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This study attempts to help fill this gap by developing and testing
 

a dynamic, microeconometric model that 
is capable of simulating the per

formance of an individual sector, in this case 
agriculture, in a way that
 

explicitly accounts for various strategic details of technology and de

cision-roaking,. Our first purpose has been to improvc our understanding
 

of the deve]opmunr process. 
 Our second purpose is to aid the formulation
 

of effective development policy by making possible detailed projections
 

and 	comparative dynamic analyses of proposed governmental policies at 
the
 

intra-sec tor level.
 

Part I of cur paper outlines the geer-.l requirements for a dynamic, 

microeconomic model of agriculturr,' development. Part 	 2 then presents a 

mathematical theory that incorporates what we 
think are the essential
 

features or strategic details of the process. In part 3 this theory is
 

approximated by an operational model that can be estimated and simulated 

within existing data and computational limitations. 
 Part 	4 is devoted t,(
 

testing the model's ability to describe recent agricultural history in the 

Central Punjab of India. We find the model performs fairly well P;;d suit

able modifications should be applicable to virtually any region undergoing
 

a trar.7ition from traditional to modern agriculture.
 

11. THE STRATEGIC DETAILS OF DEVELOPMENT 

I!. 	 The .--'3rnt farmen.r as an "economic man". 

Until recently it was ar'.ued by many, nd eith great force, that people 

in vnriour soceJ..y-'-e aro: rd , to rules so different that microeconomic 

theory Is not relevant, that the peotic of less developed countries are 

tradition bound, that cultural and institukional restraints severely circum

scribe their responsiveness to market incentives, and that the developed 
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countries have a kind of monopoly on "economic man."2 SCHULTZ [19641 on
 

the other hand argued that traditional patterns were maintained not because
 

of hidebound restraints but because they represented a rational equilibrium 

under existing conditions. His position has been confirmed by the growing 

number of supply response studies in the LDC's. 

Focusing on the quest ion of whether netor peasants in traditional or 

near traditional anric:t "Hre respond to opportunities which are made avail

able by changes in market cconditions, various investigators have shown 

that agricuntural prod'action is price respcisive, especially when adjust

ment ials hue to uncerta inty and quasifix" -A capital stocks are accounted 

for. Moreover, they suggest that the oral form and direction of this_t 

response is consistent with price theory and that peasants in traditional 

agriculture respond to ;market incentives when sufficient incentives exist. 

it is cn the basis of tnese results that we believe behavior of 

farmers in the LDC's can be represented by a model in which choices among 

well defined alternatives are made by explicitly attempting to maximize 

the attainment of well defihed goals. It seems, however, that the c-aven

tional marginal .analysis does not adequattly describe maximizing by peasant 

farmerv as it really occurs. We think that at least six complications should 

be incorporated into the Analysis, These are the interdependence of farm 

household and fir:' decisions, multi-product, multi-process technology, un

!rtainty, technologcal cnnnge, learning and nonfarm linkages. We shall 

,n'emr nt ' I'. on th.se ji turn. 

1.. i.trde'-d 0- l ;of :'-nho'<ehold-f dec-sions. 

Econowi:wsy have traditionally simplified the overall economic allocation 

problem into two separate parts: the housahold income allocation problem, 

described by constrained utility maximization, and a firm resource allocation 
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problem described by profit maximization. Nowhere is this theoretical tactic 

more clearly expounded than in KOOR ANS [19571 There the principles are 

illustrated with th, "tie-henored example of a man by whom prcduction 

and consumption decisions are made in combination: Robinson Crusoe..." 

who in the cours, of Lhe analysis is shown to be decomposable into Robinson 

the producer and Rohinson the consumer. 

Crusoe is not merely a convcnien t literary illusion, lie is 

the prototype of the "peasant" or "family'" farmer found in virtually every 

agricultural "-egion in the world. But while, for the sake of simplicity, 

the farm decision is no doubt broken up in%, smaller, more manageable rarts 

in practice and while we shall n0-n' exploit a given uecomposition
 

hypothesis below, it does violence to reality to suppose that the decomposition
 

takes place on the farm as it does in the nonfarm economy. Some author, have
 

recognized the fundamental interdependence in Lhe farm between firm and house

hold decisions. HEADY, BACK and PETERSON [19531 were among the early inv;

tigators to quantify this interdependence. More recently NAKAJIMA F1957A,
 

1957B and 19651 and MELLOR f1'UA,i56b 1have contributed to a clearer theo

retical understanrni; of this interdependence in the context of the less 

develo-ed countries. it is now time to incorporate this feature in an empirical
 

model of production response .in traditional agriculture. KRISHNA F19651 hac 

made a steop in this direction by deriving a marketable surplus supply function 

from r"ml-a-'ntica. vnrsio, of Nekajimn's analysis. Our model represents 

another, so::e':h.t more Piabor,'r 5tep. 

1.3. 7vrm t:c47p,.7- y 

The neoclassical analysis oi the firm is for the most part based on 

twice diffeumntiable production functions which are usually assumed to in

volve n single output and which represent a given production technology. 
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Contrastingly, ngriculture is really characterized by multiple outputs, and 

during periods of transition (which constantly occur), by multiple technol

u_,ie. Activity an;lysi. , jL developed by KOOPANS 19511, LF.ONTT.EF et 

"19531 and applied by many investigators can accomodate all three of these 

characteristics in any amount of detail. 

Direct observotion leads ": to apnrciate the fact that traditional 

tgiiculture iK a caOMPIle ,,nom(no with hundreds of i idividu l tanrks being 

performed, in many possib.e conmbinat ions. r.quirin, detailed knowledge of 

soils, climnte, topographv, and withi gcarce resources be inp distributed over 

:ime and cr,, use. (,hoices amoni, these rnnv tasks are merely enlarged when 

new implements, power scrces, and mat,.ri is are intrnduced. We do not 

argue that it is n,,ess;arv f;r the purposs of ,evel,pmont policy to ac

comodate all of the detai]s with which the peasant himself must contend, 

We do believe tnt. many of them are important and that only by representing 

major technological altern:tives in an activit, analysis framework can 

agriculture be effectively understood and planned -- at any level. 

1.4. 	 Uncertainty 

The fact that farming is highly uncertain in many of its aspects is 

obvi," :o a casual observer. Accounting for it in some way is a virtual 

necessity for the farmer and if he is to understand agriculture a necessity 

for the economist as well. it seems doubtful, however, that t'e farmer's 

,-cis ion tregin, are the same as those used by sophisticated gamblers 

;r 7u. Pe''- aur0 : or Mor:, C'rl., it seems likelv .srt .d that his 

stro ie l- crr v7, pr tv ro l ; " not mioht 'e surmnarized as; strategies of 

cautious optmigi.: . l-x an'pies or", the behavioral bounds of CYERT and 

MARCH f1901], the fecus-loss principle of SHACKLE [ 19581, the chance 

constrained programming models of CHARNES and COOPER [19591, and the 

http:LF.ONTT.EF
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safety first principle of ROY [l952]. 
 We have taken this latter point
 

of view and as a first approximation, have adopted a particular represen

tation of it elaborated by one of elsewhere, DAY
us 
 [19711.
 

1.5. 	Technological change
 

The vrinciples just outlined when properly constructed would be qiulte
 

consistent with, 
indeed would help explain 
a state of economic equilibria
 

in traditional agriculture, a state according to SCHULTZ top. cit.] 
in
 

which, given the state of the arts, 
the 	rates of return to traditional
 

inpuits 
are so low that little or no net investmentktakes place, and in
 

which comparatively few significant 
inefficiencies in the allocation of
 

the factors of production exist. 7- such 
a state he argues small changes
 

in either the relative prices of inputs or 
in the quantities of inputs
 

unchanged in quality are unlikely to bring about any long run departure
 

from this equilibrium. 
As a 	result, only new technology can shift agri

culture from this traditional state.
 

Within the activity analysis framework at least four specific
 

components of "new" or nontraditional technology should be considered:
 

new materials, new implements and powr sources, and 
new cultural practices.
 

Activities involving these and traditional activities, accomodated within
 

the 	 set of possible farm operations enable the many choices describing the 

transition 
 from traditional to modern 3griculture to be analyzed.
 

1.6. 	Learning and adoption 

The breakdown of age old practices takes time partly because the supply 

of new inputs must go through o development process of its own. This 	places
 

external constraints on adoption of 
new 	technology, a factor 
no doubt of
 

great importance. 
 In addition, adoption is internally constrained by a
 

learning process which proceeds as more and 
more 	farmers gain familiarity
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with and confidence in their ability 
to successfully exploit the new oppor

tunities. The impact of neW technology, following upon its innovation is 

thus distributed over time, a fact that should clearly be a part of a complete 

analysis of development, and aifurther complication to be incorporated in a
 

model of an agricti]Lura region based on the 
 principle of economizing. 

1.7. Nonfarm linkis 

We have mrenticned the external constraints imposed by limited supplies
 

of nonfarm inputs such as industrially produced implements, machines,
 

materials, and fuel. 
 This means that development takes place within a
 

multi-cectoral context. 
Several additior '.nonfarm linkages are crucial.
 

These involve the supply of credit, the supply of wage-labor, and the
 

demand for final products. Some of these linkages occur indirectly through
 

market prices, and 
 some occur directly through physical and behavioral
 

limitations on the 
use and availability of resources. 
Hence, even in models
 

that focus almost entirely on development and planning within the sector
 

these strategic linkages must be accounted for.
 

2. THEORY
 

It should we think 
now be clear that a complete understanding of agri

cultural development must involve first, an analysis of how development
 

takces place within the farm sector, and second, a multisectoral analysis
 

, economic rdevelopment as a whole. 
 It is beyond the scope of the present 

undcrtn-.ig to ivot ;ioth of :1 oe requirements. We concentrate here on the 

f)' de.. annil;:in;ot,f tho'le, -,'ptive, multi-goal theory of decision-making 

that serves as a guuide to the construction of -,n operational farm sector 

mode ]. 

http:undcrtn-.ig
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2.1 Decisions
 

2.1.1 Farm Activities
 

Farm activities include production, sales, investment, financial and 

household activities. Let X be the complete set of these activities. We 

shall denote an activity by its name or index and equate X with the set of 

such names or indexes. Hence J X denotes the name or index of activity j. 

The intensity with which a given activity i! operated we call an activity 

level and denote it x., j(X. The units depend on the activity in question. 

Most prodic Iion activity levels are measured in acre units, others are in 

units rf volume or weight, some in monetary units. All ef them indicate 

the planned intensity to be operated wi. LI' a given year witi the plans 

drawn up at the beginning of the year. The decision vector x = (x.)JEX 

is the n-vector of activity levels. 

The choice of farm activities for a given year is constraired by 

three categories of relations: technological, financial and learning.
 

The first category involves labor, land, commercial input. and machine
 

capacity constraints. These define a set T of technologically feasiblr
 

decision vectors. The' second category involves working capital and avail

ability, borrowing linitations, and debt repayment requirements. These 

define a set F of financially fe,sible decision vectors. The third cate

gory represents the constraining effects of learning on the adoption of 

new techniques and leads to a set L of decision vectors comeatible with 

learnin.,. . ... escribe specific structure of sets inshallI the these 

sec tion 3. t thiz .noint ,e ,ced to recognizo their dependence on data 

germane tc the decisions for a given year. Each set depends on two types 

of coefficients which we call constraint and limitation coefficients. De. 

noting these by vectors B and c respectively, we write
 



T T.
(1) T = T(B 	 * c 

(2) F = F(B cF) 

L = I,(BL, cL)(3) 

T F L 	 T F L
letting B: = (B , B , BL ) and c: Q , c , c ) the regim A Oasible 

decisions for a given production period may be denoted 

(4) p(B, c): 	 = T 0 F P I. 

It is the set of decision vectors that satisfy simultaneously the technical,
 

financial and learning constraints.
 

2.1.2 Farm Goals and Lexicographic Utility 

We assume that the farm has four goals arranged in an absolute prior

ity order. We assume also that these goals can be represented by four real

valued 	 objective functions k. :X TR where pi (xa ) gives the level of 

t h
satisfaction of the i goal given by the decision vector X and where a' 

is a vector of parameters. These goals are 

UI = the goal of satisfying subsistence consumption; 

42= a goal representing a preference ordering 

amonqist alternar ive current cash consumption 

and 'utre forecasted incomce streams; 

3 N'etric defiaf n' the distance of a 'iven 

Aoic, fr n a so. of: safe-envu ,'hc'hoices Z, 

i .e., O>(M.) - -,d.ist (m,Z);, 

44 n;e .irashre.t, 	 .o; r profi u Junction. 

Wvt Il A P4 w, "; ,Ant i i, ' ,v "I' 1i IN 1h gol] and Inl: 

1 :X 7.1 b.' 'efilled by 
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(5) .(., ai a mini a No 4 

We now suppose that the farmers' plans can be represented by the maxi

mizing rP,...,C.4 in priority order, subject 
to technical, financial and
 

4
 
learning constraints.


The first goal seems reasonable, and relevant in regions where a 

major part of production is produced for home consumption. The second
 

goal is a device for simplifyin, the total decision problem. It is
 

structured so as to 
represent the allocation of cash resources between
 

consumption and saving. The optimlim allocation of cash saved amongst
 

farming and financial activitie-s is then utermined by maximizing goal
 

4, while the optimum allocation of consumption expenditures amongst indi

vidual items is assumed to be determined by maximizing a fifth objective
 

function unspecified in this study.
 

Goal 3, the safety metric, represents behavior according to a prin

ciple of cautious optimizing very much like the safety-first principle
 

or chance-constrained programming. 
It is more general than those, in
 

that it does not re cire t ihe speci ~cation of any subjective probabilities. 

It covers unpleasant contir e;:cies ither than those covered by the sub

sistencr goal an] is meant to represent a strategy to protect the farmer 

against uncertain but highly damagin!, feedback effects of extrome departures 

from Dreviouqly experienced and successful behavioral patterns. Of course 

if behavior *.c guarnntee suhsistence requires it, extreme departures from 

past experience aro pre~icted :ccordn to the maximization of the subsis

tence goal. However, given satisraction of the first two goals, caution
 

plays a role in limiting response 
to shortrun profit opportunities as incor

po'ated into goal 4.
 



2.1.3 Farm Decisions as an L* Program
 

These hypotheses amount to maximizing a Lexicographic* or L* utility
 

function subject to constraints. Let X* = F (B,c): = (B,c). Then we define
 
0 0
 

the L* programming problem (ROBINSON and DAY [1970]) to be the sequence of 

maximization problems 

i ii 
((I a, 0, B,c): = max (M+ (x,a ) ), i=I,...,4, 

where 

(8) X*:= 'y1.(a',n' 	 ,...'a,. ,1aI B,c): = L,(x,a , ) ) i fn X*i 

i=1, . . ., 

.th
 
is the set of choices maximizing t0 it goal given that they are feasible
 

and that they maximize (or satisfy) the higher order goals.
 

2.1.4 Super Utility
 

This scheme (7)-(8) is called a fourth order weak L* program. (ROBINSON 

and DAY [ibidl.) It has been shown elsewhere, that this decision-making procedure
 

is equivalent to ordinary constrained utility maximization in the followinF . 

given certain conditions there exists a super-utility function say Cy:X - R with 

parameters a: ,-,...,a , 4() such that the set of solutions 

(9) X*: P'(a,B,c): = {io(x,a) T) n I (B,c) 

to the ordinary prograri 

(10) 	 r(a,.,c): = max 2'(x,a) xEN(B,c)) 
x 

is exactly TZ; (n,J,c) of (8). 

This super-utility function represents a preference ordering over 

activities which accounts for all of the farmers' considerations, in so 

far as they affect his behavior, of subsistence, commercial consumption, 

safety and profit goals, in their priority order. This function is
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probably too complicated to use operationally and we use the L* approach
 

instead as a guide to constructing the operational model. 
 However, it
 

is notationally convenient for summrizing the complete model and we use
 

(9) in what follows with the understanding that it is reant as 
a repre

sentative of (7)-(8).
 

In theory the set ''(aB,c) is in general non-uniqo, While selection 

amongst these possible best choices could be explained by a variety of
 

plausible hypotheses we use here algorithmic selection, i.e. choice de

termined by the first point 
in 'Tobtained by our compiter code. Since
 

in fact 2 is often sing]e-valued this is not necess.riiiy a restrictive
 

assumption. However, to complete the mo, el 
we must define a selection
 

operator, we denote it R so 
that the theoretical prediction of farm plans
 

in a given year is
 

(11) x* = R •'f(w) where w: = (a,B,c) 

Since the realized data w = 
(a,B.c) may change in the very shortrun (fron
 

month to month or even more often) plans may in reality be modified ,uring 

the crop year. We have 
not yet tried to account for such shortrun planning
 

revisions in our model, but have instead used x* as defined in (11) as our 

estimate of actual behavior.
 

2.2 Feedback and the ComDlete Mciel
 

2.2.! Foedbact -

The data vector: 
(PP,,c) on which depend decision vectors for givenP 


year depend them:elves on prevint; decisions, previous data and on 
exogeaous
 

variables linking the farm situation to 
its "external" environment.
 

Satiation levels u 
and a may depend on past subbistence and commercial
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consumption activity levels while the desired safety level a may depend adap

tively on ne., i4nfr, tion on price jnd incomc varidhbility. Resource limitations 

c- depend on past investment activities, while financial bounds depend on 

previous expenditures, and borrowing activities. Learning proceeds with 
L 

experience so that learning limitation coefficients c may depend on pre

vious utilization of "new" technologies. Price expectations based on lagged 

pricing enter the profit objective and in various coefficients of the 

financial con.traints Other variables representing the state of the out

side econiomy may be included in calculatians of relevant planning data. 

These observations lead us to recognize t , feedback effect of past be

havior on current plans and the linkage of farm sector to the nonfarm 

economy. The structure of this feedback, as we have modeled it in the 

current study, is now described in abstract terms. 

2.2.2 Data Feedback Structure
 

We date plans and data with a time subscript to indicate
 

the beginning of the year in which they are determined. Hence x* 
t 

is 

the solution tc the L* program (7)-(8) and wt is the vector of all the 

data on which it is based. Hence we rewrite (1)) as 

(12) x* = R • 'T(wt )
t t 

To define the adaptive dependence of the current data on past plans and 

past data we adopt the following convention. Let v, be an arbitrary n

dimensional vector. T'en 

s t: = (vs' vi', . ... v)SV V, s+ ,'*vt _1' vt ) 

is a (t-s+I)n-dlmensional vector with t-s+l component n-vectors. The
 

adaptive feedback effects summarized in 8 2.2.1 can now be represented
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by the expression
 

x t-i'(13) w,:=t-t- X(tt-i' t-Twt 1 zt 

where zt is a vector of exogenous variables not explained by the theory 

but representing,, linkages with the nonfarm sector (and possibly including 

lagged exogenous variables) and where e, is a vector of functions each 

cl.emcnt of whi h (ines the depundence of one data parameter on past 

decisions and exogenous variables. Of course many if not most of these 

will be constant functions, meaning that the coefficient s are const:Int. 

But the notation is general enough to Jr .aimodate many types of realistic 

feedback effects and outside influences.
 

2.2.3 The Complete Model
 

Our theory which is concisely summarized by equations (12) and
 

(13) 	yields a discrete time, open dynamic system consisting of a set of 
th 

simultaneous - order difference equations of a complicated and highly 

nonlinear nature. It represents current dezisions by a decision oper,,tor 

depending on consideration.s of -echnologv, finance, learning, subsistence, 

commerca! consumption, safety and profits. This decision operator involveb 

choosing am.origst feasible alternatives according to a hierarchy of goals 

on the basis of Jata that depends on previous decisions and otside in

c-luences. 7: is "I'icrcecrnomic thCory of LarM behvior ti,at incorporates 

:n a thoreticallv: £cca. tet manner tbho stratc,!ic owtails of farm develop

ment for :.n>intour pur,,e to account. 

2.3 Aygre;-at iol-

We have gone to the trouble of constructing a theory of farm behavior 

because we felt that on a detailed understanding of their behavior would
 

depend an adequate explanation of economic development in the sector as a 
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whole. Obviously, however, it is impossible to derive regional aggregates by 

adding up predictions for each farmer. Instpad, we use the structure speci

fied by (12)-(13) to define a regional model to be used for explaining and 

proj,-cting various regional variables. 

The theory of aggregation required to go from the micro level to a regional 

ag-regate is com;plex zind only partially developed. (DAY [19631.) It cannot be 

gone into here. We proceed, however, on the following assumptions. Let
 
i*j 

*W ,i c) be the data vector, the plan, the decision operator and 
t• t 

the feedback operator respectively for thr . farmer. We assume that there 

exists regional data vectors Wt, Zt that can be obtained from a suitable 

aggregation of individual farm data and that there exist regional decision 

and feedback operators T and wo such that the regional analog of (12)-(13) 

given by 

(14) Xt = R -'(W d 

(15) W t =M(t ' t-T t-l'
 

possesses the following aggregation property
 

(16) X '> x 

1cha reFion is alrec...b and allows individual decision units to be 

,,bmu.,d. The osf.iumt:os required for (16) to hold are very strong and 

would no*t be '-ruc r:( -. rilven if the theory behind equations (1)-(13) 

were ezactly' tuC -- which it- is not -- for each farm. Consequently, a 

model based cn (]4)-(16) can at best only be an approximate theory of 

behavior at the sector or regional level.
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2.4 ImDlications
 

Before turning to empirical matters lst us pause to consider how this
 

theory represents the development process. Given initial conditions of low
 

or nonexistent ,apacitv in hIghly productive technology, farm behavior will
 

be dominated by subsistence goals. If external demand conditions and in

ternal productivity per-it it, commercial sales will lead to cash income
 

for which consir;iptit n and fari,, investment will compete. Subsistence con

tiderations wJill 1e gradually pushed into the background. As cash farming 

grows in importanice caution in response to "aret forces and profit maxi

mizing will come to dominate farm produco.I.on and investment decisions.
 

Depending on the initial situation farmers might adopt new technology rapidly
 

or in some cases not at all. Indeed,many alternative histories are possible
 

in such a model, with many different phases or stages of development arranged 

in many possible alternative sequences. 

Equilibrium at a stationary state might come about in the absence 71 

technological change, though nothing in the theory guarantees that pfs

sibility. Indeed ich empirical evidence as we now have suggests that 

agric ilture ii,very diverse situations is inherentlly unstable once com

mercial farminr'. , -!ctivities becom~e important. (HEIDIUES rl966J, MUDAHAR [10701 

and M~~ELLER '19701.) The cause seems to lie in the highly in'.iastic demand for 

agrieult,.ral nroeduce and its feedback effect through price and working capital 

Su, p !1i- -1 

Th inve ira--io of the -'istence of st,,ionarv states, their stability 

or instability, and the possibility and charzacter of multiple phase and even 

indeterministic solutions to theoretical systems of the type (15)-(16) has 

been begun and the interested reader is referred elsewhere for a further 

discussion of these matters, DAY and TINNEY [19691, DAY and KENNEDY [1970]. 

However, one property of this theory of such great importance that we
 

http:produco.I.on
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should comment on it before proceeding, is its imcomplete determinancy in
 

the following sense. We specified a selection operator which we acknowledged
 

tobe more or less arbitrary: after the goals that rationally might be
 

pursued in the L* program there remains an indeterminant residuum of choices
 

contained in the image of T. Even if this bet contains more than one member
 

only infrequently (as we suggested would be the case) the element of in

complete causality clearly remains. The implication is that from time to
 

time decision-,:3kers' choices may be arbitrary -- perhaps random or un

predictable -- and hence the evolution of society imperfectly predictable
 

as wel.. Az best society's behavior would seem to be predictable within
 

bounds.
 

On the basis of this consideration we should be highly surprised if our
 

operational model predicts actual history with extreme accuracy. This causal
 

incompleteness is fundamental to the theory and not the result of aggre

gation errors due to the failure of the assumptions behind equations (14)-

(16). Adding the latter source of error to the former we are led to take
 

the 	position that approximate accuracy of our model in explaining t!e past 

is a 	 _vorv stroij,; confirmation of its fundamental validity, just as it is 

insut-'cient ,roun(ds to believe that projections based on it will have more 

than 	 n crude (thou,,h perhaps highly valuable) contribution to policy. 

AN OPERATIONAL FARM SECTOR MODEL 

We now outline our initial approximation of the theory just developed. 

A detailed exposition is in SINGH [19711. 

3.1 	 Feasible Decisions
 

Activities are assumed to be linear, finite in number and their levels
 

x , 	 iFX are measured for the regional aggregate. Constraining factors are 

ident'fied by an index icV. The technical coefficients bij , iEV, JcX 
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are assumed constant over time and all technology is assumed to be embodied.
 

Positive (negative) coefficients mean a given factor in a net input (out

put); a zero coefficient indicates a factor not involved in the activity
 

in question. Limitation coefficients Ci, i~y and also defined at the
 

regional level; positive (negative) coefficients are associated with
 

upper (lower) bounds on activity combinations, ze!ro coefficients with
 

balance constraints.
 

Production activities, JcP, include land preparation, planting,
 

cultivating, fertilizing, harvesting, processing, and transporting. These
 

are distinguished where relevant by typ Df soil, by tye of technology
 

(irrigated, unirrigated, fertilized, unfertilized, bullock, tractor, etc.),
 

by crop and by season (summer and winter). H'usehold activities, JcM,
 

include subsistence, food consumption, commercial consumption, and labor
 

"supplying" on and off farms. Purchase activities, JEB, include the pur

chase of variable inputs such as fuel, fertilizer, improved seeds, 
etc.
 

Investment activities, jc7, include land development and the purchase of
 

capital goods such as tractors, motors, implements, bullocks, camels, etc.
 

Financial activities, jcF, include saving, borrowing and debt repayment. 

Sales activities, JeS, are included for each commercial crop. 

Labor constraint>, iOc<, include exogenous supplies of village wage 

!ahbor, regiona l rbor :nd r :ioro& l or. These uppli 'es are to be aug

mentecdv) household activit:es which supply family lbor in various amounts 

by -,a'ion. 7arr Cnnilv !ibor supplies 2re limlto:- exogenously in the 

current model by tli number of .arm families, though we hope in the future
 

account for these variables endogenously. Material constraints, iEE, allow
 

for the exogenous specification of regional supplies of electricity, ferti

lizer, herbicides and insecticides limiting material purchase activities.
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can be augmented by investment in
 some categories
Land supplies, ieL, in 


but total amounts available
 
latid development (irrigation, drainage, etc.) 


Machinery, icM, is limited
 
are constrained by overall regional 

supplies. 


can be augmented by investment.
 
by inherited (depreciated capacity) but 


production of commer-

Finally output b~alance constraints, 

icO, connect the 


These constraints together
 
cial crops to the sales activities of the farm. 


of technologically

with nonnegative restrictions approximate 

the set 


feasible activities, T, of equation 
(I) § 2.1.1.
 

Household activities involving co~nmercial 
consumption material and
 

vities all compete for working capital.
 labor purchases and investment ac, 


to working capital through borrowing
involve additions
Financial activities 


are
 or cash savings. The former 

or deductions through debt repayment 


the latter by borrowing and cash comnit
limited by external banking rules, 


approximate
of linear constraints, iEF, that 

These involve a set
ments. 


5 2.2.1.activities of equation (2) 
the set F of financially feasible farm 


on the part of farmers in

role learningWe have emphasized the of 

that the learning process limits the speed of adop
ar~i ed 

or production practices. In a given year a 

trann.ition and 

new inputs, outputs,tion or 

activities that involve these new 
set of adoption constraints, i(N, iimit 

the set L of equation
things. Thesc upper-boundin, constraints approximate 

(3), 2...
 

polyhedral approximation 
of the
obtain the 

a given year: 

Wit-h tcse dof"nit.ons 1,e 

of feasible repgi~.na! -,-regate decisions for 
theoretical set 

= 0, JEX)
{XIjEX bijXj Cit, i /, x 

(4) 1'(B,Ct): (
 

http:repgi~.na
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3.2 Goals and Satisficying Constraints
 

3.2.1 Subsistence
 

Subsistence activity is the result of a combination of physiologically
 

determined needs and socially conditional wants. Various household activi

ties satisfy these needs and wants in varying degrees . In this study we 

have not yet mode!led these detailF explicitly but, assuming the satiation 

of r I throughout the period we have estimated lower hounds on subsistence 

consumption of each of several crops 
(wheat, maize, rice, sugarcane and
 

pulses) exogenously using data from far:a 'udgeting studies. 5 

3.2.2 Commercial Consumption -- Cash Saving 

In this initial study cash expenditure on consumer goods is treated 

as an exogenou- varia'e, Eti is .' from salesand deduct , revenue of the 

preceding period to arrive at the initial working capital supply for a
 

given year. This is equivalent to assuming that the cash consumption goal,
 

6
as represented by utility function V in satiated throughout the period.
 

3.2.3 fety 

i.. safetymitic cnn be introduced as a fundamental axiom of behavior 

DAY [1971' or :.t con be derived from the safety-first ROY [19521 or focus

loss SRACFG 5, princ:1es of decision making under risk BOUSSARD [19691,FACK' 

F--T, Il 'Wienond BOTeIS '9671 the sofety goa! i- satiated the metric 

rcrecr1. 02.lipso'.da- by "Safety Zonp" which can be approx17 !7 7 

imatod by supporting ;yperplanes :,s in the case of the subsistence goal. 7 

In this study we assume satiation and approximate the implied safety-zone
 

by three sets of linear inequalities. The first two are sets of upper
 

and Iowe-r cri' -., cixrl l. .enirr4 whhoh pr'ov ot rrm1 hnng,1o itm .n pping 

pat.Lcris and nrotocts the farmer against a drastically changed pattern of 

http:02.lipso'.da
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relative profitabilities of cash crops at the end of the season. The
 

second prevents extreme increases in capital stocks and protects the
 

farmer from sinking too much capital in one opportunity when another,
 

perhaps currently v known one, may be more desirable in the future.
 

The set of upper and lower bounds on individual cash crop acreages
 

may be denoted as follows: the tipper bounds are
 

u
(18) 2.j~Pi Xjt C


where S is the set of cash crops and P i, the set of harvesting activities
 

for crop iE-S whose levels are mea. ired in acres; the lower bounds are 

(19) Y. Xjt _ C t, ies
 
,hPi it i
 

The constraints n the third group are defined for each activity involving
 

investment in some capital good. Let , be the indexes of such goods and
 

let j indicate the investment activity associated with good jcM. Then
 

the investment boulnds for each year are 

(20) (20 X,X t Citit , c 

The set of activities that satisfy the several safety bounds may be defined
 

,,s
 

(21) Zt =X Xt1 b X Ci, irZ
 
t, jtX it'~
 

where 7 is the set < "safety t .- tors" and where Cit, are the upper and 

lower bounds of (18)-(20). 



22
 

3.2.4 Profits
 

The anticipated costs and returns of particular activities that enter 

the profit objective fall into four cla-sses: expected returns from sales 

activities al 
t 
" 0, jcS, current costs of purchasing activities a* 

t
< O, jc5, 

t
 
an annual depreciation charge a < 0, jc,,{' that must be recovered to
J
 

justify an investment, and interest costs and returns associated with
 
At
 

borrowing activities. If P i; the anticipated unit price of crop i then
 

t 	 ^ t t 
a~ = 	p,j JrS. LikewiS., t t
if P)i is the c,'rrent price, of inputs then a = -pi, 

jcB. In the case of investment goods t eYpreciation charge based or 

straight line depreciation, is tb. current investment good price pt divided 

t
by the average life \i, icM. Hence, a = -pt./X , jcM. In the case of
 

borrowing a. is equal to the negative of the average interest rate in that
 
J 

category of loans. For saving it is the positive average bank rate on 

time deposits. In order to account for strong liquidity preference we 

include atransfer activity of working capital to the farm "investment 

account" at a co ;t determined by an internal risk premium. This premium 

is computed so thnt Farm inve5-tment will occur only if its pay back period 

is fi.ve years or Ie' . All other a. coefficients are zero. 

With these several assumptions the profit objective defined at the 

regi.onal Level corresponding 'o the utility function, 04. becomes 

(22) .. ):,,i X a'X. 
t_ tj)(
,.\.ta ): 

The 	s.Itiation eloV.?. 5nr this fur,.tion is assumed to be unbounded (i.e., 
4 ar = 	 ") . 

3.3 	 The Approximating Linear Program 

Assuming that the high order goals (pl, ... , 3 can be satiated during 

the 	period under study the set of feasible farm plans approximating X* of
 
3 
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equation (8) is that set satisfying the collection of linear constraints
 

(4'), (17)-(21). We denote this set 

(23) A(B , C ) 

in which Bt is the complete set of coefficients entering all of the con

straints (4'), (17)-(21). Hence, the set of farm plans intended to appro

ximate (9) at the aggregate level is the set of solutions to the linear
 

programming problem:
 
r a I > Ix X A (B t t) 

(24) t)(a,Bt, Ct): max(<at t A t' 

We denote this set
 

= I < flA (B,(25) (a t Bt , Ct): Xt at , Xt > > F Ct )) 

It is our initial operational analog of equation (14).
 

3.4 Feedback and Exogenous Variables
 

The data vctor (a t, Pt, C ) Wt contains both exogenous variables 

and ve,-ables gnerated by explicit feedback functions representing physical 

accumulation or adapLive behavior. We now outline the specific assumption,-. 

used here. 

3. . Labor nnd .atera s 

Vriable inut; inc.d labor and materials are (except for family 

labor) assumed not to be inventoried on the farm so that needed supplies 

must be purchased by the appropriate purchasing activity. The materials 

constraints are divided into two groups, a set of balance constraints with 

indexes E1 representing the purchase requirements placed by farm demand and 
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a set of purchasing restrictions with indexes E that limit purchases to
 

exogenously given supplies. Then Cit = 0, icE I for all t and Cit = Zit , 

where Zit is the exogenously given supply of input icE . In some 

cases we have assumed that Cit is not limiting, such as electricity and 

regional labor. In other cases we estimated a finite magnitude such as 

family and village labor. 

3.4.2 Capital Goods
 

Stocks of land by type based on soil classification, and seasonal
 

availability were treated exogenously, a- was the supply of land that
 

could be irrigated by canal. Hence we have Cit = Zit whien Zit is the
 

exogenous supply of land of type i, icL.
 

Machinery utilization constraints are generated endogenously by a
 

"trapazoidal" depreciation formula
 

(26) C. C 2 xj b j cmjt jt-l " s= bj. Xjt-s'
 

where X. is the average life of machine j and where

J
 

../2 when \. is even
 

. = 

(Xi + 1)/2 when %. is odd. 
j 

This assumes no physical deterioration until half the average use life 

;fter w:hich ri'h' iine depreciation occurs. Tbn equation (26) there

f7ore introduces - :y -- order feedback or "echo" effects into the 

system. The rows of the constraints defining the feasible region for a given
 

year (4') include rows for each such capacity whose bjk coefficients are
 

positive for each production activity to utilizing the capacity, negative
 

for the investment actiity which adds capacity in that given year and zero
 

for activities that do not use or add to that capacity.
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3.4.3 	Financial Constraints
 

are included in the
Four financial constraints indexed by fl, ''', f4 


current model. The first specifies that working capital expended material
 

purchases, machine investment, banking, debt repayment and commercial
 

consumption cannot exceed the amount available which is determined by past
 

sales augmented by current borrowing. Hence, the 	limitation coefficient of
 

this constraint 	is:
 

= 
(27) C t E a -


The second specifies that borrowing at a relatively low interest rate
 

is limited to a fraction of previous commercial sales, a relationship that
 

crudely approximates the loan practices of bankers. Hence, we have
 

(28) 	 C = g 2 aj X*
 

f ,t jes j,t-I j,t-l
 

The last two require that loans be repaid (or refinanced annually). Hence
 

(29) X.t >__ (I + a. I) X, t 1 , j = bl,b2 

where bl,b2 denote borrowing at a relatively low 	rate a 
and at a relatively
 

high rate, ab , 	 respectively.
n2
 

3.4.!. Adoption
 

Learning new tcchnology is partially based on exposure and which can
 

be measured by the aiunt" Specifically, we that
arcady adopted. 	 assume 

exposure is proportional to use, and that use is measured by the maximum
 

t-l
 
total activity level X.J , already allocated to the new activity in the
 

preceding decade. Let N'he the set of "new" activities. Then
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(30) C (G + of) max (Xt s = 1,..., I0), JcN. 
Jjst-s'" s ... 	 0,jN 

This, it must be remembered, gives the maximum expected amount of adoption
 

in the region under 	conditions favorable to it. If it is currently un

economic, or if other constraints prevent it, adoption in a given year
 

will fall below this amount. The model then explains internally whether
 

or not adoption will proceed according to th., maximal rate.
 

3.3.5 Subsistence Satisficing Constraints
 

The subsistence requirements are det mined exogenously by the number
 

of farm families and by survey data on home consumption as described in §
 

3.2.1.
 

3.3.6 Commercial Consumption
 

Commercial consumption is also determined exogenously from farm
 

family budget data as described above in § 3.2.2.
 

3.3.7
 

The first set of safety limitation coefficient have the adaptive form
 

X t l(3)U = (I 	 + 13) Y irs(31) 	 Cit = (>+f jl J~* , i 
i ~ ~ i E 1 

-(.i2) C: = - (I - ) X4 , iFS, 
it =i - J '
 

in which P. is the 	set o prodt-ction activities using land to produce
 

co=-ercial crop iS. The constraints corresponding to (31)-(32) are called
 

flexibility constraints because they describe how flexible a farmer is in
 

any one year in modifying his cropping patterns to take advantage of
 

currently profitable opportunities. An interesting alternative form has
 

been used by CIGNIO [19711.
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The second set of safety constraints are based on the old idea that
 

capital stock is adjusted more or less gradually because of the risks
 

involved in immediate adjustment. If Cit, icM is the amount of capital
 
ith
 

service available in the region in year t ith
of the capital good and
 

C. iemaximum amount that could be used under an? condition, then the 

current maximum investment potential is C. - Cit, iM. The adjustment 

limitation is then 

(3C.= .[C. - Ci ], icM
 
(33) 
 Cit i[ it it-lI
 

where 2 is an adjustment coeffice:tt and to each icM there corresponds
3
 

exactly one i'EM'. Because of the depreciation relation (26) equation
 

relation involv3 s+l 
order feedback. These bounds, let it be emphasized,
 

are upper bounds and will he reached only if investment appears to be
 

profitable and if other factors such as learning, financing, labor, etc. 

are not limiting DAY et. al. [1969].
 

3.4 The RLP Model 

The feedback functions (26)-(33) provide an operational approximation
 

of equation (16). 
 The linear programming problem whose algorithmically
 

selected scluticn approximates (15) is given by (24). The operational
 

model then consists of n sequence of linear prograimning problems each one 

of which is used to estirmTate production, household, investment and market

ing activitie.s1 in Oe regioii 7or a given year, and the feedback functions 

which represent how :he region's external environment influences farmers' 

decision problem,how new information is incorporated and how behavioral 

parameters are adaptively modified on the basis of experience and new
 

condit ions. 

http:activitie.s1
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The imperfections in this operational model are evident and 
no doubt
 

numerous improvements can and one day shouldbe made. At this point,
 

however, we shall concentrate on a detailed evaluation of 
the model's
 

ability to track 
recent history. Our objective is to find out if it
 

can be used -- in its present form -- for projections and policy analysis.
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4. MODEL EVALUATION
 

4.1. Model results
 

The model was used to simulate regional agricultural history for the
 

period 1952 to 1965. Tihe results can be aggregated to yield a set of
 

variables for which comparable regional data exist. In this set are the 

acreages sown to various crops over the 14 year period. They also include 

variables for which no comparable data are available, such as predicted 

levels of ',.orce use fur family labor, hired labor, aniimal draft and 

various machine capacities, levels of inv,-':ments and cap;icity used of 

new power sources, levels of prodt' LiOn, sales (marketed surplus) and 

retained consumption of various farm outputs, use of chemical fertilizers 

by crop and predicted levels of grain sales, working capitaL. used, bor

rowings at various rates of interest and savings, all on a regional 

basis. The first set provides the basis for our model evaluation.
 

t

Let P., i = 1,...,q be field crop acreage variablos for year t. 

Let P0 t stan,. foi: the11 "observed" datum and Pint stand for the corresponding 

model vjariable obtained by aggregating for period t the appropriate
 
*t pot 

regional octivitv levels X . We then have two series: P , t = 1952,j i 

... ,165: ., t 19 2 ... ,1965, that may serve as the basisi for a model 

ova .. ua tiol. 

The arelate series available include irrigated, unirrigated and 

total croT, cre;*', fcr the w7 n-or (rabi) crops: wheat , g.ram and barley, 

and the sur :m (-nr. rops: .'°ton, maize, -ice, groundnut and bajra 

(spiked millets), and an annual sugarcane crop that spans both cropping 

seasons. The several "observed" and model series are displayed graphicallly 

in Figure 1 (except for barley whose acreage is insignificant.) "Prediction
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realization" diagrams also provide useful graphs for comparing model and
 

"observed" results. These are displayed in Figure 2 in terms 
of total
 

field crop acreage; by crop.
 

Various more or less ad hoc statistical methods can be used 
to measure
 

how well the model captures various specific characteristics of the data.
 

The characteristicg we consider are (1) absolut, levels, 
(2) relative
 

variable levels, (3) direcLions of change and 
(4) turning points. The
 

ability of the model 
to ".xplain" these characteristic; in the observed 

data 	is compared with a naive model ippq';rriately defined in each case.
 

4.2 	 Variable levels
 

A rough idea of goodness of fit 
of the model to the observed data
 

levels can be obtained by regressing the "obs'rved" on 
the model generated
 

variables and computin, the associated coefficient of determination (R2).
 

Results of 
this type are given in Table 1. A glance at the R2 column sbios 

that the model explairs the acreage levels very well for most crops -

wheat (total and irrigated), cotton (total and American), maize (total and
 

irrigated), rice, groundnut 
(rotal, irrioted and uni-rigated) and bajra
 

(total); moderately well for two -- wheat (,nirrigated) and bajra
 

(unirripated0'; and very Poorly for 
 ar'ev (unirrigated), maiz. (uirrigated) 

' 'ugarcane. 'The resule-t Fr ch.; cr ops are poor in ].! respects. The 

"V vn'ums indicate ohat the iOtrc,;pt estimaten nre Ifferent trom zero 

at the 5 level. of Oignificanc, only for barlov. (unfrri.gated) , cotton (D) 

and svgarc:ane , and for maiz, (npirripated). The 'slnpe" estimate, are sig

ni rican! I Y ' ffr.nt from ,nft v For ott on (American) , maize (unirrigated), 

ougarcain,, mtze (unirriated) and barley (unirrigated).
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TABLE 1: REGRESSION OBSERVED OF MODEL EXPLANATION
 
OF OBSERVED LEVELS OF FIELD CROP ACREAGES.
 

Statistic e t" value Regrcasion "t" value Coefficient 

CoIntercept t ~ Coefficient of 
._ ___ IVariation 

Wheat (T) 71.27 0.6054 0.9960 0.0427 .9045
 
Wheat (I) 25.79 0.4339 1.018 0.2447 .9413
 
Wheat (U) 100.36 1.4015 0.8354 1.0459 .7012
 
Gram (T) 168.29 1.5021 0.6447 1.639 .4343
 
Gram (I) -12.74 0.2215 0.9960 0.0145 .5219
 
Gram (U) 101.19 1.5538 0.6666 1.591 .4574
 
Barley (U) 24.66 6.0049 -.23 5.309 .0759
 
Cotton (T) 31.02 1.5356 0.8403 2.069 .9081
 
Cotton (D) 48.35 2.5113 0.6689 1.458 .4197
 
Cotton (A) 17.028 1.126 0.7227 3.486 .8731
 
Maize (T) 30.30 1.3384 0.8953 1.8388 .9537
 
Maize (I) -3.505 0.2543 L.0233 0.4576 .9711
 
Maize (U) 73.72 2.021 0.3305 2.4046 .1051
 
Rice (I) 13.92 1.3266 0.9973 0.0447 .9564
 
Sugarcane (T) 73.93 2.7936 0.3867 2.9722 .2264
 
Groundnut (T) -0.94 0.7607 1.0533 0.5672 .9129
 
Groundnut (I) -0.60 0.012 0.914 0.6878 .8168
 
Groundnut (U) 3.028 0.5721 1.0548 1.1804 .9773
 
Bajra (T) 1.734 0.3848 1.1323 1.0676 .8743
 
Bajra (I) 6.138 1.4397 0.8302 0.7171 .5058
 
Bajra (U) 6.397 1.8282 0.8166 0.9875 .6171
 

T = Total; I = Irrigated; U Unirrigated 

Serious objections to this method of evaluation can be raised: the
 

model estimates are not independent while the tests assume they are; and,
 

the test takes no account of the relative importance of the variables.
 

The first objection vitiates the theory of significance lying behind the
 

t ratios. Hence, at best the statistics of Table 1 must be regarded as
 

informal measures of goodness of fit and model bias, that tend to over

estimate model error. Nonethelc('s they are effective in a descriptive way,
 

and on the basis of them we gain the impression that the Punjab model is 

fairly effective at estimating field crop levels, though not with great 

precision. 
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4.3. Relative variable levels
 

Both the interdependence of the estimates and a weighting according
 

to magnitude are incorporated into the Information Inaccuracy statistics
 

introduced into econometric work by Theil and various of his collaborators,
 

e.g. THEIL [1967], TILANUS and THEIL [1965]. We have computed the average
 

information inaccuracy, the expected information content, the relative
 

information inaccuracy for all field crops and have compared the results
 

with those that are obtained from a naive model in which the 1roportion of
 

land devoted to a given crop is predicted to be the same as in the previous
 

year. These statistics are given TTable 2.
 

TABLE 2: INFORMATION STATISTICS FOR FIELD CROP SHARES
 

~KHARIF 
ALL FIELD CROPS ~CROPS RABI CROPS CRP 

(i) (2) (3) (4) (5) (6) 
RATIO OF RATIO OF 
RELATIVE RELATIVE 

INFORMATION EXPECTED RELATIVE INFORMATION INFORMATION 

YEAR INACCURACY INFORMATION INFORMATION INACCURACY INACCURACY 
CONTENT INACCURACY MODEL. NAIVE MODELM NAIVE 

1952 .006682 1.620 .004123 N.A. N.A. 
1953 .001771 1.644 .001077 0.2606 3.0346 

1954 .001682 1.648 .001021 0.0832 0.3666 

1955 .002866 1.642 .001758 0.1255 0.2149 

1956 .003037 1.651 .001839 0.2214 0.0352 

1957 .005032 1.699 .003016 0.4414 0.0936 

1958 .006215 1.664 .003735 1.2407 0.2079 

1959 .00968 1.680 .005763 0.6049 0.1709
 

1960, .001575 1.665 .000946 
 0.0545 0.0885 

1961 .006586 1.655 .00398 1.3389 	 0.0823
 
0.0374
1962 .003396 1.657 .002049 1.2023 

0.1418
1963 .008084 1.661 .004867 1.7161 

0.0475
1964 .002694 1.665 .001618 0.2697 

0.02021965 .002505 1.688 .001484 0.4852 


0.1255
Average -.003794 - .002406 0.6484 
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Although no level of 	significance can be assigned to these non

is obvious that the model predicts the proportions
parametric statistics, it 


quite well. In no year does the relative information loss in the model
 

less 	 than 0.3exceed 0.6 percent, while on the average the model loses 

percent of the inf(,rmati,: contained in the observed proportions. Moreover, 

on the average the simulation model is seen to out perform the naive model 

season crops. It out 	 performs the naive model 8about I L/2 times for rabi 

times for kharif scason crops. 

4.4. 	Directions of change and turnine poftts 

Correct and incorrect model explanations of qualitative events should 

be 	weighted for the same reason that proportionate levels of variables are
 

some predictions possess
weighted in the information inaccuracy statistic. 


are rare events while others possess very
a great deal of information but 


little information but are frequent events. THEIL [opt. cit., pp. 12, 31,
 

a a
34) suggests the mutual information or the information gain or loss 


a suitable weighting of the information contained in
measur? that involves 

table. Poutine manipulation of his equation forthe --- 2'anation-obse r v ation 


three components of information
mutual information enables J.ne to 	 identify 


of the model. These are the observed

about the qualitati've perfornance 


M, and the joint information, J,
>'fermaticn. 0, the -'0d information, 

explained and unexplainedcan- be decompose' intorespectivev. i_c -)f these 


or true and falsa cr r'ftS. J nicc we have 0 T' M J and J
 

for any
Each of these measures can bu computed for the RLP model and 

of comparison here we have used a naivealternative model. For purposes 
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model that predicts a direction of change to be the same as the preceding
 

period, and for turning points, one that predicts no turning point every 

period. TableS 3 and 4 present the results of this exercise. 

TABLE 3: QUALITATIVE INF()RMATION STATISTICS )R DIRECTIONS
 
OF CHANGE EXPLAIN"'D BY .PIP MODEL AliD NAIVE ALTERNATIVE
 

OBSERVED CORRECT CORRESPONDING 
, ON. MODEL JOINT 

EXPLAINED NFO RMA'i ION INFOP4TTON 
______ / _____ ____ ______J T / 

_____ 

TIORLP NA1V E' RATIO kLP RA, RLP NAIVE RATIO 

lheat 51 .24 2.15 .30 1.70 46 .33 1.41 
Gram .50 .76 .66 .50 Y5 .6' 50 .59 .85 
Barley 53 .24 2.23 .53 25 2.14 5] .41 1.24 
Cotton (D) .53 .41 1.29 .53 42 1.28 .51 .48 1.07 
Cotton (A) 43 .49 .88 .52 59 .89 44 .47 .94 
Maize 66 .2 3.11 .72 21 3.37 55 .33 1.64 
Rice 27 .27 I.Or) .27 .27 1 .00 .3i .31 .98 
Cane 33 .43 .77 .33 .41 .79 36 .40 .91 
Groundnut 68 46 1.47 .61 .46 1.33 .54 .46 1.16 
Bajra 62 16 3.79 .76 16 4.64 53 .25 2.14 

First consider directions of change. in seven of ten cases at least 

half t- observed information was explained and in eight or ten cases more 

than half the -,,c:! information was correct. In about half the cases the 

RLP model out nerfcetr.,ms the na:.ve ,?Iternative substantially. This is 

",'rtlcular-y ip res,; ve in view of the strcn,, trend in most. of the crops 

thiat '-o] to fa,:or Cie r-,.vc :alternative. It 12 tore .ting to note that 

more than half toe ona'i. , irections of change for barley was 

correctly "explained" by the model even though only 7% of the variance 

in crop acreages was explained. 
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In the case of turning points Table 6 shows that the RLP model
 

out performs the naive model in 
about half the cases, explaining from a
 

mere 7% of the observed information to 71% of the joint information for
 

bajra. The naive model explains about a third of the information in every
 

case. These 
 restlts are mixed but suggest that turning point predictions 

arc. d.ffcult t -xpla'n even wh cn direction of change, levels and 

proportions are tracked fairly well. 

TABLE /4: OUALITATIVE INFORIA'"')N STATISTICS
 
FOR TURNING POINTS EXPLAINEL BY RLP MODEL
 

AND NAIVE A,'Ti':1{!N.I VE
 

OBSERVED CORREC'I 
 CORRESPONDING 
INFORNATION MODEL JOINT
 

EXPLAINED INFORMATION INFORMATION 

/ IM(a) T 

PLP NAIVE RLP RATIO RLP NAIVERATIO NAIVE R:.ATIO 

Wheat 1/2 (b) .46 .33 1.11 .41.44 .33 
Gram 1/6 .07 .30 .22 .17 .20 .30 .66 
Bnrl y 1/6 .. 32 ./47 .19 .21 .32 .65 
Cotton (D) 5/12 .36 3 .0, .33 32 .34 .95 
Cotton (A) 5/12 .19 .31 .2, .62 .7423 .31 

7/12 5h .aine33 1. 75 .67 .53 .33 1.60 
,ice 7/' .. 3! 88 .23 .23 .31 .75

Cane 4/2 .39 30 1 .29 .33 .34 .30 I.-3 
Groundnut 2/ .44 .33 331 .i 2 .42 .33 1.27 
.3ajra P/12 .61 33 1.23 .7L .55 .33 1.65 

., i.e m ricr cr)ains; o i f r:.ation .'ibout turning points by definition. 
F. i ,' -~I i T 

... -.er'(b) NLumbr. ,. c/c p 7.(,," , "ire the rat-ios; 

4.5 Sumanary of the m4}dtL I va Intlon 

Entough ev idciic has now been acctumulated to obtain a good impression 

of )low well. our mod,,l c'ptures reality at least so far as recent h 1story 

in the P'un oah l;'.:.. 't ;lppear.t hat (1) the model fairly accurately explains 
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levels of field crop acreages; (2) it explains quite well the pattern of
 

cropping in the region from year to year; 
(3) it explains directions of
 

change with some 
-- perhaps surprisingly great a-curacy; 
(4) it exp1linp
 

turning points only mo,3 ntlv cn a year 
to 7ear basi;. In additi~o, to the
 

quantitative measures 
vi',nnaried above 
the model presents a qualitative
 

picture of development 
in close ,:ccora wit:h general descriptive characterizktion
 

of the region's r'ecent history. Thi; Ln in
can Heen detail in two papers
 

presented b-.yus elswhere. SINGH and DAY 
[1072AI and SINGH and 
DAY [197'BI.
 

For our own part, we believe the ,v' 
.nce supports the inference that
 

our model caputres a significant part of tLe 
structure of the agricultural
 

economy of the Punjab; 
that it supports the theory of 
farm decision making
 

presented in this paper; 
and while scarceiy an accurate p-edictcor of annual
 

events and while clealany leaving plenty of 
room for improvements, it In
 

good enough to 
use new both for gaining i clearer understanding of past 

development and for praject 1,g t lyv future developments under prerr-nL ly
 

conceived po]icv aLternatlvs. We 
have reported our applications for both
 

these Lurposes in hi : two references just cited.
 



~' NOTES 

1. The argument of this section was first presented by us at the seminar "'
 

of Professors NAKAJIMA and MARUYAMA at Kyoto University in October, 1966.
 

2. The list is long. The following are representative references: BOEKE
 

[19531, DABASI--SCHWENG [19651,.DALTON [19621, FUSFIELD [19571, LEWIS [1955],
 

NAIR [19651, NEAL [19591, OLSON [i960], WHARTON [1963]. Apparently ignorant
 

of or immune to the flood of econometric evidence in the meantime MYRDAL
 

[19681 joined this "traditionalist" school with a vengeance.
 

3. These studies include those of BAUER and YAMEY [1959], BEHRMAN [1967a] 

[1967b] and [19681 , BROVN [1963] , DEAN [1965], FALCON [1964], KAUL [1967], 
[19631, MANGAHAS [19661, MUYBARTO [1965], and STERN [19621.
KRISHNA 


4. The sequence (cp 1,...,p 4 ) is called a lexicographic or a L utility 

function. Cf. ENCARNACION [1964a], [1964b], ROBINSON and DAY [19711. Cf.
 

also CHIPMAN [1960], FERGUSON [19651, GEORGESCU-ROEGEN [19541. _
 

5. Theoretically our procedure ha. the following interpretation. We
 

assume that a well defined utility function, P2 , exists whose upper contour
 

sets are convex. Moreover, in this initial study we assume that this
 

function is satiated for all years included. Hence the set of household
 

activities satisfying the subsistence goal can be approximated by a poly

hedron defined by the linear inequalities
 

H(B , CS) ' = fXZj.jeH b ij.X j- - Cit, icE) 

where H is the set of household activities and E'the set of approximating
 

hyperplanes. These describe how satisfaction of anticipated subsistence
 

consumption requirements can be met by planning for adequate amounts of 

by using up encugh farm produced commoditites. In
commercial purchases or 

c., ir-E, jEtl, depend at the microlevel on thetory the coefficients b., 

a vector and al parametl of the utility function M1 of equation (5).
 

6. Our colleague, Mohinder S. Mudahar, is currently experimenting with
 

an endogeniously incorporated cash consumption function that allocates
 

current cash to consumption on the basis of lagged cash income and the
 

lagged internal rate of return on capital. The former variable depends
 

on lagged sales activities and the latter on the lagged shadow price on
 

working capital. Such a relation can be derived from a utility function
 

as required by our,,theory by using the notion of flexible assets KOOPMANS 

L19641 as shown by'DAY [1969]. Elsewhere it is shown that such a function
 
sector growth model DAY
can generate golden rule growth paths in a one 


and FAN (19711, though their theoretical properties in the present more
 

complicated mode]J are not yet knom. 

7. The general reasoning behind such safety constraints is elaborated in 
-versiont.f(it hIti of t ntDAY [1970bI and DAY 119711.. Alt,,rnat I -vc c ethod acco 

d111 IIAHNKIhup , r t w4'11i tv loc lt'. i Ih.t, Id,,t.e t iid111 lrogr immkitv ( , .111vl 
IF I w.9,9] , 1Io :t*1i t y..I o| Pt in, i pit' II _IOY I 1W0'.1 nod thc'. .Fncliso-d• QfIfICO 


has been applied by
Loss Principle of SlACMcLE 119581 Tho last principle 
Comparisoii o[ these methods with the conventionalPETIT and BOUSSARD 119,i1). 

plir tihf.t'i ,ppr~oi iUN1) i ] een made. by BOUSSARD [19691 We user I (19561 has 


bocre tJhi htgw~e 11959) cf. below F, 2.3 (7).
Vorml y HELNDEPSON 
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