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contract to be negotin.cd with vale University Economic Growth Center
for rescarch on “Toeohislogy, Policy and Rural Incomes. This research
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RESEARCH PROJECT PAPLR
January 25, 1978

A. Project Summarv

1. asic Idenzification and Fiscal Data

m

roject Titla: Technnlegy, ?olicy and Rural Income:

New Project

Contractor and Address: Econcmic Crowth Center
Yale Unlversicy = 27 1{llhouse Avenue
Mew Haven, Cuv.... 06520

Princiral Invescigator: Robert E. Evenson, Prof. of Fconomics, Yale University
in collaboration with Hans P, Binswanger, Assoclate,

Agriculcural Developmant Council

Duraticn: April 1, 1978 - March 31, 1980
Total Tstimated Cost 5228,820
Funding by Fiscal Current Year 4/1/78 =~ 9/30/78 $ 72,845
Yeuars: ‘ 10/1/78 - 9/30/79 §112,850
10/1/79 - 3/31/80 $ 43,125

A.L.D. Project Manager & [e; e M V7/T,7

Sponsoring Office: ZDJ‘Z?//;§7Cf/f;/.Zf'

2, Abstract

Available daita show that for much of Asia, the wage rates of rural laborers
and the ircomes of small farmers have not risen suHstantiallv and in many cases
have actually Lal;ew over the past two decades. A aumber of "green revoluticn
and "meczhanizaticn" studies based primarily on farm level data have failed to pro-
vide comnrehensive explanacion Dor cthe phenomena of worsening poverty. These studies
were not designed to censider o uncm"-wide market interactions in a co npratiensive
way. Thoycoen not systematically JHO” how such factors as lahecr force grow:h, inter-
regional and inter-secroral migration, machanization suhbsidies and dif
of technical change atffect rural m01011gqc and wage rates. This proj
to construcet and eptimate a Distributional Analysis model for rural incomes in India.
It will integrate farm level economic behavior with economy-wide mar'iet forces.

The Distributional model proposed is designed to simulate the market outcomes
which result f*om changes in a number of region2l and national policy imstruments
and related e gowoua forces, The market outceomes will be expressed in terms of
quantitics and prices ot nroducts produced and in terms of gquanticies of inputs
emploved and prices of Inputs. Because these market outcomes can be translated
inte {ncomes cf rural households given information on the ownership of agricultural
inputs, (chicflv labor, land and power) it will also be possible to simulate income
diszribucicnal outcemes in che model. The outcomes for landless laborers and small
farmers depcndcr: on labor income will be given particular attention.

The policy inscruments and exogenous forces to be considared in the analysis
include ropnlation ard labor force growth, intersectoral and {nterregional labor

o
¢}

force anipration, techaical cHan) employment schemes aund inrut subsidies on power,
terc{lizors ~nd <redit. Tha Jdistributional outcomes for all of India and its main
; £ policy ﬂixus will be analy:zed,

veplons ¢f g number o

This nroject is desimned prioarilv to complement the exilsting body of micro
EarmAvaxr'ud 23 Dy nroviding a3 broader eccnomic f[ramewourk in which to inter-
pret cheir resuilts.



B. Expanded Narrative Statement

1. General Backeround and Ratlonale

The income distribution problem in rural areas can be discussed in
terne of four Jdimensiens: 1) diasribution among ﬁarm gize classes, 2)
distriburicn between cultivacors and landless laborers, 1.e., according
to land aud asset ownership, 3) distribution between agricultural regions,

and 4) discribution becwean producers and consumars.

The first dimension, distribution among farm size classes, has
been extensively studicd in India and many other developing countries.

It has been iavestigated in bhoth statlec and dynamic situations. Theﬂgreen

pey
po

A - . .
revolutioa imnacts ea lncome by farm size in Iadia, in particular have been
the subjoct of a number of studies. Policy and institutional interventions

such as subsidized credit to small farmers and the Small and larginal Far-

mer Development Program in India have been designed in part on the basis

of these studies to improve market and technology access to small farmers;

The second dimension, distribution between cultivators and landless
laborers has also been subject to study. l!icro-level studies summarized by
Mellor (1976) and the macro-studies collected in Bardhan and Srinivasan
(1974) show that in regions where the green revolution had its major impact
on crop viclds, the demand for labor increased and real wages rose. They
also indicace, hovever, that landowmers benefitted from the green revolu-
tion to a much greater extent than did laborers. In addition, the macro
evidence cn agricultural wage rates for most cf India and other countriles
in South and Souclieast Asia reveals an alarming plcutre of constant or falling

real apricultural wage rates and a rapidly rising racio of landless agricul-
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tural workers to cultivators. The green revolution has produced déparcures
f£rcm this trend only in a few regions.

The Second Asian Agricultural Survey of the Asian Development Bank
an! the recent study of "Tood Needs of Develaping Countries" by the Iater-
national Feod Polizy Research Institute document the broad trends in popu-
lation grewth and feood supply for Asia. Demographlc projecticns iandicara
that populatioa pressure will continue t9 be maintained in the near future.
Larger numbers of households, including small tenant farmers will ba de=-
pendent on agricultural labor incores in the future. Agricultural employ-
ment and agricultural wage rates will become In-reasingly fmportant policy
issues. Maay of the micro studies of enployment and income distribution
between laborars and landowners have cconcentrated only on farm level ef=-

fects and have unot atvempted to 3tudy broader labor market forces such

as population growth, labor absorpticn in the nonagricultural sector etec

The third dimension, distribution between agricultural regions has
received less svstematic study, The pattern of technical change actually
realized and the government development programs have had differential
regional impacts. The rice and wheat varieties of the green -evolution
have outryielded traditiomal varieties only in a few favored regions. The
agricultural research programs of India and other ~ountries are not designed
to Produce an even flow of tachnonogy for all regions. Similarly the IADP
program in India and many othar rural development programs have been avail-
able only to certain favored regions. The cumulated effects over a period
of years of even small regional differences can be quite severe in terms

of employment and wages. The bulk of the ac justment to these

effects 1s borne by agricultural labor which faces the option of



acéepting low wages and employment rates or bearing migration and search
costs to find employment in another area.
The tendency for most micre studies to neglect the impacts of

new technology or of other programs cn farms not directly influenced by

the techuolugy or other programs has led to misinterpretacion of the evidence,
The impact of the green revolution, for example, was not confined to farms
adopting new tachnology. Because it increased supply it reduced market

prices (as long as aggregate demand was not perfectly elastic) and this

price change affected sroducers in the lagging reglons adversely. (Evenson 1973)

The fourth distributlonal dimension {5 between producers and con-
sumers of agricultural products. Farmers are both producers and consumers
but landless laborers and the urban population are not, The gain from
agricultural price reductions arising from agricultural growth depend.-on
the share of income spent on food and is highest for the poorest groups in
the population. This dimension of the problem has received some attention
(Hayami and Herdt 1976) but a full analysis of the distribu-
tional impact of the green revolution on consumers has not yet been made.

FAr many ressons the analysis of rural income distribution has relied
mainly on field level survevs such as the Indian Farm llanagement studies,
special "Green Revoluticn Surveys' and Special "Tractor Surveys.' The
USAID Poor Rural Households Project continues in this tradition.

Field level surveys are most powerful in documenting changes in the dis=-
tribution of income across farm size groups=--and to a lesser extent--be=-
tween landowrniers and laborers (often these surveys did not include lanélcss

labor households).



Comparlson of survey results over time and space has been a useful source
of insight into some of the income distributional impacts of technologies and
policies. The surveys have also been used to document and sometimes econo-
metrically escimate the chavacteristics of inprovation such as economies cof
scale or labor saving bilases (Yotopoulos and Lau (1973) Sidhu (1974), Bi:=
swanger (1973), Binswanger and Shetty (1977).) Finally they provide the
data required for econometric estimation of output supply and factor-demand
elasticities,

The main difficulty with field level surveys lies in relating their
findings to regicnal and economy wide phenomena which are largely exogen—
ous to the farm or region where the surveys are undertaken. For example,
1t is impossible to determine on the basis of surveys aionc to what cxtent
the apparently unfavorable distributional imnact of the green revolution on

laborers relative to landownars has been caused by the characteristics of
the technology, by general labor force growth, by interregional or inter-
sectoral migration, by subsidizatiou Of lahor displacing irnputs such as
tractors or by the rising agricultural output prices (resulting from rapid
population growth and price support or trade policies),

£
This project propnsed to capitalize on available field

level data and micro-evidence by using it for the basic documentation of
the distributional situation and as data input for econometriccaf};ihvg?;ir
The resulting estimates and facts will be used in a Distributional Policy

Analysis !Model which is designed to do what the farm level surveys caniot,

namely to link the returns to labor, land and capital at the farm level

and the income distribution at the reglonal level-ith regional and national
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developments such as population or labor force growth and other regional
or national nollcies. This project propbses to put special emphasis on
dl‘)u JJ' O'r

thepincome distribution problem associated with the landowner-laborer

dichotomy and on the regional income distribution problem.

2. Research Purcoses and Products

1. Purposes: This project has two related purposes:

> Pdﬂm&&v 5§ e \.onofwd)‘:/ o&//y
A. To construct and - estimate~—with Indian Data-%a Dis-

tributional Policy Analysis Model designed to sim late the offact of
macroeconcnic developments and policles on the quantities and prices of
commodities produced and .actors of production used in agriculture. The
markets considered will be:

Agricultural Output

Labor

Power (Bullocks and Tractors)
fertilizer (and related chemilcals)
Land

The model will be designed to be applied either to small regions or to ag-
gregates of several small reglions linked by national m;rkets for agricultural
output, wage labor, power and fertilizers.

B. To simulate the marxet outcomes (prices and quantities) cof selecved
exogenous changes in regional ana national policy instrumemts. These mar-
ket outcomes will then be related {via data on asset holdings and foad =
nonfood expenditures) to the income distribution impacts on various groups

, &ud, _
in socilety, iu particular, landless lahorers, small farmer54 large farmers,



The éxogenous changes and policies which will be specifically con-
sidercd are:

~ varlous forms of technical change

population growth aad demographic trends and policies

laboxy force growth

- employment zuarantee schemes and rural works

-input subsidies on power and fertilizer

Figure 1 provides a schematic summary of the Distributional Policy
Analysis Model. (Section 6 digcusses the model in detail.) The model
has five markets; an output market and four input markets (labor, land,
power, chemicals). Each market has a demand and a supply function. Each
demand and supply function has both endosenous (price) and exogenous or
shifter components.

The “core" of the policy model is the producer model
WA 4 ;
_ ;Ais an econometric model of producer be-~

havior and contains output supriy and factor demand Sunctions. It implicitly

also contains production and technology parcmeters. Fechnology parameters
viewed exofawnovs '
aras as shifters -.

The parareters of the cora component wodel will be estimated utilizing
Indian TFarm Management Studies farm level data and secondary District
Level Data.

The full policy medel contains, in addition to the core component,
output demand functions and factor supply functions. Each of these fuiactions
contains endogenous price components and exogenous shifter components.

With the exception of migration response estimates, the parameters of these
non-core components will not be estimated as part of this project. A num-

ber of studies are available (documented in section 6) from which the neces-



Figure 1:

Distribucional Policy Analysis Iodel:

Schenatic Representation
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Demand and Cutput Supply
(Exogenous)

Note:

Tha core wodel and underlined items will raceive parcicular emphasis in estimation and policy simulation



gsary estimates can be drawn, Estimatus of labor supplied via migration
response will be made in the proposed study.

The specification of the shifters is an important part of ch;g)“‘/y,;§
since it 1s through the shifters that policy impacts are incorporated into
the model. The output demand function is shifted by groweh in fhe consuming
population, by changes in the income of consumers and by international trade
changes. Labhor supply to agriculture {3 shifted by changes in the size of
the working population and by interregional and intersectoral migraticn
factors. Land supnly i3 shifted by {irrigation projects, land clearing pro-
jects and urban davelopment. The supply of power and chemicals is shifted
by c«redit subsidies, and by imporﬁ policies.

The estimated model will be extended beyond the simple form por-
trayed in TFigure 1 in two ways. The model will consider several agricul-
tural cutputs and will hé@e a multi-regional dimension (see section 6). The
model, when fully aestimated, 13 capable of showing the market outcomes in
terms of changes in output prices and quantity and in the quantities employed
and prices pald to each input of a given shift or of a set of simultancous
shifts., Simultaneous shifts in technologv, size of the population and size
of the labor force can be considered for example. Market outcomes in turn
can be translated into distributional effects given information oﬁ the weights

f food expenditures in consumers' budgets and on the distribution of ownership

of factors of preduction.

2. Products
This project will produce:

1. The estimated Distributional Policy Model for India
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2. Simulated market outcomes from a selected set of policy in-
fluenced shifts,

The model itself and its individual components can be considered to
be products: building the model and its blocks will result in new estinates
of parameters with policy interest such»as a complete set of output supply
and input demand elasticities for different regions. The estimated total
factor productivity series for Indian Districts will also be of particular
interest. Further, it can be used for the simulation of policy effects

other than those consideraed in this project.

The simulated market outcomes from a selected set of shifts will be
the principle product of the project., Particular emphasis will be put on
policies underlined in Figure i. The shifts to be snalyzed will be designed
to reflect real policy options.

This project will also support iwo satellite projects (discussed in
detail in Appendix D) applying the Distributional Model to the Philippines
and to Bangladesh.

The products of the project will be discussed in appropriate pub-

lications.

3. Relevance and Significance of Proposed Work to USAID

a. Significance. The importance of the welfare of the lowest income

households in the develcping countries 1s clearly established. USAID has, by
Congressionel mandata and by broadef international policy consensus, an ob=-
ligation to support development programs with the objective of improving

the welfare of the poorest households. Program impacts on factor and Hpuse-
hold {incomes are complex in nature. Our understanding of these impacts in
their entiretvy is far from complete. A number of uscful studies have been

made and in certala contexts they provide useful insights.
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The value of a more integrative approach toward understanding the
relationship between population and labor force growth, capital investment,
new technology, development policles and real incomes is perhaps higher
today than in the past. The Second Asian Agricultural survey c¢inducted
by the Asian Development Bark reported evidence that real wages for agri-
cultural workers have declined in large parts of Asia in recent years,
Studies of possible food grain Imports in Asian developing regiouns (IFPRI
and F;A.O.) also indicate growing food deficits and raise the real possibility
that the welfare of the poorest familiss in Asia will decline over the next
decade or two. The coming decades will be a period when sound knowledge
of the distributional impacts cof regional and national policies and pro-

jects will increase in value.

b. Side Effects of the Proposed Research

1. The research proposed does not have direct environmental effacts

2. The proposed research has implications for a range of USAID con=-
cerné. By its integrative natura it addresses questions relating to ef-
fects of population growth, s:atus of the poor and to a lesser extent the
role of women,

3. The proposed rasearch does not involve human exnarimentaticn.

A, Relation to Fxisting Ynowledge

Most of the current evidence on the impact of regiomal and national

economic and technology policies and trends on rural income distribution
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comes from cummarisow farm level surveys over time and space and partial
analysis of available wage rate statistics. (For reviews see Mellor 1976,
Bardhan and Sriaivasan 1974 and Binswaager and Ruttan, 1978, Chapter 13.)
This project will explore these links in a more systematic way and help
clarify many of the questions which cannot be answered from such compari-
sens alone. The projecc will draw on the farm level surveys in several
ways. It will use data from such surveys for the estimation of the model
core, 1t will test model predictions against the reality described in the
farm level surveys. It wiil disentangle the individual contributions of
simultaneous influences of several policies and trends on the micro
level changes in income distribution described in the farm level literature.
the .
As agalpst Mistributional questions across farm size classes emphasized
in that literazure, the.cur:enc project will put more emphasis ou labor
incomes, on razgional income distribtuion issues and on the effects of food
price changes on income distribution.

The project will also draw par;meter estimates from the Indian
literature nn determinants of consumer demand, labor supply, tractorization
and fertilizer use. The Indian plauning literature and its projections will
also be used as starting points for the policy simulation. (For details of
this literature see table 1 in section 6B.)

Finally the project will draw on and contribute to the following
bodies of literarure:

and
1. Productivity measurement /induced innovation literature.

2. Cost and Profits function literature.

3. The employment literature with particular reference to
mechanization.
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4. The Intersectoral literature

The two ressearchers on this project have contributed to all
four of these related bodles of literature and this project proposes an
extension and Integraticn of their prior work.

The productivity aeasurement and induced innovaticn literature has
been well zunmari:zed in a racent volume based on the Airlie House Conference
on International Agricultural Research (Arndt, Dalrymple ard Ruttan, eds.,
1976). Borth rescarchers participated in the conferencze and both
have a number of additional publications in this field (e.g., Evenson and
Kislev, 1975; Boyce and Evenson, 1%75; Binswanger and Ruttan, 1975). The
focus of the work of EvensoA;and Binswanger has been on the effect of
economic variables and policies on the rate and direction of technical change.
In the current project these rates and directious will be taken as given and
the focus is instead on the distributional consequences of technical change.

The development.of modern costs and profits function theory and the
eﬁpirical applications of the theory is important to the project. The basic
work of Diewart, 1973, 1974; and Lau, 1969; has been extended by Binswanger,
1974a, 1974b and Binswanger and Ruttan, 1978. 1In this proposal (see secticn
6) this methodology will be utilized to measure output supply, input demand
and factor productivity.

The literature on amployment and mechanization is almost entirely
survey based. Binswanger (1978) has racently reviewed the mechanizaticn
studies on the Indian  subcontinent and the effects of

tractors on growth and employment. Krishna'(1975) and Hayami and °,

Herdt (1974) provide further and more complex analyses of the distributional
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effects of mechanization and technical change,

Welch (1974), Welch ané Evenson (1975) and Evenson (1976) have ini-
tiated theoretical worl more clearly gpelling out the relationship between
technelozy and factor demand in a two-{actor medel with an unrestricted
produccion function. This work clarifies certain basic relationships, par-
ticularly regarding the role of product demand conditiona. Recently, Bine
swanger (1074) has extended the Welcu-Evenson work and related it to his
own incersactoral work on the Japanese eccnomy (Binswanger, 1274).

This propesed rescarch will represent a continuation of the major

reseaich interests of Cvenson and Binswanger, It has a policy
analysis coaponent which will  bring some of this =srior work to

bear move directly than in the past on centemporary policy questions.

5. Relation to Other Projects

This project 1s related to two USAID sponsored projects. Much of
the datz base to be used in this project and scme of the conceptual development
emergad from project ALD/CSD-2492 "Employment and Unemployment in the Develop~

ies," a project of the Economic Growth Center. The project report,

[}

ing Count
Laber in Indian Agriculture bv Robert Evenson, discusses a number of the jg-
sues to be dealt with {n the current project.
The Poor Rural llouseholds project recently funded by USAID is related
rAls PragecT
to the present project in thaty, . will stress the relationship of market
or economy~ide effacts to the micro-effects. The Poor Rurzl louseholds

project is primarily concemmed with micro-effects and this project should

be complementary to it.
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6. Resecarch rroject Dasizn ond Methods
This research project has four distinct phaseg:

Phase T: Development of the Distributional Policy Analysis Model

In Detall
Phase II: Istimation of the Core Component, the Producer llodel

Phase ITl: Assemb.y of Non-core Components including elasticities

and projections

Phase IV: Policy Simulation

Methcdonlogical and data issues will be discussed by phase. The project
also has two "satellfte" projects in which these metheds will be applied to
Philippine end Bangladesh experience as part of doctoral dissertations at

Yale. These satellite project; are discussed in detail in Appendix D.

5a. Phase 1. Development of the Distributional Analysis Model

Figure 1 (repeated here for convenience) provides a schematic sum-
mary of the Distributional Analysis Model. The full model encompasses narkets
for factors and markets for agricultural outputs. These markets are connected
through the "core'" producer model. Farm producers--through theilr profit maxi-
mizing behavior~—demand factors (or inputs) and supply outputs or products,
The core producer model describing the agricultural sector thus provides the
demand functions in the factor narkets and the supply functions in the pro-
duct markets. Supply relaticnships in the factor marksts and demand relation-
ships in the product markets are the non-core components of the Distributional
Analysis Model.

Each suppoly and demand felationship in each market has endogenous
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components and exogenous or "shifter" components. In the factor markets;
factor prices and factor quantities are endogenous. In the product markets,
product prices and produst quantities are endogenous (prices are actually
exogenous s the farm producer, but are endogenous or determlined within

the muarkets). The exogenous or shifter components are not decermined within
the markets per se. Population growth, consumer income growth and lnterna-
tional demand [or products zve thus éxogencus to the domastlc agriculcural
product market. Similarly, labor force growch and intersectoral nigcation
forces are exogencus to the agriculrural labor market.

The medel 1s dynamic in the scnse that it can be cast 1n terms of
short=tern growth rates of all dependent and independent variables. Appen-
dix A develops an analysis of a simple version of the model with one aggre~
gate product and two factors of production. This project will extend this
analytic model to a somewhat more complex form involving two producing re-
glons and a third factor of production. This develompent will incorporate

factor mobility in the form of interregional labor force migration directly

iato the analvsis.

Appendix 3 develops a more general eccrometric version of the

ﬁodel bore with emphasis cn its estimation. The details of the functions
and of their estimation are presented, and related to the theory of produc-

tim and orofits.

The agricultural sector is linked to the rest of the econony via

the non-core components of the model.
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The exogenous shifters play a critical role in the policy model.
Both the producer core and the non-core components have shifters. Within
the core, fixed facters of proauction and rates of technical change are
shiftars, "eatral’cechnolesical change can be expressed as a shifc in all
input demand Iunctions by the same proportion while labor-saving or bilased
technical change shifts (reduces) labor demand by a larger proportion than
£or other factors. Technologlcal change also shifts the supply function
for products. |

The nen-core output damand and input supply functions shift exogen=-
ously due to regional or economy-wide factors some of which are in partial
or full control of policy makers. Population growch shifts output demand
curves and eveutually the labor supply. But labor supply is also affected
by spontaneous or policy-induced migration between reglions of the economy
and between agriculture and the nonagricultural sector. An agressive em-
ployment policy in the ufban sector or a massive rural eunployment guaran-
tee scheme as practiced currently in Maharashtra and contemplated for India
as a vhole will shift the labor supply curve to agriculture backwards. Land
supply can be expanded by irrigation and the power and fertilizer supply
curves are partly under the contrc’ of government via subsidy, import or
domestic production policies. The quantitative effects of ponlicies on the

ccoxowelvically
output demand and factor supply curves will not be,estimated within this

Anow/a dge of
project. They can be taken from, past rends, from planning docu-
S7ud,es 8y 0 Phea refeavchers
ments and from . For example, the effect of an em-

ployment guarantee scheme on labor supply can be estimated from plan docu-

’

ments and from the evidense arising out of the planning commission appraisals
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of the Maharashtra Employment Guarantee Scheme. Demographic and labor force
projections have also been made by the planning commission and other re-
searchers and they will form the basls for alternative population and labor-
force scenarios (see sectlon Ge for detalls).

The justification for using market equilibrium models in an economy
which is characterized by many market Llmperfections and institutional impedi-
ments is the medium to long run character of the analysis to be done. We
will focus on a 10 to 15 year horizon. The major supply and demand shifts
to be analyzed are likely to work themselves thrcugh even {nmperfect markets
in less than ten vears. Furthermore, recent experience and studies from
India, Bangladesh and Indonesia suggest that even within labor narkets,
increases or decreases in labor force or lahor demand affect wage rates more
rapidly than expected desnite customary modes of payment fixing rigorous
harvest sharas and other labor contract details., Often wage rate changes
occur by shifting to other modes of payment (cash-share-kind) or >ther
sources of labor (tenporary migrants) [Clay , 1976; Kaplana Bardhan, 1977].
Clay has, for example, shown that between 1966 and 1972 rural wage rates
in Bangladesh declined by 40 percent and shows in detail the institutional
adjustments which accompanied the decline which was consistenz with a labor
demand and supply framework. Market imperfections affect sectoral and
regional migration more permanently. We will take this into account in

the modnl by allowing different regional lahor markets to maintain differ-
ent wage rates to some extent.

The basic model presented in Appendix A shows the powar oflanalyticnl
solutions to relatively simple aggregate models in increasing and under- _

standing of complex distributional impacts. We certainly want to pursue



18

this analytical analysis further with some more complex models. In parti-
cular we will consider the following analytical extensions:

(a) one comrodity -~ one reglon ~ several factors

(b) one¢ commodlty -~ two regiong - two factors

Howevar, models of this type become extremely complex and yield

few clear analytic results when expanded. We will therafore resort to
numerigal techniques to extend the model further. The following exten-
sion will be built and used in numeri;al investigations using specific
parameter estimates.

(¢) one commodity ~ several regions - several factors

(d) several commodities -~ one reglon - several factors

(e) several commodities - several regilons = sczveral factors
The commodities will be zgricultural commodities such as foodgrains and
cash crops of cereals, pulses and cash crops. We will not explicitly take
into account feedback loops with the nonagricultural sector. However,
Binswanger (1976) has already worked on such a general equilibrium exten-
sicn with two sectors of the economy, three factors cf production, and one
region, which takes feedback loops of agricultuvral incomes on nonagricultural
demand and incomes and Yack to agricultural prices into account. A few of
the general equilibrium prcdictioné—-as alvays--differ from the partial equi-
librium ones. To implement the general equilibrium model would require the
estimation of a core model for the nonagricultural scctor, or preferably two
nonagricultural sectors, the organized and the nonorganized ones. The ask

cannot be achieved on the basis of existing data within the time span of this
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project. However, we iutend to use the general equilibrium resulits derived
by Biuswanger to guide us in determining the areas where the neglect of
general equilibrium implications could seriously distort the result. We
will then nake adjustments of the partial equilibrium resulns accordingly,
for exampla, {ntroducing a stronger shift in the demand curve for agricul-
tural products when simulating policies which will clearly increase non-

agricultural incomes and thus shift the demand for food.

In order to link personal incomes with the market solutions in terms
of prices and the quantities of outpﬁt and factors of production two ad-
ditional items of data are required. First, asset holding data or the shares
of family income by source (of income) must be known for the groups whose

income changes are modeled. For example, the changes in wage rates qr land
rents derived from the model must be weighed by the shares of income coming
from these two sources to arrive at the effect of a policy change on family
income. The Farm Management Studies and the ICRISAT Villape Level studiés

(see appendix D) contain the necessary data for the rural sector. Dif-

ferent asset holding groups will he modeled separately, but we do not pro-
pose to integrate each group's income changes into Gini ratios or other
aggregate measures of income distribution. Second, nominal income changes
must be deflated by price indices to arrive at real income changes. This
can be done if the fraction of income spent on agricultural commodities

is known. Such estimartas--by income and asset holding groups--bave been
published in several rounds of the Indian National Sample Surveés, in the
dict monitering studles of the Natlonal Institute of Nutrition and are also
available for the ICRISAT village level studies. The models will therefore

be capable of studying the effects of several exogenous shocks and policies

an renl family fncemes of different asset holding classes of the population.



6b. Phase II ~Estimating thc Core Cemponents of the Models

The core coriponent of the model is a system of factor demand and
output supply equations for each of the reglong analyred. These equations
are connected with standard ovroduction function theory via the relatively
new theory of duality between production functions, profit funétion, cost
f{unctions and facrovr demand and output supply functions (McFadden, 1966;
Lau, 1969; Diewert, 1971, 1973: and Binswaunger 1975). These links and the
details of the econometric specification are discusséd in appendix B.

Starting the model from {actor demand and output sunply functions
has several advantagas over production functions. It allows the use of
more complex productivn structures than Is generally possible with pro-
duction fuuctions.l Economecrically the functlong can be specified such
that no simultaneous equation bias arises, with prices of variable outputs
and factors of production.and quantities of fixed factors as dependent vari-
ables. With appropriate data and somewhat elaborated procedures they allow
the estimation of demand and supply parameters as well as rates and blases
of technical change,

Factor demand and output supply parameters will be estimated from the

individual farm data of the series of Indian Farm Management 3Studies.

This allows us to treat output and variable input prices as exogenous. We

have Fam Management Study resorts from 70 studies in 24 Distrists at differ=-

ent points in time. Appendix C details these studies. The reports prcvide

data for gmall aqmwenates of individual farm data., A typical sample of 150

farms is aggregated by farm size group and producing zone into approximately

1. ,
Empirical applicatioas of production functions have not yet frequently pro-
ceeded bevend verv restrictive Cohb-Douglas or CES functions.
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15 groups. We have individual farm observations for 20 of the 70 studies,
In addition, similar data collected by ICRISAT under the guidance of Bin-
swanger (Binswanger 1976b) will also be utilized.

The advantages of the Farm Management Data lies in their high degree
of reiiability. They have beei. collected over three year periods by ex-
perienced resident investigators., A second advantage 1s their completeness

which allows the estimation of labor demand functions, broken down into

family :nd nired labor as well as into male and female labor. The disad-
vantage of the studies is the shortness of the series.  Also the micro data
are not as well suited to estimate fertilizer démand elasticities as the
longer term macro data.

For these rcasons output supply and factor demand functions will
also be fiteed to rime series data for approximately 20 years from around
250 districts in India. This data set has been assembled for North India
by Evenson and for South India by ICRISAT under the guidance of Binswanger.

We will rely primarily on the parameter estimates from the micro
data but complement them with parameter estimates from the macro data where
ve feel the former are weak, |

The macro data will also be used to estimate rates and blases of tech-
nical change. The estimation of the rate of technical change will initially
be done with standard residual techniques, using the econometric results from
the farm level studies to construct factor shares, Second, cach supply and
factor demand function fitted with the aggregate data will contain a time
trend whosa coefficient estimates the factoral rate of technical change with

respect to the particular factor.
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The econometrics methods required for this estimation are not standard
but the principal investigators have previously worked with these methods.
~ The combinacion of time series and cross section data in the district data
will be handled by computational methods developed for ICRLSAT by D. T. Wallace
and packaged programs are available for the restricted generalized least square
procedures required to deal with the full system of equations to be specified
at the fam level.
6c. Phase IIT. FElasticities and Projections of Output Demand and Input

Supply.

The estimates of the non-core components of the model depicted in
figure 1 will be taken largely from existing literature and concurrent studies
and from projections of past trends; by the Indian Planning Commission, ete.

The impact of policies on output demand and input supply functions
can be of four kinds: dircct market interventions such as purchases aad
sales arising out of buffer stock operations or public works; subsidies or
taxes on inputs and outputs; tariffs or export subsidles on inputs and out-
puts; and finally direct controls of imports and exports. The international
trade literature demonstrates that quantitative controls can be expressed
as tariff equivalents (or taxes and subsidies) and vice-versa, enabling these
policies to be analytically translated into functionil shifts in our model.

Table 1 summarizes the main sources to be used for the elasticities,
trends and projections., India has a large empirically based economic and
plaoning literature from which we will be able to draw. The liéérature is

especially strong in the area of income elasticities of gonsumer demand and
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is improving rapldly in the area of labor supply elasticities. Also the
data on past trends of populatibn, labor force, income, migration, etc.,
are good., In addition, the filve year plans of the Planning Commission
{which will henceforth be revised annually on a rolling plan basis) pro-
vide detailed projections on many crucial variables which will be used
as a starting point for the policy simulations, The sixth plan—to be pub=
lished in January 1978—will be a substantial departure from previous policies
with much more emphasis on rural employment, irrigation investment and small
scale sector growth. The "Planning Commission Projections' mentioned in
table 1 will be those underlying the sixth plan.

The two areas which will present some problems and may require ad-
ditional work are the price elasticities of output demand and the migration
responses of labor to interregional and {ni=csectoral wage differentials.

Price elasticities of output demand are more difficult to find than
income elasticities becéuse they have often to be estimated on the basis of
time series data. NCAER (1970) has estimated agg. -3ate output demand elas-
ticities on the basis of aggregate data. For individual commodities, ICRISAT
has initiated a collaborative project with the National Sample Survey (}SS)
to exploit their national consumer demand surveys for different periods.
Results (which will be accessible because Binswanger is an advisor on the
project) will be available within 12 to 15 months. Finally, in order to
gain a better understanding how income and price elasticities vary across
wealth classes, the substantial international comparative work by Llucﬁ et. al.
(1977) will be used which extends earlier work by Houthakker and Goreux.

v

We may neverthicless do some additional estimation of prilce elasticities
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for commodity groups using state or national aggregate data which are easily
accessible.

Research has recently been completed on labor supply elasticities by
Rosenzwelg, 1977 (NCAER survey data with national coverage) and Bardhan, 19,4
(NSS data, West Bengal and Uttar Pradesh). James G. Ryan at ICRISAT is cur-

S €57 male labovseppty adveliei ey
rently using Village Level Studies data for Andrah Pradesh and
Maharashtra. The existing studies indicate that resident labor supply 1is
very inelastic to wage changes both for males and females and for landless
laborers and small farmers. Lahor supply adjustments to policies or tech-
nical changes must therefore come primarily from migration and subatantial
interregional migration from lagging arecas to the prosperous green rerolu-
tion districts has Iindeed taken place.

For the regional analysis, therefore, the knovledge of the labor supply
respouse to wage rate differentials between regions becomes crucial. Unfor-
tunately little prior work cxists for India and we will have to develop new
estimates.l For intersectoral migration Mundlak has recently estimated migra-
tion responses with international cross section data, but we will have to

apply his estimation procedures to Indian data sets.2

1It appcars that Professor Dardhan is also working on this problem and that
we may be able to use his results as well, or check our results against his,

2Data to measure migratlon reeponses to wage rate differentials do exist.
The district level data set containg complete agricultural wage rate serles
for the past 20 vears. Census data (available on a district basic in MNew
Delhi) give the number of immigrants per district since the last census and
allow tiie estimation of net migration rates as well. Immiprants are clagsi-
fied seographically into intradistrict, intrastate and interstate misrants,
alloving a gross breakdown by distance of migration.
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6d. Phase 1V. Policy Analysis

A clear understanding of the digtributionz! implication of macro
policy options is important both for national governments as well as for
outalde donors such as USAID who have to integrate thelr projects and pro-
gramz latoe the cverall policy frame of the receiving country. Furthermorel
outside denors may have an interest in framing projects or programs which
will beucilit groups or repglens which national governments canuot or will
not reach without outcide donors. The results of this modnl should enable
USAID progrom cfficials to plan and assess the distributional impact cf
their supplementary =fforts in a more rigorous and definite way.

Fer the Indlan study the policy analyses will be tied closely to
current and lmportent policy options and redirections. The Januta govern-
ment, since its arrival to power has made increases in cmployment the cor-
nerstone of its economic policies. The planning commission 1s building the
employment objective into the coming five year plan in the following ways:
(Personal communication from Prof. Raj Krishna, member of the planning
commissita for employment. The plan documents will be available in early
1978.)

1) A massive stepup of irrigation investment from around 2 Mill.
ka to 3-1/2 Mill. ha per year, This will affect rural employment and wage
rates by {irst employing people in the construction of new irrigation sys-
tems and improvement of existing irrigation systems. Second, the additional
land xesources so created will permanently increase agricultural labor

’

demand.
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2) Massive emphasis on rural public works, partly in connection
with the irrigation investment but also for other infrastructural invest-
ments, ercsion control and afforestation. While a national employment
Aguarantce scheme (as operated currently in Maharashtra) has not yet been
proposed, ¢uch a policy i3 actively being considered.

3 A redirection of public industrial sector investment towards
agricultural {nputy such as fertilizer and electricity.

4) Carcful attention to choice of technique in agriculture. The
importation or domevctiec production of harvest combines has been banned and
credlts from offfcinl sources for tractors have been totally stopped.

5) More careful attenticn on (a) cholce of technique and (b) out-
put mix in the industrial sector to ensure the ugse of more labor intensive
techniques and the production of more labor intensive commcdities. This
1s being done by more active support of small scale industries which are
labor intensive, by basiag subaidies to new industries on their employment
or output, rather than subsidizing the purchase of capital equipment and
by a liberalization of licensing and import controls to make it easier
for small firms to compete for crucial inputs, If successful)these policies
would lead to withdrawal of labor oul of the rural secth.

With the proposed model it will be possible to simulate the rural
locowe distribution impact of these proposed policies, either singly or in
various combinations. Irrigation investment targets imply a labor absorp-
tion in these projects which can be estimated and translated into a shift
of the labor demand curve vhose impact on rural wage rates can benestimatcd.
The newly irrigated land implies similar labor absorption on a more perman-

ent basis. Its effcct on wage rates, rental income and output can be
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estimated in the model and translated into income distribution impacts.

Plans for rural works always give estimates of the number of labor:rs
to be employed and can thus be hundled in the same way. The emphasis on
-the proviston of uzgricultural Inputs such as fertilizer shift the fertilizer
supply and its effect on output and output prices can be traced. The dis-
couragement of mechanical inputs such as tractors and combines shifts the
power supply curve upwards. Its impact on labor demand is traccable via

Lherefore iy

the core of the model andbecomes possible to estimate the wage rate effccts
The nonagricultural employment goals imply shifts in the labor supply for
agriculture which can also be estimated, at least in an approximate way.

Some of the policies will also have a specific reglonal focus such
as irrigation for previously unirrigated areas. We want to explore the re-
glonal income distribution impact of concentrating irrigation investment
and rural works in the lagging regions.

The simulations of these projected policies is important: These
sets of policies have long been advocated by economists concerned with
employment and they correspond in many ways to the investment choices made
1n China after the Great Leap Forward failed. The crucial question is
whether in the Indian economy these policies--if successfully implemented-—
will be sufficient to raise labor income of the poorest groups to satisfy
their basic needs. If this is not the case the only hope would lie in more
radical income or asset distribution policies;

In addition to these simulations with immediate policy concern we

also want to explore the income distribution of policy changes whdse impact

is delayed in a longer run:
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a) Alternative technological change patterns: First a historical
counterfactual analvsis will be done over the green revolution, assuming
that the rates of techunical change of the ten years preceding the green
revolution had persisted. This cédnterfactual analysis should significantly
increase our ability to Interpret the actual observed distributional con-
sequences. In particular we expect a regrezsive impact of the absence of
the green revolution, induced by the more rapid rises in food prices which
would have occurred in the absence of the green revolution. Loocking for-
ward we will project the distributional impact of current rates of technical
change and of alternative research policies, We will consider a policy of
continuance of current investment levels, a policy of investing more heavily
in lagging reglons and a policy of aggressive expansion of the research sys-
tem to produce higher rates of technical change in all regions.

b) Alternative iabor force and population growth scenarios: Simula-
tions in this case extend beyond the 10-15 year horizon for other policies.
For the next 15-years labor force growth rates are locked in because the new
entrants are already born except for women freed by a decline in fertility.
Current trends (Ul median estimates) and optimistic and pessimistic pro-
Jections will be used which correspond to successful and unsuccessful family
planning efforts. 1In addition, a counterfactual analysis of the green
revolution will focus on what would have happened if at the same time labor

force growth and population growth had occurred at lower than actual rates.
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" 6e. The Satellite Projects: Philippines and Bangladesh

Appendix D discusses in some detail the two satellite projects to
be :supported as part of this project. These projects are treated as
satellite projects rather than as an integral part of the main project for
the following reascns.

1) Each satellite project will produce a doctoral dissertation and
the primary rcsponsibility for design and concept must accordingly rest
with the doctoral student.

Jaime Quizon, a Ph.D, candidate at the University of the Philippines
will be conducting the Philippine satellite study.

Salahuddin Ahmad, a Ph.D. candidate at Yale will be conducting the
Bangladesh satellite study.

The researchers on this project - will be advising these

students. (Vitae are included in Appendix F).

2) This project will provide only partial support to the subprojects.
Each candidate has stipend support from other sources. The Agricultural

Development Council is providing stipend support to Mr. Jaime Quizon who
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will be at Yale for a period of 12 to 18 months completing his dissertation.
Mz, Ahmad will be supported for'the remainder of his gvaduate program. This
project will provide data »rocessiny assistance and suppurt for data assembly.
The satellite projects will provide a basis for comparative analysis aid

this will be undertaken as part of this project.

7. Contribution to Institution Building

Both researchevs have been associated with institutions
in developing countries chiefly in India and the Philippines. Mr. Binswanger
is currently associated witgh ICRISAT in India and the Mzriculcural Develop-
ment Council. llr. Evensoun has been associated with the University of the
Philinpines at Los 3Banos (indirectly with IRRI), The Agricultural Develop-
ment Council and the Iadian Agricultural Research ilustitute.

This project, through Binswanger's current association, through the
satellite projects znd through consultants, will indirectly support these
institutions. We will be participating in seminars and workshops discussing
the project. It is expected that we will be maintaining close contact with

investigators in the Poor Rural Households project.

8. Plans to Facilitate Utilization of Research Findings

Research and results will be documented in writing thfough renorts
as follows:
a) Working papers will be prepared periodically and distributed
through the Yale University Economic Growth Center Paper
Series. This series is distributed to all international
development agcnciés and centers and to a substantial list
of LDC institutions. Copies will be provided‘to TA/AGR for

other distribution.
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c)

d)

e)
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It is expected that three or four research papers will be pub-
lished. Direct jJournal reprints and the ADC reprint serics

will be utillzed to assure distribution of these research papers.

The researchers will participate as appropriate in
the network meetings organized under the Poor Rural Households

Project.

The final models will b“e made avallable to other researchers
and policy anaiysts interested in using them. Yale will develop
a documented bank of all data associated with the project to

be made available to other researchers.

A research monograph based on thc project is planned. The re=~
sults of the study will be discussed in a Seminar to be conducted

as part of this study.



Researcner Competence and Resources

The two principal investigators, along with the principal investi-
gators of the Poor Rural douseholds project, represent a substantial
part of the high-level national research competence in these par-
ticular reseurch arcas. Each is well trained and has spent most
of his professional career as an cconomic analysts in tiiis and closely
related areas. From the enclosed vitae, it can be seen that each has
already produced an imposing list of publications dealing with several
phases of agricultural development.

The Economic Growth Center at Yale University would be an excellent
setting for work of this sort. For serious research workcis, it is
blessed with a fine library on economic development, good computer and
other research support, and stimulating colleagues who are interested

in economic development. These colleagues include economists, other

social scientists, and quantitative analysts. Not least in importance
in judging the excellence of the particular Yale environment is the
presence of large numbers of high-quality graduate students in
economic development, both from the LDC's and the develéped countries.
Included here are Curriculum Vitae for Professors Binswanger
ané Evenuon and also Salahuddin Ahmad and J.B. Quizon, respectively
Bangladesh and Philippine, graduate students who may be available to

work on the rescarch.
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Cverall Cost Estimates

The proposed budget {5 summarized in Table 2. The time periods are

Presented in terms of USAID's fiscal year. A separate budget for the two

satellice projects is prasented., The following points should be noted:

I.

II.

ITI.

v,

V.

VL

VII.

One-quarter of EZvenson': academic year 1978-79 is covered, plus two months
in the summers of 1978 and 1979, Research assistance covers one full-time
assistanc, plus programming assistance, One secretary's salary is covered.
Increases have been Figured at 8% for budgetary purposes,

Fringe benefit rates are 21,5% for academic year salaries and 16, 5% for
all other wages and salaries,

Overhead is figured at the NEW accepted rate of 76.57 of all wages and
salaries (including the salary listed in Section X, the Satellite Program).
A subcontract will be written with the Agricultural Development Council to
cover the services of Hans P. Binswanger for the period 4/1/78 through
9/30/78 and a later periodj;;1/79 through_?}3l/79. The present estimated
cost of this amount of time is $27,625; the subcontract would be written
to include the actual rate of salary paid to Binswanger and the actual time
served on tha project, with the total payment to ADC kept to the approximate
range of $27,500.,

Cowputer rental f{rom the Yale Computer Center--rates attached.

Supplies and telephone toll calls: Xerox, postage, and miscellaneous
items are includad,

The two researchers will each travel to India for a stay of one

to two months during the contract. U.S. travel includes professional
meetings and data collection in Washingtonm, D, C. Foreign consultants

will be brought to the United States for periods of one to two months,
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A conference in India for Indlan researchers will be held to share the
rasults of the work; travel within India and accommodations for the
conference will be coverad,

VITI. Consultants will be paid for data collection and analysis in India, A
workshop in the United States will be organized during academic 1973-79
to invite U, S, ~based scholars to a forum on the prcjcct,

IX. Publications: Several dlscussion papers will be printed and disseminated
during the two-year project, and a monograph will be published following
the completion of the work. Since editing and printing of this
montograph will take some months and the Silling for publication costs
may be delayed, a request for an extension may be made to meet publication
costs in the year following the expiration of the contract.

£. Satellite Program: The graduate stipend and tuition support for a
fourth~year graduate student are covered. Costs of computer rental
and supplies fur both this graduate student and an additional graduate
assccilate from the University of the Philippines and also included.
Travel costs are included to cover one trip to the Philippines or
Bangladesh for each of these students, with per diem costs for a one-

or two month stay,

11. Work Plan

In effect, this project is for a period of two years. Accordingly
sections 5 and 10 cover salient details. We will note, however, that the

project has four main phases which are closely related to the objectives

.
’

of the project and which are summarized in Figure 2.
A. Model building and extension

B. Estimation of the model core



Figure 2 - Sequence of Activitics

1978

1979 1980
M J J A S 0 N n J F M A M J J A S o N b J F M
Phase 1 Analysis > | Report i
(Theory) ‘Writing 4
Phase II .
ata organization and | Escimatiqg>’ Report |
(Core Estimation) supplementary collec~ 1 < Writing 1
- .
Phase II1 [Data, Literature orggni-] . Esti- ! Report _{
(Other Estimates) [zation and supplementary] mation | Writing
collection
Phase IV |__Policy simulations - 4 ._Final |}
(Policy Simulation) I i Reports
Indian

Conference
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C. Output demand and input supply elasticities

D, Tolicy simulations

Data organization {3 contained under B and C and involve the updating
of the Indian secondary data set. This should be completed by September to'
October, 1978. A trip to India will be requ.red to obtain recent unpublished

data.
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Proposed Budget

Technology, Policy and Rural Incomes

Robert E. Evenson, Principal Investigator
in collaboration with Hans P. Binswanger

4/1/78- 10/1/78-

9/30/78 9/30/79
Wages & Salaries-~Yale
Evenson, academic year $ 1,960 $ 5,870
Evensan, summers 6,960 7,515
Research assistance 3,800 13,000
Secretarial 3,800 9,550
Tatal Wage & Salaries 16,520 35,935
Fringe Banefits 2,820 6,225
Overhead, 76.5% W & 3 12,640 27,490
Binswanger--ADC Subcontract 18,200 9,425
Computer Rental 4,000 7,000
Supnlies, phone : 2,000 2,000
Travel
a) P.L.'s - U.S, 1,000 1,000

Foreign 3,000 3,000
b) Consultants - to U,S, 3,000 2,000
Conference, India

Total Travel
Consultant's fees
a) India 4,000 3,000
b) Workshop, U,S. 2,000
Total Consultant's
Publications
Satellite Program
Craduate Salary 1,000 3,000
Overhead, 76, 5% 765 2,295
Tultion (4th yr) + health fee 200 1,680
Computer 1,000 3,000
Supplies 200 800
Travel 2,500 3,000
Total Satellite Program
GRAND TOTALS $72,845  $112,850

10/1/79-

3/31/80

Totals

$ 7,500
5,000

12,500
2,065
9,360
6,000

1,000

4,000

8,000

$43,125

$ 7,830
14,475
24,300

18,350
64,955
11,110
49,630
27,625
17,000
5,000
2,000
6,000
5,000
4,000

17,000

4,000
3,060
1,880
4,000
1,000
5,500
19,440

$228,820



Proposing office Ceneral Appraisal

DS/AGR/ESP considers this project to be highly significant in the

~.forts of DSB to develop a more adequate information base for acting

effectively on the Cougressional mandate to AID. Obviously, it would be

delayed under restricted funding. If it is postponed, the information
which is the primary purpose of this research project will not be
developed by any other means. The research project could be done in
parts, but what is proposed here is the minimum analysis required to
develop information that could be used as direct inputs into decision
making processes. The useful information would require completion of

the analytical components and their synthesis.
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The Agricultural Development Council, Inc.

1290 Avenue of the Americas, New York, N. Y. 10019

Eztsbhishea by John O Reockefeiler Ird Tel: 212-765-3300 « Cable: Agridevel New York

January 23, 1978

Professor Robert E. Evenson
Economic Growth Center

Yale University

Box 1987, Yale Staticn

New Haven, Conn. 06520

Ce: =~ Professor fvenson:

Following up on our phone conversation, [ would Tike to spell out the costs of
servicas by Hans Binswanger, Associate of the Agricultural Development Council
now on study leave at the Econcmic Crowtn Center, Yale University, for work on
the project "Technology, Policy and Rural Incomes," which is being proposed
to the Agency for Internatioral Development.

April 1 - Septerber 30, 1978: 6 months salary

at 328,000 per year $ 14,000

May 1 - July 31, 1979: 3 months salary
at $29,000 per year 7,250
$ 21,250
Fringe Benefits at 30% ' 6,375
$ 27,625

The above salary figures estimate a possible increase of $1,000 per year in
1979. Billing will cover actual salary figures paid during this period, and
actuai time worked on the project. -
Sincerely,

THE AGRIE%LTURAL CEVELOPHENT COUNCIL, INC.

A. Russell Stevenscn
Secretary-Tireasurer



APPENDIX A.
The One Commodity--Two Factor--One Region

Model for Distributional Policy Analysis

The distributional model presented here was initially developed by
Evenson and ¥inis Welch. It has been further refined by Evenson (1976)
who extended it to take into account the protlems of technology access
restricted to certain reglons of the country. These versions of the
model were based on a production function. Binswanger then reformulated
the modzl in terms of coét or profit functions which makes {t consistent
with estimation techniques proposed in Appendix B and allows a straight-
forward extensicn of the model to more than two factors or mexe than
one sector., The two-factor version of the model will be presented here
in its cost function version. This model will cerve as a basis for all
extensions discussed in section 6a.

The predominant approach for analyzing biased technical change has
been to restrict it to factor-augmenting technical change. Here, how=-
ever, we start from a cost function dual to a linear homogeneous produc-
tion process with technical change of an arbitrary nature.

C=YU=Y U(W, R, t)
where C = total cost, Y = output lavel, U = unit cost,
W, R = wage rate and capital rental rate, respectively.
t = technology index or tima.
Shaphard's lemma gives the factor demand curves per unit of output.

U
e resl 0 RE) (1)



32 k = z (W, R, ¢) (2)

where 2 = % a labor input per unit of output

k = % w capital input per unit of output.

Differentlate totally as follows

e dz —ar '
AL, = L) = Y + Y=
I, = d(Y¥2) d =t aR dR + Yat d (

NI 75 )
Lt

and transform into logarithmic changes or time rates of change (i.e.

X%t = Eu%%ﬁ—z ) we find for labor and capital
! o V! . Y |
L Y+anW +nLRR A.L
(4)
K'-Y'+"wa'+“KRR"A1'<
Pl
where AL 7 3t det
Factoral rates of technical change
Ai --% %% dt or shifts in the factor demand curves

caused by technical change

The factoral rates of taechnical change are the negative shifts of the
labor and capital demand curves respectively.. They are defined nega-
tively so that technical advance corresponds to positive Ai and Ai.

Since unit costs U = LW + kR and since the rate of technical change
T' 1s equal to the negative racé of unit cost reduction = U', it 1is ,

easlly shown that

T' = -y’ W oz" SLAL + S A (5)
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where Sy ™ share of labor and Sy * share of capital in total costs. This

shows that the rate of technical change is the share-weighted sum of the
factoral rates of technical change. The bias of technical change is

dafined as

; d(L/K) 1 Labor saving

>
Q ' = A' = A' a 0 neutral
W, R dt (L/K) AL AK.‘ Capital saving

Here the bilas is simply the difference in the factoral rates of tech-
nical change or the difference in the shifts of the factor demand
curves cauvsed by the technical change.l Factoral rates of technical
change can ba estimated empirically by using the frameworks.of Appendix
B. Iwo estimation procedures are possible and both circumvent McFadden's
impossibility theorams.z, Jlrat, 1if factor demand elasticities are unknown
and 1f factoral rates of technical change are constant (or can be approximated
by constant rates) then estimating factor demand curves which incorporate |
technology shifter variables will estimate factoral rates properly.

Second, if factoral rates of technical change are not constant

then the factor demand elasticities have to te estimated in independent

1

“This is one version of Hicks-biased technical change. For its relation
to other definirions in terms of marginal products see Binswanger and Ruttan,
1973 Appendlx to Chapter 2. .

2The impossibility theovems simply assert that one cannot estimate
bilases unless one is willing (1) to choose a functional form for the cost
function and (2) to either assume that biases are constant or to estimate the
cost function (factor demand) parameters 1in independent samples and estimate
the blases rasidually, which correspond to the first and the second estimation
procedures respectively. For an example of both these methods see Binswanger,

1974,



cross-sections of firms or other producing units. The labor rates of'
internical change for each time period can then be computed residually
as follows:

W' +n R!

Al=Y' -L'+n 1K

LL

and similarly for all other factoral rates of technical change.3

Both of these approaches to measuring the factoral rates of tech-
nical change require the specification of a functional form for the
cost function and the factor demond curve. Diewert's Generalized
Leontief cost function is particularly convenient for estimating
factoral rates of technical ;ﬁange.

All models which follow w{ll be in terms of elasticities only

and not in terms of paraweters of the Gener-.ized Leontief function.

Transforming back to this particular econometric paramaterization is

quite straightforward. It should, however, be noted that factoral
rates of technical change, which are ;imply shifts in factor demand
curvas, are consistent with any kind of functional form one might choose.
The Geazralized Leoncief function 1is Just a particularly convenient vne
among many.

The Evenson-Welch model can be written as a six equation model in
cost function form. Instead of Evenson's marginal product relationships,

the first two equations are now the dynamic labor demand and capital

3See Binsvanger (1974a) for an example of such an approach with .
factor augmencting technical change and translog cost function. Note that
the form finally estimated In that paper 1s consistent with factor augmenta-
tion as well as with more general forms of biased technical change.



demand curves (4). The third equation is the commodity price change
equacion which statuy thae the rate of commodity price change must be
2qual to the share-weighted sur of factor price changes, less the Cate
of technical change.

P! my' = g W' + 3R -T'
L Sk
(8)

- st; + sKR' -.SLA£ - SKAi

Finally we have the outpul demand and the two factor supply equations

which can be written in dynamic form as

Y' = aP' + D* (9)
L' = cLW' + L* . (10)
K' = eKR’ + K* (11)

wherea {s the demarnd elasti:ity for final output, eL and & are the
supply elasticities of labor and capital respectively, and D*, L* and
K* are final demand and input supply shifters.

Equation (9), (10) and (11l) can be used to eliminatg Y', L' and
K' from equations (4) and (8). One can then invert the remaining three
equations,

With a few further manipulations one can get Evenson's expression

for the decomposition of the absolute wage rate changes.

W' -'% ((o + cK) (a + 1)T' + sK(cK - a) (Ai - Ai)

- (eK + 0 + 3,a Jd* + (cK + 35, g- sKu)L* (12) -

L

+ Sy (0 + a)K*)



where 4 = a(g + 3 CK + SKEL) - c(sLeL + S, cK) - ELCK < 0 because g

is less that zero while all oéher parameters and shares are positive.
Note that this expression 1s independent of the supply elasticity

of labor. However, what happens to labor income is no= independent of

its own supply elascilcity. If ML 13 equal to the wage rate times employ-

ment in the sector, then !L = WL. Tharefore, Mi = W' + L'. Since L' =

e W' + L* the change in labor income in the absence of labor supply

L
shifts 1is

Mﬂ =1+ eV . (13)

Expression (13) simply means that the change in labor income is a multi-
ple of the change in the wage rate, the multiple being the larger, the
larger the elasticity of supply of labor and the shift in the labor
supply curve. In situation where labor gains the gains will be larger,
the larger the supply elasticity of labor. Conversely, any losses will
also be larger, the larger is EL'

The change in relative factor prices. due to technical change alone

can be evaluated from the following expression:

W' =R w2 (e - )T+ (g = @A = (g, = WAL (14)

The equilibrium price of a factor in this model is affected as
follows according to equation (12) and (14):

1. The sign of the pure effect or neutral technical change on
the demand for and the equilibrium price of each factor
depends on whether aggregate demand is inclastic or not.

£ aggregate demand is inelastic the impact of technical
change is to reduce the demand for each factor.

2. The effect of a positive shift in aggregate demand is to
increase the demand for both factors.



3. A positive shift ia cthe supply function of labor
(eapital) will lower the equilibruim price of labor
(capital).

4. A positive shift in the supply function of capital
(through a World 3ank 3ubsidy program for example)
will affect the labor markaet accordiny to whether
the elasticity of substitution (g) exceeds the aggregate
demand eiasticity (@) or not. If o> |.| the impact will
be to rteduce the demand for labor.

S. TFor any sat of feasible parameter values, labor-saving
technical change always tends to reduce the wage rate
in terms of goods of the other sector (and employwment)
wvhen compared with an equal neutral rate of technical change.

6. The relative position of labor as against capital when
both gain or both losea absolutely from technical change
depends or the elasuicity of swpply of the two factors.
In situations of absolute gain for both factors, the
factor in relatively fnelastic supply will gain relative
to the factor in elastic supply. Conversely, in situatioms
of absolute lesa duc to technlcal change (inelastic demand for
output) the inelastic factor will be the larger loser.

7. A large elasticity of substitution between factors acts as
a tuffer between them by raducing discrepancies in their relative
price movements (3ecauze the absolute value of the determinant
6 in {14) rcises as I rises).

These ure the comparative stacic effects cf single change in
exogeneous variables. However, the biggest advantage of the equation
(12) or (14) 1is that they allow the simultaneous consideration of
change in all exogeneous variables, rates of technical change as well
as shifts in output demand due to §opulation or income growth and a
concurrent shift in labor or capital supply.

The model can be estimated for changes in the land rental rate
R' and 1in the output price P' (relative to the price of nonagricultural

commodities.) These price changes can then be related to nominal incame

changes via the @ncome group specifid shares of income coming from labor



and land V, , and V,  (where 1 stands for the 1'th income group and M

LW iR .
stands for the nominal income of zroup 1).
- ' '
Mi viww + viRR (15)

Finally we can deflate the nominal income change Mi to a real income

change L

by using an income group specific price deflator

qi - EiP' | (16)

where Ei 13 the share of expenditure of income class 1 on food. Equation

16 gsays that the consumer price index for food of income class i changes
by the price change of fond multiplied by the share of expenditures which
income class 1 spends on food and when nonagricultural commodities are
taken as the numefqbfé. The change in real income of group i therefore

is
‘ Mj" vmw' + VvV, R'
Mi W men
1 1
9y 8Py

iR

(17)

'Equations 4, 5, 6, 15, 16, 17 have §craightforward extensions to many
factors and many commodities and many regions. Analytical results may no longer
be possible in any case but numerical solutions are alwayvs possible if

parametar estimates exist.



Appendix B. Qutput Supply and Factor Demand Curves: Duality and Eccnometric
Procedures

The core model will be estimated in a set of simultaneous output

- supply and factor demand curves .i the following form

Qp = £, (P, 2) | (1)
where QI is the output quantity and QZ' ey Qn are the ‘negative) optimal
quantitles of variable inputs. P is a vector of outputs (L = 1) and input
(1 =2, ..., n) prices and 2 13 a vector of fixed inputs such as land,
environmental characteristics such as climatic or soils variables and of
research and educaction variables, i.e. a vector of all those quantities
vuleh affect production and fnput demands but are not under the short run
control of the farwer.

The system 1 Is related to standard production function via ths theory
of duality bhetween produc;ion. profit (or cost function) and output supply
and factor demand functions (For relatively straight forward reviews see
Binswanger 1975. The basic Shephard lemma in the case of Cost Function
is stated in Appendix 1). Lau and Jorgen:ion (1974) have shown that under
very general conditions there exists a one t. one relationship between the
system of supply and demand equations and the production function which
allows one to choose functional form§ for the output supply fumction and the
factor demand curves which obey certain regularities and be sure that the
implied production function is monotonic in inputs and strictly concave
even though one may not know 1ts functional form. Thus funetional forms
may be directl chosen for the equation system 1. Furthermora, the ouéput

supply and factor Jdemand funcfions are econometrically properly specified.
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They do not contailn endogenous variables on the right hand side. Finally
the theory of profit function suggests coustraints on the parameters of
the supply and factor demand curves which are useful in econometric estimation
(See for exampla Binswanger, 1974).
The functional forms which can be chosen correspond to second
order approximation of the profit function, i.e. they enable us to model
production processes which we are far more complicated than those implied
in Cobb-Duuglas or CES Functions. The three best functional forms are
the Translog, Diewerts generalized Leontief ;nd the Quadratic. (See

Diewert 1974 or Binswanger 1975). The supply and factor demand equations

corresponding to the generalized Leontief are as follows:

. \ 1/2,1/2 A
QF = a,, + ; 3, Pj Py + :‘::bikzk (2)

The estimated equations provide a complete set of estimates of

input demarnd and outnut supply elasticities which are simple transforms

of the b coefficiencs (Diewert, 1971). Economies of scale can be
eatimated if the vector of 7 variables includes farm size F as follows

- T
® " Dyr Py

1f e > 0, there are economles of scale, 1f e < 0, there are diseconomies.
And this measure can be adjusted for climate, research, irrigation, etc.
In addition the impact of any of the 2 variables on profits cam

be estimated as follows: Profits n* can be written as



(where Inputs are negative Q;)

Since 9Q*/3z, = , the impact cf exchange in on profits is
1" 7k

5k N

F o
dn */di'.k ;'ibik

If one of the exogenous variables, for example 1s research or education9 this
allows a direct estimation of the factor productivity effect of research
or education. If one of the Z variables is time, then the rate of
technical change can be estimated similarly. Finally note that the
bik variables are shifters of input demand curves and outnut supply curves.
Cowmparison of them among factor demand curves allows the estimation of bilases
of technical change, provided time was included &3 a 2 variable.

The full gystem (2) will be estimated with Farm Management Studies
and ICRISAT data. &n incomplete system (excluding the labor and power

demand equation but including fertil:zer demand) will be estimated with

the district level data set.



APPENDIX C

Basic India Data

Both micro data, i.e., individual farm data and aggregate data will

9
be utilized fpr estimation of factor demand and supply parameters. The

principal micro data sets to be employed are the following:

a) Indian Farm Management Studies:

Andhra Pradesh
Andhra Pradesh
Assam

Bombay (Maharashtra)
Bombay

Bihar

Bihar

Gujerat

Kerala
Madras (Tamil Nadu)

Madras
Madhya Pradesh
Orissa
Orissa
Punjab

Punjab

Rajasthan

West Bengal
Mysore (Xarnataka)

Uttar Pradesh
Uttar Pradesh

dttar Pradesh

West Godavari
Cuddapah
Nowgang
Ahmednagar
Ahmednagar
Monghvyt
Sahabad

Surat & Bulsar

Alleppey & Quilon
‘Ernakular,)
Coimbatore

Thanjavur

Sat:balpur
Cuttack

Ferozepur
Pali

Bangalore

De&tia'

Muzaffarmagar

57/58, 59/59, 59/60
67/68, 68/69, 69/70
68/69, 69/70

55/56, 56/57

67/68

57/58, 58/59, 59/60
60/61, 61/62, 62/63
66/67%, 67/68%, 68/69

. 62/63, 63/64, 64/65

54/55%, 55/56%, 56/57* and

-70/71, 71/72, 72/73

67/68*, 68/69*, 69/70

55/56, 56/57, and 62/63, 63/64, 64/65

57/58, 58/59, 59/60
67/68, 68/69, 62/70
54/55%,55/56%, 56/57* and

 61/62, 62/63, 63/64,

67/68%, 68/69*, 69/70%
62/63, 63/64, 64/65
54/44, 55/56, 56/57

1 60/61, 61/62

54/55%, 55/56%, SA/S57+
66/67, 67/68, 68/69

66/67*, 67/68*, 68/69%*
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We have individual farm data for the 20 studies marked with an asterisk. For

the remaining studics data are avallable ia an aggregated form.

Reporty frcm each of these studies have been published and are available
to the principal investigators (it is possible that several more will be avail-
able in the near future). The typical report prov' les full data.from 150
farms aggregated into from five to elght farm size groups and from rtwo to four
zones or reglons within the District. The Wegt Godavar§ (Andhra Pradesh) re=-
port, for example, provides data for eight farm slze groups for two regions
for each year. The three VWest Godavari reports for 57/58, 58/59 and 59/60
then provide 48 "observations" (8 x 2 x 3). Ten sample villages were first
gelected representing two zones in the district. Then a stratified (by farm
siza) sanmple of 110 farms‘was drawn (the number in most studies 1is 150). Aver-
ages for the farms in each size group in each zone are then reported for
detailed production data. |

The data reported are quite thorough and well suited to the study.

Data include:

Land holdings, cropping pattern tenancy and fragmentation
Farm assets

Farm household data (education, etc.)

Family labor employment

Hired labor - wages

Bullock labor =~ family and hired (wages)

Fertilizer aad other costs (inc. tractors)

Maintenance data for livestock.

Output and price data.
Some of the reports hove crop price data. In general, a common format was

followed in data collecticn and reporting although it i3 likely that a small
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aumber of the studles may turn cut to be poorly suited to this study. All
of the above reports are availagle in India. We have peracnal copiles of
most of them. The i{ndividual farr: data were made available as part of the
earlier Economic Growth Center Project with the approval of the Economic
and Statistical Advisor of the Ministry of Agriculture of the Government of
India, |

The ICRISAT data are collected under the supervision of Hang Binswanger
and N. S. Jodha and James G. Ryan, (ICRISAT Village Studies: Sampling
procedures data coverage and resoufce endouments of the study areas" ICRISAT
Soclo-Economic Pregram, Occasional Paper 16, June 1977) Data are from six
villages in three differznt agro-climatic zones. The farm management component
i3 congruent with the Farm Management Studies and were collected by resident
investigators,

The aggregate data set consists of two partially overlapping district
level data sets. |

A. The Indian district level data collected for previcus studies by
Evenson {s summarized below. Note that some.of rhe input quantity series are
based on interpolation between censuses. Our methodology can incorporate some
interpolation in that we can estimate the basic parameters from census yearsl
(or averages of years centering on census years), This cuts down the number
of observations but does not prevent us from pursuing :hé study. The gener~
ated productivity series will have some elements of interpolation but this
18 not too serious for most purposes. We zre working om procedures to esti-

mate inter-censal labor force data, however.



Notes on Calculations of Total Factor Productivity for 140 Districts

1. The vutput index is ealeulated from
a) Governicut of India, Directorute of Economics and Statistics, Ministry
of Food and Apriculturs, Estimates of Area and Production of Principel
Crops in India (1970) (Detailed Tables) 1954-55 10 1964-65.

b) State Statisticai Abstracts and Crop and Season Reports for later years.

2. The input quantity indexes used in this calculation were:

a) Land: An annual index of net harvested acreage {rom the same sources as
the output data.

b) Fertilizer: Data from a World Bank Study. W. B, Donde and D. B. Brown,
Effective Demard for Fertilizer in India. N. P, and K. trcated as separate
inputs.

¢) Pump Irrigacion: Data from livestock census; 1951, 1956, 1961. For 1966,
1967, 1968, from Economic and Social Indicators of Iudia, USAID, 1972,

d) Tractors: Data on number of agricultural tractors interpolated between
Census of Livestock, 1951, 1956, 1961 and 1966. After 1966 for later years
from estimate given by MMA Baig, Manager, Market Research, Escorts
Limited (correspondence to Rakesh Mohan, 10th July, 1972).

¢) Implements: Wooden plows, fron plows, cane crushers, Ghanis and carts
from Indfan Livestock Census, 1951, 1956, 1961, 1966. Linearinterpolation
between census and extrapelation after (966,

0) Bullock labor: Miale cattle used for work and male buffalo used for work,
{rom /ndian Livestock Census 1951, 1956, 1961, 1966. Linear interpolation -
between census and extrapolation of 1961-1566 trend to 1971. An adjuste
ment for days worked per year was made from Furm Menagement Survey
Data.

g) Humun ‘zbor: Data on number of male cultivators acd male agricultural
laborers from Facr 3ook on Manpower, 1970. Institute of Applicd Man-
power Research. New Delhi and Provisional Poputation Totals, Paper |
of 197 supp., Cersus af India - 1971, Data on females, from the same
sources. (97! female data were not izken from 1971 census counts because
of inconsistent deiinitions between 196171, Female growth rates between
1961 and 1971 were assumed to be the same as the actual growth rates in
the male labor {orce. The number of days worked per year by male and
female cultivators and laborers, from Fuct Book on Manpower (N.S.S.
data) were used to correct numbers of laborers into numbers of days
worked separate growth rate between censuses for males and females
were computed.

3. Input share data were computed using the followinyg prices:

a) Land: Rental values cf irrigated and unirrigated lund were computed from
Punjab Ferm Accounts annually for 1956 to 1970. This series was adjusted
by compurison with cash rental data from several Furm Munagement
Studies (summarized in C. H. Rao, Agricultural Production Functions, Asia,
Pub. Aug. 1965, for early ycars) and taken from reports for scveral dis-
tricts in laier years. Andhra Pradesh (1961-62), Mysore (1960). Other
data from 1959-60. Rural credit Survey data were also nsed. On the basis
of these sources, a determination was made to use the Punjab-Haryana
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rental rates for irripated and unirdigated land for the Northern states,
. Punjab-Haryana and U.P. These were our best estimates of t'2 compuril
tive pricss based on the farm management study datu. Irrieuted land
(excluding tubewells) was on the frarm management study data. Irrigated
land was treated as a separate inpui and the difference in the rencal rates
for irrigated or unirngatad land was assumed to reflact the public sector
as well as private secior invesiment in canal irdigation.

b) Fertilizer: Prices for aitrogen, phosphate, and potash (rom Fertilizier
Statistics, Fertiiizer Association of Iadia.

) Pumpsers: Farm mangement datz from the Punjab used to compuze de-
preciation maintznance plus op-rating costs per tubewell. [rrigated acreaye
in the lund series did not {aclude this irrigation, :

d) Tractors: Prices from Agricultural Prices in India and from Eicorts Limi-
ted.

&) Implemenes: Prces from Tara Shukla, Capita! Formation in Indiun Azri-
culture, Vora and Co., Bombay, 1963, up-dated through wholesals prica
index. -

O Bullocks: Prices obtained from Puniabh Farm Account data and from Form
Management Survey data. Depreciation maintenance and fodder includs
in the overail price, since much livestock feed is not captured in the output
datu. N

8) Labor: Wage rates from Agricultural [Wage Ruies in India, (1971 data
provided by the Ministry of Agriculture) were averaged over districts,
months, and tasks. Males and females weare given separate wagss, and
cultivators were given the same average w22 as the feld lahorers.

- The annual input index growth rates were weighted by 1960-681 {actor share
from 1963 10 1961-62, by 1965 shares from 1962-63 10 196763 and by 1970
shares for the remaininy years. These weighted aggregate input index changes
were incieriented to form the input index.

B. ICRISAT, under the guidance of Binswanger has collected a
gimilar data sec for the complete set of districts of the State of Tamil
Nadu, Karnataka, Maharashtra, Andhra Pradesh and Madhya Pradesh. The two
data sets will be combined.

The ICRISAT data sets cover the years 1950 to 1973/74. Some series

in the Evenson data will have to be updated to the same period.
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APPENDIX D,

The Satellite Studies: The Philippines and Bangladesh

The satellite studies are distinguished from the main study because
they will be dissertation studies and as such their character_will be
somewhat distinct from the main study. The doctoral students, Jaime
Quizon and Salahu&din Ahmad (see vitae in Appendix E) have initially
committed themsélves to dissertation which will:allow comparisons
~ with the Indian study. o

Each of the satellite studies will have a Structure similar to that.
set forth in this proposal. Data avallability 1is also similar in that both
secondary data and micro-level data will be utilized in the satellite
studies,

The Philippine secondary daca.are similar to the Indian data in most
respects. A study of pf;duccivity change in Philippine Agriculture for
nine N.E.D.A. regions for the 1948-1975 period has been completed. Myrna
Antonio a student at the University of New England, Armidale, N. S. W.
ls currently completing a Master's thesis analyzing productivity change
utilizing these data. Major sources are:

I. Aggregate Production
Crops and Livestock
1. Crop, Livestock and MNatural Resources Statistics, 1973. Bureau
of Agricultural Economies. Department of Agriculture and Natural
Resources. Republic of the Philippines.

2. .Lives:ock
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-

Crop, Livestock and Natural Raesources Statisctics Annual.,
a, Livestock and Poultry on Farms (As of January 1, 1973)
b. Statistical Tables

Philippine Statistics 1969 Yearbook

Journal of Philiprine Statiscics

Philippine Agricultural Statistics, Division of Ag. Econ.,
Dept. of Agriculture and Natural Resources

Prices
1. Monthly Average Prices of Rice and Corm, 1972.

(Monthly compilation of wholesale and retail prices for
rice and corn iu Calenday Year 1972)

Source: AMNEWSS (Agricultural Marketing News Service) Daily

Market Price Report

2. Fhilippine Agricultural Situation (Journal published quarterly)

3. Central Bank Annual Reports

4. Central Bank Statistical Bulletins.
5., Journal of Philippine Statistics
a) Vol. XX, No. 2, 1969

1) Food price indices and percent change for the
Philippines, 1967 and 1966.

6. Philippine Agricultural Statistics
7. Economic Census of the Philippines
Land Seriles
a. Annual Reports. Land Auchority

1. T.aud Surveys

2. land Distribution

3. Laud Administration

b. Annual Reports: National Food and Agriculture Council
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¢, Economic Census of the Philippires. Bureau of Cansus and
Statistics

d. Philippine Agricultural Statiscics
e, Philippine Agricultural Situation
f. Philippine Economic Jourmal
g. Philippine Economy Bulletin

h. Philippine Statiscics 1969 Yearbool.

| Two Micro-data set in the Philippines wili be utilized:
1. The Lagma Study Data

The Laguna Study (conducted under the direction of Robert Evenson)
produced three sets of data, two of which will be utilized in this study.
One of the data sets represents a "resurvey" of farms surveyed initially
in 1963. The University of the Philippines Farm and Home Development
Office (FHDO) surveyed some 500 househoids in 1963 and again in 1968.
AThe 1968 data were quite carefully collected and covered two rice seasons.
Juanita Baskinas of the FHDO staff resurveyed 4CO of these same farms
again in 1973 in a Masters degree study of farm tenancy. Erriquetta Torres
resurveyed 150 of these farms in 1975 as part of her Doctoral dissertatioq
at the University of the Philippines - Los Banos. The Laguna Study team
resurveyed the Baskinas sample in 1977 collezting data for two more sea;
sons as well as a wide range of related data.

Thus the FHDO"Baskinas‘sample to be emplbyed in this study has data

_for 200 plus rice farms for 1968, 1973 and 1977 (two seasons each year).
In addition, data for 150 of these farms are available for 1975. All

basic output, input and relevant price data were taken by season. The
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data include measures cf schooling, extension contracts, nutritional status,
technology use, and tenancy. Additional data cn barrio level factors
were also collected (3ocial services, orgauizatioms, prices, transporta-
tion and utilities).

The Laguna Scudy also undertook a separate survey of 600 households
including roughly 250 farms in Laguna province 1u 1675. Data for two
Ccrop seasons were cbtained. Daca for a third rice crop in 1976 was later
obtained and these hcuscholds were also'reéurveyed in 1977. Thus a sample
with data for 5 crop seasons has been obtained. This sample has additional

data on home production and time allocation.

II. The IRRI Studies

IRRI has several sets of panel data which have been utilized by C.
Ranade in the USAID Poor Rural Households project. One set from Central
Luzcn includes data for several years from a sample of farms and will be
well suited to the approach of this project. Ranade has investigated some
related questions with these data but has néc attempted to estimate a
number of the paramecers of interest in this project.

The Bangladesh study will encompass a longer hiétorical period and
will undertake a study of the erstwhile Bengal State conceraning a
pre-independence pariod 1926-~1940 and a past-independenca-partition
period 1955-1973. Both West Bengal and Banéladesh (East Bengal) will
be covered in the study.

Mr. aAhmad has concentrated his major work to date on the pre-independence

data set and has documented numerous sources. Bangladesh secondary data
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set and has documented numerous sources. Bangladesh secondary data

ave generally similar to Tniian sources. Mr. Ahmad has been agsociated
with the Banzladesh Tnstitute of Development Economics and will have
acca2sy to boch irs secondary and primary data on Bangladesh. He

plans to spend two to three months in Bangladesh assembling data.
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L.

II.

III.

PERSONAL

Jame:

Marital Status:
Citizenship:
Home Address:

Home Telephone:

Office Address:

EDUCATION

Undergraduate:

Graduate:

VITA

Janvary 1, 1978

Robert E. Evenson ' Born:
Married, three children

United States

Economle Growth Center, Yale University

P.G. Box 1997 - Yale Station

27 Hillhouse Avenue

New Haven, Coun. 06520 Telaphone: (203) 436-4403

Yankato (Minnesota) State College——attended 1959 and 1960
University of Minnesota--awarded Bachelor of Agricultural
Businnss Administration degree in 1961 (with Highest
Distinction)

University of Minnesota-—uwarded Master of Scilence
Degree in 1964

University of Chicago--awarder Ph.D. Degres, 1968

PROFESSIONAL EXPERIENCE

1966-1969:

1968-1969:

""1969-1974

1969 (Summer):

1970 (Summer)
1972 (Summer)

1971-~1972

Assistant Professor of Agricultural Economics
and Economics, University of Minnesota

Visiting Assistant Professor of Economics,
Southern Methodist University

Associlate Professor of Economics, Yale University
Visiting Lecturer in Economics, University of
Tucuman (Argentina)

Visiting Lecturar in Economics, Indian Agricultural

Besearch Institute (New Delhi, India)

Tilasizing Assoclate Professor, Department of
Econonles, University of Chicago
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2
1974-1977: Associate, The Agricultural Development Cowmecil
Visiting Professor of Agricultural Economics,
University of the Philippines at Los Banos

1977: Visi:ing Fellow, Development Studies Center,
Australian ¥Vational University

Profeassor of Economics, Yale University
PUBLICATIONS:

"The Contribution of Agricultural Research to Production", Journal
of Farm Economics, Vol. 49, No. 5, December, 1967.

"Technical Change and Agricultural Trade: Threa Examples-Sugarcane,
Bananas and Rice", (with V. W. Ruttan and J. P. Houck) in
Vernon, R., (ed.), The Technology Factor in Interational Trade,
Columbia University Press, 1970.

- "Economic Aspects of the Organization of Agricultural Ressarch",
in Fishel, W. (ed.), Resource Allocation in Agricul tural
Regearch, University of Minnesota Press, 1971.

"Economic Factors in Research and Extension Investment Policy",
in FAOQ ECA Monthly Bulletin, 1972. .

"Production Quota Systems with Production Uncertainty"”, International
Journal of Agrarian Affairs, 1972.

"Technology Generation in Agriculture in Development Theory, Lloyd
Reynolds (ed.), Yale Universicy Press, 1975.

"Research and Productivity in Wheat and Maize" (with ’oav Kislev),
Journal of Political Economy, June 1974.

"Investment in Agricultural Research and Extension: An International
Survey" (with Yoav Kislev) Economic Development and Cultural

Change, 1975.

"Agricultural Trade and Shifting Comparative Advantage" iu Trade and
Agricultural Development, ed. G. W. Tolley, Baliinger, 1973,

"Research, Extension and Schooling in Agricultural Development",
1373~74 Yearbook of Education, London, 1974.

"International Diffusion of Agrarian Technology", Journal of Economic
History, June 1974,

"The Indian Agricultural Research System", (with D. Jha and R. Mohan),
Ecomomic and Political Weekly, Bombay, 1973.

"The Indian Agricultural Research System and Its Contribution to Agricultural
Production"”, (with D. Jha), Indian Journal of  Aericultural Economics,
1974. ‘
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"The Intensive Agricultural Districts Program in India: A New Evaluation",
(with Rakesh Mohan) Journal of Development Studies, 1976.

"Cycles in Research Productivity and International Diffusion Parterns in
Sugarcane, Wheat and Rice in Resource Allocation and Productivity
in National and International Agricultural Research (Thomas Amdre,
Dana Palrvample and V. W. Ruttan ediitors) University of Minmesota
Press, 1977.

"Comparative Evidence on Returns to Ianvestment in National and Intemmatinpal
Rasearch Institutions' in Thowas Arndt, Dana Dalrvmple and V. W. Ruttan
(Eds.) op. cit. University of Minnesota Press, 1977.

Consequencna of the Green Revolution", Proceedings VI Pacific Trade Comngre-s,

Mexican City, July 1977,

"The Gr=en Revolutlon in Recent Development Experience, American Journal
of Agric. Econczilces, July 1974.

"International Transaission of Techmology in the Production of Sugarcane",
Journal of Development Studies, 1376.

"Tachaology Transfer and Research Resource Allocation™ (with Hans P.
Binswanger) in H. P. Binswanger and Ruttan, V. W. Induced Innova-
tion and Fconomic Development, Johns Hopkins Press, 1976.

"Science and The World Food Problem" Connecticut Agricultural Experirent
Station Bulletin 758, 197S.

"On the New House 0ld Ecomomics", Journal of Agricultural Economics and
and Develoopment Vol, VI, Jan. 1976.

"Research and Factor Productivity in Agriculture: An Inter-Country Study"
(with Y. Kislev) Supplement to Intermatioral Journal of Agrarian
Affairs, 1974.

11>

Farm ‘ucome and Its Taxation: Evidence of Gross Inequities’ (with F.
Welch). To be published in a volume based on a "Conference on Full
Ermployment' Madison, Wis. 1975.

"A Stochastic Model of Applied Research", reprinted from the Journal of
Political Economy 1976, Vol. 84, No. 2, (with Y. Kislev).

"Produccivity Measurement 1n the Developing Econowmles: The Indian Case"
Procendings Conference on Productivicy Measurement, Ulm. Germany,
1974,

"Soeial Returns to Rice Research in the Philippines: Domestic Senefits aznd
Poreign 3pillover” (with Pledad Flores and Yujiro Hayami) Ecounomic
fevelopment aund Cultural Chanze (forthcoming).

"Risk and Uncertaiary s Factors in Crop Improvemeut Rcsearch (witch R. Hardt
J. 0'Teale, W. R. Coffwmin ind H. Raofmamn) to pablished in a volume on

Riox and Uncertaiaty in Development based on a Conference in Mexico,
i576.




“Fertility, Schooling aad the Ecomomic Contribution of Children in Rural
Indi2" with M. Rogenzweig, Econometrica, Vol. 45, No. 5 (July, 1977).

"Sozlal Return to Rige Research {with Piedad Flores) in Economic Consequences
of New Rice Technoloey in Asia, Y. Hayami (ed.) IRRI, 1977.

"The Organi-zaticn of Crop~ and Animal-Improvement Research in the Low-Income
' Countrins,” Reseurces, Iacentives and Agriculture, ed. T. W. Schultz,
(fortheoming),

"Tlna Allocation in Rural Philippine Households,” American Journal of
Agricanlrural Ezcnemics, (forthcoming) :

UNPUBLISHED PAPTRS:

"The Coutriburion of Agricultural Research tou Agrisultural Production",
Ph.D. Dissertation, University of Chicago, 1968.

"Au Zconomic Analysis of Chanzes in the Minnesota Grain Processing and
Termianal Flevator Industries", M, s, Thesis, University of Miraesota,
1964.

"The Green Revolution and Technology Borrowiug', Economic Growth Center,
Januarv, 1971.

“Investuent in Agricultural Research and Extension: An International
Survey, (with Yoav Kislev), Economlc Growth Center Discussion
Paper No. 124, Yala University, Auguse, 1971.

"Responsiveness o Eccnomic Incen:ives by Sugarcane Producers in
Tucuxan, Argentinag’ (with M. Cordomi), 1970.

"Labor in the Indizn Agricultural Sector" (A Report to A.I.D.), October,
1972.

"Productivity Chaage ia U. S. Agriculture" (wich D. Landau), Sept. 1973.

"4gricultural Research and Extension in Asla: A Survey", prepared as a
report to the Secoad Asjan Agricultural Survey Team, Septecber
1975,

"Agriculiural Research and Exzension 1a Asfia: A Survey with Special Refaronce
to Nepal", paper presenced at a Seminar on "Research Productivity and
Sechanizatica {n Yepalese Agriculture" Jjolntly sponsored by Centre for
Bconondz Develornmen: and Administracion and Agricultural Projects Services
Caatre, Out. 26-23, 1976.
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"Economlc, Demographie, Health and Nutritional Factors in Rﬁral Household
Behaviar" (with Cecilia Florencio) prepared for the CAMS-ODA Seminar
Labor Supply, 1976.

“ieonomic Implicazions of Tood Aid Programs: The Perspective of Racent
Mvances in Ucenomie Theory of tha Households'

"Gaing and Lossee from Agricultural Tachnology', paper presented ac the
1975 Angual Meeting of Philippine Economic Soclety Jovember 15, 1975
a4t the Ceatral 3ank Building, Manila.

"Regearch, Farm Scale and Agricultural Production' (with Finis Welch)

"§eale Economies, Elasticities of Substitution and Productivity Change in
the Indian Manufacturing Sector' (with M. A. Qomen) .

“rechnology Access and Pzctor Markets im Agriculture” paper presented at
the Workshop on Technology and Factor Markets, ADC Singapore,
August 9-10, 1976.

BOOKS:

Agricultural Research and Productivity (with 7. Kislav) Yale University
Press, 'ew Haven, Conn. 1975.

Regearch, Information and Agricultural Productivity (with F. Welch)
in drafe.

Yarional and Intermational Agricultural Research“and Extension Program
(wich James 3oyce), ADC, New York, 1975.

RZFFRENCES:
. W. 3chulcz, Department of Economics, University of Chicago
Guatav Ranis, Dapartment of Econouwics, Yale University

Vernca W. huttan, Dept. of Agricultural & Apvlied Econmomics
Tniversity of !‘ianesota, Twin Citles, St. Paul, Minnesota 55108

3. Gale Johnson, Department of Economlcs, University of Chicago

Pinia Welch, Department of Economlcs, University of California
log Angeles.

?. 2. Sandoval, Dean, Institute of Agricultural Development and
Administration, WPLB, College, Laguna, Philippines.
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HANS P. BINSWANGER

Office : ICRISAT,

Marital Status:

RESUME

1-11-256, Begumpet, Hyderabad. 500 016, A.P., India

Married, with one daughter (6 yrs.)

Nationality: Switzerland
Birthdate:
Education:
University of Paris, France + 1964 Certificcte of Politlcal

Sciences

Eildgenoessische Technische ‘
Hochschule, Zurich, Switzerland 1969 Master in Agricultural

. Production (Ingenieur Agronom)

North Caroliﬂa State University 1972 Ph.D. in Econonics

Publications:

Present Position: -

Experience:
1970-1972

1968-69

Working Languages:

Minor in Statistics and
Econometrics

List of publications Attached.

Asgociate, Agricultural Development Council, Inc.
stationed at the International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT),
Hyderabad, India.

Research Associate, Economic Development Center,
University of Minnesota, St. Paul, Minnesota.

Research Assistant, Department of Economics,
North Carolina Scate University, Raleigh.

Eidgencessische Technische Hochschule. Research in
optinal organization of farms and organization of a-
statistical survey of forecest potato ylelds.

English, German, French Speaking knowledge: Hindi, Italian

Organization Membership and Phi Kappc Phi, Omicron Delta Lpsilon,

awards:

Special Schularship by Swiss Board of
Schools (Schweizerischer Schulrae) for
the purpose of studying economics at am
American University.
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rURL ICATIONS OF DR. HANS P. BIHSWANGER

- Books and Journal Arricles:

1)

2)

3)

L)

5)

6)

7)

4
Hans P. Sinswangar, "A Cost Function Approach to the Measurem:-f
of Elasticities of Factor lemand and Elasticities of Substitution'',
American Jourmal of Agricultwral Economizs, Vol.56, No.2, May 197h:

377-386. '

Hans P. 8inswanger, "Sorrowing of Technology, Adaptive Research and
Research on Home Technalagy'', Pakivtan dconemice and Soctal fevicu,
Vol.12, No.2, Summer 1974 : 144-156.

Hans P. Binswanger, '"The Measurement of Technical Change Biases
With Many Factors of Production', American Economic Review, Vol.€h,
No.6, December 1974 : 964-976. . :

Hans P. Binswanger, '"A Microeconomic Approach to Induced Innovation'', -
Ecoromic Jowrnal, Vol.84, No.336, December 1974 : 940-958,

Mitosh! Yamaguchi and Hans P. Binswanger, ''The Role of Sectoral
Yechnical Change in Development : Japan, 1880-1965", Amerzan Jourral
of Agricultural Ecoromics, Vol.57, No.2, May 1975 : 269-278.

Ronald C. Duncan and Hans P. Binswanger, ''Enargy Sources : Substi-
tution and Biases in Australia', Australicn Economic Papers, Decem-
ber, 1276 : 289-301. .

Hans P. Binswanger, 'Measuring the lmpact of Economic Factors on thae
Direction of Technical Change'' in Thomas M. Arndt, Dana Dalrymple and
Vernon W. Ruttan, eds., Resourze Allocation and Productivity in

Natiornal and Imtermational Agricuiiwral Research, University of Minne-
sota Press, Minneapolis, 1377. '

Hans P. Binswanger and Vernon W. Ruttan, "Induced Imnovation :
Tecanology, Instituiions and Development', Johas Hopitias Unlversity
Press, Baltimore, Maryland, 1977.
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Conference and Position Pagiers:

1) Hans P. Binswangcr "he Meacurement of Biased Sfficiersy Cairc in
U.S. ard Jzan 4r":uult4ra to Teat the Induced Dwovaiici iuc-
thesis, Doc~oral Dvssertation, Morth Carolina State University, 1973.

0 2) Hans P. Binswanger, Teeanologu Transfor and Researzh in szrizul lure,
Paper prepared for Hational Academy of Science/Macational Academy
of Enginearing Panel on npproprlate Technologles for Ge/elopung Eco-

' nomies, August 19374. ~

3) Hans P. Binswanger The Use of Duality Batwesr Produst ton, Prorit and

Cost Functicns tn Applied Eo onome*rvc Regaaral ¢ A Diduabic Note,
“ICRISAT, Fconomics Department, Occadlonal Papan Mo.10, May 1975.

k) Hans P. Binswanger, "Distrilutional Concequences sj Weutral versus
Nonneuiral Technical Cianges : Partial versus fenaral Zquiliiriunm
Analysts', A.D.C. dorkshop on Technelogy and Factor Markets, Singapore,
August 8-10, 1976, :

§)  Hans P. Binswanger, The International Agricultural rzgzarch Sys
vand Jepal, Seminar on Research, Productivity and Mechanization
Nepalese AgrlcultUIe, Octeober 76 26, 1976, Center for Economic
Development and Administration, Tribhuvan University, Kathmandu,
Nepal.
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6) Hans P. Binswanger, B.A. Krantz and S.M. Virmani, The Role of the
Internatioral Crops Rescarch Instituse for the Jemi-Arid Tropics
in Forming Systems Assearch, [CRISAT, August 1976.

7) Hans P. Binswanger and S.V.R. Shetty, Zcoromiz Aspscts of Wead
Control in the Semi-drid Tropical Areas of India, ICRISAT, Economics
Departiment, OJceadienal Paper 13, March 1977.

8) Hans P. Binghangcr, James G. Ryan; N.S. Jodha and Matthias von Oppén,
Approach and Prioritiec for the Viliajs Level Stud,eu, Economics
Program, Yccasional P e 15, June 1977.

9) Hans P. Binswanger, Risk and Uncertainiy <in Agricultural Deveiop-
ment : Notas on an A.D.C. Semirnar, |CRISAT, Economics Program,
Occasional Paper 17, July 1977. (to be published in the Conference
Volume).

10) Verncn W. Ruttan, Hans P. Binswanger and Yujiro Wayami, I'nduccd
Teehnieal Clhange in dgricuiture, Paper presented at the 5th Yorld
Congress of Economi;ts, August 29-Scptomber 3, 1977, Tokyo, Japan.

11)  Hans P. Binswanger and James G. Ryan, Zfficiency arnd Equity Icsues in
Lz Antc Allsecation o) Rescarei Refourccs, Economics Program ICRISAT,
Hydcrabad india. ' : .
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t
Hans P. Binswanger, The Ecoromics of Tractors in the Indicn

12)
Subcoriineni : An Analytical Review, Economics Program, ICRISAT,
Hyderabad, India.

13)  Hans P. Binswanger, Risk Attitudes of Rural Households in Semi-
Arid Tropical Indiz, Economics Program, [CRISAT, Hyderabad, India.
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. BORN:

ACADEMIC BACXGROUND

M. A. (Econ.) Yale 1977

Presently continuing

with Ph.D. Yale

M.5. (Econ.) Stirling 1975, Scotland, U.X.
M.A. Zcon, Karachi 1971

B. A. (Honors)
Economics Panjab 1970

Intermediate Science Dacca 1967

"Matric Daceca 1965
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CURRICULUM VITA

NAHE: Jaime B. Quizon
BORN:
ACADEMIC BACKGROUND:
University of the Philippines (School of Economics)
«~Ph,D, Candidate 1977
o« «=M,A. (Economics) 1975

Ateneo de Manila University
—B.S. in Management Enginecring (1973)

Paco Catholie School (Manila)
—High Scliool (1968)

Member, Philippine Economic Society
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Technology, Policy and Rural Incomes
ADDENDUM:

Summary of DRAC Pecomrmendations - March 30-31, 1978

Reqional Develorment Impacts of Aqricultural
Change (liecw) -~ Yale Unlversity. Duration of
project, 2 years; estimated cosgt, $230,000
*Heady, Anderson, Montgomery, Swanson, Thorbecke

Recommendation That tho nroncsal he aroreoved as gubmitted
with tha rogquirrr-ent £hat tihe investigators encace the parti-
cipation of Inillan cclleaquas ao that they qain experience
with the model and its oreration and are in a nosition to take
possesaion of it and continue 1its use in the evaluation of
Indlan Governnrant and other excugenous policies after the pro-
joect is completa,

Note:  RAC noted the lnproveraonts in the project as compared

to the orlginal proposal that was submitted to the Committee

at itg liay 1977 meeting. The model to ba constructed will ke
used to girnmlata the effects of new public policias and other
major economic influences at the regional and national levels
in India. PAC considered it inportant that local researchers
~nin aufficient experiance in the use of this model to continue
using 1t after the project is concluded.

*PAC revicw subcommittee; chalrman undersccred
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