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1. INTRODUCTION.

The appreclation of the importance of agriculture in the process of
development has been greatly enhanced by the "green revolutions™ that
have begun to transform the economies of such diverse countries as Costa
Fica, Israel, Higeria, hilipsires. Thailand, Tanpanyika and Yugoslavia,
U.S.D.A. (1565). Even for countries with high population densities such
as India and Fakistan, vhich as late as half a decade apo, were cited
as evidence of the ’lalthusian theses by as perceptive an‘observer as :'yrdal,1
the recent advances ir agricultural output have infused their economies with
new hope. In some quarters there i3 now talk of the avility of the égri-
cultural sectors in these ecunomies not only to feed the growing populations,
but also the possibility of produciag arricultural surpluses for export.

In viewr of the accumulating evidence of vast agricultural transformations
under wvay in these countries, a detailed analysis of the economic and
technologicsl environment in wiiich development is proceeding in the third
world would greatly enhance our understanding of the development process

in agriculture. The purpose of t"is paper is to outline some of the factors
that should be ideally included in anv regional study of production
response in agriculture in the LDC's.

While agricultural development remains at the center of development
theory and policy, and while its irportance in overall development is fully
appreciated, only recently has attention been devoted to the empirical
exanination of its role in the L)C's. These recent empirical investigations
have been conducted on two broad fronts: one stressing and determining the
role of apgricultural exports in development and the other stressing the

more fundamental problem of increasing domestic output. Though a case has
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7béen;ma&é.for-éhbhaSizing the importance of apricultural exports as a
f?biﬁtféf departure in the development process of cert:ain underdeveloped
economes MYINT (1950), CAVES (195%), LIIS (1955), there is a growing
realization that the more fundamental problems are those associated with
agricultural production response; that is, the factors determining the
production of apgricultural cormodities :ELOR (1065, 1966), SCHULTZ (1064).
Lven when agricultural exports provide funds for development, an increase
in agricultural exports requires an increase in the domestic apricultural
output. Consequently, whether or not agricultural exports can or cannot
play a critical role, the problem of increasing domestic production is
fundamental. This accounts for the growing interest in production responses
in the LDC's.

A larpe part of the empirical work done so far on production resnonse
in the LIC's has concentrated on estirates of price responsiveness of
single crop acreages and this wvork is steadily on the 1ncrease.2 This
concern touches on a very important asnect of the possibilities of the trans-
formation and modernization of tracitional agriculture: the question of
whether or not peasants in traditional or ncar traditional agriculture
respond to opportunities which are made available by changes in market
conditions. These studies have shovmn that agricultural production of
specific commoditiecs in specific LDC's is price resronsive, especially when
adjustment lags due to uncertainty and quasi-fixity of capital stocks are
accounted for. 'wreover, they sugpest that the general form and direction
of this regponve 13 consistent vith price theory and that peusunty in
traditional agriculture respond quickly, normally, and efficiently to
ha:ket incentives, which can therefore be expected to play an important

- role in the transformation of traditional agriculture., In fact, it is fair



to say that the view of BOE“L (i253), DABASI-SCHWENG (1965), DALTON (1962),
FUSFIELD (1957), LEWIS (1964), 'YrorL (1268), NAIR (1965), NEAL (1959),

CLSON (1960) and WHARTON (1962), and ocliers that the people of LDC's are
tradition bound, and that cultural and institutional restraint limit to in-
significance, any responsiveness to market incentives, and that the develop-~
ed countries have a ronoply on “econonic man" has been pretty thoroughly dis~
credited. These initial econometric studies seem acceptable as first order
approximations to tlie quantification of production response.

A related area of inquiry has been concerned with a study of rural
institutions and their effects upon agricultural productivity and economic
incentives, with a srecial concern for tenancy rights, land tenure and the
structure of rural credit and rents. These studies have emphasized the in-
portance of institutional constraints of one form or another that operate
upon the economic environment. The first tvo approaches have concentrated
upon the questions of the way in vhich decisions are made in agriculture and
the last has been concerned mainly with the enviornment in vwiich these
decisions are made.

Aside from matters of emphasis,it is reasonable to accept that institutinna:
arrangements modify response to econoxic oprortunity, often change the goals
of economic activity and the means of production adopted to carry it out,
and yet allow for a major concern with economic decision making in tte study
of agricultural transformations. Whereas both the study of the institutional
framework and the study of economic responsiveness are involved, there are
twvo additional factors that should be included in any study, if the analysis
of agricultural transformation in the LNC's is to ve complete, and which

hitherto have not been incorporated in the quantitative study of production
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response. The first and the rost important is the nature of subsistence

production in traditional agriculture and the related phenomenon of the
interdependence of the household and the firm that defines this subsistence,

and the second is the problem of technolorical change. Indeed these two

factors - the interdependence of household-firm units and the existence of

nev technological oprortunities - sre in matter of fact the elements that

define the point of departure in the study of production response in traditional
agriculture from similar studies of modernized apriculture. DBoth these factors
are fundamental to any study of transformation; tie former because large
sections of agriculture in the LNC's operate under conditions of subsistence
production and the latter because the questions of technological change and
choice are at the very heart of the transformation process.

An accepted characterization of traditional apriculture is a state of
economic equlibrium in which the state of the arts is constant, the set of
preferences and motivations for acquiring incomes hiave been fully adjusted
to the costs at the margin and the marginal productivities of the factors of
production have been adjusted to their returns. SCHULTZ (1964) This equilibriun
is stable because piven the state of the arts,the rates of investment in
traditional inputs are so low that little or no investment takes place and,
furthermore,"there are comparitively few sipnificant inefficiencies in the
allocation of the factors of production.' As a result,small changes in either
the relative prices of inputs or outputs or-in the quantities of inputs unchanged
in quality are unlikely to bring about any lonpg run departure from this
equilibrium. As a result, only the application of "new inputs" in the pro-
duction of 'new outputs" and the use of "new means of production” and '"new
knowledge" are required in order to shift agriculture from this traditional

state. Generalizations of this nature, however, without reference to the details



of the environment, the relationchip of the various factors in the environment,
and their interaction are rore litely to mislead than to bring alout agreement
with regards to specific policies required to transform traditional agriculture.

In the practice of development, os distinet from the mere theorizing
about it, few if any generallizations suffice. This only reflects the vast
differences in tie experience of developrment as well as the vast variety Ehat
becomes evident if e proceed to exanmine the details of the development process.
The details of developrent have not leen neglected, but have become the special
concern of the administrator, and in the case of agriculture the concern of the
agronomists, plant patholorists and breeders, soil scientists, farm management
experts, and the extension spccialists - Lecause these preople have been con-
cerned with the details, without a knovledpe of vhick the practice of develop=-
ment would become impossible. It is evident that c:anges that consiitute a
permanent departure fror the equilibriun in traditional apriculture require
the application of the detailed findings of many disciplines, and any analysis
of its transformation should try as far as vrossible to incorrorate these details.
Vhat is needed £8 an analysis that bridses the gav vetween the theorv and the
practice of development, between the administrator, the economist and eventually
the farmers who make decfsions on the farm. Suck =n analysis twould be an in-
strument that could Le used hot: as a research tool for ®le nurpoces of
theorizing about ecoaordc behavior as vell as a manual of agricultural practice,
one that could view the agricultural sector as a vhole without neslecting the
details required for it transformation.

tost of the detalled research has been conducted at the farm level in
the form of budpet studies for particular frrms or representntive farm types
through the use of partial crop budpets or linear proprarring studies to deter-

mine the most profitable ellocation of resources on the farm. Thic approach
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to the allocation problem, ".ovever, does ot take account of the region as a
whole, tut does give attention to the Jetailed microecononic 1n£ormatioq that
determines decisions at the farm level. The focus of this approach is correct
for it concerns itself witl. the classical problems of development - the nroblem
of the reallocacion of scarce resources, of the chanping pattern of resource
use, the role of technology and investment and the changing pattern of market
demand. lhat is required is to make this apnroach availatle at the regional

Or .sectoral level so that the level at which policies are made can be inteprated
with the level at which decisions are macde in resronse to these policies. In
this manner it would become possible to trace not only the nath of regional
development, but perhaps also to isolate the details that are ‘'strategic' to the
development process in any given repion, and to the extent that these are in-
fluenced by policy actions to trace the effects of policy.

In emphasizing the importance of strategic details in the study of agri-~
cultural develonment at the regional level, it is not suggested here that no
attention has been given to them. There are many elements of production respon:e
at a regional level that were recognized by DAY (1362) in his study of apgri-
cultural trancformation in the iississipni delta, Amonp those he considered
necessary and neanincful are:

1) The interdependence of outputs using common inputs (i.e. the multi~

product nature of the agricultural production firm);

2) Technolorical change;

3) Chanpes in both acreage and yicld conponents in field crop production;

4) Uncertainty;

5) Adjustments over time;

6) The agpregate reglonal suprly of productiorn inputs;

7) The relative interaction of input and output prices;



B) The rute of investment in factors fixed in the short Tun;

9) Prlanned or programmed policy actions.

These interrelated categories have been incorporated in the emrirlcal studie« of
production response in developed agriculture DAY (1263), HLIDHUES (1)65),
SCHALLER (1963), but cheir relevance to the study of production response in

the LDC's has not been fully anpreciated. These categories are not only relevant
but crucial to the analysis of production response in traditional and near
traditional agriculture. Besides these important categories there are sone
special features of traditional agriculture alluded to earlier that have vet to
ve incorporated in an empirical study of production response in the LDC's. Among
these the most important mentioned earlier - the nature of subsistence production -
leads to the examination of scme of the details of development we wish to in-
corporate.

In broad terms, we can think of four sets of details: 1) the details of the
firm-household interdependence ip traditional agriculture, 2) the details of
technological change, 3) the details of decision mal:ing and the details of
regional interdependence. The rest of this paper is devoted to a discussion of
these details, and a paper that follows will try to incorporate some of these for
analysis into a rezional model of production response in traditional agriculture,
by using activity analysis.

2, THE DETAILS OF FIRM~HOUSEHOLD IWTERDEPENDENCE.

It has long been recognized that the farm combines two fundamental units
of microeconomic activity-~the household and the firr. Some attention has been
given to the resulting interdependence in the economic analysis of developed
agriculture. WEADY (1953), DAY (1962) and DAY and HEIDHUES (1267). DBut while
this interdependence is clearly of the essence in the analysis of traditional

agriculture, scant attention has been paid to its implications. The exceptions



-~ 8 -

are NAKATIMA (1957, 1963, and 1965) and MELLOR (1965, 1%€5), who heve both con-
tributed to a clearer theoretical understanding of this interdependence. It is
now tire to incorporate this fcatuve in an empirical rodel of nroduction response
in traditional agriculture.'

NEKAITIIA (1965) classifies all farrs accordins to: 1) the depree of sub-
sistence production (commercialization)-- that is the proportion of produckion
consumed (or sold) by the farmer; and 2) the deprees to which a farm is a family
farm--that is the propoition of family (or hired laber) in the total labor input

on the farm. A sui.sistence production family farm is a farm with a high degree

of these characteristics. Subsistence production is then due to the predoninance

of such farms in the agricultural sector.3 Traditicnal agriculture is, therefore.
distinpuished mainly by a) the overwhelming dependeuce of the household upon

the output of the farm for its consumption requirements for food and other outputs
and b) the overvhelming dependence of the farm upon the household for its labor
requirements. The resulting firm-f.ouschold interdependence has several important
implications for the analysis of oroduction response’

2.1 "he Interdependence of Consunition and Prnduction.

The first implication is that consumption and pronduction decisions cannot
be separated end must be analyzed 3imultaneously. There are several ways in
which these two interact. Yirst, the dependence of the hnusehold upon the far~
to meet its consumptizn requirements modify the crepning pattern on the farm
since land has to be set aside to produce f4r consumption. To tle extent that
this is done, it modifies the response of the farm to the market nroiitability
of alternate crops. The extent to vhich traditional farmers renpond to market
incentivea depends upon factors such as the availability of markets, thelr
structure, transportntion costs and seaconal price fluctuations for threir

i

outputs, and their ability to atore and procesq food since these foctors determine

the extent to which the housebold has to rely upon the farm to meet its consumption
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needs. Secondly, consurption needs often lead co @ very diverpse crorping
pattern since a variety of needs have tr Le met, and as a result specialization
and any economics that accrue from it are lost. ‘The chanpe from traditional

to modernized ajriculture, therefore, often requires a substantial reorganization
of the agricultural institutions for marketing and suLstantial investments

in infrastructure to improve transport and communications. Thirdly, and nore
directly, consumption requirerents determine tke extent to which farmers
commercialize their production, since the anount and tie composition of the
marketable surplus 1s the outcome of tr7o aets of interdependent decisiocns - the
decision to produce and the decision to consure troduced outnut - and not the
outcome of production decisions alone. iMmat ig perhaps even more important

is that the decision to consume depends upon the actual amount produced on

the farm, and less upon such factors as income and marlet prices., SINGH (1569)
Lastly, since consumption decisions determine tile marketable surolus, they in
effect determine the flow of cash income talch is the princinal means for the
purchase of inputs nct available on the farm.

2.2 The Interdependence of onsumption and Investment.

The second implication is that production and investment decisions cannot
Le separated and siould be analyzed together. There are sev:ral ways in vhich
consumption and ‘nvestment interact. First, since the most significant input
into the traditional agricultural production function is labor, and a larpe
proportion of this iz supplied by the househkold, the amount of farily labor
availsable on the farm depends upor the choj.ce between leisure and income. It
has been suggested that traditional farmers attach su:stantial value to leisure*
and a relatively low value to additional incomes beyond the requirements of

subsistence consumption. The outcome of this limited aspiration on the part of

* Leisure is vest defined in temms of activities that consure time but
do not produce any material (as distinct from psychic) income.
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peaaﬂhfé'ie-aftér ‘a certain tareet incone has bean achieved thp suaply curve
of family 1abor tends teo bend baclwwrg Tf this is so,one has to know

“at vhat point to expect this., ‘However, thié i3 unlikely as "ELLOR (1865) has
pointed out, since in many low incore economies, the véry low incomes may

have actually pushed the marpinal utility of the last increment of -income to
such a high level that additional family labor is introduced into production'
even vhen marginal returns are low. The "reluctance to werk' 1is not a condition
of tightly limited aspirations as much as it is an unwillingness to worh: for
extremely low marginal returns, co that we can expect supplies of family labor
to te ligited more by its availability then bty limited aspirations. NAKAJIA
(1257) The supply of family labor maybe expected to rise with both the intro-
duction of new ccnsumer goods durinsy transformation.

Secondly and more directly, investment 13 limited by the ability of the
household to save, since in trzditional aspriculture z large port of the capital
accumulation ig done either through a direct expenditure of labor on farm
improvements or through unconsurmed income. The rates of saving and investment
uay be low bLecause of the low rates of returns expected from investments in
traditional inputs, or they may be low because of tlie high rates of discount
for future incomes due to the larger uncertainty end risk in traditional agri-
culture. A preference for current and assured Lut admittedly low incomes over
highly variable increments to future incomes expected fron investments is very
rational, given the large uncertainty where the piiysical environment uvon vhich
agricultural production depends is Leyond the control of the traditinnal state of
the arts. SCUNLTZ (1984) han correctly supreasted that tae vay to raise in-
vestmenta in such conditions is to nﬁbatnntiully 1ncrwuae and atabil!ze the rotes
of "eturns Ly the introduction of non traditional innuts and outputs, Thus
'saving may be. available but opnortunities for investment may Le so limited that

nctual inveatments remain at a low level
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On the other hand, it is alao likely that savings may not be available,
since levels of output‘are so low that after consumption requirements have
been accounted for there may bte nothing left for investment. At the micro-
economic level thé ability to invest is very much determined by the surplus of
production over consumption for each farmer. To the extent that production
Just covers "subsistence consumption" (in the sense of the minimum required to
maintain family labor), there may be¢ no hope of raising the existing levels
of investments unless sipnificant changes in the production function occur
first. 1In this regard, it should e borne in mind that at such lov levels of
cdnsumption, consumption and investmenc cannot te entirely separated even as
concepts, since food requirements are essential for maintaining the main pro-
duction input - family lator - and can be regarded as ar investment in a very
durable and versatile asset. In this sence it i{s corvect to say that there
is no way in which decisions to consums:, produce and invest can be separated
except as useful descriptions of various types of activities one observes in the
firm-household and lalLiels for convenience.

2.3 Interdependence of  ‘arletable Surrlus, Investment and Consumption.

It has already been pointed out that the amount and the composition of
the marketable surprlus depend upon both decisions to retain outputs for con-
sumption as well as decisions to produce these outputs. In its own turn the
marketable surplus is the most important determinant of the cash available to tle
subsistence farmer, and hence the extent to which he can purchasc both variable and
quasi-fixed inputs that are not provided by the household. The choice betwveen
conéumption and sales is, therefore, a very important determinant of the pro-
duction‘funétion and traditional farmer uses. If we believe Schultz that there
a;e'cﬁmﬁa:agiveiy»feﬁ inefficiencies in the allocation of traditional resources,
f:heg an increase in the cash flows becomes a necessary condition for the trans-

‘fotﬁatibn,pf?;ggditional agriculture. Not only does qutrent production cpmpete
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?for these ‘cash’-flows’ since 'mev inputs' can only be purchased, but invest-

Jments3in new technolories are not pogeible without this cash flow. This is the
.reason underljing the importance eiven to the institutions of credit, the
:availgbility and terms of credit and the sources and tle uses to which credit
'15 applied;'éincé it is felt that unless credit is made.available to allow

the farmers to move to nev production functions, thev may not be able to take
advantagefof oﬁpértunities even vhen they are availalle, since initially they
can only pgenerate a small marketable surplus.

- Hot only do variable inputs and investrent purchases compete for available
cash flows, bUt the purchase of consumer goods and services also require cash.
As thg traditional farrer is iaterrated with local markets for outputs he is
alzo integrated with local markets for consumer goods, and hence he can forgo
his total reliance upon the farm to provide all his needs, and he begins to
substitute purchased goods for produced poods in Lis consumption bundle, thus
incréasiug his needs for cash. In addition as hiis income increases, given
a positive income elasticities for most coasumer goods, his cash consumption
is bLound to incresse. Of special sienificance is the introduction of new
consumer goods into rural areas and the vesultant domonstration effect’ upon
consumption, which wmay increase the supply of farily labor forthcoming for
production at the expensé of leisure, may increase the amount of the marketable
surplus, with a resultant increase in cash flows, only to find them being used
fof consumption,

Consideration of the details of the firrrhouseliold interdependence
suygests that~thete aré preat similarities betveen the traditional farm and the
-traditional household of econnmic enalysin. Doth the household and the
itré&itional fermer obtain inccre ?y ut*lizino their labor, both aim at a

fmaximization of their utilities which are a function of income (and all poods)

'and the quantity of labor (or leisure) e esgential difference is in their.
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income equations; the income cauation of the traditional farmer contains the
production function, while that of the household does not.

3. THE DETAILZ CF TECHNOLOGICAL CHANGE.

The most strategic role in the transformation of traditional agriculture
is assigned to technological change. Studies of the grouth of output in the
United States hag reinforced the idea that quantitatively, technological change
has been the major causal influence SOLO: (1357), ABPAMOVITZ (1956), KENDRICKS
(1956) and is éxpected to be so in the LDC's also ECKAUS (1962) . Although
there is agreement about the role of technological change there is little
agreement with repard to what constitutes technical chanpe and how it is to be
measured,

There are deceptively easy vays of discussing technology, but most do
not provide a quantitative measure of what is involved., It is necessary to
measure technology in order to arrive at an appreciation of its sipgnificance for
the transformation of traditional agriculture. Aggregate terns such as land,
labor and capital do not sufficiently discririnate between alternate types of
resources involved. tVhat 1s required is a breakdovn of the notion of technolony
into its various components in order to measure them. Fortunatelv, such a definitic
does exist which breaks dovn technolopy by identifying and neasuring the various
inputs that are required to product a piven output - an activity in linear propramrir
terns. DAY (1964) TUsually activity analysis is associated with technologies
with fixed factor proportions; and this 1s cne of the criticisms of ite use;
but it is possible, as 1is s"own later to define activities that allov us to
approximate variasble factor proportions through linear combinations of several

activities,

The concépt of technoloaiéal change as apnlied to traditional agriculture
involven three broad components that can be quantitatively analyzed in terms of
activity analysis: 1) New “aterials, 2) New Implements and Pover Sources and 3)

New Cultural Practices.
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'3:1 Hew i'aterials.

Technological change often implies the use of nevw materials not familiar
to :hé traditional farmer. These new materials may be inputs used in the pro-
duction of traditional outputs, or they may be new outputs produced by traditional
inputs or a combination of both.. New materials usually involve a change in
quality as distinct from changes in quantity alone, but can be easily represented
by activity analvsis, since the use of a new input i3 a chanpe in the resource
used and a new output is an addition to the traditional activity set, while a new
output using new inputs is a combination of both. INew inputs and outputs are
usually agsociated With e subastantial increase in the per acre pruductivity, and
are of special significance in countries with high population to cultivable land
ratios.

Examples of inputs that are new and strategic to the development of
traditional agriculture are : a) Water in the form of irrigation which allous the
planting of crops that could not be grovmn previouslv, increases vields and reduces
their variability by reducinp the dependence on weather, and allows the develop-
ment of multiple-cropping where climate and other factors permit. Water is also
a most important complementary input vith several other new inputs; b) Inorganic
fertilizers which are either a far superior substitute for traditional organic
manures or are totally new ip~uts. Fertilizers allow a substantial increase
in yields per acre when used in combinatinn with water and other practices.

Their successful use, hoisever depends upon 1) a body of research in soll sciences
to determine crop yield resvonses, without vi.ich farmers could not use them without
substantial risks;4 11) an industrial base to produce them or imports and a good
distribution network after their initial accepténce, iii) prices that would make
their use profitable and iv) a systen of extension education to provide informatien
about their use to demonstrate their effectiveness, and assure their wide acceptanc

aﬁdﬁd)ﬁhqghicides; pesticides and fungicides which assure increased yields by



- 15 -

reducing crop disease and destroying pests, and require conditions similar to
those for fertilizers to assure their succeas:

Examples of outputs that are new and strategic to traditional agriculture
are: a) crops not grown previously, in the sense that they do not belong
to the traditional cropping pattern. The introduction of new crops often takes
the form of production for the market, either foreign (cocoa in Ghana) or
domestic (kenaf in Thailand), of cash crops as distinct from subsistence crops;
b) new seeds and crop varities often in the form of hybrid strains developed
to increase yields, resist disease and nests and grow better under certain

climatic conditions, and which ~re currently credited for bringing about the

"green revolution" and c) new non-croy activities such as livestock production,

poultry and food processing which can be easily inteprated into farm activities
and vhich increase incomes and tolke up the seasonal slack i. agricultural
employuent,

3.2 Reuv Implements and Power Sources.

In agriculture production is carried out through the performance of a
combiration of tasks. A task can be described as a reneral type of action re-
quired in the production transformation. Land rreparation, planting, cultivation,
irrigation, harvesting and transportation are examples of agricultural tasks.
Certain crops are basic to every method of crop production while others are
unique te che crops for which they are performed. Not all tasks are performed

for a given crop nor are they alvays perforned a given nunber of times. A tesk

intensity specified the number of times a task is performed for a specific crop.
The production of final crop outvuts requires the nerformance of a sequence of °
tasks at specific intensities. The "output’ of each task can be viewed as an

intermediate output which s then considered as an fnput. into the next taslk in the

sequence. The production of final crop outputs can then be viewed as the productio

resulting from a sequence of intermediate outputs. A standard intermediate output




is the output of a certain standard task with a fixed input output structure

associated with it. It is tlen posal™le to combine various standard intermediate
outputs at varying intensity levcls to give‘final crop outputs. (For a
more detailed examination of these concepts see SINGi, TAY and JOHL (1968).

The purpose of all this is that each standard task and the level of
inputs used to procuce interwmediate outputs by its nerformance embodies a given
technology, since each task can be performed by an implement-power comtination
we call an operation. Each operation is a distinct way of performing a
standard task. 7Thus the task o. land nreparation can be performed with either
a wooden plow or an iron plow powered by animal draft (a change of implements),
or it could he performed ith a dizi Larrour povered either by animel draft or bty
a tractor of civen horse power (s chanre in the power source). Generally, it
is not possilile to consider tlie power source and the implement separately since
implements ace usually designed for given porrer sources. T.us an operation con~
sisting of a given machine-pover-iuplement combination has a fquantitatively well
defined input output structure.

Uith regard to this component of technolocical change t:ere are a number
of important observations. irstiv, even in traditional aericulture there
is a vast availability of choice even when investments are confined to known
implement~-pover sources. Traditional apriculture is a complex phenomencri
with hundreds of tasks bein; performed, in many poscible combinationa, requiring
detailed knoirledge of soils, climate, topccraphy, with scarce resources bheing
distributed over tire and crop use. These choices are enlarged when both old
and new implemernts and pover sources have to Le connicered.

Secondly~- partly due to this complexity, tke process of rechnological change
cannot be vieved as the replacement of an entire set A of traditismal operatiors
Ly a new set B of nodern operations. For ervample, the transitiosi from a

‘*bniiqck operated farm to a modernized fariy using machinery for all its taska
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requires an element by element exarination of such choices as the use of
bullocks versus tractors to premare the land, a bullock or camel operated
persian-wheel well versus an electric tubewell for irrigacion, bullock
threshing and hand winnowing versus the use of a pover operated thresher and
winnower, hand harvesting versus the use of a mechanical harvester. An entire
bullock technology is never replaced by a tractor teclinology even if the
capital vere available. An analysis of only the ‘tefore and 'after ' states
militates against the examination of the detailed changes in this component

of technology. 'hat is needed is a task by task analysis of the profitability,
availability and application and adoption of different machine nower com-
binations. 'hen a farmer is faced with a choice of technology, it is

usually with rerard to a change of tect.nology for a given task and for the
production of given intermediate outnut. Thus a choice of changing technoloey
here is a choice of changine operations. Since outputs are produced throush a
sequence of such operations, each possille combination of overations renresents
a separate sequence.5 ilo agpregate cdncept of technoloey allot's us to under-
stand this microeconomic choice unless one treaks down the components of
technology.

Thirdly, a consideration of all rossible operations, for all possible
crop outputs would eive a very large structure to analyze. In practice,
however, it is possible to reduce the number of alternatives by 1) combining
several taske in a sequence and considering ther as & aingle task, ii) com~
bining sequences of operations to represent distinct discrete processes
or "stages" of technolopy, iii) considerinp only those overations that are
rmost frequently use: in a region and including only those naw operations that
are likely to be sipnificant and 1iv) considerinc only tlie most important crop

outputs in a given region in the analysis of production activities
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Lastly, and most important of all, the seasonal aspect of the performance
of agricultural tasks should be explicitly accounted for. Every operation that
is performed is performed at a given time in the crop year, and this timeliness
is crucial in agricultural production because i) unless operations are timely
agricultural production is not possible and ii) this imposes a time distribution
on the use of all inputs, and the availability of inputs has also to be timely.
This latter is a crucial determinant in the adoption of certain operations
where there may be seasonal lahor shortages for the perforrance of certain
tasks like harvesting (thus one finds the usc of labor saving devices in a
so~called labor surplus sector!) and <here seasonal demands for labor requires
the maintenance of a larper labor force than justified by the availability of.
year round employment.

Examples of important implements and power sources that significantly

effect traditional agriculture are: i) new imnlements which cost little but

may effect yields such as deep furrov plows and tine cultivators; ii) tractors

and diesel enpgines which replace animal and human labor and about vhich few

factors should be kept in mind. Firstly, the arguments about capital lumpiness
does not apply to them with with suchk vigor since the development of small

units, Secondly, due to the time inelasticity of apricultural operations, not
only their costs but their availability and reliability have to be considered.
Given seasonal peak demands for labor the mechanization of given aoricultural
tasks may be ohserved alongside other labor intensive techniques. The choice
depends not c¢u relative factor proportions in the aggregative sense but of
relative factor scarcity at a given cime to a given farming unit which explains °
the vast hybrid of technologies that on¢ observes in developing agriculture.
Thirdly, their rate of adoption depends, among other facﬁors, upon the availabilit
o£~ogh§r couplementary inputs such as fuel and lubricants and maintenence services

wi;ﬁ‘531adequqte‘gupp1y of parts, witlout which their adoption hecomes a highly
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risky venture ~ a risk against vhich farmers often hedge by keeping spare
draft aninals even when they have begun to mechanize; 1ii) electricit y 8
power source requiring vast public expenditures, but which once made available,
can drastically reduce the cost of many agricultural operations and provide
other secondary effects such as replacing animal maaure as a fuel in some
parts of the world and making this avatlable as an organic manure.

3.3 New Cultural Practices

A third set of technological changes are more difficult to classify and
are here lumped under cultural practices - that is, those changes that are
not embodied in either materials or in implements and power scurces. Dif-
ficult though it is to measure disemhodied technical change, we can define a
change in cultural practices as either i) a change in the number of times as
task is performed (task intensity defined earlier) or i1) the inclusion (or
exclusion) of tasks in the production of final outputs. An example of the
first case is increasing the frequency of irrigation or land preparation
tasks, and of the second 1s the inclusion of the task of applying fertilizers
where none were before. A change of either type requires an increased
(decrease) in the level of inputs, and it is possible to give a quantitative
dimension to the notion of "cultural practice'. Thus for example, the often
recomnended Japanese method of rice cultivation implies both the performance
of new set of tasks (raising seediings in a nursery and transplanting) and
an increase in the task intensity for certain tasks (like more frequent
irrigation). Cultural innovations such as deep plowing, terracing, contour
planting may be viewed as new tasks not usually performed in traditional
agriculture, while changes in crop rotations and intercropping can be con-
sidered as entire sequences of tasks not performed before. Even though the
input structure may not be, unless explicit attempts are made to relate

~hanges in cultural practices with changes in yields or yield variabilities.
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3.4 The Accumulation of Capital

In view of the above breakdowm of technological change,the accumulation
of capital during transofrmation can be viewed as involving technological
choices and the subseqﬁent change in the structure of assets in the region.
More fully, the accumulation of capital, whatever form it takes, involves the
additions to capacities of fixed and quasi-fixed inputs - addition to total
productive capacity. We can then distinguish two types of changes in capacities:
i) @an increase in the capacities of traditional fixed and quasi-fixed inputs
and ii) an increase in the capacities of “non~traditional' inputs available
for production. An analysis of capital accumulation involves not only an
analysis of the quantitative increase in the two types of capacities but also
a change in their relative composition over time. Thus it involves in a
fundamental way the factor-product, factor-factor and product-product re-
lationships in apricultural production, and when we analyze their components
it involves technological choice with regard to different technologies for the
performance of agricultural tasks.

This choice depends not only on relative costs and operational efficiencies
of various operations, but also upon the availability of factor inputs and
the cost and availability of credit, since credit supplements the cash flows
generated within the farming household. An analysis of capital formation
must account for both the details of technological choice as well as for the
role of the availability of capital - that is both the demand for and supply of
investmant capital.

To view technological change in either a static of comparitive static
sense is misleading since we view only the before and after - the before in
which apgregative technology is called traditional and thie after when it is
referred to as modern. Rather technological change is a dynamic process

involving microeconomic decisions, the cumulative effect of whick is for
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technology to slowly evo;ve until the modern set hag replaced the traditional

set,

4. THE DETAILS OF DECISION MAXING

The real difference in the economic behavior of farmers in traditional
agriculture from farmers in modern agriculture arises from the way in which
they make their decisions and the environment in which these decisions are
made. This section describes some of the elements that would be useful in settin~
up a framework of decision making in traditional agricultre.

4.1 Risk and Uncertainty.

All economic decisions are made under uncertainty and involve some element
of risk, so that their inclusion into the analysis 1s not a new concept.
However, with regard to traditional agriculture, several aspects of this problem
should be kept in mind. Firstly, the element of risk cannot be easily
scparated, since bhased upon a knovledge of the probabilities of uncertain out-
comes, it should be possible to insure against it, but in traditional agriculture
where no institutional framework exsits to market this insurance, typically
the distinction is not meaningful: and there is no way for the farmers to
evaluate risk, Secondly, a part of underdevelopment ig the availability of
information that does exist with regard to proballe outcomes, but which due to
the lack of communications, education or markets is not available to the
farmer to include in kis decisions. Thus farrers in traditional agriculture
have a greater area of uncertainty in arriving at their decisions. Thirdly,
in traditional agriculture there is greater dependence upon the environment
and fewer means to curcumvent it. Thus, for example, the dependence upon
weather and the inability to prevent crop diseasn and pests leave the farmer
at the mercy of a variable environment over which he has little contrcl or
predictability. Lastly and most significantly, often there is very little

margin for error where farms are subsistence farms since the outcome of pro-
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duciion decisions determine survival. The fermers unwillingness to innovate
mayﬁbé':elated to the fact that he cannot afford to be wrong, for the
opportunity cost of an unfavorable outcome is very high, even when its prob-
ability is smail. He is, therefure, more likely to stay with the tried and
true specially when kis information about its outcome is derived from a long
run sample and is based upon an intimate knowledge about his environment. Since
he knows witli a Ligh degree of certainty the outcome of the traditional event,
the trade off between this and a nev event has to be very large in order for
Ltinm to consider it, and it is only wvhen real events diverge significantly from
his predictions do traditinnal rules of behavior btecome inefficient and force
2 chanpe.

A concern with uncertainty is a concern not only for the payoffs of certain
events but also tlieir probabilities. In this repard it should be understood
that uncertainty is best viewed fror. the vantage point of the farmer and his
environment, not from an outside vantage point and that a high cost has to be
attached to "setbacks' - events that did not turn out to be what they vere
expected to be, since this reinforces the farmers reluctance to chanpe and his
faith in traditional outcomes. 'Mhat is required is to learn from the farmers what
choices and outcomes they feel they face and how they evaluate them ratlier than
to assume these from ‘objective’ criteria. The researcher has a great deal to
learn from the farmer sbout his decision rules and there is no necessity for the
farners decisions to conform to research concepfs. This has an immortant im-
plication for analysis, since research should focus upon explaining what farmers
actually did and why rather then on uliat they ought to do - a positive rather than
a normative research approach as a focus to model Luilding.

4,2 Feedback and Exvectation.

“All current econonic‘deéiaions vhich have possible future outcomes are based
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upon expectations. Expectations have two ¢lements, one based upon knowledge
of the past behavior of events and the other based upon expected changes 1in
past behavior. Expectations, therefore, depend upon the availability of in-
formation about past events, and this information 4s available and accurate
when change 1s small, and events repetitive - as in traditional agriculture -
but information breaks down when large structural changes begin to occur, as
is typically the case in transformation. (As a result it 1s very difficult
during transformation) to find suitable ways of including expectations when
the only objective information is based on past events. Secondly, the greater
the extent of the change the more variable the expectations and the greater
the reliability on some mechanism to "feedback" information about events in
relation to their expectation. feedback mechanism that allows the evalua-
tion of changing expectations against actual outcomes makes it possible to
adjust expectations in the right direction. Thus, a feedback mechanism should
be considered an essential element in the analysis of decision behavior of
traditional agriculture in transition to allow for the adjustment of expec~
tations in a changing enviromment.

4.3 Learning Behavior

A special case of feedback 1s the effect upon performance of repeated
trials ~ learning. In traditional agriculture, the lack of familiarity with
nev elements of technology introduced into the environment retards its adoption.
Thus, even though a given technology may have provable high returns, the vefy
fact that 1t is new 1s retarded by learning behavior. Such learning behkavior
is not unique, but considering the large number of simultaneous changes intro-
duced in a relatively short period of time during transition, its constraint
may be very important; or alternatively, as some have argued, that one can
"learn to learn" so that each successive change becomes easier to adapt to
and is less of a constraint. MHowever, our analysis of wvew profitable choicea’
must reflect thic learning principle, and a study of adoption patterns should

be included in any analysis of production response in traditional agricultura.
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fﬁefefie a’groﬁingfiehliceeion that economic decision making has a
'mnliiplielty of'goalsrCYERT and "ARCH (1965), and that all goals do not have
eQualspriorities, and EhatAthey are often ranked'accordiﬁg to a set of pre-
ferenCes, ENCARNACION (1964) This has a very special application to traditional
subeistence agficulture, because farmers'are obgerved to order their objectives
according to some criteria. The most important example 1s the case of the
farmer who desires to maximize short run profits but only as a eecoﬁd order
goal; his first priority is to meet the food requirements for his personal
consumption, especially when these are not available from any other source. Sucl
an ordering is basic to his survival and the existence of such orderings may
be basic to our understanding of dacision behavior in traditioual agriculture.

5. THE DETAILS OF PECIOMAL INTTCDEPENDENCE.

Besides the above details, there are details of intra-farm, intcr-farm
and farm-non-farm interdependence that should be considered.

5.1 Intra-Farm Interactions.

Intra-farm interactions include: i) the multiproduct nature pf the farm
where there is the interdependence of several outputs using given inputs. Pro-
duction analysic that does not account for this interdependence and competition

for available resources gives misleading results; ii) land used for fodder crops

. since traditional ferms often rely upon animal draft which reqqires large land
resources (15-20 per cent in India) to maintain it. If proper account is not
taken of this opportunity cosf, the eoat of animal draft pewered operations is
underestimated, typically leading to an underestimation of their replacement
by other power sources. Both these intra-farm interactions suggest that
;:edicienelvagriculture has many closely interdependent aetivitiea which eom-
p;ement or compete with eachAothe:, so that a change in onc'inevitab;yfblaeee;'

the other out of “equilibrium" so that they have to be simultaneously analyzed.:
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An example of this extreme interdependence 1s the fact that draft animals are
also sources of manure and fuel in some traditional agricultures, As a

resuit, a shift towards mechanization may raise the productivity per man-hour,
but at the_same'time may imply a downward shift in the production function

for field crops unless cormercial fertilizers replace the loss of manure
reducing productivity. At the same tine, costs of obtaining fuel from alternatiy
Sources may have to lLe considered since manure (dung) is often used as a fuel
source.* Such interdependencies explain the reluctance with which farmers make

a change in the traditional activity set gince a chanpe in one activity often
involves several iaterrelated changes in other activities.

5.2 Inter~Ferm Differences

In a pgiven repion, there are several differences between farms that
account for their different economic behavior, differences tlhat have to be kept

in mind for regional analysis. These include factors such as i) Apecialization

where different farms due to their different soil, climate and topography are
differently suited to the production of different crops. The resulting
speclalization may be enhanced due to the nearness to markets and the availabilit:
of transportation. Such regional speciallization means that only relatively
homogeneous farms as regard to location can be analyzed together; ii) farm size
which may be important in deterniining the resource availatility on the farm

and may effect decisions due to economies of scale in machine use, greater

degree of cormercialization and larger potential for savings and caiital
accumulation. LEven thouph it 1:as heen slioun that small farms are often more
efficient with regard to their resource use (E.S.C. PRIJAB (1956)) farm size may
have important imnlications for learning behavior and the rate of adoption. To
the extent that there are vast differences in farn size regional analysis should ,
treat theae erplicity, iii) gggggg_where larpe differences in the terms of tenure 

gffect production decisions at the farm level and hence between farms.

* It i estimated that in India gome 80 percent of all energy is obtained
from animal manure P e . v -
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As a result of these intor-farn differences in a:given region only a
«region that is relatively homogeneous trith regard to soil, climate, farm
L size and conditiono of tenure can be analyzed without exolicitly taking account
'of thesP differences and their irpact.

5.3“ FarnrNon—Farm Tnteractionc.

The interaction between the agricultural and other sectors is of great
ampurtance in the analysis of the transformation of the traditional sector.

The most important interactions fnclude. i) the demand for farm outputs which

effect the pficeu offered for farm outputs, and which may be especially
favorable in countries with high rates of population grouwth: a high rate of
employment grouth in the non-farm gector with resulting high incomes and in

creased demand for far output; ii) the demand for industrial innuts in the forw

of fertilizers and other non-farm inputs, vhose supply, prices and availability

are essential features of transformation; 1ii) the demand for industrial goodc

on the part of an agricultural pect;r with rising incores and increasing
commercialization during tramnsition and 1v) opportunities of non-farm employner.
that both competes for apricultural labor making it wore costly for farm
use as well as supplementing farm casii flows through the availability of
seésonal employment., All these {ateractions with the non-farm sectors play a
major role in transforming traditional agriculture and shoul& be explicitly
exanined for their impact vhere necessary.

5.4A Agricultural Infrastructure and Farm Policies.

The ‘importance of public investment in infrastructure - transportation,

f

‘cimmunications, 1rriration, power, markets and credit institutions has already
Leen mentioned, and to the extent that their effects ave measurable should
;Je.gxplicitly accoun;qd for in any analyuie.

 ’FEgmipd;;ci§s bnﬂthc,o#ﬁér~hand'often have a more direct and measurable

;fg@?éétfbiﬁcé;gbgyfaﬁﬁéc:ﬁgithérg#)ﬂ:ﬁé'oggorfugities offered to farmers in te
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of the activities made available to them and the payoffs of these activities
(here we include vricing policies for both inputs and outputs, quotas, re-
striction and farm subsidies through government purchases); and 1i) the

constraints placed upon farmers through the availatility of specific resources

with whick to carvy out his decisions (here we include policies affecting
the supply of non-farm inputs, credit, and regional resources through a change
in the infrastructure.) Thus, it "econes nogsible to analyze both changes 1in
the farm infrastructure as well as farm policies at the regional level by

measuring their efeect uporn opnportunities,, payoffs to the opportunities and

constraints placed on the avallability of resources.

It is clear that in the analysis of the trensformation of traditional
agriculture attention has to be paid to many details that may turn out to
be strategic in understanding its development. 4 case rust, therefore, be
made for including explicitly, as far as prossible, as many of these details that
seem significant in the regional analysis of production response. It may
be impossible to include all these details, but before excluding any,the
regearch worker should carefully eramine the significance of the detail and the

possible error resulting from its exclusion.



FOOTNOTES .

1 See I¥YTTAL (1)53).

2. See BAUER end YA'EY (1659), BENRMAN (1367, 1757, 1968), BPOUN (1.063),
DEAN (1865), FALCOW (1064)¥AUL (1567), KPISHNA (19G3), UANGAHAS (1766).
MUBYARTO (1965) and STERM (1262.

3. The notion of subsistence production should be distinguished from the

notion of subsistence consumption or subsistence standard of living. As used

here the word subsistence it used to apply to production only. For a
clarification of the notinn of "subsistence" see i/HAPTON (1963).

4. T'. basic research in soil sciences in order to classify soil types and
determine the effect of various inorganic nutrients upon crops grown in
various soil types requires about 10~15 years before the results become
available for use by the farrers. The gestation period and the cost of such
a research program should be kept in mind vwhen we consider a vast program

of fertilizer use, even if we assume that suppliecs are forthcoming, either
throush the development of a chewical industry or the allocation of scarce
foreign resources. Thus, fertilizers and new crop varietics are no ‘'quick"
solutions as is often implied.

5. 1In activity analysis such sequences of operations are often called pro-
cesses (hence process analysis) and technology is often defined as a complete
set of processes available for production, and regional technolopy as all

processes available in the region for production. IAY (1765).
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