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1. INTRODUCTION

The purpose of this paper is to give an outline of a model that
could be used for the analysis of agricultural transformation and is
based upon an activity analysis of traditional agriculture.

Given the argument in favor of including the many strategic details
of agricultural development in the analysis of the transition of tradi-
tional agriculture,* the question of methodology is mainly concerned
with finding a tool of analysis that allows us to deal with such a vast
variety of detail simultaneously. This task may be doomed if we were
to attempt to include all the details discussed in the last paper , but
it is possible to include for the analysis of a given region, those
details that the research worker feels are crucial, keeping ir mind
those that he cannot include because he is unable to obtain the appropri-
ate data, but which are important and also those he does not wish to
include because they are not significant in the region he is analyzing.
It is this approach of judicious exclusion that allows the construction
of a model that will include most of the important and strategic details.

In the study of agricultural transition at the regional level the
main concern has been with regional aggregates such as acreages sown to
various crops, regional investments in various types of goods, and
regional output. This is also the focus of our concern, but in addition
we are concerned with the decisions and the constraints that become evi-
dent only at the farm level, in terms of choice between different oppor-
tunities available to the farmer, opportunities that are interdependent.

It is the choice between these interdependent opportunities, that in the

*See Singh, '"Strategic Details of Development in Traditional Agriculture,"
Occasional Paper No.
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aggregate constitutes the regional variables , in terms of which we can
trace the path of regional growth. The nethodology must therefore be

i) disaggregative enough in its examination of choice so that it discrimi-
nates between the various alternatives available to the farmers in a
region; ii) able to account for the way farwers make decisions at the
farm level; and iii) positive rather than normative, since its concern

is with how decisions with regard to various opportunities were arrived

at and not with how decisions ought to be made in terms of sone optimum
or normative decisions rules.

In view of this concern with decision making with regard to oppor-
tunities that are available to farmers and the constraints under which
they operate in order to avail themselves of these opportunities, the
appropriate starting point is the examination of various economic activi-

ties carried out by subsistence farmers.

2. THE ACTIVITIES OF THE SUBSISTENCE PRODUCTION FARM

The subsistence farming household is engaged in 2 number of activi-
ties throughout the year. Let us call all such possible activities the

activity set in traditional agriculture. The activities in this set can

generally be considered under eight general types: 1) purchasing activi-
ties, 2) production activities, 3) technological activities, 4) fertilizing
activities, 5) consumption activities, 6) investwent activities, 7) sales
activities, and 8) financial activities. Most of these activities are
interdependent and carried out by the same decision unit in traditional

agriculture -- the farming household. These are briefly discussed below.

2.1 Purchasing Activities

Farming households to the extent that they are unable to supply all

their input needs are obliged to purchase them. Purchasing activities
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are associated with the purchase of variable inputs. The purchase of
variable inputs depends upon i) their relative marginal productivities
in various uses (which in turn depend upor the production alternatives
available to farmers), ii) their relative prices, iii) their regional
availabilities and iv) the availability of close substitutes on the farm.
The availability of close substitutes within the household is especially
true for labor inputs, and subsistence farmers are unlikely to hire
labor unless they have first exhausted the available family labor.
Purchased inputs require the availability of cash, and to the extent
that this is limited in subsistence households they are unable to avail
themselves of these inputs. The degree to which variable inputs are
purchased and replace inputs provided by the household to the firm is
a measure in part of the market orientation of the traditional farmer.

2.2 Productior Activities

Production activities are those activities that transform inputs

into fipal outputs. Since production is viewed as being carried out by

a sequence of tasks, production activities define the set of the
sequence of tasks required to produce some final output. The production
activity need not consider all the tasks required to produce a final
output, but may include only a subset of tasks, and use as inputs inter-
mediate outputs from other activities (see technological activities
below) to produce final outputs.

Production activities have associated with them i) a cost per unit
level of the activity, which accounts for all the costs of the tasks
included in the subset examined by the production activity, ii) an
output usually in the form of a yield per unit level of the activity,
and iii) input coefficients that define the use of various physical and

financial resources per unit level of the activity.
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Production activities may include production under i) different
soil conditions, ii) different water availability conditions (irrigated
vs. unirrigated acreage), iii) different tenure conditions {production
on rented vs. owner-cultivated farms), iv) different farm sizes (large
vs. small farms) and different technologies (animal draft vs. tractor
operated farus) and include the production of wost of the major final
outputs in the region. The extent to which account is taken of the
varying conditions under which production is carried out will depend
upon the importance of these distinctions for any given region. Thus,
the full set of production activities in a region would include the
production of major farm ocutputs for each of the subsets of conditions
one wishes to investigate. If different subsets are considered then
attention has to be given to the conditions under which these subsets
are aggregated to give us a regional description of the production pos-
sibilities. For a region that is relatively homogeneous with respect
to farm types -- that is soils, tenure and farm size conditions -- it
is fairly easy to view production activities as being determined by the
technical conditions of production -- that is the availability of water
and different technologies. It is possible to do this by selecting a
relatively homogeneous region, and is the course followed in this study.
However, there is no theoretical limitation to defining all the produc-
tion possibilities in the region, though significant practical problems
arise from the size of the set obtained and the subsequent analysis.

2.3 Technological Activities

Technological activities are similar to production activities in
the sense that they have associated with them unit level costs and
input coefficients defining resource use, but they distinctly differ in

the sense that they can provide only intermediate outputs, and are used
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to analyze the technological choice available to farwmers in the region
with regard to the performance of a distinct agricultural task. The
intermediate outputs from these activities are usually standardized, so
that we can then consider the use of a standard output from various
operations. To the extent that given agricultural tasks (either specific
to a given crop output or basic to all crop outputs) are included in

the set of technological activities, these tasks are not considered
under production activities, nor is their cost included under then,
since production activities use the output (in the form of a performed
task -~ the intermediate output) from the technological activities. The
notion of technological activities can perhaps be illustrated by a con-
crete example.

Suppose we are concerned with the production of wheat on a given
farm type. The production of wheat requires several tasks -- land prepara-
tion, planting, irrigation, cultivation, harvesting and transportation
at different intensities. Now we could if we wish consider each task
as being performed by a different operation, and proceed to consider
each operation as a technological activity, and then combine these tasks
in different ways to produce wheat. Alternatively, it is possible to
analyze only selected tasks. Thus, for example, we could consider a
production activity and label it "produce wheat" and include in its
input use structure and costs all tasks associated with the production
of wheat except irrigation since we wish to consider in detail the techno-
logical choice available to farmers in the performance of this task.
Then it is possible to define say two technological activities -~
"irrigate with bullocks and a persian wheel" and "irrigate with a diesel
powered tubewell™ ~- which use variable and quasi-fixed resources, and

produce a standard intermediate output we can call a "standard irrigation
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unit". Then we can consider the production activity using several uuits
of this output -- say six irrigation -- to produce a final output of
wheat.

The choice of one technological activity over another for the per-
formance cf a given task depends upon the 1el-tive costs of the operations,
upon the rela%ive as2ilabiliries of resource inputs needed by each opera-
tion, ani ory lehaviornl _o-scraints that might be relevant to the adop-
tion of a ~wv operaxica. The actual choice between ocperations in tradi-
tional agriciiture mry £lso depend upon the relative cost of hired labor
and the availcbility of family labor. There are two possibilities here:
1) a case wlere a given operaticn is so efficient in terms of reducing
costs for rerforuing a task over its competing operation that it reduces
costs even vhen all labor used by it is evaluated at a market wage, and
2) a case vhere the operation reduces costs for perforwing a task over
its competing operations only when some or all parts of the labor it
uses is family Jator evalusted at a zero marginal cost by the farmer.

In the former cagse the choicz is more likely to depend upon the availa-
bility of complementary resourcos and adoption behavior, but in the second
case the choice will depend crucially upon the availability of family
labor, for once family labor is exhausted in any period, the farmer has

to hire labor at the market wage rate, and the opportunity cost of a

unit of his own labor then rises to the market wage rate since it is
assumed that his labor is a perfect substitute. Thus, when family labor
becomes a constraint one can expect a switching of technology in cases

of the second type, where operationsthat use family labor at a zero

marginal cost become unprofitable.



2.4 Fertilizing ~ctivities

The final output frowm production activities are in the form of some
"base" yields expected. It is assumed that the choice to fertilize an
acre of a planted crop is separated from the choice to plant, only in the
sense that after planting the farmer nay wish to iuprove his base yield
by applying inorganic fertilizers, and obtaining incremental yields from
various levels of fertilizer used. The only reason to separate this
choice is to allow the farmer to decide at what level (including zero
level) he wishes to apply inorganic fertilizers to any crop, and to do
this on the basis of comparing comparative yields expected from all pos-
sible crops. Fertilizer use depends upon the increase in yields expected
from various fertilizing activities, fertilizer prices, output prices,
and the total regional availabilities of fertilizers. Fertilizer acti-
vities have associated with them the purchase costs of fertilizers used,
labor and nutrient inputs per unit level of the activity, and an incre-
mental yield expected per unit of the activity.

2.5 Consumption Activities

Consumption activities are those associated with the household's
consunption of farm produced outputs. There are two types of consumptions
associated with traditional agriculture: 1) the consumption of foodgrains
and food items partly processed on the farm and 2) the consumption of
fodder crops needed for the maintenance of livestock on the farm.

The main determinants of the amount of the subsistence food crop
retained for consumption in a peasant household are similar to those
relevant in the analysis of the supply of marketable surplus. There

have been a number of attempts to estimate the marketable surplus func-

tion of a subsistence crop: KRISHNA (1962, 1965), NARAIN (1961),

PARATHASARATHY and SUBBA RAO (1964). The determinants of the consumption
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of food crops by a peasant household are: 1) family size of the house-
hold, 2) the output of the subsistence fuod crup, 3) the total farm incone
lagged by one year, 4) the harvest price of the subsistence crop, 5) the
output of the nearest competing crop in the consumption pattern of the
household and 6) the harvest price of this corpeting crop.
The main determinants of the fodder requirements on the farn are
the number of livestock animals maintained and the daily requireiients
per animal (& fixed cost) and also the amount of work required of draft
animals (a variable in terms of extra fodder fed when animals are worked).
Both the requirements for food and fodder act as a2 constraint upon
the sale of the subsistence crop and upon the production of alternative
crops, thus reducing the amount of cash flows that can be generated by
the farm. In the case of the need to set aside a large percentage of
area for their productior has an important bearing upon the cropping
pattern as well as upon the replacement of animal power by machinery,
since the latter is not only labor saving but also releases land for
production.

2.6 Investment Activities

Investment activities are associated with investment in quasi-
fixed inputs leading to the replacement of and additions to the capital
stock. Investment purchases compete for cash with both consunption and
production purchases. Those quasi-fixed factors that are not purchased
but produced on the farm, compete with other production activities for
the use of variable inputs, and provide a stream of services in the
form of capacities for use on the farm.

All investments, whether purchased or produced on the farm, increase
available capacities for use on the farm, while their physical deprecia-

tion reduces available capacities. Investment activities have associated
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with them a net cost calculated ou a payback principle, a cash cutlay

for purchase, and an addition to quasi-fixed capacities that are in turn
used by the other activities. Investment activities alsoc have assccia-

ted with then adoption constraint that describe the bahavior of farmers

in the region with regard to their adoption. Investments become profitable
if additions to capacity generate cost savings to justify the use of
available cash over its internal rate of return in terms of its most
profitable use for some other activity.

2.7 Sales Ackivities

The sales activities are associated with the sale of final crop
outputs for cash. The cash incomes generated by these jointly meet the
requirements for the purchase of variable inputs, of consuwption goods
and services and for the purchase of investment goods with a lag. The
marketable surplus decision (decision to sell) is viewed as the residual
of two decisions -- the decision to produce and the decision to retain
for consumption, since it has been observed that the "critical magnitude
that is first determined by the peasant is the quantity to be retained
for consumption" (out of production) RRISHNA (1965), except in extra-
ordinary circumstances where peasants have to resort to "distress selling"
to meet fixed cash obligations. It is also assumed that outputs retained
for consumption and sales exhaust the total output, and that no inventories
are kept except in the form of outputs retained for consumption.

Sales activities have associated with them the labor and other
inputs required to transport the goods to the market, and a cash flow
from the sales that provides cash for the next cropping period.

2.8 Financial Activities

Financial activities are those associated with the cash flows in

the current cropping period in the farming household, and as such can be
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considered as a wmenetary link that binds “he other econonic activities
involving the use of cash inputs. (Sales activities are associated with
a cash flow for the period following the current cropping period).

There are two types of financial activities: 1) banking (saving)
activities associated with a net addition to the cash flow and ii) net
borrowing activities associated with a net subtraction from the cash
flow in the currert period. The saving activity is associated with a
minimum rate at which a farmer can bank his liquid funds as an alterna-
tive to using them and the borrowing activity is associated with different
rates at which farmers can borrow working capital to augment their
liquidity.

In addition to saving and borrowing, there are also two other acti-
vities associated with cash flow: i) cash expenditures on consumption
by the farming household and ii) cash incomes from non-farm employment.
The first uses cash available and the second adds to current liquidity.
Both of these activities have been treated exogenously, however, and are
not explicitly treated as activities. Thus, the cash available for use
by all activities is derived from previous sales and past savings and
current non-farm cash incomes and current net borrowings, while the
cash is partly exhausted by current cash expenditures for consumption
and debt debt repayments on past borrowings. It is possible, thus, to
analyze the cash streams generated by all the activities rather than

analyze only credit available for production activities.

3. ELEMENTS OF THE RECURSIVE PROGRAMMING MODEL

Most of the early concern with the microeconomic analysis of agri-
cultural respomse was confined to the prediction of the production of

agricultural commodities on the basis of statistically estimated relation-
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ships between outputs, inputs and prices on the basis of time series or
cross-sectional data. This study of price elasticities has undergone
continuous refinements through the introduction of lagged prices and
outputs other iuportant factors affecting output responses, NERIOVE
(1958) but two major problems remained. Firstly, is the problem of the
competition for inputs by several outputs in a multi-product household-
firm unit and the inability to get at the details of technological change.

4n alternative approach to the problem of supply response at the
microeconouic level centered around production function analysis -~ the
response of outputs to input use. This approach has led to nany impor-
tant contributions, HEADY and DILLON (1961) YOTOPOLOUS (1965), but also
suffered from the same setbacks as the supply elasticity approach in the
sense that interdependence cannot be easily handled.

This concern with the interdependence of activities competing for
a given set of inputs suggests that the best way perhaps to formulate
the problem is in the format of activity analysis, and the methodology
best suited for this purpose is that of linear programming, since it has
the advantage of explicitly examining resource use alternatives in con-
siderable detail. The large variety of problems that could be handled
in the programming format has led to its increasing use in economic
analysis in both agriculture HEADY and CANDLER (1958), industry KOOPMANS
(1957), and other areas SAMUELSON, DORFMAN and SOLOW (1958). A major
attempt to incorporate both the dynamics of supply response as well as
the problems of interdependence and technological change in agriculture
was made by DAY (1962). He suggested a methodology in which the problem
of the estimation of supply would rest upon the technical facts of
production and upon the basic economic fact of the allocation of scarce

resources among alternative ends. This approach he called recursive
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linear programming (abbreviated R.L.P.) and gave it an empirical basis

in the study of preduction response and techrological change of agricul-
ture in the Mississippi delta DAY (1963). Since the methodology is based
upon an analysis of activities it readily presents itself as a means for
analyzing the activities of the subsistence production farm outliped in
the last section.

A recursive linear programming model has three elements: a) the
activity set, b) the objective function, and ¢) the constraint structure.
(See DAY (1961), (1962), (1963), and (1965) for a detailed discussion of
the theoretical framework of the methodology of R.L.P.). We have
already discussed the possible activity set in the last section we wish
to include in our model of subsistence farms and we now turn to the other
two elements,

3.1 The Objective Function

The objective function describes the decision behavior of farming
units and includes many elements of the details of decision making
discussed in the last chapter. The objective function represents what
farmers are attempting to maximize (minimize), and in guantitative terms
is the sum of each activity level times its contribution to the maximizing
(minimizing) objective.

What is included or excluded in the objective function depends
upon the maximizing principle used. It is true that given the inadequate
knowledge of the technical possibilities and the complex forces that
change expectations it would be naive to suggest that farmers behave
in some optimal manner; however, in order to explain any planning behavior
the concept of optimization cannot be dispensed with. This is not to

suggest that the optimizing principle is used as a tool for optimal
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choice or even that farmers are consciously pursuing this principle,
but that it operates as a rough guide to choose among alternatives that
are present in the farmer's environment. Some decision criteria has to
be established or else choice would be impossible.

All programming models (including R.L.P.) use the optimizing principle
explicitly through the objective functior. The most commonly used speci-
fication of this principle in traditional agriculture is the maximization
of short run profits or the maximization of short rur returns to fixed
resources JOHL and KAHLON (1969). We have already stated that in tradi-
tional agriculture objectives may be ordered -- this principle is now
incorporated by stating that the farm has two objectives that are ordered:
the first and foremost objective to to meet the requirements for food
and fibre on the subsistence production farm and secondly, after these
have been met to maximize short run profits (mirimize short run cash
costs). This decision rule differs from that of a firm wminimizing cash
costs in three instances: i) the consumption requirements act as a con-
straint upon the cost minimization, ii) the use of family labor is viewed
as having a zero opportunity cost, and iii) the use of animal draft
includes the cost of variables inputs only (mainly concentrates and
fodder fed to animals when they work) but excludes the fixed fodder
requirements for their maintenance.

The evaluation of the use of family labor at a zero marginal cost
is not meant to imply that farm labor in traditional subsistence farms
has a zero marginal value productivity as some have arguedl, but because
the consumption constraints account explicitly for the costs of its use,
and these costs are considered fixed by the farming household, in the

sense that the amount of subsistence crops that he retains for consumption
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are invariant with the amount of fanmily labor enployed on the farm.
Since the costs of maintaining are fixed in terms of outputs retained
for consumption, their use has already been accounted for, and being
fixed they do not enter in the decision criteria. The same argument
holds for the fixed costs of maintaininrg the farm animal population in
terms of fodder grown specially for their consumption.

3.2 The Structure of Constraints

All economic behavior is constrained and the objective function
describing the optimizing principle is subject to a set of constraints.
The constrairt structure describes the set of conditions under which
traditional farmers pursue their objectives and their activities. There
are three broad categories of constraints considered: 1) resource con-
straints, 2) behavioral constraints, and 3) financial constraints.

Resource constraints irclude constraints upon the availability of

i) variable inputs such as family labor, hired labor, fertilizers and

animal draft, ii) quasi-fixed inputs in the form of limited capacities

describing the flow of services from various investments in machinery,
implements and other quasi-fixed assets, iii) fixed inputs in the form
of regional resources of land and infrastructure of various types. One
of the most important aspects of the availability of resources is their
time dimension. If the various inputs are not available at a specific
time, given the nature of agricultural production they may not be
available at all. The strong seasonal pattern to resource use means
that the same physical input available at different times in the crop-
ping year has to be considered as several different inputs, since they
have a different time subscript. The real resource constraints in agri-

culture cannot be accounted for unless this time dimension of resource

use is considered explicitly.
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Behavioral constraints describe the institutional and behavioral

environment in which farazers pursue their ob’ectives -- an ervironment
that cannot be defined in explicit ecoromic terms. Great ingenuity and
the help of other disciplires may be needed to clarify the nature of
these constraints, but the difficulty of this task should not blind us
to its importance.

Three broad constraints are recognized in traditional agriculture;:
i) a set of flexibility conmstraints HENDERSON (1959) that place both an
upper and lower limit on the extent to which farmers are willing to
change their output of ary given crop in response to profitability,
because they may expect such changes to be short lived, or their desire
to diversify their portfolio of crop outputs due to risk or becuase they
account for uncertainty in this manner. 1In this context flexibility
constraints can be viewed as expressing farmers' response to risk and
uncertainty DAY (1961) while their inclusion in a linear model can be
viewed as an approximation of a non-linear form of the objective function

DAY and AIGNER (1969), ii) a set of adoption constraints defining an

upper limit on the rate of growth of certain activities to take account
of the facts of adoption behavior with regard to new outputs and invest-
ments. Such adoptior behavior is not peculiar to agriculture but is

also observed in industry DAY (1969), TABB (1967) and ABE (1969), and iii)

a set of consumption constraints which describe the limitation imposed,

in the absence of trade and fully developed markets, by the need to
produce family requirements on the farm in the form of food and fodder.
These are the explicit formulation of the costs of maintaining family

labor and animal draft as a first order objective on the subsistence

production farm.
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Financial constraints are of two types: i) an upper limit placed

upon the amount of wvarious types of credit available to the farmer from
various sources and at various interest rates with varving terms of debt
repaymert, and ii) the constraint placed upon the activities that nse
cash by the total liquidity generated in any giver. cropping year.

3.3 The Concept of Planning Behavior

All economic decision making is encompassed by time. Production and
consumption plans for a given period for example depend upon both the
past and the future. The past affects production decisiors because the
current stock of resources -- physical ard financial -- are a result of
decisions made in the past with regard to investmert and consumption.
This current stock of resources then form the basis on which plans for
the future are contingent. Current decisions on the other hand affect
the future because partly they include anticipatiors about the future
and partly because current decisions affect the stock of resources
available for the future. Thus, economic decision making is both back-
ward and future looking.

Though the importance of time in the economic decision-making pro-
cess has been known, and though highly developed theoretical constructs
have been devised to incorporate time, recursive programming makes use
of a somewhat unique concept of planning behavior. The normally accepted
concept, implied first by HICKS (1946) allows current plams to include
expectations of economic variables in future periods, discounted appro-
priately over a fixed time horizon. Not only are current decisions made
on the basis of expected future values, but decisions for future execu-
tions are also mapped out in the present. Thus, this concept -- dynamic
programming -- determines both plans that are to be executed in the pre-

sent period and anticipates plans that are currently designed for future
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execution. Now if all the expectations were exactly realized, then cur-
rently laid plans for future actior would approxinate any plans made

in the future with regard to future action. But given the realities of
econowmic life and the extreme uncertainty of the economic environment
(especially in agriculture) even the best laid plans are bound to be
unfulfilled.

In the actual decision-making process we observe that with the
passage of time, future plans are revised in the light of current and
temporary cenditions. Thus, any analysis that tries to reflect the
actual process of economic planning as it affects actual productior and
consumption decisions must provide for this continuous planning -- the
continual regeneration of the planning process. Recursive programming
provides for precisely this continuous planning and is distinguished
from dynamic programming by this unique concept of planning behavior
that is incorporates. Firstly, it describes optimizatior over a limited
time period on the basis of knowledge gained from past experience and
secondly it allows for the sequential regeneration of the planning
problem. "A recursive programming problem is not solved by a single
decision that claims to determine what action will be optimal in each
planning period within the time horizon, as do current versions of
dynamic programming.' Instead, it recognizes that plans for the future
must be changed during each succeeding planning period to account for
the actual history of economic variables" (DAY, 1962). The decision
process in this case is never terminal, just like in the real world, it
is continually reformulated to account for newly acquired information,
so that we get not an optimum solution, but sequential optimizing
behavior. Traditional agriculture that is undergoing transformation

is likely to conform very closely to this concept of planning behavior.
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The model examined in the next section accourts for planning behavior by
i) basing future price expectatiors on the prices received and paid by
the farmers in the previous period (a sicple lagged price expectation
model) and ii) basing the resource, financial and behavioral constraints
in the currert cropping year upon the actual activity levels generated
either by the model or available from exogenous regioral data for the
previous year.

Having examined the basic elements of a recursive programming model,

we now turn to describing one such model for traditional agriculture.

4. A REGIONAL R.L,P. MODEL OF TRADITION ‘L .GRICULTURE

This section develops a recursive programming model for analyzing
integrated household-firm activities discussed in section 2. Consider
a region homogeneous with regard to soil, climate, topology, terure,
farm size, and resource distribution. Let such a region consist of
subsistence farmers in the main, organized into farming households and
occupied mainly with the production of field crops. For such a homogeneous
region, if carefully defined, it is possible to view a regional model
with the following three elements: 1) the activity set, 2) the objective

function, and 3) the constraint structure.

4.1 The Activity Set

The full activity set is as follows:

Lll""’I‘l‘C’ Ly, L3, Pl""’Pg’ Fl,...,Fh,Tl,...,Tm, Cis-++3Cps

S]_"-’S Il:"sI]»_q V‘L’ VZ’ v3 (1)

q?

where:

Lyy,..,Ly-y are activities associated with the purchase of hired
labor during period ¥ in the cropping year, where t
is a time subscript that allows a time dimension to
resource use within a cropping year. (Thus, L%l is
the purchase of hired labor during the month o July
in the region.);
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is an activity associated with the use of{ bullock day

equivalents of arimal draft power in the farms in the
region;

is an activity associated with the use of tractor
hours on the farms in the regior;

are production activities, measured in acreage sown to
lmportant crops in the regiorn, and include a) crops

sown during two seasorns in the cropping year -- rabi
(winter) and Kharif (summer), b) crops sown on irrigated
and unirrigated soil conditions, ¢) both traditional
crops as well as new high yield varieties, d) crops
grown for fodder and 3) production under two techno-
logies for each final output -- traditional (bullock
operated) and modern (tractor operated);

are fertilizing activities, measured in acreage ferti-
lized of various crops with different combinations and
differert levels of inorganic fertilizer used in the
regior;

are techrnological activities associated with technolo-
gical choices available to farwers in the region, for

the performance of those agricultural tasks explicitly
excluded for detailed analysis. These activities involve
the "production" of intermediate outputs measured in
standard units and used by the production activities;

are consumptior activities involving the retention of
farm outputs for consumption, measured in quintals, by
the farming households in the region;

are sales activities involving the sale of final out-
puts for cash;

are investment activities associated with the purchase
of quasi-fixed inputs to increase their capacities in
the region;

is an activity associated with net savings at interest
rates available for such a purpose to farmers in the
region;

is an activity associated with the net borrowing of
working capital at low interest rates for one cropping
year by the farmers in the region;

is an activity associated with the net borrowing of
working capital at high interest rates for one crop-
ping year by the farmers in the region.
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4.2 The Objective Function

The farmers in a relatively howmogeuncous farming region are said

to maximize the following obiective function:2

- -

\ v * TN *
Max T{ =/ -1 28 Se, -1 1 gzt * 2 d

() j jt-1 7je 7 — S R Zeop Lo z%-l L3t

— B - c- m —T -
3 P p t % % |
+ 1 2P P..+. 1 2. fo+r_.1 zt
. jt-1 it . je-1 Ty * 'j 1 th-l Ijtj
%* - * % (2)
e Vip - l’bZt Vot * P3¢ V3t1
t=2,..., &
where:
s .
Z3¢ is the harvest price of the jth. final output in year
t, (In Rs./Quintals)
5§t is the actual level of the jth. sales activity in year t,
(In Quintals);
th is the cost of hiring a unit of labor during period i in
yvear t, (In Rs./Man Day);

%

L ¢ is the actual amount of hired labor used in period i in
year t, (In Man Days);

Z% are the variable cash costs associated with the use of a
bullock day equivalent of animal draft in year t, (In
Rs./Bullock Day Equivalent);

*

th is the actual amount of animal draft power used in year t,
(In Bullock Day Equivalents);

Zi are the variable cash costs associated with the use of
tractor power in year t, (In Rs./hour);

%

L3t is the actual amount of tractor power used in year t,
(In hours).

Z?t are the variable cash costs associated with the jth.

J production activity in year t, and include the costs for
those tasks that have not been included in the techno-
logical activities, (In Rs./acre);

P?t is the actual acreage sown to the jth. production activity
in year t, (In acres);

th are the variable cash costs associated with the jth.

technological activity in year t, and include those tasks
explicitly excluded for analysis, (In Rs./Standard Unit);
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%*
Tjt is th ac?ual level of use of the jth. technological
activity in year t, (In Standard Tntermediate Units);

Z%t is the current cost of the jth. investment good computed
on a payback principle; i.e., for the jth. investment
good Z3¢ = (i + d + u) Cit where i is the rate of interest
on medium term loans, d is the financial depreciation rate
and is taken to be 1/L where L is the use life of the
good in years, u is an uncertainty factor reflecting un-
certainty with regard to the expected returns from the
investmert and Cit is the purchase price of the investment
good in year t, (In Rs./Unit Investment);

* .
Ijt is the actual level of investment in the jth., investment
good in year t, (In Units);
bi¢ is the rate of return expected from saving in year t,
(A percentage);
% .
Vie is the actual level of savings in year t, (In Rupees);
ba¢ is the interest rate on working capital loans available
to the farmers in year t, (A percentage)
%*
V¢ is the actual level of net borrowing in year t, (In Rupees);
bas is the interest rate at which the supply of loans for
working capital becomes infinitely elastic in year t,
(A percentage);
V?t is the actual net borrowings on the second type of loan

in year t, (In Rupees).

The objective function maximizes short run cash returns, explicitly
excluding the costs associated with the use of family labor and the
maintenance costs associated with the use of animal draft power.

4.3 The Constraint Structure

The objective function is maximized subject to the following set
of constraints that hold for each year of the recursive programming
model; i.e., for t = 2,..., 8 3

4.3.1 Non-Negative Outputs

(Pl,..., B) 50 (1)

This means that economic activities cannot be operated "backwards."
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4.3.2 Variable Inputs

3.2.1 ZLabor

Y'”% 0P o e _? nE e LT Ut
{_,,..__ v jt jt “"": \:’jt it L-’._ th Tjt
i J i=
+2__”? V.S £ *
= e St = Eop t Lp (2 1)

where 9? is the labor input coefficient for period T for a unit level

of the jth. activity of the kth. type, Fy4 is the amount of family labor

available and any hired labor such that

* -<

where H.. is the amount of hired labor available in the region in period
*

i in year t, in man days.

3.2.2 Animal Draft Power

P ; t -
Z}:l &5 gy + }él djrh Tip * B¢ (2 2)
and L,, * TBLg (2.2.2)

where d%tais the draft labor input coefficient for period ' for a unit
level of the jth activity of the kth. type, Eit is the amount of animal
draft available (in bullock days equivalents) in period" in year t in
the region, Ly, 1is defined above and TBL, is the total amount of draft

power available throughout the year.
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3.2.3 Inorganic Fertilizers

N
71 £y Ty &
PR L Aje (2.3)

where fij is the amount of the ith fertilizer (i = 3, for all fertilizers
expressed in nitrogen, phosphorus, and potash equivalents in kilograms
of nutrient available) used for the jth fertilizing activity, and Ajt
is the total availability of the ith fertilizer in the region in year t
in kilograms of nutrients available.

The input coefficients f:j are derived from statistically fitted

production functions of the type
A I
vy = fj (N, 7, B) (L

where N, P, and K are amounts of nitrogen, phosphorus, and potash used
on experimental plots and v igs the recorded yield of the jth crop out-
put. It is then possible to approximate non-linear production functions
fitted to the data by several discrete linear segments representing each
fertilizing activity.

4,3.3 Quasi~Fixed Input Capacities

The constraints on the capacities of quasi-fixed inputs take the
general form

g * = T % -""% X

p - PR | é 2.V .
Le—-1 aZ% P. - IJ—\,'{ Ql'g (t) (3 3)

. ij .
3= =

where aﬁjffis the amount of the capacity of the ith quasi-fixed input
utilized by the jth. activity of the kth. type in period i, and Q

is the amount of the ith. capacity availed in period (¢ in year t, where

we can write
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g (3.3.2)

where Qi+ is the capacity of the ith. quasi-fixed input available in
period 47 at the end of the previous year, 6;v is the amount of the addi-
tion to capacity in period /Y as a result of a unit investment in the ith.
quasi-fixed input, I?t is the actual investment in the ith input in

the current period and where the physical depreciation of capacity is

given by the last expression where n; is the use life of the ith. invest-

1

ment good.

In addition for total tractor house we have

*

A .3.b
Lo, TTH, (3.3.b)

where TTH(t)= EZ:CJ ~2(t) and are the total annual tractor hours of
™

capacity available.

3.4.1 Land
e W

21 P ¢ oW (4.1)
j::

where ??t is the jth, production activity that can be carried out suitably
on land type w, where the land type is defined by soil type, season and
the availability of artificial irrigatiom, and Ny is the amount of land
type w available in the region in y year t. Thus, for example, for a
given soil type we have four land categories -- winter irrigated and

unirrigated and summer jrrigated and unirrigated.
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3.4.2 Canal Trrigation Capacity

Lo
Tre ¥ Tie = CIR, (4.2)

where T,.p is the technological activity "irrigate rabi crops by canal"
and Ty, the activity "irrigate Kharif crops by canal,' and CIR; is the
total amount of canal irrigation available in standard units in the region

in year t.

4.3.5 Behavioral Constraints

Considering the retention of farm outputs for consumption as a first
order objective we specify two sets of consumption constraints that take
account of subsistence production in traditional agriculture.

3.5.1 Consumption Constraints (Food)

€je = Cje (5.1)

where Cjt is the consumption activity associated with . the consumption
of the jth. subsistence crop and éjt can be estimated from household
data and have been found to depend mainly on the size of the farm house-

hold and the total output of the crop on the farm. SINGH (1969).

3.5.2 Consumption Constraint (Fodder)

The fodder requirements for maintaining draft and other farm animals

are expressed by the constraint

a * _ k3
Pee = G 8y Ipp - 825 Ijt (5.2)

where P, is the production activity "produce green fodder", G, are

the fixed fodder requirements for maintain the draft and livestock
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population in year ¢, gl is a coefficient giving the additional fodder
requirements per day worked by the draft spimals and ng is a coefficient
giving the amount of fodder area released by replacing the use of animal
draft power by the jth. investment good, all expressed in acre equiva-

*

lents of fodder sown, and th and I?t have been defined.

3.5.3 Flexibility Constraints

The flexibility constraints are specified separately for irrigated
and unirrigated production activities for each crop and take the general

form

(1 + ? ) Xt“l
X wmin (5.3.a)
+

(5.3.b)
Xe-r - 70 O = Xeep)

where Xy is the total acreage sown to a given crop ir year t, Ap is the
maximum desired acreage farmers are willing to plant to this crop in
year t, and [ , X and ﬁ, , ¥ are flgxibility coefficients

associated with the upper and lower bounds respectively such that

*
X = Ef'Pjt where P?t is the actual level of the production activity

J
associated with the production of the jth. crop.

3.5.4 Adoption of New Crop Varieties

The adoption constraint on new crop varieties specifies an upper
limit on acreage planted to new varieties under both irrigated and

unirrigated conditions and takes the general form



27
A S B N N

X, £ min _
L Pp Xg + (1 - pp) Xy

N (5.4)

where Xt is the total acreage planted to 2 new variety in year t, and
Py and pp are adoption coefficients, and §t is the maximum desired
acreage that farmers are willing to plant to the new variety in year t.
The tow sets of constresined taken together define an s-shaped path

through time.

3.5.5 udoption of New Investment Goods

The adoption of new investments are also characterized by an upper

limit and the constraint on investments takes the general form

n

- % (5.5)
L (ZKjt + (1 - 0/2) Kjt"l
where Kjt is the number of units of the jth. investment good in use in
year 5, measured in units of capacity, :J, and <12 are adoption coeffi-
cients associated with an s-shaped adoption path, Eﬁt is the current

*

maximum desired capacity in the jth. good, and K j¢-1 18 the actual capa-
city utilized in the previous year. Since net investment in capacity can
be viewed as the difference in total capacity over two periods, we can write
and then (5.5) can be expressed in terms of the investment activities
as follows

o1 Kjg-1

= . (5.5.b)
oy Kje - A2 Kig-1

® . Y
Ijt min }
{

where I?t is the investment in the jth. investment good in the current

year and K?t-l is the actual capacity utilized in the previous year.
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4.3.6 Financial Constraints

There are two financial constraints, one on the cash available and
the second on the credit available to farmers in the region.

3.6.1 Cash Constraint

-

St 1 * 2 % 3 % ‘;‘g P * C“'h £ % :'r
- 1 A + a0 L. . ;
i= Xep Ly ¢ + % Lop T 2p Lige + j=1 Xt Pjt + =i th th +!3=1 it

I§t e;%;% 25¢-1 Sﬁt*l - Ep + ¥, g+ (L4by) Vit«l - [:(1+b2) Vop1 + (1+b3)
Vae1 | (6.1)
where Xie is the cash requirement per unit of the jth. activity of the
kth. type in year t, it is the purchase price of the jth. investment
good, Z?t-1 is the harvest price of the jth. final output in the previous
year, it are cash purchases for consumption in the current year, and

Y¢.1 are any non-farm incomes earned by farming households in the previous
year and both are exogenously estimated for the region, and other variables
are defined. Thus, cash used cannot exceed the proceeds from last year's
sales less any current cash consumption expenditures, plus any non-farm
cash incomes and savings with accrued interest from the previous year,
less the repayment in full of last year's net borrowings along with the

accrued interest.

3.6.2 Credit Constraint

q

PR > s *
Vzi:- s (4&-1 25¢-1 Sjt-l) (6.2)

j:.—.
where the amount of net borrowings at the interest rate by are restricted
to some percentage s of the previous year's gross sales, providing an

upper credit limit to the net borrowing at this rate.

4.3.7 Balance Equations

A set of equations defines transfers of final outputs, intermediate
outputs and planted acreages for fertilizing and these are included under

this section.
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3.7.1 Final OQutput Balances

Total outputs are exhausted by sales and consumption and assuming

no inventories (except in the form of outputs retained for consumption)

we define the following output balances

* % -k % <\ %*
L+ C. & P z £
SJt CJt . 1 yj Pjt + £ 1 yj th (7.1)
J ]
* *
where Sjt and Cjt are the actual sales and consumption of the jth. final

output in year t, y? is the expected yield from k production activities
associated with the jth. output, and are called "base yields", and y§ is
the incremental yield expected (in addition to the base yield) from <
fertilizing activities associated with the jth. output. The expected

base yields are derived from available yield data and can be adjusted

for weather variations by the use of a weather index to deflate the

yields DOLL (1967), OURY (1965), SHAW (1964), STALLING (1961) and

U.S.D.A. (1962). The expected incremental yields are derived from pro-
duction functions fitted to field experimental data on fertilizer response.

3.7.2 Standard Intermediate Qutput Balances

The technological activities associated with any given task each
produce the same intermediate output which is then used by the other

activities. Thus, we have

- B %* < h * <V * - v
- P ’ . $. S, &) T 7.2
“'“1 rij Pjt +“3=1 Tij Fit R B L = (7-2)

where r%j is the number of standard units of the ith. standard inter-

mediate output used by the jth. activity of the kth. type, and Tgt is
the level of utilization of the vth. technological activity associated
with the ith. task in year t. Thus cf'Tg implies that there might

v
be v possible operations by which the ith. agricultural task can be
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performed, and each is associated with a technological activity that
produces a standard unit of the ith. task performed

3.7.2 Fertilized Acreace Balances

< % -k 4
1 thﬁ -1 p, (7.2)

-
pa it
j

e ™M

where F?t is the acreage fertilized of the jth. crop at 1 different
levels, and P?t is the acreage planted to the jth. crop under k differ-
ent production activities. Thus, the fertilized acreage cannot exceed
the planted acreages for any given crop in year t.

The model formulated above tries to incorporate many of the details
of the household-firm interdependence, the details of technological
change and the details of decision making in traditional agriculture.
Its main problem as formulated is that it can be applied empirically
to only a relatively homogeneous region in which development is already
under way so that the traditional equilibrium is already undergoing

transformation.
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