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.A. Projct Sumriar 

1. Basic Identification ind Fiscal Data 

Project Eitl!: Technology, Policy and Rural Income. 

New Project 

Contractor and Address: Economic Growth Center
 
Yale University - 27 lillhouse Avenue 
New "Haven, Co.1. 06520 

Principal Investigator: Robert E. Evenson, Prof. of Economics, Yale University 
in collaboration with Hans P. Binswanger, Associate, 

Agricultural Development Council
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10/1/79 - 3/31/80 $ 43,125 

A.I.D. Project Manager & e X-r_/ 

Sponsoring Office: -/4' , ,/f--g, 

2. Abstract
 

Available daLa show that for much of Asia, the wage rates of rural laborers 
and the incomes of small farmers have not risen substantially and in many cases 
have actually fallen over the p[ist two decades. A num.ber of "green revoluticn" 
and "mezhanizaticn" studies bascd primarily on farn level data have failed to pro
vide comprehensive e:<lanarcn :,-r the phenomena of wn,rsen'rg poverty. These studies 
were not designed to ccsi...r eccncmy-wide market interactions in a ccmprcihnsive 
way. rh1j can not syste:p.atica> 'sho,,how such factors as labor force growth, inter
:'egional and incar-soctoral mi-ration, mchanization subsidies and different: types 
of technical ciianve affect rural em,)loynent and wage rates. This project proposes 
to construct and etimite a Distributional Analysis model for rural incomes in India. 
It will integrate farm level economic behavior ,ith economy-wide mar"ct forces. 

The Distributional model proposed is designed to si-mulate the market outcomes 
,,hich result fromn changes in a nu,er of regional and national policy instruments 
and related exogenous forces. The market outcomes will be expressed in terms of 
quantitc..z and orictes oe products produced and in terms of quantities of inputs 
empoyed -i prie, of inputs. qecause these markct outcomes can be translated 
into incomes of rural households given information on the ownership of agricultural 
inputs, (chie.l'. labor, land and power) it will also be possible to simulate income 
L!,:rbatinaL autcar:es in che model. The outcomes for landless laborers and small 
fa_-ers dependent on labor incotna will be given oarticular attention. 

The policy instrume'ts and exogenous forces to be considered in the analysis 
include ao,',,::ion. force intersectoral and interregionalted -,r growth, labor 
force ;aij,ratinn, technical chang. emlormcnt schemes and inrur subsidies on poer, 

..... rodit. 71. distributional outcomes for all of india and its main 
V'egions c' a nu: er of policy !e will be analyzed. 

rhi. 1)rojec- is de,;Lgned primarily to cple.ent the a:xistin; body of micro 
farm Ce z:.ud't~ by providing a broader economic framework in uhich to inter
pret theikr r:;uLts. 



B. Expanded Narrative Statement
 

1. 	General Backfrotand and Rationale 

The income distribution problem in rural areas can be discussed in 

terms 	 of four di1 n 1)di-stribution among farm size classes, 2) 

i.e., accordingdistrtbuticn bet' een cultivators and landless laborers, 


to land and awUt oener;hiJ, 3) distribution between agricultural regions,
 

and 4) distribution bcceceen producers and consumers.
 

The first dimension, distribution among farm size classes, has 

been extensivel] studi.2d in india and many other developing countries. 

It has been investigated i both static and dynamic situations. The" green 

revolution' i m naats oa incense by fatro size in India, in particular have been 

the subj]zot cf a number of !3tudies. Policy and institutional interventions 

such as suasidized credit to small farmn;:r3 and the Small and 1!arginal Far

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

of these studies to im-prove market and technology access to small farmers. 

The second dimension, distribution between cultivators and landless 

laborers has also been subject to study. [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 impatt 

on crop yields, the demand for labor increased and real wages rose. They 

also indilcaLe, however, that landowners benefitted from the green revolu

tion to a much &reater extent than did laborers. In addition, the macro
 

for most of India and other countries
evidence cr agricultural uage rates 


in South and Southeast Asia reveals an alarming picutre of constant or falling 

ratio of landless agriculreal agricultural '.age rates and a rapidly rising 

http:studi.2d
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tural orkers to cultivators. 7he green revolution has produced departures 

fr m thLs trend only in a few regions. 

The Second Asian Agricultural Survey of the Asian Development Jank 

an -he 3tudy "IoOd Needs oF Devcloping Countries" by the Interrecea.t o 

national 7ood ?o)lizy e'o!earch institute oocument the broad trends in popu

lation growth and food supplv for X ~a. Dez.iogr aphic projections indicata 

that populatlon prefure ,-1I cont:Inue t- be maintained in the near future. 

Larger numbers cf households, including small tenant farmers will be de

pendent on agricunltural labor incormes in the future. Agricultural employ

ment and agric:ultural w'a[e rates wil become in'.reasingly Important policy 

issues. Many of the micro studies of and incomeemployment distribution 

between laborarz and landowners have ccncentrated only on farm level ef

fects and have not attempted to 3tudy broader labor market forces such 

as 
population growth, labor absorption in the nonagricultural sector etc
 

The third dimension, distribution between agricultural regions has 

received less systematic 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 outyielded traditional varieties only in a few favored regions. The 

agricultural research programs of India and other ',ountries are not cesigned 

to produce an even flow of technonogy for all regions. Similarly the IADP 

program in indin and many other rural development programs have been avail

able only to certain favored regions. The cumulated effects over perioda 

of years of even small regional differences can be quite severe in terms 

of employment and wages. The bulk of the adjustment to these 

effects is borne by agricultural labor which faces the option of
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accepting low -,'ages and employment rates or bearing migration and search 

costs to find e;rpoment in another area. 

The tendency for most micro studies to neglect the impacts of 

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

the tec,,,:',logy or other programs has led to misinterpretation of the evidence. 

The imnpact of the green revolution, for example, was not confined to farms 

adopting c t c :ch-ology. Bi.causc it increas3ed supply it reduced market 

prices (as long as aggrw:zate demand was not perfectly elastic) and this 

price change affected producers in the lagging regions adversely. (Evenson 1973) 

The fourth distributional dimension is betwzeen 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 r,:,ducttons 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 mad-. 

F-r many reasons the analysis of rural income distribution has relied 

mainly on field level surveys such as the Indian Farm 1anagement studies, 

special "Oreen 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 landow.ners and laborers (often these surveys did not include land'loss 

labor households). 
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Comparisont sure'ey 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

metric.l" tiat the characteristics of irwovation such as economies
I.' of 

scale or labor saving biases (Yotopoulos and Lau (1973) Sidhu (1974), BiG

swanger (1973), Binswanger and Shetty (1977).) Finally they provide the 

data required for econometric estimation of output supply and factor-demand 

el istic.ties. 

The main difficulty with field level surveys lies in relating their
 

findings to regional and economy ,:ide phenomena which are largely exogen

ous to the farm or region where the surveys are undertaken. For example,
 

it is impossible to determine on the basis of surveys alone to what cxtent
 

the apparently unfavorable distributional impact of the green revolution on 

laborers relative to landowners has been caused by the characteristics of 

the technology, by general labor force growth, by interregional or inter

sectoral migration, by subsidization 6f labor displacing inputs such as 

tractors or by the. rising agricultural output prices (resulting from rapid
 

population gro':th and price support trade policies).
or 


This project propose 
S 

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 econometric Ssr XqI a -

The resulting estimates and facts will be used in a Distributional 'Policy
 

Analysis odel which is designed to do what the farm level surveys cannot, 

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

and the income distribution at the regional level-4ith regional and national 
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developments such as population or labor force growth and other regional 

or national policies. This project proposes to put special emphasis on 

theA-income distribution problem associated with the landowner-laborer 

dichotomy and on the regional income distribution problem. 

2. Research Purnoses and Products 

1. Purposcs: 11iis project has two related purposes: 

A. To construct and estimat§Z--with Indian Data-4-a Dis

tributional Policy: Analysis Model designed to sin lace the effect of 

macroeconcmic developments and policies on the qaantities and prices of 

commodities produced and factors of production used in agriculture. The
 

markets considered will be:
 

Agricultural Output
 

Labor
 

Power (Bullocks and Tractors)
 

lertilizer (and related chemicals)
 

Land
 

The model will be designed to be applied either to small regions or to ag

gregates of several small regions linked by national markets for agricultural
 

output, wage labor, power and fertilizers. 

B. To simulate the marKet outcomes (prices and quantities) of selected 

exogenous changes in regional and national policy instrurents. These mar

ket outcomes will then be related "via data on asset holdings and food-

nonfood expenditures) to the income distribution impacts on various groups 

in society, in particular, landlc-ss laborers, srall farmers 4 large farmers' 



The exogenous changes and policies which will be specifically con

sidered are:
 

- various forms of technical change
 

- population growth a.d demograrhic trends and policies 

- labor force growth 

- employment guarantee schemes and rural works 

-input subsidies on power and fertilizer
 

Figure 1 provides a schematic summary of the Distributional Policy 

Analysis Model. (Section 6 discusses 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 endogenous (price) and exogenous or 

shifter components. 

The "core" of the policy model is the producer model 

"i5 an econometric model of producer be

havior and contains ou,ut sup.iy and factor demand Cunctions. It implicitly 

also contains production and technology parcmeters. *echnology parameters
 
VI/ 0- "l ". oq a wovS 

are as, shifters 

The parameters of the core component wodel will be estimated utilizing 

Indian Farm Management Studies farm level data and secondary District 

Level Data.
 

The full policy model contains, in addition to the core component,
 

output demand functions and factor supply functions. Each of these functions
 

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 sect.on 6) from which the neces



Figure 1: DistribuCional Policy Analysis fkidel: Schematic Representation 
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sary estimates can be drawn. Estimates of labor supplied via migration
 

response will be made in the proposed study.
 

The specification of the shifters is an important part of the 

since it is through the shifters that policy impacts are incorporated into 

the model. The output demand function is shifted by growch in the consuming 

population, by changes in the income of consumers and by international trade 

changes. Labor 3upply to agriculture is shifted by changes in the size of 

the working population and by interregional anid intersectoral migration 

factors. Land supply is shifted by irrigation projects, land clearing pro-

Jects and urban development. The supply of power and chemicals is shifted 

by credit subsidies, and by import policies. 

The estimated model will be extended beyond the simple form por

trayed in Figure I in two ways. The model will consider several agricul

tural outputs and will have a multi-regional dimension (see section 6). The 

model when fully estimated, is capable of showing the market outcomes in 

terms of changes in output prices and quantity and in the quantities employed 

and prices paid to each input of a given shift or of a set of simultaneous 

shifts. Simultaneous shifts in technology, 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 on the weights 

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

of factors of production.
 

2. Products
 

This project will produce: 

1. The estimated Distributional Policy Model for India
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2. Simulated market outcomes from a selectLd 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 estimates 

of parameters with policy interest such as a complete set of output supply 

and input demand elas.ticities 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 considered in this project. 

The simnulated 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 analyzed 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 is clearly established. USAID has, by 

Congressionoi mandata and by broader 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 house

hold incomes are complex in nature. Our understanding of these impacts in 

their entirety is far from complete. A number of useful studies have been
 

made and in certain conte::ts 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 policies 
 and real incomes is perhaps higher
 

today than ir,the past. The 
 Second Asian Agricultural survey c nducted 

by the Asian Development Bank reported evidence that real wages for agri

cultural workers have declinei in large parts 
of Asia in recent years.
 

Studies of possible food grain imports in Asian developing regions (IFPRI
 

and F.A.O.) also indicate growing food deficits and raise the real possibility 

that the welfare of the poorest families in Asia will decline over the next 

decade or two. The coming decades will be a period when sound knowledge
 

of the distributional impacts of regional 
 and national policies and pro

jects will increase in value.
 

b. Side Effects of the Promosed Research
 

1. The research proposed does not have direct environmental effects
 

2. The proposed research has implications for a range of USAID con

cerns. By its integrative nature it addresses questions relating to ef

fects of population growth, status of the poor and to a lesser extent the 

role of women. 

3. The proposed research does 
not involve human exrperimentatien.
 

°
4. Relation to FxistintIKowledg
 

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

economic and technology policies and trends on incomerural distribution 



11 

comes from cumpariso/ fa"m level surveys over time and space and partial 

analysis of available wage rate 9tatistics. (For reviews see L!ellor 1976, 

Bardhan and Sriiivasan 1974 and Binswanger 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

sons alone. The projec(- will draw on the farm level surveys in several 

ways. 
 It will use data from such surveys for the estimation of the model
 

core, it will test model predictions against the reality described in the
 

farm level surveys. It wiLl 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 against/!listributional 
 questions across farm size classes ernphasized 

in that literature, the currenc project will put more emphasis ou labor 

incomes, on regional income distribtuion issues and on the effects of food 

price changes on income distribution.
 

The project will also draw parameter estimates from the Indian 

literature on determinants of consumer demand, labor supply, tractorization
 

and fertilizer use. 
 The Indian planning 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
 
2. 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 researchers on this project have contributed to all 

four of these related *odies of literature and this project proposes an 

extension and LnLc',r1,itcn of their priccr work. 

The t1roductiitv,' 7,2surement and induced innovation literature has 

been well 3',;[rmd in a recent volume based on the Airlie House Conference 

on Incernational Agricultural Research (Arndt, Dalrymple; ar'd Ruttan, eds., 

1976). Bot-h researchers Darticioated in the conferen,.-e -nd both
 

have a number of additional publications in this field (e.g., Evenson and
 

Kislev, 1975; Boyce and Evenson, 1975; Bins ,,ansc- and Ruttan, 197S). The 

focus of the work of Evenson.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 directioiis 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
 

empirical applications of the theory is important to the project. The basic
 

work of Diewert, 1973, 1974; and Lau, 1969; has been extended by Binswanger, 

1974a, 1974b and Binswanger and Ruttan, 1978. In this proposal (see section 

6) this methodology will be utilized to measure output supply, input demand 

and factor produccivity. 

The literature on employment and mechanization is almost entirely 

survey based. Binswanger (1978) has recently 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 and Evenson (1975) and Evenson (1976) have ini

tiated theoretical w,' mIore clearly spielli:g out the relation!3hip between 

technclon, and factor -iLmand in a two-factor model with an unrestricted 

product ion fuction. Vi.3 work clarifies certain basic r.iatioushino, par

ticular!v' ragarding tl.2 role of product demand conditioria. Re1cently, Bin

-wanger (19>) has extended the We .:i-Evenson ,,ork and r'.lac it to his 

o%¢n interwcttoral work on the Japanese econcny (3inswaner, 1974). 

This proposed rese arch ,I represent a ccatinuation of: the major 

reseatczh interests of Evenson ind i'instanger. I ha:i a policy 

anaIlysis coiponent whnich zUl bring -ome of this prior work to 

bear more directly than in the past on ccntemporary policy questions. 

5. Relation to Other Projects 

This project is related to two USAID sponsored projects,, Much of
 

the data base to be used in this project and some of the conceptual development 

emerged from proje-ct A!D/CSD-2492 "Emplo,"nctnt and Unemployment in the Develop

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

Labor in Indian Agriculture by R,
obert Evenson, discusses a number of the is

sues to be dealt with in the current project.
 

The Poor Rural lHouseholds project recently funded by USAID is related 

to the present project in thatj . will stress the relationship of rmarket 

or economy-,7ide effects to the micro-effects. The Poor Rural Households 

project is primarily conce:ned with micro-effects and this project should 

be complementary to it.
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6. Research Project s ,ndMethods
 

'his researdh project has four distinct phases:
 

Phasa 1: Development. of the Distributional Policy Analysis Model
 

1.n Detail 

Phase !I: Estimatiou of the Core Component, the Producer 'lodel 

Phase I!I: Assemibly of Non-core Components including elasticities 

and projections
 

Phase IV: Policy Simulation
 

Methdological and data issues will be discussed by phase. The project 

also has tw'o " atoilite" projects in wh..ch these methods will be applied to 

Philippine d anglaies-. experience as part of doctoral dissertations at 

Yale. These satelliLe projec.:; are discussed in detail in Appendix B.
 

6a. Phase I. Development of the Distr .butional Analysis Model 

Figure 1 (repeated here for convenience) provides a schematic sum

mary of the Distributional Analysis Mlodel. The full model encompasses markets 

for factors and markets for agricultural outputs. These markets are connected 

through the "core" producer model. Fara producers--through their 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 relationships in the factor markets and demand relation

ships in the product markets are the non-core components of the Distributional 

Analysis Model. 

Lach supply and demand relationship in each market has endogenous
 



Figure 1: Distributional Policy Analysia ~dfl;;:S z.|ezatic Pepresenatioi 
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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 priL1!_ ad prC'h1t quintitics are e.ndogenous (prices are actually 

e.:ogenous c t:) farm produ:er, but enio enous or withinare deterinined 

the markets). The exog(ous or shifter cormponents are not daeermined within 

the markets per s-a_. Population grovith, consumer income growth and interna

tional den'an, £or producc are thus exogcencus to the doia t± i griculzural 

product market, Similarly, labor force grc .h and intersectoral migration 

forces are ,:xogenous to the agricultural labor market. 

The model i dynamic in The sc se th;t it can be cast in ternas of 

short-term 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 tno factors of production. This project will extend this 

analytic model to a somewhat more complex form involving two producing re

gions and a third factor of production. This develompent will incorporate 

factor mobility in the form of interregional labor force migration directly 

into the analysis. 

Appendix B develoos a more general eccnometric version of the
 

Model Core with emphasis on its estimation. The details of the functions
 

and of their estimation are presented, and related to the theory of produc

tin and profits. 

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

the non-core components of the model. 
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in the policy model.The exogenous shifters play a criticil role 

Both the producer core and the non-core components have shifters. Within 

arethe core, fixed factcr:3 of proctuction and rates of technical change 

shirkers. " Icutral" echnalo cic al change can be e:cpressed as a shift in all 

same proportion while labor-sav!itg or biasedinpit demnand functions by the 

demand by a larger proportion thantechnical change shifts (reduces) labor 

for other factors. Technological change also shifts the supply function
 

for products.
 

The non-core output demand 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 growtch shifts output demand
 

But labor supply is also affected
curves and eveutually the labor supply. 


by spont:.ineous or policy-induced migration bet .;een regions of the economy 

and between agriculture and the nonagricultural sector. An agressive em

in the urban sector or a massive rural employment guaranployment policy 

as practiced currently in aharashtra and contemplated for Indiatee scheme 

will shift the labor supply curve to agriculture backwards. Land as a vhole 


supply can be expanded by irrigation and the power and fertilizer supply
 

or
 curves are partly under the contrc. of government via subsidy, import 


domestic production policies. The quantitative effects of policies on the
 

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

project. Tey can be taken frompast ?rends, from planning docu-


For example, the effect of an emments and fron 

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

ments and from the eviden;e 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 forui the basis for alternative population and labor

force scenarios (see section 6e for details). 

The justification for using market equilibrium models in an economy 

which is characterized by many market imperfections and institutional impedi

ments is the medium to Long run character of the analysis to be done. We 

will focus on a 1.0 to 15 year horizon. The major supply and demand shifts 

to be analyzed are likely to 7ork themselves thrcugh even imperfect markets 

in less than ten years. Furthermore, recent experience and studies from 

India, Bangladesh and Indonesia suggest that even within labor markets, 

rates moreincreases or decreases in labor force or labor demand affect wage 

rapidly than expected despite customary modes of payment fixing rigorous 

harvest shares and other labor contract details. Often wage ratr changes 

occur by shifting to other modes of payment (cash-share-kind) or other 

sources of labor (temporary 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 consistent with a labor 

demand and supply framework. Market imperfections affect sectoral and 

regional migration more pernnanently. We will take this into account in 

the model by allowing different regional labor markets to maintain differ

ent wage rates to sore extent.
 

The basic model presented in Appendix A shows the power of analytical
 

solutions to relatively simple aggregate models in increasing and under

standing of complex distributional impacts. We certainly want to pursue
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further with more models. In partithis analytical analysis some complex 

cular we will consider the following analytical extensions: 

(a) one coimmodity -. one region- several factors 

(b) one commodity -- two regions - two factors 

However, niodlels of this type become extremely complex and yield 

few clear analytic results when expanded. We will therefore resort to 

numerical techniques to extend the model further. The following exten

sion will be built and used in numerical investigations using 3pecific
 

parameter estimates.
 

(c) one commodity - several regions - several factors 

(d) several cormnodities - one region- several factors 

(e) several commodities - several regions - ss'eral factors
 

The commodities will be tcgzicultural comnodities such as foodgrains and 

cash crops or 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 of production, and one 

region, which takes feedback loops of agri.culturai incomes on nonagricultural
 

demand and incomos and llack to agricultural prices into account. A few of 

the general equilibrium predictions--as always--differ from the partial equi

librium ones. To implement the general euillibrum model would require the 

estimation of a core model for the nonagricultural sector, or preferably two
 

The ,casknonagricultural sectors, the organized ard the nonorganized ones,. 

cannot be achieved on the basis of existing data within the time span of this
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project. However, we intend to use the general equilibrium results derived 

by Binswanger to guide us in determining the areas where the neglect of 

general equilibrium implications could seriously distort the result. We 

will then unake adjustments of the partial equilibrium resul-:s accordingly, 

for examp !-, introducing 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 output and factors of production two ad

ditional items of data are required. First, asset holding data or the shares 

of family incor:ie 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 changa on family 

income. The Farm Management Studies and the ICRISAT Village Level studies 

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

ferent asset holding groups wili le modeled separately, but we do nor pro

pose to integrate each group's income changes into Gini ratios or other 

aggregate measures of income distribution. Second, nominal income changes 

arrive at real income changes. Thismust be deflated by price indices to 

can be done if the fraction of income spent on agricultural commodities
 

is known. Such estimaLis--by income and asset holding groups--have been 

published in several rounds of the Indian National Sample Surveys, in the 

the National Institute of Nutrition and are also
diet monitoring studies of 


The models will thcreforeavailable for the ICRISAT village level studies. 


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

on re:l fmriily I rtc-res of different asset holding classes of the population.
 



6b. Phase i Estimating the Core Cemponents of the Models 

The core conponent of the model is a system of factor demand and 

output supply equations fo7 each of the regions analyz:ed. These equations 

are connected ,4ith standard vroduction function theory via the relatively 

new theory of' duality between production functions, profit function, cost 

functions and faclor d&±vand and output supply functions (McFadden, 1966; 

Lau, 1969; DLawcrt, 1971, 1973: and Binswanger 1975). These links and the 

details of the econometric specification are discussed in appendix B.
 

Starting the model fromz factor demand and output supply functions
 

has several advantages over production functions. It allows the use of
 

= more comple: production structures than is generally possible with pro

1 
duction fuuction.- I Economctrically the functions can be specified such 

that no simultaneous eqnation bias arises, vith 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 biases 

o 	 technical change. 

Factor demand and output supply parameters will be estimated from the 

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

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

have Farm Management Study renorto from 70 studies in 24 Districts at differ

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

data for srmal. ex-rcates of individual farm data. A typical sample of 150 

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

1mpirical annlications of production functions have not yet frequently pro
cueded 	 beycnd verv rerstictive Cobb-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 rebiabilicy. They have bee" collected over three year periods by ex

perienced resident investigators. 
 A second advantage is their completeness
 

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

family :and nilrad 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 demand elasticities as the
 

longer 	term macro data.
 

For these reasons output supply 
 and factor demand functions will
 

also be ffti:nd 
to time 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
 

we feel the former are weak. 

The macro data will also be used to estimate rates and biases 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 studie; to con-struct factor shares. Second, each supply and 

factor de2mand function fitted with the aggregate data will contain a time 

trend whose coefficient estimates the factoral rate of technical change with 

respect to the particular fantor.
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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 combination of time series and cross section data in the district data
 

will be handled by computational methods devcloped for ICRISAT by D. T. WallacE
 

available for the restricted generalized least squar(
and packaged programs are 

thL full system of equations to be specifiedprocedures required to deal with 

ac the farm level. 

6c. Phase III. Elasticities 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, etc. 

The impact of policies on output demand and input supply functions 

can be of four kinds; direct 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 subsidies on inputs and out

puts; snd finally direct controls of imports and exports. The international
 

trade literature demonstrates that quantitative controls can be exp-:essed
 

as tariff equivalents (or taxes and ,;ubsidies) and vice-versa, enabling these
 

policies to be analytically translated into functional shifts in our model.
 

summarizes the main sources to be used for the elasticities,
Table 1 

trends and projections. India has a large empirically based economic and 

planning literature from which we will be able to draw. The literature is 

especially strong in the area of income elasticities of consumer demand and 



Table 1: Sourcua of !)Cher Elasticities, Trends and Projections
 

Funcrifns - EstinuIts oC 

1. 	Output income Elascicities 

Demand 

Price Elnscicities 


Population 


Income 


2. 	Labor Supply Elasticity

Supply 


Misration Resnonses 


Labor Force Growth 


Employment policies 


3. 	Power Supply Elasticity 


Trends 


4. 	 Fertilizer Supply Elasticity 

Treaids 


5. 	Land & Land Supply
 
Irrigation Elasticities 


Trends in area 

and 	 irrigation 

The 	 underlined items till receive special 

Sources 
 Data Used 	 Remarks
 

Sama, 1976 NCAER 2 Income Surveys :Tat-.onal Coverage 
Singh & Nagar, 19, 3 NSS National Coverage
 
Singh, 1973 NSS 
 National Coverage
 
Jain & Tandulkar, 1973 NSS 
 National Coverage
 
lenger, 1967 
 NSS 	 National Coverage
 

"CAER, 1970 Aggregate Time Series National Coverage 
ICRISAT, concurrent NSS Natianal Coverage
 
Lluch et. al., 1977 
 Sample Surveys International
 

comparisons
 

Cassan & Dyson, 1976 
 Census 	 Surveys older pro
jections and pre
sents new ones 

Planning Commission
 
Projectioris
 

Planning Cornis3ion
 
Projections
 

Roscnzweig, 197, 
 NCACR income and
 
aiid 	concurrent 
 savings survey National Coverage
 

Bardhan, 1976
 
and concurrent NSS rural employment
 

survey West Bengal
 
ICRISAT, concurrent Village level studies Maharashtra, 

Andhra Pradesh 
Bardhan, Kaplana, 1977 

3ardhan, concurrent? ISS
 

New Fstimaetas Census, NSS, District
 
level data sets
 

Planning Cornission
 
Projections
 

Interregional and Census trends and
 
intersectoral migration 
 Planning Com-nission
 

Projections 
Planning Commission
 

Projections
 

Policy dependent simula

ion variable
 
Subrahmany.m & Ryon, 1975
 

Binswanger, 1978
 

Planning,Conmission Projtctions
 

Policy dependent simulation 
variable
 

Fertili:er Assnriation of
 
India. District level
 
data sets
 

Planning Commission Projec:ions 

Close to zero
 

District level data set
 
Planning Commission Projections
 

attcntion in the project. 
NCAER - :Iation,1 Council of Anetied Economic Rnesarch, :1SS - Nntional 5ample Survey Organization,:CIrSXfr - International C.rops Rcearch Insticute 	 Profor the Scmi-Arid Tr.Lcs, Planninr, Comnnsnin
Jections - rrojectionn untlnr!. 'ng the sixt five year plan to be published in January 1978 and the
,tnual revlions threnf t;'-nr. 
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is improving rapidly in the area of labor supply elasticities, Also the 

data on past trends of population, labor force, income, migration, etc., 

are good. Tn addition, the ftve 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. ThL 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 twc areas which will present some problems and may reqtiire ad

ditional work are the price elastici.ies of output demand and the migration 

responses of labor to inierregional and InZ6:sectoral wage differentials. 

Price elasticities of output demand are more difficult to find than 

income elasticities because they have often to be estimated on the basis of 

time series data. NCAER (1970) has estimated agg gate 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 interna~ional comparative work by Lluch et. al. 

(1977) will be used which extends earlier work by Houthakker and Goreux. 

We may nevertheless do some additional estimation of price 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
 

Rosenzweig, 1977 (NCAER survey data with national coverage) and Bardhan, 19;5 

(NSS data, West Bengal and Uttar Pradesh). James G. Ryan at ICRISAT is cur

rently using Village Level Studies data for Andrah Pradesh and
 

Maharashtra. The existing studies indicate that resident labor supply is 

very inclastic to wage ch:.nges both for males and females and for landless 

laborers and small farmers. Labor supply adjustments to policies or tech

nical changes must therefore 
come primarily from migration and subotantial
 

interregional migration from lagging areas to the prosperous green re',olu

tion districts has indeed taken place.
 

For the regional analysis, therefore, the knowledge of the labor suppl) 

response to wage rate differentials between regions becomes crucial. Unfor

tunately little prior work exists for India aid we will have to develop new 

estimates. 1 For intersectoral migration Mundl' ¢ has recently estimated migra

tion responses with international cross section data, but we will have to
 

2
apply his estimation procedures to Indian data sets.


t appears that Professor Bardhan 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 migration responses to wage rate differentials do exist. 

The district level data set contains complete agricultural wage rate series 
for the past 20 years. Census data (available on a district basis in New 
Delhi) give the nutmber of immigrants per district since the last census and 
allow tle estimation of net migration rates as well. Immiigrants are classi
flied geographically into intradistrict, intrastate and interstate migrants, 
allo..,ing a gro:; braldotn by distance of migration. 

1 
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6d. Phase IV. Poj _.Y 

A clear undcrstanding of the distributional implication of macro 

policy options ir iniportant both for national governments as well as for 

outs ide dnorF3 such -s T'SAID who have to integrate their projects and pro

grams into the cvcral pollcy frame of the receiving country. Furthermore, 

outside don,'s may' 1i.Ave an interest in framing projects or programs which 

will beiicLfit grc~Ip: or rogions !hich national governments cannot or will 

not reach without out:itc (onors. The results of this model should enable 

USAID progrmr. cffici!a to plan and assess the distributional impact of 

their uppe.mentatv -LEo-Lts in a more rigorous and definite way. 

Fcr tie Indian study the policy analyses will be tied closely to 

current and importanz policy options and redirections. The Jaiuta govern

ment, since its arrival to power has made increases in employment the cor

nerstone of its economic policies. The planning commission is building the 

employment objective into the coming five year plan in the following ways: 

(Personal communication from Prof. Raj Krishna, member of the planning
 

comissiin for employment. The plan documents will be available in early
 

1978.) 

1) A massive stepup of irrigation investment from around 2 Mill. 

ha to 3-1/2 Mill. ha per year. This will affect rural employment and wage 

rates by first employing people in the construction of new irrigation sys

tems and improvement of existing irrigation systems. Second, the additional 

land ,csources ,,o 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, erosion control and afforestation. While a national employment 

guarantee scheme (ag operated currently in Maharashtra) has not yet been 

proposed, ,uch a policy is actively being considered. 

3) A redirection of public industrial sector investment towards
 

agricultural inputu such as fertilizer and electricity. 

4) Careful attentiun to choice of technique in agriculture. The 

importation or doM2c'tic production of harvest combines has been banned and 

credt,. from officlil sources for tractors have been totally stopped. 

5) More careful attention on (a) choice of technique and (b) out

put mix in the industrial sector to ensure the use of more labor intensive
 

techniques and the production of more labor intensive commdities. This 

is being done by more active support of small scale industries which are
 

labor intensive, by basing subsidies 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 sinall firms to compete for crucial inputs. If successful~these policies
 

would lead to withdrawal of labor out of the rural sector.
 

With the proposed model it will be possible to simulate the rural
 

income distrihution 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 whose impact on rural wage rates can be 'estimated. 

The newly irrigated land implies similar labor absorption on a more perman

ent basis. Its effect on wage rates, rental income and output can be
 



estimated in the model and translated into income distribution impacts. 

Plans for rtiral works always give estimates of the number of labor'rs 

to be employed and cqin thus be handled in the same way. The emphasis on
 

the provi4iton of 8gricultural 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 upards. Its impact on labor demand is traceable via
 
therefore it,


the core of the model and becomes possible to estimate the wage rate effects 

The nonagricultural employment goals imply shifts in the labor supply for
 

agzl'culture which can also be estimated, at 
least in an approximate way.
 

Some of the policies will also have a specific regional focus such
 

as irrigation for previously unirrigated areas. We want to explore the re

gional 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
 

in 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 distribut~lon of policy changes whdse impact
 

is delayed in a longer run:
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a) Alternative technological change patterns: First a historical 

counterfactual analysia ,,J.1l be done over the green revolution, assuming 

that the rate: of technical change of the ten ,ears preceding the green 

revolution had persisted. This c6nterfactual analysis should significantly 

increase our ability to interpret the actual observed distributional con

sequences. In particular we expect a regressive 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. Looking for

ward we will project the distributional impact of current rates Qf 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 regions and a policy of aggressive expansion of the research sys

tem to produce higher rates of technical change in all regions.
 

b) Alternative labor 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 (U'd median estimates) And optimistic and pessimistic pro

jections will be used which correspond to successful and unsuccessful family
 

planning efforts. In addition, a counterfactual analysis of the green
 

revolution will focus on what would have happened if at the same time labe

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 follo,'ing reasons.
 

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 conductin, the Philippine satellite study. 

Salahuddin Ah.mad, a Ph.D. candidate at Yale will be conducting the 

Bangladesh satellite study.
 

The researchers3 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 



will be at ?ale for a period of 12 to 18 months completing his dissertation. 

Mr. Ahmad will be supported for the remainder of his graduate program. This 

project will provide data -rocerisin; assistance and suppurt for data assembly, 

The satellite projects will provide a basis for comparative analysis ax.d 

this will be undertaken as part of this project. 

7. 	Contribution to institution Building
 

Both researchers have been associated with institutions
 

in 	 developing countries chiefly in India and the Philippines. Mr. Binswanger 

is currently associated wish ICRISAT in India and the Agriculcural Develop

mcne Counci1. 11r. Even'3on has been associated with the University of the 

Philippines at Los 2anos (indirectly with IRPRI) , The Agricultural Develop

ment Council and the Indian Agricultural Research £Lstitute.
 

This project, through Binswanger's current association, through the 

satellite projects and 'hrough consultants, ,ill 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 through reports
 

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 agencies and centers and to a substantial list
 

of LDC institutions. Copies will be provided to TA/AG, for
 

other 	distribution. 



b) 	It is expected that three or four research papers will be pub

lished. Direct Journal reprints and the ADC reprint serics 

will be utilized to assure distribution of these research papers. 

c) 	The researchers will participate as appropriate in
 

the network meetings organized under the Poor Rural Households
 

Project.
 

d) 	 The final models will be made available to other researchers 

and policy analysts interested in using them. Yale will develop 

a documented bank oi all data associated with the proiect to 

be made available to other researchers. 

e) 	 A research monograph based on the project is planned. The re

sults of the study will be discussed in a Seminar to be conducted 

as 	part of this study.
 



Researcner Cometence and Resources 

The two principal invest.igators, along with the principal investi

gators of t>h Poor Ihir'al Households project, represent a substantial 

part of the high-level national research competence in these par

ticular research areas. Each is well trained and has spent most 

of his professional career as an economic analysts in tihis 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 workris, 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 developed countries.
 

Included here are Curriculum Vitae for Professors Binswanger
 

and Evenuon and also Salahuddin Ahmad and J.B. Quizon, respectively
 

Bangladesh and Philippine, graduate students who may be available to
 

work on the research.
 



29
 

10. 	 Overall Cost Estimates
 

The proposed budget is summarized in Table 2. 
The time periods are 

preento, i'I t Tr,:; 	 of LS!ID's fiscal year. A separate budget for the two 

satellite projects is presented. The following points should be noted:
 

I. One-quarter of ivenson',, academic year 1978-79 is covered, plus two months 

in the 	summers of 1978 and 1979. 
 Research assistance covers one full-time
 

assistant, plus progra-mning assistance. One secretary's salary is covered.
 

Increases have been figured at 8% for budgetary purposes.
 

II. Fringe beeit races are 21.5% for academic year salaries and 16.5% for
 

all other wages and salaries.
 

III. 	Overhead is figured at the PEW accepted rate of 76.5% of all wages and 

salaries (including the salary listed in Section X, the Satellite Program).
 

IV. A 	subcontract will be written with the Agricultural Development Council to 

cover the services :if Hans P. Binswanger for the period 4/1/78 through 

.. r 79/30/78 and a late: period 0/1/79 through /31/79. 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 the project, with the total payment to ADC kept to 
the approximate
 

range of $27,500.
 

V. Computer rental from the Yale Computer Center--rates attached.
 

VL Supplies and telephone toll calls: 
 xerox, postage, and miscellaneous 

items are iacludctd. 

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

to two monr:hs during the contract. U.S. travel includes professional
 

meetings and data collection in Washington, D. C. Foreign consultants
 

will be brought to the United States for periods of one to two months.
 



30
 

A conference in India for Indian researchers will be held to share the 

results of the work; traveliwithin India and accotuodations for the
 

conferen,:e will be covered. 

VITI. Consultants will be paid fir data collection and analysis in India. A 

workshop in t.'ie Unite d States will be organized during academic 1973-79 

to invita U.S.-based scholars to a forum on the ptcjc:'t. 

IX. Pubtications: Several dltcussion 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 

monograph will take some months and the billing 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. 

X. Satellite Program: The graduate stipend and tuition support for a 

fourth-year graduate student are covered. Costs of computer rental 

and supplies for both this graduate student and an additional graduate 

associate 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 6 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. M!odel building and extension
 

B. Estimation of the model core
 



Figure 2 - Sequence of Activities 

A H J J 

1978 

A S 0 N D J F M A H 

1979 
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1980 
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Phase I 

(Theory) ji 
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~ 1 

Report. 

Writing1 

Phase 
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II t-1n L1ata orghiztion and 
isupplementary collec-

tion 

IEstimation~ Report 
Writing 

Phase III [Data, Literature organi-
(Other Estimates) zatio' and supplementaryl 

collection 

Phase IV 

Phas IVPolicy
(Policy Simulation) 

o Esti- IReport 
mation I Writing 

I 
simulatnn 

PuReports j Final 

Indian 
Conference 
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C. Output demand and input supply elasticities 

D. Policy simulations 

Data organization is contained under B and C and involve the updating 

of the Indian secondarl data set. This should be completed by September to
 

October, 1978. A trip to India will be requ..red to obtain recent unpublished
 

data.
 



Proposed Budget 

Technolion, Pol4.lcy and Rural Incomes 

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

4/1/78-
9/30/78 

10/1/78-
9/30/79 

10/1/79
3/31/80 Totals 

I. Wages & Salaries--Yale 

Evenson, academic year 
Evenson, suriners 
Research assistance 
Secretarial 

$ 1,960 
6,960 
3,800 
3,800 

$ 5,870 
7,515 

13,000 
9,550 

$ 7,500 
5,000 

$ 7,830 
14,475 
24,300 
18350 

Total Wage & Salaries 16,520 35,935 12,500 64,955 

I. Frinqe Benefits 2,820 6,225 2,065 11 110 

III. Overhead, 76.5% W & S 12,640 27,490 9,560 49,620 

IV. Binswan1rvr--ADC Subcontract 18,200 9,425 27,625 

V. Comiuter Rental 4,000 7,000 6,000 17,000 

VI. Supjplies. olhone 2,000 2,000 1,000 5,000 

ioT. Travel 
a) P..'s - U.S. 

Foreign 
b) Consultants - to U.S. 

Confarence, India 

1,000 
3,000 
3,000 

1,000 
3,000 
2,000 

4,000 

2,000 
6,OUO 
5,000 

Total Travel 17,000 

III. Consultant's 
a) India 
b) Workshop, 

fees 

U.S. 
4,000 3,000 

2,000 
7,000 
2.000 

Total Consultant's 9,000 

M. ?ublications 8,000 8,000 

X. Satelli e ?rogram 

Craduate Salary 
Overhead, 76.5Q 
Tuition (4th yr) + health 
Computer 
Supplies 
Travel 

Total Satellite Program 

fee 

1,000 
765 
200 

1,000 
200 

2,500 

3,000 
2,295 
1,680 
3,000 

800 
3,000 

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

19,440 

GRAND TOTALS $72,843 $112,850 $43,125 $228,820
 



ProS n ' lffit cs ersua 1, prhsaisal 

DS/AGRj,7Lp considers this project to be highly significant in the 
-. Forts of I)SI to develon a more adequate information base for acting 
effectively on the Corqei'essional 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 the-ir synthesis. 



The Agriculhiral Development Council, Inc. 
1290 Avenue of the Americas, New York. N. Y. 10019 

E::ab~lisiso ty John o Tel: • Cable:0 okOfhler Zrd 212-765-3500 Agridevel New Yoot 

January 23, .97 

Professor Robert E. Evenson
 
Economic Growth Center
 
Yale University
 
Box 1987, Yale Station
 
New Haven, Con n. 0652
 

Delr Professor Evenson: 

Following up on our phone conversation, I would like to spell out the costs of 
services by Hans Pinswanger, Associate of the Agricultural Development Council 
row on study leave at the Economic Growth Center, Yale University, for work on 
the project "Technology, Po*icy and Rural Incomes," which is being proposed 
to the Agency for internatioral Development. 

April 1 - September 30, 1978: 6 months salary
 
at $28,000 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
 
actual tire worked on the project.
 

Sincerely,
 

THE AGRI,'"L,,L EVELOP,,ET COUNCIL, INC. 

A. Russell Stevenson
 
Secretary-Treasurer 



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 problems of technology access 

restricted to certain regions of the country. These vcr.,ions of the
 

model were based on a production function. Binswanger then reformulated
 

the model in terms of cost or profit functions which makes it consistent 

with estimation techniques proposed in Appendix 3 and allows a straight

fo--rward extensicn of the model to more than two factors or more than 

one sector. The two-factor version of the model will be presented here 

in its cost function version. This model will serve 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 wich technical change of an arbitrary nature. 

C - Y U - Y U(W, R, t) 

where C = total cost, Y output level, U - unit cost, 

W, R = wage rate and capital rental rate, respectively. 

t - technolog7 index or time. 

Shepherd's lemma gives the factor demand curves per unit of output. 

au 1i
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2
a" . k g (W, R,) (2) 

where Z labor input per unit of output
Y
 

K 
k - - capital input per unit of output. 

Differentiate totally as follows 

dL m d(YZ) - dY + Y2 +d Ydi dR + Y-dt d.3 

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

* a lg ) we find for labor and capital
 

at
 

L- Y' + n LW' +-i R - 1 

(4) 
K' - Y' + + R'

where A - T- dt 

Factoral rates of technical change 

Aik-t rk dt or shifts in the factor demand curves 

caused by technical change
 

The factoral rates of technical change are the negative shifts of the 

labor and capital demand curves respectively. They are defined nega

tively so that tethnical advance corresponds to positive AL and Aj. 

Since unit costs U - ZW + kR and since the rate of technical change 

T' is equal to the negative rate of unit cost reduction n U', it is 

easily shown that 

T w -U' 1W, R" SLA,' + SKA (5) 
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where sL share of labor and sK - share of capital in total costs. This 

shows that the rate of technical change is the share-weighted sum of the
 

factoral riat. of technical change. The bias of technical change is 

defined as
 

dL/K) I 	 > Labor saving 

IW,R" dt (L/K) A < eta 
Capital saving 

Here the bias is simply the difference in the factoral rates of tech

nical change or the difference in the 	 shifts of the factor demand 
1 

curves caused by the technical change. Factoral rates of technical
 

change can be estimated empirically by using the frameworks of Appendix
 

B. two estimation procedures are possible and both circumvent McFadden's 
2
impossibility thcorwn7s. -rst. 
if factor demand elasticities are unknown
 

and if factoral rates of technical change are constant (or can be approximated 

by ccnstant races) then estimating factor demand curves which incorporato
 

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 be estimated in independent
 

IThis is one version of Hicks-biased technical change. For its relation
 
to other definitions in terms of marginal products see Binswanger and Ruttan,
 
1978 Appendix to Chapter 2.
 

The impossibility .heorems simply assert that one cannot estimate 
biases 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 in independent samples and estimate 
the biases residually, 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:
 

Y - L' + W + nL R # 

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 ipecification 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 change. 

All models which follow wlll be in terms of elasticities only 

and not in terms of parameters of the Gener-_Lized Leontief function. 

Transforning back to this particular econometric parameterization is 

quite straightfor.ard. It should, however, be noted that factoral
 

rates of technical change, which 
are simply shifts in factor demand
 

curves, are consistent with any kind of functional form one might choose. 

The Gen-,"lized Leontief function is just a particularly convenient ine 

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 

3 See Binswanger (1974a) for an example of such an approach with 
factor augmenting technical andchange translog cost function. Note thdtthe form finally estiaated in that paper is consistent with factor augmenta
tion as as with morewell general forms of biased technical change. 
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demand curves (4). The third equation is the commodty price change 

equaton which ta ,,'Jt.ratot mre. of conmodIty price chau-e must be 

equal to the share-weighted sult of factor price changes, less the :'ate 

of teclical change. 

P' 0 U' 8 W' + SKR -T' 

- a W, + S R' -SLA-SKA 
L K A i 

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

which can be written in dynamic Zorm as 

Y' aP' + D* (9) 

L' CLW' + L "k (10)
 

K' CKR' + K* (II) 

wherea is the demand elastiity for final output, C and eK are the 

supply elasticities of labor and capital respectively, and D*, L* and
 

K* are 4%al dci,,and and input supply shifters.
 

Equation (9), (10) and (11) can be used to eliminate 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 1 
'-[( * c%) (a + l)E' + SK(CK - a) (A 

-(e K + a +sLa )d* + (cK + sL a- sKa)L* (12) 

+ sK (a + a)K*] 
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+
where A - a(a + 3L CK SKCL) -(SLCL + SL CK) CLK < 0 because a 

is less that zero while all other parameters and shares are positive. 

Note that this expression is independent of the supply elasticity 

of labor. Mowever, what happens to labor income is not independent of 

its own supply elasticity. If L :.j equal to the wage rate times employ

meit in the sector, then WL. Therefore, W' + L'. Since L' -

CL + L* the change in labor income in the absence of labor supply 

shifts is 

- (l + (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: 

W1 - 1 M± (eIc, - c,)T' + (c - a)A - (% - )A)} (14) 

The equilibrium price of a factor in this model is affected as
 

follows according to equation (12) and (14):
 

L. 	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 inel.astic or not.
 
If aggregate demand is inelastic the impact of technical
 
change is to reduce the demand for ea J4 factor.
 

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



3. 	 A positive shift in the supply unction of labor
 
(capital) will lower the aquilibruim price of labor
 
(capital.).
 

4. 	 A positive shift in the supply function of capital 
(through a World Bank subsidy program for example)
 
will affect the labor market according to whether 
the elasticity of substitution (a) exceeds the aggregate 
demand elasticit7 (a) or not. If a;' Lf =he impact will 
be to reduce the demind for labor. 

5. 	 For any set of feasible parameter values, labor-saving 
technical change alw.ays tends to reduce the wage rate 
in terms of goods ot the other sector (and employment) 
when compared with an equal neutral rate of technical change. 

6. 	 The relative position of labor as against capital when 
both gain or both lose absolutely from technical change 
depends ov the elasticity of spply of the two factors. 
Tn situations of absolute gain for both factors, the 
factor in relatively inelastic supply will gain relative 
to the Lactor in elastic 5upply. Conversely, in. situations 
of absolute loss duu to technical change (inelastic demand for 
output) thu irielastlz factor will be the larger loser. 

7. 	 A large elasricitv of substitution between factors acts as 
a buffer between them by reducing discrEpancies in their relative 
price ovterts (3ecauze the absolute value of the determinant 
A in (14) rises as J rises). 

These re the comparative stacic effects of single change in 

exogeneous variables. However, the biggest advantage of the equation 

(12) or (14) is 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 population or income growth and a 

concurrent shift in labor or capital supply. 

The model can be estimated for chnes in the land rental rate 

R' and in the output price P' (relative to t'e price of nonagricultural 

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

changes via the ncome group specific shares of income coming from labor 
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and land V1W and ViR (where i stands for the i'h income group and M 

stands for the nominal income of group i). 

M! - ViwW' + ViRR' (15) 

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

change m' by using an income group specific price deflator 

i'- iP' (16) 

where 9 is the share of expenditure of income class i on food. Equation 

16 says that the consumer price index for food of income class i chauges 

by the price change of food multiplied by the share of expenditures which 

income class i spends on food and when nonagricultural commodities are 

taken as the nueri re. The change in real income of group i therefore 

is
 
i ViW' + ViRR' 

i = iW (17) 

i Zi i 

Equations 4, 5, 6, 15, 16, 17 have ,traightforward extensions to many
 

factors and many commodities and many regions. Analytical results may no longer 

be possible in any case but numerical solutions are always possible if
 

parameter estimates exist.
 



Appendix B. Output 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 cur-ves -[ the following form 

Q f (P, ) (1)

i 

where Q is the output quantity and Q2, ".""Qn are the 'negative) optimal 

quantities of variable inputs. P is a vector of outputs (i 11) and input 

(i - 2, ..., n) prices and E is a vector of fixed inputs such as land, 

environmental characteristics such as climatic or soils variables and of 

research and education variables, i.e. a vector of all those quantities 

i:i'ch affect production and input demands but are not under the short run 

control of the fa.rer. 

The SysLem . is related to standard production function via the theory 

of duality between production, 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 Jorgeniin (1974) have shown that under 

very general conditions there exists a one C,, one relationship between the 

system of supply and demand equations and the production function which 

allows one to choose functional forms for the output supply function 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 its functional form. Thus functional forms 

may be direct!-, chosen for the equation system 1. Furthermore, the output 

supply and facto-. demand functions are econometrically properly specified. 
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They do not contain endogenous variables on the right hnd side. Finally 

the theory of profit function suggests constraints on the parameters of 

the supply and factor demand curves which are useful in econometric estimation
 

(See for example Binswanger, 1974).
 

The functional 2orm 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 and the Quadratic. (See 

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

corresponding to the generalized Leontief are as follows:
 

Q a + j a j j kP /2 1/2 + Eb (2)i . k i~ 

The estimatcd equations provide a complete set of estimates of 
demand and.tput _l elasticities which are simple transforms 

of the b coefficiens (Diewert, 1971). Economies of scale can be 

estimated if the vector of Z variables includes farm size F as follows 

e m i Pi 
i iF 

If e > 0, there are economies of scale, if 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 can 

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



(where inputs are negative Q )
 

Since NQ*/a- = bik' the impact of exchange in on profits is

± k kk 

dir */dZ r b 

If one of the exogenous variables, for example, is research or education4 this 
J 

allows a direct estimation of the factor productivity effect of research 

or education. If one of the 2 variables is. time, then the rate oE 

technical change can be estimated similarly. Finally note that the 

bik variables are shifters of input demand curves and output supply curves. 

Comparison of them among factor demand curves allows the estimation of biases 

of technical change, provided time was included aza a Z variable. 

The full system (2) will be estimated with Farm Management Studies 

and ICRISAT data. An incomplete system (excluding the labor and power 

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

the district level data set. 
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APPENDIX C
 

Basic India Data 

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

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 West Godavari 57/58, 59/59, 59/60 
Andhra Pradesh Cuddapah 67/68, 68/69, 69/70 

Assam Nowgang 68/69, 69/70 

Bombay (Maharashtra) Ahmednagar 55/56, 56/57 

Bombay Ahmednagar 67/68 

Bihar Monghyr 57/58, 58/59, 59/60 
Bihar Sahabad 60/61, 61/62, 62/63 
Gujerat Surat & Bulsar 66/67*, 67/68*, 68/69 

Kerala Alleppey & Quilon 
(Ernakula,) 62/63, 63/64, 64/65 

Madras (Tamil Nadu) Coimbatore 54/55*, 55/56*, 56/57* and 
70/71, 71/72, 72/73 

Madras Thanjavur 67/68*, 68/69* 69/70 
Madhya Pradesh 55/56, 56/57, and 62/63, 63/64, 64/65 
Orissa Sarbalpur 57/58, 58/59, 59/60 
Orissa Cuttack 67/68, 68/69, 65/70 
Punjab 54/55*,55/56*, 56/57* and 

61/62, 62/63, 63/64, 
Punjab Ferozepur 67/68*, 68/69*, 69/70* 
Rajasthan Pall 62/63, 63/64, 64/65 
West Bengal 54/44, 55/56, 56/57 

Mysore (Karnataka) Bangalore 60/61, 61/62 
Uttar Pradesh 54/55*, 55/SA*, SAI57* 
Uttar Pradesh Deoria 66/67, 67/68, 68/69 
Uttar Pradesh Muzaffarnagar 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 studies data are available in an aggregated form.
 

Reports frcm each of these studies have been published and are available
 

to the principal investigators (it is possible that several more Vill be avail

able in the near f"uture). T,.e typical report prov' ]es full data from 150
 

farms aggregated into from five to eight farm cize groups and from r.wo co four 

zones or rogions within The Di;trict. The West Godavari (Andhra Pradesh) re

port, for e:cdnple, provien data for eight farm size groups for two regions 

for each year. Tihe three Uest Godavari reports for 57/58, 58/59 and 59/60 

then provide 48 "observation-i" (3 x 2 x 3). Ten sample villages were first 

selected representing two zones in the district. Then a stratified (by farm
 

size) sample of 110 fariis was drawn (the number in most studies is 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 and other costs (inc. tractors) 

'Maintenance data for livestock. 

Output and price data. 

Some of the reports hvve crop price data. In general, a common format was 

followed in data collecticn and reporting although it is likely that a small 
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number of the stud!es may turn out to be poorly suited to this study. All
 

of the above reports are available in India. We have personal copies of
 

most of them. The individual fare 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 collacted under the supervision of Hans Binswanger 

and N. S. Jodha and James G. Ryan, (ICRISAT Village Studies: Sampling 

procedures data coverage and resource endowments the studyof arean" ICRISAT 

Socio-conomic Prcgram, Occasional Paper 16, June 19771 Data aoie from six 

villages in three different agro--climatic zones. The farm management component
 

is congrv'ent with the Farm Management Studies and were collected by resident 

inves tigators.
 

The . gzegate data set consists of two partially overlapping district 

level data sets. 

A. The Indian district level data collected for previous studies by
 

Evenson is sumarized below. Note that some of i-he 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 years 

(or averages of years centering on census years). This cuts down the number
 

of observations but does not prevent us from pursuing the study. The gener

ated productivity series will have some elements of interpolation but this 

is not too serious for most purposes. We :e working on procedures to esti

mate inter-censal labor force data, however.
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Notes on Calculations of Total Factor Productivity for 140 Districts
 

1. The utnut index iscal!culated from
 
a) Governinctit e" India. Directorute of Economics and Statistics, Ministry


of Food and A,:ricidturz, Estimat-,s nf Area ani Prnduction of1'rticipcl
 
Crops in I/i:i k1970) (Detailed V'ablt:3) 1954.-55 to 1964-65.
 

b) State Statisticai ,hstracts and Crop andSeason Reports for later years. 

2.The input quantity indexes used in this calculation were:
 
a) Land: An annual index of net harvested acreage from the same sources as
 

the output data.
 
b) Fcrrili:er:Data from a Worl1 Bank Study. W. B. Donde and D. B.Brown,
 

Effective Deniard.for Ferrili-_er in India. N. P. and K. treated as separate
 
inputs.
 

c) Pump Irrigation:Data from livestock census; 1951, 1956, 1961. For 1966,
 
1967, 1968, Ifrom Economic and Social bidicatorsof India, USAID, 1972.
 

d) Tractors: Data on number of agricultural tractors interpolaccd between
 
Census of Livestock, 1951, 1956. 1961 and 1966. After 1966 for later years
 
from estimate given by MIMA Baig, Manacger, ,Vfarket Research, Ercorts
 
Limited (correspondence to Rakesh Mohan, '0tit July, 1972).


e) Implements: Wooden plows, Iron plows, cane crushers, Ghanis and carts
 
from Indian Livestock Census, 195 I, 1)56, 1961, 1966. Linear interpolation
 
between census and extrapolation after 1966.
 

f) Bullock labor: ,Vlale cattle used [or work and male buffalo used for work, 
from Indian Livesiock Census 1951, 1956, 1961, 1966. Linear interpolation

between ce.nsus and extrapol:;tion of 1961-1966 trend to 1971. An adjust
ment ior day' worked per . ar was made from Far,, .lfanagemL'nt Survey
 
Data. 

g) Human ,',abor: Data on number of male cultivators ar.d male agricultural
 
laborers from FL"cr 3aok on Manpower, 1970. I[s:itute of Applied lMan
power Research. New Delhi and Protvisional Popirtd:ion Totals, Paper 1
 
of 197 supp., Census of India - 1971. Data on females, from the same
 
sources. 1971 female data werc not taken from 1971census counts because
 
of inconsistent definitions between 1961-71. Female growth rates bctween
 
1961 and 1971 were assumed to be the same as the actual growth rates in
 
the male labor force. The number of days worked per year by male and
 
female cultivators and laborers, from Fact 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 ind females 
were computed. 

3. Input share data were computed using the following prices:
a) Land: Rental values of irrigated and unirrigatcd land were computed from 

Punjab Farm Accounts annually for 1956 to 1970. This series was adjusted 
by comparison with cash rental data from several Farm .,Iantagencwt
Studies (summarized in C. I-I. Rao, AgriculturalProduction Functiont , Asia, 
Pub. Aug. 1965, for early years) and taken from reports for several dis
tricts in later years. Andhra Pradesh (196!-62), Mysore (1960). Other
 
data from 1959-60. Rural credit Survey data were also ,tsed. On the basis
 
of these sources, a determination was made to use the Punjab-Haryana 
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rental rates for irrigated and unirng:aed land for the Northern staCs,
Punjab-Hartana and U.P. Thesc were our best estimates of th- como;,ra.
tiVe pricCs based on the farrm management study data. Irrioated land

(excluding tubeweils) was on the farn management study data. Ir-izted
 
land was treated 
as a ,eparate input and the difference in the renl rates
 
for irrigated or uniri-:tin !and was assumed to rcflect the public s,"etor
 
as well as private sec:or in.cstment in canal ir.rigation.


b)Fertili:er: Prices 
 Cor nitrogen, phosphate, and potash from Fertili:ier
 
SlatLrtics, Aer'ilizer Association of ladia.
 

c) ?unpse!s: Farm 'nang;ement dar from the Punjab used to Zompu:e de
preciation maintenance plus )-c?.(i :. costs per tubewell. Irrigated acreage

in the land series Aid not include this irrigation.


d) Tractors: Prices from Agriculural Pricesin Ildia and from Efco.-,s Lini.
 
ted.
 

e) hmnpkc.%nts: Priccs from Tara S3hukla, 
 Capita! Formation in Indian Agri.
culture, Vora and Co.. Bombay, 1965, up-dated through wholesal: price
 
index.
 

0 	Bullocks: Pr'ices obtained from Pun.,b FarntAccount data and from Farn

MVanagement SarL.v data. Depreciation maintenance and fodder included

in the overail price, since much !ivcstock feed isnot captured in the output
 
data.
 

g) labor: \Vag, rate from .A:gric'aturalWuge Rares in India, (1971 data
 
provided by th'Ie Ministry of Agriculturc) were averaged ovcr districts.
 
months, and tasks. NL 
 and females were gien se!parate wages, and 
cultivators .vere given the same average w,,. as 'he field laborers. 

. The annual input index growth rates were -Awei~hted by 1960-61 factor share 
fram 1963 to 196'-62, by 1965 shares from !962-63 to 1967-6S and by 1970

shares for the remaining years. T"hese weighted aggregate input index changcs
 
were increritented to form the input index.
 

B. ICRISAT, under the guidance of Binswanger has collected a
 

similar data set 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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APPENDLX 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 Salahuddin Ahmad 
(see vitae in Appendix E) have initially
 

committc(d themselves to dissertation which will:allow comparisons
 

with the Indian study.
 

Each 
 f the satellite studies will have a structure similar to 
that.
 

set forth in this proposal. Data availability is also similar in that both
 

secondary data and micro-level data will be utilized in the satellite
 

studies.
 

The Philippine secondary data are similar to 
the Indian data in most
 

respects. A study of productivity 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.
 

is currently completing a Master's thesis analyzing productivity change
 

utilizing these data. 
'Majorsources are:
 

I. Aggregate Production
 

Crops and Livestock
 

1. Crop, Livestock and Natural Resources Statistics, 1973. 
Bureau
 

of Agricultural Economics. 
 Department of Agriculture and Natural
 

Resources. 
 Republic of the Philippines.
 

2. Livestock
 



Crop, Livestock and Natural Resources Statistics Annual. 

a. 	Livestock and Poultry on Farms (ts of January 1, 1973)
 

b. 	Statistical Tables
 

3. 	 Philippine Statistics 1969 Yearbook 

4. 	Journal of Philippine Statistics 

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

6. 	 Prices 

I. 	Monthly Average Prices of Rice and Corn, 1972.
 

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

Source: MIfEWSS (Agricultural Marketing News Service) Daily
 
Market Price Report 

2. 	Philippine 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 

7. 	Land Series
 

a. 	Annual Reports. Land Authority
 

1. 	 T.-id Surveys 
2. 	 Land Distribution 
3. 	 Land Adminis tra tion 

b. 	Annual Reports: National Food and Agriculture Council 
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C. 	Economic Census of the Philippines. Bureau of Cansus and
 
Statistics
 

d. 	Philippine Agricultural Statistics
 

e. 	Philippine Agricultural Situation
 

f. 	Philippine Economic Jourual
 

g. 	Philippine Economy Bulletin
 

h. 	Phil.ippine Statistics 1969 Yearbook.
 

Two icro-data set in the Philippines will be utilized: 

1. 	 The Lagtua 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 households in 1963 and again in 1968.
 

The 1968 data were quite carefully collected and covered two rice seasons.
 

Juanita Baskinas of the FHDO staff resurveyed 400 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 dissertation
 

at the University of the Philippines - Los Banos. The Laguna Study team
 

resurveyed the Baskinas sample in 1977 collecting data for two more sea

sons as well as a t-ide range of related data.
 

Thus the FUDO-Baskinas sample to be employed in this study has data
 

for 300 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. rhe
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data include measures of schooling, extension contracts, nutritional status, 

technology use, ind Lanancy. Additional data en barrio level factors 

were also collected (social services, organizations, prices, transporta

tion and utilities). 

The Liguna Study also undertook a separate survey of 600 households 

including roughly 250 farms in Laguna province L4 1975. Data for two 

crop seasons were obtaiLed. Data for a third rice crop in 1976 was later
 

obtained and these hcuseholds also-resurveyed in 1977. Thuswere samplea 

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 not attempted to estimate a 

number of the parameters of interest in this project. 

The Bangladesh study will encompass a longer historical period and 

will undertake a study of the erstwhile Bengal State concerning a 

pre-independence period 1926-1940 and a past-independence-partition 

period 1955-1973. Both West Bengal and Bangladesh (East Bengal) will 

be covered in the study. 

Mr. Ahmad 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 

a:-e generally similar to Trnian sources. Mr. Ahmad has been associated 

with the Bangladesh Institute of Development Economics and will have 

access to I~th i-13 secondary and primary data on Bangladesh. He 

plans to spend two to three months in Bangladesh assembling data. 
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1. PERSONAL 
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Marital Status: Married, three children 

Citizenship: United States 

Home Address:   

Home Telephone:  

Office Address: Economic Growth Center, Yale University 
P.O. Box 19S7 - Yale Station 
27 Hillhouse Avenue 
New Haven, Coun. 06520 Telephone: (203) 436-4403 

1I. EDUCATION 

Undergraduate: Mankato (Minnesota) State College-attended 1959 and 1960 

University of Minnesota--awarded Bachelor of Agricultural 
Business Administration degree in 1961 (with Highest 
Dis tinc tion) 

Graduate: University of Minnesota-uarded 
Degree in 1964 

Master of Science 

University of Chicago--awardtd Ph.D. Degree, i968 

Ill. PROFESSIONAL LPERIENCE 

1966-1969: 	 Assistant Professor of Agriculftural Economics 
and Economics, University of Minnesota 

1968-1969: 	 Visiting Assistant Professor of Economics,
 
Southern Methodist University 

r 
1969-1974 	 Associate Professor of Economics, Yale University 

1969 (Summer): 	 Visiting Lecturer in Economics, University of 
Tucuman (Argentina)
 

1970 (Summer) 
1972 (Summer) Visiting Lecturer in Economics, Indian Agricultural 

Research Institute (New Delhi, India) 
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1974-1977: 
 Associate, The Agricultural Development Council
 
Visiting Professor of Agricultural Economics,
 
University of the Philippines at Loi Banos
 

1977: 
 Visiting Fellow, Development Studies Center,
 

Australian National University
 

Prolessor 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: Three 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 Aspect3 of the Organizati.on of Agricultural Research",
 
in Fishel, W. (ed.), 
Resource Allocation in Agricultural 
Research, University of Minnesota Press, 1971. 

"Economic Factors in Research and Extension Investment Policy",
 
in FAO ECA 1!onthly Bulletin, 1972.
 

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

"Technology Generation in Agriculture in DevelopmentTleory, Lloyd

Reynolds (ed.), Yale University Press, 1975.
 

"Research and Productivit7 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" in Trade and
Agricultural Development, ed. G. W. Tolley, Ballinger, 1973. 

"Research, Extension and Schooling in Agrcultural Development",
1973-74 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), 
Economic and Political Weekly, Bombay, 1973. 

"The Indian Agricultural Research System and Its Contribution to Agricultural

Production", (with D. Jha), Indian Journal of Agricultural Economics,
 
1974.
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"The Intensive Agricultural Districts Program in India: A New Evaluation", 
(with Rakash Mohan) Journal of Development Studies, 1976. 

"Cycles in Research Productivity and International Diffusion Patterns in 
Sugarcane, Wheat and Rice in Resource Allocation and Productivity 
In National and International Agricultural Research (Thomas Arndt, 
Dana Dalrymple and V. 4. Ruttan ediLors) University of Minnesota 
Pre.s, 1977. 

"Comparacive Evidence on Returns to Investment in National and International
 
Research Institutions" in TiouLas Arndt, Dana Dalrvmple and V. W. Ruttan
 
(Eds.) op. cit. University of Minnesota Press, 1977.
 

"Consequences of the Green Revolution", Proceedings VI Pacific Trade Congre-;s,
 
Mexican Cit , July 197"!.
 

"The Gr. n Revolutlon tn i*ecent Development Experience, American Journal 
of Agric. Econczics, JuIJy' 1974. 

"Internationl Tra:;ii on of Technology in the Production of Sugarcane", 
Journal of Developmcut St:udies, 1976. 

"Technology 'r'rnsfer and Research Resource AJllocation" (with Hans P. 
Binswanger) in.H. P. Binsiqanger and Ruttan, V. W. Induced Innova
tion and Economic Development, Johms Hopkins Press, 1976. 

"Science and The World Food Problem" Connecticut AgrIcultural Experiment 
Station 3ulletin 758, 1975. 

"On the New House Old Economics", Journal of Agricultural Economics and
 
and Develoment Vol. VI, Jan. 1976.
 

"Research and Factor Productivit 7 in Agriculture: An Inter-Country Study" 
(with Y. Kislev) Supplement to Interuatioral Journal of Agrarian 
Affairs, 1976.
 

"Farm iucomc and Its Taxation: Evidence of Gross Inequities" (with F. 
Welch). To be published in a volume based on a "Conference on Futi.
 
Zmployment" Madison, Wis. 1975.
 

"A Stochastic yodel of Applied Research", reprinted from the Journal of
 
Political Economy 19076, Vol. 84, No. 2, (with Y. K.islev).
 

'Trodurctivit7 Measuremcent in the Developing Economies: The Indian Case" 
Pracedings Conference on Productiviry Measurement, Ulm. Germany, 
1974. 

'"Social Returs zo Rice Research in the Philippines: Domestic Benefits ad 
Foreign Sp[illover" ('with Piedad Flores and Yujiro Hayami) Economic 

n ad Caltural Caaze (forthcoming). 

"s.ik and Un te-tainry zas Factors in Crop Improvemeut Research (vith R. Hardt, 
J. O'Tooe, W. R. Coffnan nd H. Kaufmann) to published in a volume on 
Rink and Uncertaitr 4n Development based on a Conference in Mexico, 
!976.
 



t Fertility, Schooling aud the Economic Contribution 

in the Low-Income 

of ChildrenIndia" with M. Rosenzeig, Econometrica, Vol. 
"Social Return to Rice Research (with Piedad Flores) 

45, 

in 

in Rurai 
No. 5 (July, 1977). 

Economic Consequences 
of Ne,{Rice TechnoJol' in Asia, Y. Hayami (ed.) IRRI, 1977. 

"The anLatc of Czop- and Animal-Improvement Research 
Countrft, ," Rejcurces, Incentives and Agriculture, ed. T. W. Schultz,(f or=Ixccrning ). 

"Ti=e Allocati,.on in Rural Philippine Households," American Journal of 
icitural Eccrinomics, (forthcoming) 

UNPT;BLISHEm PA E35: 

"The Cou.tribt.-ion of Agricultural Research to Agricultural Production", 
Ph.D. nissertation, University of Chicago, 1968. 

"An Econo)ui AnalTsis of Changen in the Iinnesota Grain Processing and

Termlnal Elevator Indu:stries", M. S. Thesis, 
 University of Mizaesota, 
196-4. 

"The Green Revolution and Technology Borrowiag", Economic Growth Center, 

January, 1971. 

"Investment in Agriculturil Research and Extension: An International 
Suzvev, (vith Yoav KIslev), Economic Growth Center Discussion
?aper 11o. 124, Yale University, Augtst, 1971. 

"Responsiveness to Economic Incen*i,.ves by Sugarcane Producers in 
Tucuman, Argentina" (with M. Cordomi), 1970. 

" .a.bor thein ind"Im ArIcultural Sector" (A Report to A.I.D.), October, 
1972. 

"1roductivit; hange in U. S. Agriculture" (with D. landau), Sept. 1973. 

"Azricultural Research and Extension in Asia: A Surver", prepared aasreport to the Second Asian Agricultural Survey Team, September 
1976. 

".graulnral Kesearch anti Extension in Asia: A survey with Special Refe!,,nceto Nepal", p'aper presenced at a Seminar on "Research ?roductivity and•"ch-nizatlon in -e;pale e Agriculture" jointly sponsored by Centre forEconaoL: De':iupne-n anl Administration and Agricultural Projects Services
Ceznbre, Oct. 26-28, 1976. 
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"Research, Farm Scale and Agricultural Production" (with FiLis Welch) 

"Scale Economies, Elasticities of Substitution and Productivity Change in 
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Agriculture" paper presented at
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Research, Information and Agricultural Productivity (with 
F. Welch)
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and Extension Proram
National and International Azricultural Research 
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REFRNCES : 
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T . t .... .uh-itted 
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r.C not& 
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