal pProduct of labor,: sh:.ft.mg the
demand for -labor -more uncbr new technology than under 01d? This
dlsaggregated analysis would possibly provide a better
| empirical bas:.s for usmg capJ.'tal expendlture as an instrumental |
var:.able for 1nf1uenc1ng employmmt. A

(2) Due to hlgh standard error of Bn of new technologr,

,‘. = O , PRI N S

--our decompos Lthl analys:.s w:Lth equat:.on (45) did not y:Leld

- ‘f
O EE s

,'satlsfactor'y results, the es‘umated ( -37 l percent) change J‘.n
employment was substantlally dlfferent from the actual (37 9
percent) The decomposn.tlon ana].ys:.s w1th equa.tlon (47) tha1
v.;.mposed chks—neut*al technlcal change, yz.elded satlsfactorv
results. Of the 37 9 percent total change in employment,
technlcal change alone by shlftlng the profit function, makes

a posn.t:we contribution to employment of 20.2 percent. The

negative employment effect (14.5 pewcent) of normalized wage
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B ratewclearly indicates:the ‘positive. role ofu output price in

i creatz.ng employment.‘ Attempts .to keep output pra.ce below

because a J.ow output prlce, ‘given: the money wage rate, means*.

af higher normal:.zed wage rate to. ‘farmers 1ead.1.ng to: decreased.’
b.jemployment. i So the present study suggests the use of

'output price: as {@an J.nstrumental var:.able for- creat.l.on of
employment. i The positlve contr:.bution of complementary :anuis
alone to total ichange :in employment .comes to: about 49 3 “percent

Thls suggests the- need for efforts to m\.rease the production

\»

;and dlstrnbut:.on of complementary 1nputs such as fertilizer,

,rlrmigatlon‘,’»pest:.cldes y seeds and ffarm' implements . Thes

=complementazy, inputs have made positive contributionito

employment via shifting-the marginal product of labor. *:

‘8. ‘Functional Income Distr:!.butlon Effects~

The effect of new technologsr on‘ income dn.str:.butlon
:ls a w.tdel; debated quest:lon ‘»Tl;us‘ :ls ‘iespec-ially true in a
country\ lJ.ke lndia where .'mcomeland consumptlon “lnequalltiesw
are“pre‘sent.: Techn:Lcal cbabﬁgjewgives ‘rise to different

ru“ ': PRI

dJ.mens.'Lons of 1ncome dJ.strJ.but:Lon problems such as regional,

,c’vj

farm-size groups and functional. The present study is

concerned with an evaluation of effects of technical change

-

on functional income d:.str:.buta.on. An analys:.s of results

ceber i
r ¥ "'r‘”"\ I«‘ s , oy wilia R ,»,!

from Tables 'R and V 5 suggests that with respect to functional

!

income dxstributa.on, new technology is neutral toward land,
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é,o

1abor and fertilizer, bu B“‘“ favor of capital. 'l'his‘“

result follows from Tahles III 2 and III 3 where the output

ela“sticities of land, labor and fertilizer are not
statistically different betWeen old and new technology, whereas.

the output elasticity of capnal under new technology 1s higiheri

st
.....

and the d:.fference is statistically s:.gnificant. ; It is shown -

under new technology.

Let us assume as under Hicks-neutral technical change
that the effects of niew technology on J.ncome 1mputed to ‘
various facto;.s of production are neutral. So the absolute

income imputed to all factors rises in the same proportion

t

:'iand;i‘the relative income shares remain unaltered. "' Even
then, income distr:.bution problems could arise from the unequal 'A
‘distribution of productive assets especlally land. " Given the
49 percent increase -in 1ncome to 1and (Table V.G) ‘and the skewed
distribution of land ownership pattern (Table V 8), personal
income distribution is bomd to become more unequal. Now the 7
major challenge confronting policy makers is how to des.ign f:Lscal
measures (short run policy measures) to mobilize part of this
increased ‘income for meeting the goals of more equal income
aistribution.

‘Before appropriate fiscal measures can be des.igﬁedfaﬁ'
empirical basis has to be deueloped. In the case"‘of fiscal
measures, there are at least five i.ssues that have toﬁbe‘

examined. First. how inadequately is the agricultural sector



taxed at present? Second can the agricultural sector bear{» -

"a ' :Ltional ax burden w1thout suffering seriously J.n terms 'of

'_r_hasmthe taxable capacity of the agricultural sector been

;Jincreased by the _pew. technology? Fourth wh:.ch classes of

: farmers have the additional taxable capacity? Pifth how is -

= Mfl«

‘the surplus 1ikely to be used 1f left untaxed that is, 1s :Lt '.
'likely to flow into sav:m@ or productive investment Wl‘thln y
,agriculture? We don't deny the need for progressa.ve tax policy

‘as a tool for redistribution‘..

i 3
. “x,

g W [

But that policy has to be
formulated and implemented after developing a valid empirical
bas&.%.-e

One of the aspects which are relevant :m the context of

personal income distribution J.mplications of technical change

-..c’

is the policy of subsidizing farm capital equipment Distortions

Sl T

in capital market may encourage the use of factor proportions

‘x,_-

which are not J.n line w:.th the factor endowments of the country. -
Th:.s is likely to happen on large and tractor-operated farms Not |
only gains of subs:.d:.es are primarily accrued to these farms, :

but al.so labor is 11kely to be displaced through capital

l)"

substitution. An investigation J.nto the persona.‘l :anome

distribution effects of factor market distortions is a potential
'areay for research
According to the neoclass:.cal view each indi-vidual

has at his disposal an endowment of faotors, and his income is |
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v et

nerel'ethewsum of the multlpllcatlon of these factors by thelr

(“‘i,/f-a‘

glnal products.w One approach to equalxzmng 1ncome dlstrlbutlon

B ).U

13 precisely tc accept the neoolasslcal presumptlon that factor

-------

1/

factors to the 1mpoverished classes. With the 1ntroductlon ©of.
new technology, per acre output of wheat 1ncreased by 40 percent
The increased product1v1ty oftland,1s‘equlyalent‘to;an_lncreasgz
;1n the effectlve supply of land. This'seems to. Pr??iéeiﬁyﬁgséfi
for redlstributlon of 1and as a pollcy nmeasure., . Here again,

as 1n the case:of flscal measures, careful analys;s has to. be
undertaken before 1mp1ement1ng the measure.v In-formulatlng,land
’redlstrlbut;on pollcy, atpleast,two'lssues have‘to be’ examined, -
first is their enough land to'redi tribute so that every one

may employ hlmself and hlS famlly on hlS own land ‘earn even a ;
nunlmum des1rable llv_ng? Who should get the surplus land taken
o-er : from the present big 1andowners? Should it go to landless
laborers or to the present farmers with very small sized holdings?
Second is there a trad°-off between growth and improved
distrlbutlon? In. other words, are small farms as efflclent as
large farms 86 that productlve efficiency is not affected? Would;‘
‘a redlstrlbution of 1and 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

1/ Meade (1964) in addition to other things, proposes equalization
of property ownership as a step toward equallzation of income.
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in‘savings ‘and’ investment? If We are interested in the questlon
ﬁof what'would happen to agrioultural output and empJoyment under
.a Tew. agrarlan ‘structire with land celllngs and’ redlst
we should ideally consider the problem in a general equ111br1um
framenork 2

Once a new agrarian structure has been created w1th

......

: for ‘small’ ‘Farms to fhnctlon effectlvely.. Policy'makers w1ll have
ito work purposefnlly through research and extens;on to pll.ace;"'(1
land-sav1ng technology in the hands of small cultlvators.‘ ﬁéﬁ”*
can we ensure the dialectlc 1nteractlon, 1mp11ed in the Hajani-
Ruttan “induced innovation model (1971), among farmers, and reseerch
sclentlsts and admlnlstrators? Mere transfer of 1and from 1arge
owners to small owners or to ‘landless laborers w1thout examlnlng

‘these issues will threaten the growth of rural economy withont

whichlSOoial justice is a mere notion with no operational content.

2 For more details on these issues see Bhagwati;andéchakrévgrthy:
: “'*(1969), Rao' (1972b) and Sinha (l973).
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"APPENDIX I -

1. -Table '-I.’.‘A. Sample Geometric Mean Levels of Per Acre

Output and Inputs g

Sample

() @@ TR

Output - " 8,24 | 12.32  10.30
Labor 161.00 222,00 213,00
1reg¢;i1zgf 13.50 69.50 60.00
Ifcggigaid' | 166,00 224,00 219.00

2. Decomposition of Total Difference in Output Between New
Production Technology of 1367/68 and 1970771,

In Chapter III, we.decomposed the total difference
in per acre output between old and new production technoiogy
. into some constituent forces. In this section., our concern
}is with the decomposition of peo acre output between new
Eproduction 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 over a period ot four |
Ayears under newy prodnction technology. Perhaps the period |
of four years is not adeQuate .fo:o underrtaking th.ts kind of
study. The results from this andlysis may have to be treated
as illustrative. Production function estimates are presented
in TablesI.B and I.C. Results on decompositi.on analyais are -

shown in Table I.D.
-191-
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Befbre dlscu381ng the results in Table I E., two
;prellminary observatlons should be made.r,Flrst, the data bqse
rfbr 1967/68(MW) is Ferozepur district of Punjab Whlch is
homogeneous.zn‘teums of .wheat g?°ﬁlnga9°nﬁit%°n5pthﬁrgasgthQ
jqegewbaseiforwlszO(gl(Mw)nis ubgle_of\?unjab state,in‘which)w
case ;he assumptlon of homogeneous growing conditlons for
;wheat is quest;onable. . Second, we recall from Chapter,II,that
“outngQKX)_and‘;abor:(N) are measured in physical units, whereas
'fér#il;zeuﬁ(§)4and,Cepital (K) are measured in vaiue (Rupee)
,terus.(gso'peraacre geometric mean levels of output and labor,
shown 1n Table I.E don't involve any measurement prohlems,
whereas the geometric mean levels of fertlllzer and capital
-inyolve measurement problems in viewfof‘the,fact that, these
two inputs are measured in value terms and‘price changes for.
various components of these two inputs between 1967/68 and |
1970(71”may‘distortbthe_comparison of these two input levels.
betWeentxhese two points of time. |

After these remarks let us examine results on

y | :
deeompoeltion analysxs in Table I.D.” Per acre wheat output.

”;é RO P

was' 13 percent lower in 1970/71 than in 1976/68. -Let. us
1nvest1gate the sources of this negatlve growth in output.

As shown in Table I. E changes in lnput 1evels do not seem to 

account for this because there was no considerable differencea

1/ Decomposition equation (30) of Chapter III is used for the:
purpose.
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infper“abre‘inpuf”levels‘offlabor““fértiliiér*aﬁd*eépifal
%BEfmeeﬁftHESeﬂfﬁoiperiods‘bfﬁtimE. Then the main source of” -
negatlve ‘growth would have come from technologlcal parameters.
It is’ 1nd1cated in: Table I D +hat Shlft in parameter (A),' _Wk
-technical change between two periods of tlme.' The’ maln

’polnt 1s that the downward Shlft in new productlon functlon or
ﬁ1970/71 was so Tow compaved to that of'1967/68 thatieven a
ednsidérable upward shist (Table I.D, Colum (2)) in slope
 ddafficlents Between tw periods of fime was not endugh to
offset the downward drift;fiTHis géémsﬂfa*be“the"maih Peas

for 13 percentllower output per acre in 1970/7i?fham‘iﬁ
1967/68'under new:proauction'technolcgy. Why thls ‘downward
drift in 1ntercept and upward shift 1n slope parameters?
Were'these due to weather, ‘inferior quallty of seeds and

land?" ‘Is this downward shift a temporary phenomenon or a
long-run technological regression in the production of

‘Mexican wheat? We don't elaim to have ansger for‘these
qaesfione.”'These guestions“are ﬁndqubtediy worth‘imvEStiéafiﬁg-

in future studies.
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- Table I,B:i Per Farm Production Function Estimates; 1970771(iw)

,fVariables;J " Elasticity of Output Stan. Erro 2
A (constant) 1 0.177 0.565
L ~ 0.305 ~ 0.099
N . 0.473 - .0.095.
F ~0.110 0.032
x ©0.173 0.072

Returns to scale-=-1,061"

M-thQszégl/ Regre331ons linear in natural logarithms are
EEEEE estimated by least squares. Dependent variable
.:-18 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
significant at a = 0.01 in the case of capital (K)
variable.

Table i;ci: Per Acre Production Function Bﬁtimat¢$5,19?°/7l(MW)

o - Yariables Elasticity of output
~A-(constant)~ © 0,264 -
L 0.293
N/Leﬂ 0.423"
F/L 0.123
7&/&; 0.161

1/" Regressnon linear in natural logarlthms are estimated
T Dby least squares restricting estimates to constant
return to scale. Output elasticity for land is:

By=(1 - B, - Bg + By) -



‘Table.I.C (contd )

J2/ Por labor (N/L) and fertilizer (F/L), I-values_‘
;“~hmare szgnxficant at & =.0.,005, for.capital. .
(K/L) it is sxgnlflcant at a= 0, 025.;;

»3/ Low §2 results from the ellmlnatlon of land
" as an explanatony varlable.

........

Table“I;D: - DecoqpoSLtlon Analysis of Total Difference in P
Per Acre Output Between New Productlon Technology
of 1967/68 and '1970/71.

- Source ' _ Percentage Attributab1£

(1) ‘ (2) "
i/ |
1,' Total différence in output - '#13;00
o 2/ T
2. Neutral ‘Technical change N ~160.90 °

:*SNon-neutral Technlcal change 'fluﬁiso‘

ﬁ:'fChange in 1npurs-

"a) Labor T3.30
_b) Fertilizer . . =0.30
V') capital S ) ©-0.4%0
‘Total:. .due to change in inputs..... ~¢+2.60;
irTotal - “413.40

{rioices:f 1/ Sample geometric mean levels of °i‘tP“t -‘"‘“al' |

g/ Parametric values for computation are drawn
from Tables III.10 and I.C.
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- Table LE:

e Item ....
(1),
[ AR

o
o

-1s6-

Sample Geometric' 'Mean‘Levels of Pér Acre Outpt

and Inputs

Samp.le

J“1957/59(ﬁw)“ R

(2)

1970¥7%QMW5
3

bﬁti:ut
Labor
E"efi*féilizer
e ﬁital'

ot Iy
f;;-_:‘f, 8 ,"3"3& :

12.32
69.50

224,00

10.80

240.00

' 67.70
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++APPENDIX, TT.

Table II.A: Sample Geometric Meun Levels of
: Employment. Output and ‘Input Prices

5'1967/69—1968/69
ree ”“f'j.' et (M“)

’y?'\éi ol

(1) Per acre labor employment o - o
- in hours .~Qf151,§!w”}f222‘ 213

(2) Per acre wheat output in ; .
quintals Co8.28 712,32 10.3(C

(3)wWage‘rate~per\hour~in% | )
. rupees ~0.69 - .0.68 70,72

(4) Per acre land rent 1n
rupees _ +183° 1400 173 -

(5) Fertilizer price per | L s
kilogram in rupees® 0.84. " 0.84 0.85

(6) Per hour bullock rental | e SR
~ value in rupees Sl.b420 o Lou3 - 1.46

#Source: - "Fertilizer Statistics" (1973, P.1-247)
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fTéBléJII§B. Sample Geometric Mean Levels of
Bmployment, Normalizd Wage Rate and Inputs}

'1967/68

Item ()

1967/68
()

.1957/sa-~.«.
11968/63 (W)

l-s)

i($) 5Per acre: 1abor employment

i
A

(z)ffNormallzed wage rate’per _
'igf'hour (in rupees) = 0.008

(Q)' Per acre use of fertillzer

ﬁi.’(ln rupees ) 13.5
(4) Cap1ta1 (in yupees) 16.6

_in howrs 161

a2
10.009

69.5 -

224

213
0.010°

so?d;

219




ﬁéﬁkéhe’et l: Decomposing Per Acre Change in Employment, Cost Minimization: H-amewor}
R 1967/68 (MW) versus 1967/68 (LW)¥

me (1) B e

1
Y §
L !
- -[(l-!-ln __>A8 +(1+1n--)AB +(1+1n——)AB ’1+ln--)ABk]
| . Pnﬁ Fa PR SPe £ oom g
:--[072-1-025-0001-043] -0539
8P 8P AP, '
[81 + (s,,-l) __.+ af_i;ak Bk X 1= o ous

% " Values of parameters A and f; ave from Table III.10;<:Values of N; Y and Pj are from
iy ﬂTable II A of this Appendix. -



Decomposing Per Are Change in Bmployment Cost Mlnimlzation Pramework

Worksheet 2:
: -1967/68 - 1968/63 (MW) versus-1967/68 (Lw)*

A, A= 9,323

*00z=

 B. (1) AY - 0.25¢
(2)_ Y)Y - 4 nog
) 48, 1 + In P ) ABl+ (1 + h,ﬁ), A8 (1+ In: P:)AB,(

(3) L(].-!-lnp -

[o sul + 0. 168 - 0,017 - 0, 2au]- -0.408

'] 0.145

- )
= -

() [B‘* a7 (Bn-l) Azn + Bg APF 4 g APy
Pl n Pf

33 R T

:IIT. 10, values ~of. N,,Y and P:.are. from Table;II.A oi

* Values of parameters"’A‘i‘aﬁa a%%a
this Appenchx



" Worksheet 3: Decomposing Fer fere Change.in Employment,,Cost,Minimization,Framework,
""1967/68 (MW) versus 1967/68- (LW)"

TN e

FOTN LR RTINS SN

(
e S R R i Pr
CORNF A e - . . )

EAe

oy

1
T .

% Values ‘of ﬁai-axhéfers A and Bi's are from chapter 1V, footnote 23,:: - o
The basic assumption underlying these parameters is that technical change is Hicks<neirtnal. "
- Values of N, Y and.Pj are from Table II.A of this Appendix. . :



. Worksheet 4: Decomposing Per Acre Change in Employment UOP Prof:.t Functa.on Model
R 1967/68 (MW) versus 1967/68 (LW)*

,;-2.[ ABn . +{lnA+lan
B “‘1%*1-1-‘5}%’, @z J

" ln K{ (l-Bn) o Bk = }] -0.572 -
il oo (1-8p)2 :

—~2k + ln P{(J’B )ABf * Bf AB ;
o AT (T

[(-(% 3 Aﬁ“l, < _0.13

(I-8n). F | T8 % ]zos0

* Values of parameters A and 51 are

from Table III.10; values of N, W, F and K ave fromTableII-B
of this Appendix, : ‘ T, 8xe from 1able IL.B



Decomposing Per Acre Change in Employment, UOP Profit Punctlon Model,

Worksheet 5:.
: 1967/68 - 1968/69 (MW) versus 1967/68 (LW)*

A. _A_N- m:" 0.323

=z

B. l. AA = -0.032
A

2

. +
;:lﬁ ;: (l-Bn)2

+ In K _{ (1-8p). 4By + By ABn}]= ~6.502
(1-8,)%

Wl
- 1) AW = ~0.279

[{{““

4. aF . Bk AK 1= 0.476
K

1-8,,) T~ (-Bp)

(l-Bn)

+1nP{(l'

Bn) AB_f + Bf ABn g

* Values of parameters A and B; are from Table III.10;
Table II.B of this Appendix.

values of N, Wl,

F and K are from

5% " -g0g=
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Horksh_eet 6:
o 1967/68 (MW) versus 1967/68 (LW)=*

[

loyment, UOP Profit Function Model,
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Ac L BN g 379
- N
g (TB;)A = 0.202
2 '[(1 A"l] =[f ~Bn Al _
2. 1~1) id = ( - ]) — | ~0.145
' SV (1-8p) W
. B ar , B a7 . 0.1493
(I-8p) F T8 X
* Values of parameters A and B; are from Chapter IV, :footnote 23. The basic assumption- underlying
these parameters is that technical change is Hicks-neutral. ' :

Values of N, W, F and K are fpom T

able II.B of this Appendix.



APPENDIX III

CHANGE IN FUNCTIONAL INCOME DISTRIBUTION UNDER NEW

PRODUQTION TECHNOLOGY BETWEEN 1967/68 - 1970/71 °

The éﬁrp;sé of this section is to indicate empirigally
what has happehed‘to functional income accrued to various%:
factors of produc%ion under new production technology ove£ 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 coﬁparison 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 lgﬁf/sa. So we cannot
reject the null hypothesis that 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 rejecf the-ﬂslifh;pothesis
that actual factor shares’ are equal to estimated shares at
= 0.05; but in the case of labor we re]ect the null

hypothe51s that actual share is equal to estlmated shares at

= 0.025. This implies that labor was underpald under new
production teshnolpgy 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 direcfion and magnitude of changes in factor shares as
revealed in production funstixn 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 supporéed by results shown in
Table III.E; the difference between output elasticity with
respect to labor between the years 1967/68(MW) and 1970/71(MW)
is significant at a = 0,005. Since we reject the null
hypothesis that (8;) ;970,71 = (63)1967/68’ the diffsrence in
.relative share of labor under new production technology of
1970/71 from that of 1967/68 is concluded as statistically

significant.



#Table III.A: Estimated and Actual Factor Shares, Per Farm Analysis

Factor o Estimated Factor Actual Fg?tor Degree to Which the Actual
* Sample Producti Sharel! ShareZ! ' Differs from the Estimated 3/
: in Terms of Standard Errors.~-
) (2 (@ Loy (5
1967/68(MW) Land 0.498 ‘ 0.570 +0.78 &
. Labor 0.088 0.153 - +0.70 . 3
Fertilizer 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 -2.06"
Fertilizr 0.104 0.098 -0.19
Capital 0.163 0.255 +1.28

Notes: 1. Colum (3) is computed by using the expression (7) of Chapter V. Parametric values
' are drawn from Tables III.9 and I.B. A S
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) I
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Second, the changes in shares of land, fertilizer
and capital are not statlstlcally significant at a = 0,005,
since the "slope dummy variables" as shown in Table III E
are not signlficant at o = 0.005. These are not even
significant at a = 9.05. So we tend to conciude.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 Shareg/ Share g/

(1) (2) (3) (u)
1967/69(MW) Land 0.568 0.570
Labor . 0.065 0.1583
Fertilizer 0.092 0.070
Capital 0.275 0.207
1870/71 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 drawmng
parametric values from Table III.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:_ Chéﬁge in Factor'Share, Per Farm Analysis

HODLO e T e B e s Teetn o T b
Sample Factor of - (Si/ )70 71;7,(31/ )
Production — / S 7/6.8»
. (Si/r)sz/se
oo S e USRS et
(1) (2) - gyn
1970/71(MwW) ... Land . . o =042y
versus Labopr +4.068
1967/68(MH) . . Fertilizer :.~0.063 -
‘ Capital 40.#?0

Note: # Expression in Column (3) is a generalized version of
expression (9) in Chapter V, where Y= Sy t 85,4+ 8¢t §.
Parametric values for computing column (3) are drawn
from Column (3) of Table III.A. ’ :

Table.III.D: Change in Factor Share, Per Acre Analysis

Sampl‘e‘f: Factor of ' (Si),70/7l - (Si)s']/se

' Production D; = )
1767/78

(1 (2) | (3)#
1970/71(1W) Land -0.482
versus Labor . +5.508
1967/768(MW) Fertilizep V +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 Columm (3) of Table III.B,



.. Table III,E:
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Function Estimates.

Testing the Hypothesis on Equality of Parameters
Between 1970/71 (MW) and 1967/68 (MW) Production

1/

Variables= OLS Coefficients Stan.Error 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
pvA2/ 1.432 0.854 1.677
v/ 0.226 0.148 1.523
pwn3/ ~0.279 0.143 -2.641
pve3/ 0.008 0.059 0.136
pvk3/ 0.149 0.130 1.143
R2 = 0.9y
Notes: 1. Dependent variable is the output cf wheat in
physical units,
2. DVA is the "intercept dummy variable" with a value

3.

of one for 1967/68 Mexican wheat, and zero for

1970/71 Mexican wheat.

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.



-211~

g M pivebtion’ A Hagnituds oF Clidtigs’ {n KbSGLite’ Fabtor” Stisbes
The preceding discussion has ‘cénteréd ‘around changes
in. factor shares as revealed by production function;escimates.
‘In"this section we are concerned with determining ﬁébceﬁéage‘
‘éhqnge in actual absolute share acruing to vﬁrious'fééfors,‘

ﬁpdgr new prodﬁéticn technology between 1967/68 and 1970/71.

Table III.F: Percentage Change in Absolute Factor Share, Per
o Acre Analysis, 1970/71(MW) versus 1967/68(MW)

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
sharec for each factor are obtained by multlplylng
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
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of treating it as a residual ‘cldimant. We have indicated what
has,happened to the patte:m of absolute factor shares betweenk
two pemods of ‘c:n.me, but explanation on why a new pattern

has emerged is far from complete.
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