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It 1s a little difficult for me to know how to be most helpful in
introducing a session on general systems analysis which is in a part of a
Colloquium on Advanced Mcthodologies for Agricultural Investment and Policy
Analysis, that part being entitled, "Sector and Other Macro Models," while
still other parts arc entitled, "Project Evaluation Models," "Simulation

for Project Evaluation," and "Commodity odels." The difficulty is that
geﬁeral, systgmwsciencc, simulation analysis is useful in project evaluation,
commodity analysis, and in sector and other macro models. Still further,
another difficulty arises in distinguishing between the general systems
approach and models based on less general techniques., As it is our responsibility
to discuss the general, systems-science, simulation analysis approach,
we have to deal with the specific techniques covered by Eric Thorbecke
and Dick Day as well as with the presentations of Hussain, Al Egbert and
Tony Rojko. All such techniques are, can be or should be, part of the
general approach we arc following. We would not want to have to get along
without any one of then.

On the basis of experiences at a number of symposia and conferences
dealing with simulation and sector analysis, it appears to me that I can
be of most help by following an outline somewhat as follows: First, I will

discuss the history of simulation work with particular emphasis vpon my own

experiences over the past 30 years or so. As part of this historical

presentation, I will discuss the meaning of the general, systems-science,
simulation anaiysis approach as we perceive it. This discussion of the
meaning of general systems-science simulation analysis will permit me to
relate the general, systems-scicnce, simulation approach to more specific
techniques. As my colleagues are going to deal with the specific applicatione
which we have made, I will not try to be very specific with respect to case

studies; instead, I will also discuss validation and verification of gené}al,
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systems~-science simulation models. The manuscript will be completed with a
discussion of the developments still nceded in the general, systems-science,
simulation, analysis approach to policy, program and project analysis at

both macro and micro levels, A4An examinatiua of the program for our colloquium
will indicate that this paper cover the presentations I am responsible for

on both January 29 and 30, 1973.

Historical Perspective

In order to gain perspective on simulation I propose to examine some
relevant history. 1In part, this history is personal. I hope to be for-
given for references to personal cxperiences which are the source of my own
sense of relevance and, hence, important for what I have to say.

If one were able to go back into history before the advent of the
written word, I suppose he would find, military, family und governing
decision makers ihvolved in problem solving. I suppose further that the
most successful of these family, military and govefnnental decision makers
would be those able to acquire superior "pictures" or "images" of the
situation in which their problems occur, Still further, I would conjecture
that the most successful decision makers were those who could extend the
plcture of the current situation in which they existed into the future to
envision the consequences of alternative family, military and governmental
decisions,

As governments, businesses and military organizations have developed
better decision-making capacity, increasing emphasis has been placed upon
whal we now refer to as situation reports, bricfs and position papers.
Investigative staffs, practical research organizations, etc., engage
in the production of these rcports and papers for various decision-making
individuals and groups. Oftentimes, the interaction between decision makers

and investigative organizations is very close. These briefs, situvation
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reports and position papers commonly involve the development of a picture

' as to the conscquences of

of the current situation and "projections'
alternative courses of action and include, in some instances, justification
for favoring one course of action over the other alternatives.

My own experiences witlh such work involves: (1) pre- and post-World
War II experience in the Bureau of Agricultural Economics doing such vork
for members of Congress and administrators from the USDA, the Bureau of the
Budget and other governmmental adﬁinistratorst (2) a period of time in the
Navy in which I served as the staff supply officer for the commander of
all the destroyers in the U. S. Atlantic Fleett (3) service as a consultant
and practical applied research to help decision makers
reach decisions as to what actions should be taken to solve various
problems these consultantive experiences including sessions with the
Norwegian Institute of Agricultural Economics, TVA, Rockefeller and Ford
Foundations, and membership in a State Department/Foreign Assistance/Military
evaluation project in Thailand; (4) a directorship of the Economic Development
Institute of the University of Nigeria; and (5) the directorship of the
Consortium for the Study of Nigerian Rural Development and the Korean
Agricultural Sector Study. ThOse more direct problem sclving assignments
arc in addition to "arms length” studies of the burley tobacco industry,.
many micro- farm management studies, study of the United States dairy
adjustment problems’ of the late 50's, the feoed-grain livestock
adjustment problems and the 60's, and a study of the resource allocation
problems of U. S. Apriculture in 1917 to the late 60's for Resources for
the Future. These experiences contain a thread which leads to my current
interest in general, computerized, systems-scicnce, simulation as expressed
in our agricultural sector analyses for Nigeria and Korea. I will trace out
this thread in the paragraphs ahead in the hope that it will help some

of vou sece more clearly the value of nur approach.
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Prior to YWorld War II, when the USDA was involved in developing the
national agricultural accounts and its capacity to produce situation reports
for major comaoditics, agriculturai income, marketing and transportation,
and prices, the approach was an extremely flexible one. Repression and
corrclation analysis were the most complex techniques employcd, but as
0. C. Stine oace said, 'most of the important time-series data were
developed using addition, subtraction and occasionally multiplication and
division." At the technique level, the subjects discussed were vhether or
not graphic corrclation was conceptually identical to mathematical correlation.
Slanderous things were said about the nonlinear regression lines used by
such scat-of~the-pants analysts as Louie Bean while Mever Girschick worked
with people like Dick Foote and Russell Ives in the USDA to improve ccouonic
analyses with the introduction of thcory and what was then regarded as
modern statistical techaiques. Crude but flexible statistical tochniques
were employed. Information was gathered from a wide varicty of sources
including Secars Rocbuck catalogs, the trade journals, historical accounts
and the judgment of informed, experienced people. In addition to developing
the National Agricultural Accounts, situation and outlook reports, and
projections-were developed, the latter with respect to program and project
as well as policy problems.

In developing the outlook reports and in making projections, straight-
forward, nonstructural predictive cquations were often used. In some
Instances, regression lines were interpreted as supply functions ana in other
instances they were referred to as demand functions. In connection with
this work, Elmer Working wrote his important article entitled, "What do
Statistical Demand Curves Show.' It is probably important to note that it

was only on rare occasious that statistically estimated supply and denand
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curves were used to simultancously determine an equilibrium price which
was projected as the price which would actually materialize. Cenerally
speaking, the situation and outlook reports and projections developed
for problematic situations attained a high degrece of credibility

among legislative and adninistrative decision-makers.

Despite the high credibility which these situation reports and
projections attained, there was a great deal of critical soul-searching
done by the persons doing this work. They felt wuneasy with their informal,
apparently unscicentific methods of bringing together a great mclange of
data using a7 hoc seat-of-the-pants techniques to extract their meanings
and to make projections as to the consequences of alternative courscs
of action. Economic thecorists and statisticlans were critical of the
situation, outlool and projection workers who were, paerhaps, oversensitive
to these critics while appreciating inadequately the credibility which
their work had attained with decision-makers.

By the end of World War II, significant advances had becen made by
members of the Cowles Commission at the University of Chicago in techniques
for making probabilistic estimates of the parameters of systems of
simultaneous linecar equations. These techniques tended to be specialized
on time series data, linecar equations and behavioral assumptions involving
maximlzation. When I left the USDA to po to the University of Chicago, it
was with high hopes that the simultaneous equations approach of the Cowles
Gomaission would permit me to overcome the imprecision, the sloppiness,
and the unscicntific aspects of the situations, outlook and projections
work I had been doing at the USDA.

Persons using the simultaneous equations techniques developed at the

Covles Commission have been successful in winning a considerable number of
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awards from the American Agricultural Economics Association, formerly
called the American Farm Econcwmics Association. However, in all candor,
it must be adnitted that applicditions of the simultaneous equations technique
have not attained the credibility among decision makers which the old scat-of-
the-pants projections attained and still maintain. Recently, an Australian
graduate student of wine examrined two sinultanecous equation studies,
both award winners in the American Agricultural Economics Association.
I authored cne of them. Both studies failed to maintain validity for more
than a short period of time after being constructed. Among governmental
decision makers there has been a "credibility gap' with respect to
applications of simultaneous equations (Cowles Commission variety) done
in the Department of Agriculture. Similay skepticism was encountered by
analysts from the National Burcau of Economic Rescarch and by Kline and
Goldberger with their national econometric model of the United States,
the agricultural scctor of which was developed by one of my graduate students,
William Cromarty. The failure of systems of simultancous equations (with
probabilistically estimated parameters) to attain the credibility of seat-of-
the-pants projections is onc of the problems encounfered by persons doing
generalized, computcrized, systcms-science simulations these days. More
will be said about this later.

Also, the development of lincar programming was well underway while
T was at the University of Chicapo. Tjallings Koopmans worked on optimum
systems for utilizing avallable ships to ship war materials in the Pacific arca
during World War 1I. Agaip, there was much hope that linear prograrming
would overcome the imprecision and che ad hoc nature of many seat-of-the-pants

projections. This hope was shared by farm management men who had been
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budgeting and planning farms on the basis of a wide range of technical,
institutional and people-oriented data. Theré was also the hope that the
soil conscervation plans being made by the ecologists of that day could be
better handled with lincar programming, while, at governmental levels, there
was nope that irrigation, flood control and other problems could be rore
cffectively handled with LP as well as problems involving the geographic
distribution of production, etc. As Koopmans was explaining the theory of
linear programming in the late '40s, there was the hope that improved
computers would make it possible to carrf out the large scale matrix
inversions involved in such work. Forerunners of present day solid state
computers were beginning to come into existence.

As in the case of simultancous equations with probabilistically
estimated parameters, linear programaing has not fulfilled the hopes which we
had for it. Even wore work has been done with linear programming than with
simultancous cquations. In my expericnces, studies involving this tcchniqué
include the Lake States Dairy Adjustment Study, the Feed-Grain Livestock
Study, plus a large number of my own studies. One reason for LPing these
studies was the 111 repute into which simultancous cquation analysis of
supply responses had fallen. However, the results obtained from the
1P studics were no better and in many cases were worse than those
obtained from simultancous equation analysis. Thus, it must be admitted
that a very substantial "credibility gap" now exlsts with respect to the
results of lincar programmlng computations. This 1is despite the fact that
the original single perifod LP's have been expanded to complex recursive
LP's, integer programming, multi-period LP's, etc. Somehow or another,

the flexibility of the old farm management and soil conservation budgeters
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and of the industrial and governmental seat-of-the-pants projectionists has
not been maintained by the LP analysts. The budgeters and projectionists

have been in position to do important premaximization work as well as to
i n

.

carry out maximization computations, however less efficient their computations
are for purposcs of locating ccononic optima and cquilibria. Their

strengths are to be found in this premaximization work which helped attack
the sequence problems which must be handled before maximization computations
can locate economic optima and points of equilibrla,in the use of such
premaximization computations to find common denominators among the
non-monetary values being sought and avoided in planning processes, and in
investigating (under risk and uncertainty) the consequences of using
alternative decision making rules.

Another group of specialized techniques which has come into considerable
prominence in recent yecars includes benefit/cost ratios and internal
rates of return. These have been used more for project analysis than for
analyzing alternative policies and programs. robably because they
have not been as oversold as simultancous cquations and lincar programming,
there has been less disillusionment with these techniques than witih the other
two; however, they have not developed high degrees of eredibility.
Basically, they suffer from one of lincar progsrammings difficulties, that
difficulty being the necessity of having a common denominator among the
goods being sought and the bads beiny avolded. Until such a common
denominator is available, benafit/cost ratlos and internal rates of
return cannot be computed.  When non-monetary values arc helng sought
and avoided, tihe benefit/cost analyst or the internal rate of return analyst
generally tries to convert non-monctary vnlucs Into monetary values or omits
them.  To the extent that the coaversion is questionable or important non-monctary

values are omitted, the work fails to gain credibility among decision makers.
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The failurcs of specialized techaiques should not be overemphasized--
it's not that the techniques themselves are particularly deficient; instead,
the difficulty in my judgment is found in inapprooriate, inflexible uscs
of specialized techniques which are casy to misuse precisely hecause thcy are
specialized.

Tne above exzperiences preceeded about two years service as director
of the Lconomic Development Institute of the University of Nigperia where
we vorked on a wide variety of cconomic development problems. On completing
this assignment, I returned to lichigan and was asked to hcad up the
Consortiun for the Study of Nigerian Rural Development (CS:RD). That
consortium included the University of Wisconsin, Kansas State University,
Colorado State University anad Michigan Stg}e University on this side of
the Atlantic and the Universi;ics of Nigeria and Ibadan in Higeria. In
addition, the U. S. bepartment of Agriculture, the Rescarch Triangle
Institute, the U. S. Department of the Interior and, of course, AID were
involved on the U. S. side whilé on the Nigerian side the Federal Research
Department, the National Universities Commission and the Ministry of
Economic Development were involved as well as the Ministries of Agriculture
and tconomic Planning of the four regions existing before the secessionist
(Bfafran) difficulties. Both at the University of Nigeria and as Director
of CSNRD, I was unwilling to specialize development research inflexibly
on nluultaneovs equations, linear programming in its various forms, benefit/
cosit 1atlos, or any one such specialized techniquas. At the Economic Development
Institute, we had used a wide range of data and techniques. When I became
directer of CSNRD, I resolved to be equally flexible with respect to both
specialized techniques and sources of data; hence, the CSNRD effort canunot
be characterized as focused on any particular technique. Actually, we did
make rather extensive usc of linear programming for one sub-project and

did use benefit/cost ratios to a limited extent. Because of the lack of
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time series data, we did not use the Cowles Commission variety of simultancous
equations extensively. Ve operated flexibly using data available from any
source including the opinions of expericnced, reputedly wise personnel. The
final report of thz consortium is a result of using about every source of
information at hand and about every techunique which was possible to apply, given
the data available in Nigeria at that time.

Just before I started the CSNRD projeet, I also accepted a grant from
Resources for the Future to study U. S. agricultural policies 1917 through
the late 1960's. The grant for deing this work was based upon a work
plan which did not specify that any particular technique such as linear
programning, simultaneous equations, cost/benefit ratios, input/output
analysis, etc. be employed but provided, imstcad, that the techniques to be
used would be those found approﬁriatc in view of the data available and
cituations and problems to be studied.

While administering the CSNRD project, I becawme very impressed with
the large amounts of monecy and manpower used up by our flexible, scat-of-
the-pants approach. At about this time, I heard Albert Halter deliver
a pregentation at the North Central Farm Management Rescarch Committee on
computerized, systems-scienze simulations. He spoke about an analysis which
they had carried out of a watershed development project in Orepon. The
project dnvolved water storape, recrecational, drainage and frvipation values.
A common denominator was not readily avallable to translate the wvater
storage values into terms comparable with the values of attafulng recreational
irripation, and dralnage objectives. Henee, neither LI or cost/benefit
analysis were applicable. TFurther, a preat range of data was required and

only some of the data were available and, that, from a great variety of sources.
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As Halter cxplained the geaneralized, systems-science, simulation approach

they were following, 1 was struck with (1) the efficiency with which
computations were being made, and (2) the similarity between it and the
carlicr scat-of-the~-pants projections of the USDA and the work of practical
farm manascment avalysts and soil conservationists all of which had maintained
a level of credibility not attaincd by more modern, specialized techniques. The
approach which ilalter was describing was flexible with vespect to types and
sources of information. It did not require maximization; instead, it often
produced "print-outs" of the results of following alternative policies and
programs through time in terms of the attainment of a nunber of different
20065 and the incurrence of a nuuber of different bads. The print-outs

looked wore like the wmenus whicihh one inspects ulen he goes to a restaurant
than the solution to a linear programming problem. Uhen one goes to the
restaurant, lhe knows the situation he is in. Similarly, the decision makers
for the Orepon watershed had a pretty good idea of the situation which

they were in both as a result of their own work and as a result of the work
whlch ilalter had done. What was needed, so to specak, was a menu showing-the
couscquences throuph time of alternative courses of action in terms of

scveral different kinds of goods being sought and bads being avoided. To have
provided the Oregon decision makers with maximizing computations would be

like presenting a person in a restaurant with a menu describing five meals

426 net utils, weal four--428, and meal five~-435 utils. Decision

wakers wvith respect to the Oregon wvatershed were interested in what

kinds of goods would be attained, when and by whom. They were also

interested in what kinds of bads would be imposed upon them and when.

A person seclecting a meal is iaterested in whether or not he will have soup
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or cocktail md, if the latter, whether or not it will be alcoholic,

whether he vill have access to a gourmet table, what the entree will be,

what kind of salad dressing he will have on what kind of salad and

whether or not the main course will be followed by desert, coffec and,

perhaps, an after dinner liquor. After he has such information, he may

be able to find the "trade-offs" (common denominators) ameng the goods and

bads involved and be able to select the best among the altiernatives before

him, I helieve that thce Oregon decision makers were in essentially this situation,
As a result of heaving Halter's presentation, I investigated the

possibility of applying the genecralized, computerized, systems—science, simulation

approach to the work of the Consortiun for the Study of liigerian Rural

Development. There appeared to be tremendous advantages in computerizing

the computations while maintaining preat flexibility with respect to

techniques and sources of information permitted by the approach. lience,

I prevailed upon Michigan State administrators to provide

resources to hold a simulation conference. A number

of notable persons attended that conference including Wolf Stolper who

helped develop the first Nigerian development plan, Irma Adelman, a number

of systems sclentists from the space industry, and a number of persons

concerned with agricultural development. The conclusion at the conference

was that the approach was not yet well enough developed

for the Consortium for the Study of Nipgerian Rural Development to apply

it in connection with Jts Nigerian work. While scftware compouents were

avallable with respect to simultancous equatfons, linecar proprams, etc.

it was apparent that these components were not a sufficlent basis upon

which to develep such seneralized models. Many of the other components

simply had not been developed. Still further, the general system into

which such components could be emvedded nhad not yet becen developed. lence,
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CSHRD {nvestigators went back to work following the costly but flexible
scat-of~the~-pants approach which had credibility among decision makers.

As a result of the conference held at MSU, AID contracted with
Michigan State Univercity (contract AID/csd-1557) to develop the simula-
tion approach for the purpose of doing agricultural sector analyses of
the general type we had undertaken in Nigerja. There was considerable
skepticism In the Research Advisory Cormittee of the AID and in AID
itself. This skepticisnm grew more out of the credibility gaps for
simultancous cquations, linear programs, etc,, with which people had had
expervience than out of the general, computerized, systems-science, simula-
tion approach with which they had not yet had experience and which was not
yet recognized as basically similar to fhe old, seat-of-the-pants projec~
tions, There was and still is a general distrust of any systematic,
conputerized analysis. As a result, the contract was let sequentially
to model only a subsector the first year with subsequent funding dependent
on success the first year. EBecause simulation requires that something from
the real world be modeled and inasmuch as we knew a great deal about Nigeria
as a result of the CSNRD study, we elected to model the beef scector of
northern Nigeria. Another reason for modeling the beef sector of Niperia
was the fact that a beef subproject of the earlier CSHRD project had been
cancelled as a result of the earlier secessionist difficulty in eastern
Niperia. Coples of the Nigerian simulation study have been made available
to persons attending this conference and considerable attention will be
fiven to various aspects of the Nigerian model and its components developed
in the next few meetings of this colloquium,

Our next experience at Michigan State University was with a project

conducted under contract AID/esd-2975. That project committed Michigan State
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University fo apply the simulation compoaents and mbdcls developed under
the earlicr contract in actual situations. Under this contract, an
exploratory team weat to Koreca in June of 1971 under ALD/cad-184. By
Septeiuber of 1971, a simulation teaa was in Korea under the field project

alrectorship of Ed Rogsmiller with Tom Manctsch providing the systoms

science shkills.

Under this projcct, approximately 40 mun-months were used and the
draft rcport for the Korean project was delivered at the end of scven
months. Costs ran at approximately 20 percent of the secat~of-the-pants Niperian
study which took thrce years and over 30 mnm~-vears. Eight special reports
based on a larger number of working papers were preparcd for Korea. Probably
a higher proportion of the professional man-months was devoted to collecting
descriptive information about tie organizition, structure and adwinistration
of thc agricultural cector of Korea than was true in the case of the
Nigerian seat-of-the-pants study. Mad cormputers not been available in
Korea, the project would have taken longer but the use of computers in
Japan or in the United States would have resulted in great economies
vis~a~vis the Nigerian project. It is sometimes stated that poor countries
cannot aff(rd to computerize apgricultural sector studies, On the basis
of my experience in administering three di.ferent, major research projects,
I would reverse the statement and assert that poor countries cannot afford
a non-computerized agricultural sector study unless, of course, the study
is beding subsidized by some rich donor country or international apency.

Az 1n the case of the Nigerimm study, the Korean simulation model and
results have been distributed to members of this symposium and will be
discussed in considerable detail by my colleagues; hence, I will not discuss

that model in detail.
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The next portions of this section will (1) describe the peneral,
computerized, systems-science cirulation approach, (2) discuss backgrounds
of teams rcquired to do multidisciplinary work involved in sector analysis
and finally the role of siuulation in sector analysis, and (3) discuss
aspects of problems encountcered in sector analysis that create need

for the systems~scicnce approach to sirmulation.
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The approach is deseribable with four adjectives: (1) general,
(2) simulated, (3) systems=scicace, and (4) computerized.

The approach is general with respect to (a) tecaniques, (b) kinds
of data aad information used in building and usable in operating it,

(c) subject matter, and (d) philosvphic orientation. It is our observation
that theve is a credibility gap among both public and private decision malcrs
concerning highly specialized modals and analyses.  The approach attempts
to avoid this gap by building a gpeneral model to trace the consequences
througn time of followiny alteraative courses of action based on at
least as wide a rance of kinds and sources of data and information as

v
decision makers use without spacializine in any one technique to the exclusion
of techniques frequently used effoctively by relevant decision makers.
In addition, the approach carefully avoids premature application of maximization
techitiques in situations where decision makers realize that the multiplicity
of poods sought and bads avoided has not yet been reduced to a common
denominator to be maximized.

As decision makers seek so many different goods and avoid so many
different bads in developing apriculture, it is very difficult for them or
anyoﬁe to find a common denominator for a maximizing model. Consider, for
instance, the goods of (1) adequate food, (2) political stability, (3) off-
farm migrants to develop industry, and (4) ceducation. Also consider the bads
of (1) wicqual incomes betveen Larm and urban people, (2) dependence on
food imports, (3) water and air pollution, (4) urban slums, {5) destructive
revolution, (6) malnutrition, (7) illiteracy, ctc. Who can determine, before

analysis, a comwon denominater anong such divergent goods and bads?
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And how can one be sure that the damages imposed on soiie by unequal agricultural
growth are greater or lesser than benefits conferred on others? lho can
ftnow ahead of time the best order in which to execute the projects within
a progranm, aad tho programs vithin a policy? And, if knowledge is
uncertain, how can ocae know whether decision making chould be cautious or
chance taking?
Because of such complex questions, the approach uses, initially at
least, peneral models to project the conscquences of following alternative
courses of action--in terms of scveral pgoods attained and bads incurred.

These variables are termed perforinace variables or criteria. In this

approach investigators view themseclves as assisting public decision

makers by (1) makin:; projections of performmnce or criterion variables available,

and (2) helping to rcach prescriptive decisions as to the right action to
take concerning policies and programs. Thus, the approach is peneral with respect
to the use or nonusc of maximizing models.

It is also general with respest to sources of data and teclhmiques,
as it accepts data and information from many sources, that is, time series,
carefully controlled cxperiments, the normative and non-normative judgwments of
informed mwen, survey data, and opinions, ctc.

The approach is designed to trace the consequences of alternative
courses of action through time. Therefore, it can be viewed as capable
of simulating the performance of an agriculture sector under alternative
policics. It is this abllity to trace consequences through time which makes
it a slwulation approach.  Siwple planning and budpeting models ermployed long
before the existence of even simple mechimical desk calculators were
gimulation approaches. Historically, such approaches attained and
waintuined high crevibility acwoay both public und private decision makers.
It is a mistake to assume that oaly a computerized approach can be a simulatiocn

approach and that all simulation nodels are computerized. To do so is to
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ignore some of the most cffective simulation work done and most of the
actual basis for private and public decision making. However, our models

are constructed so they can be computerdized.

The approach is alse a systecus secience approach in which an agri-

cultural scctor is viewed as a system made up of sub-systems, and winich is,
itself, a sub-system of a still larger system, the national and world
economles. Vhen and if a general systems sinmulation model of the nonapri-
cultural sector of a country is developed in the detail being created for
agriculture, it will be easier to study more fully the farm/nonfarm
interactions for the entire econciy.

equired bhaclaovounds { memboers Fopenera svstems—=science simulati
R d bacl ¢ for mewmbers of general, svste s wce simulation

teams:=--Building simulation models 1is like the building of, say, a working
model of a ship or an airplane. Ve do not medel in the abstract; instead,
we nodel scme thing. The thing vhich is modeled in apricultural sector
simulation cxercises 1s the system involved in solving a specific practical

problem of concern to some decision maling unit such as a Ministry of

Economic Planning or a Ministry of Apriculture. We have already seen the
advantages of an approach vhich is general with respect to techniques and
sources of information but have not stressed the number of disciplines
typically rcquired to model the system within which most practical problems
exist. Practical problems are no respectors of the disciplinary orpanizations
of universities, Frnest Nesslus, then director of the Extension Service
at the Unlversity of Xentuclty and now an apricultural ocohomist working in
South Vietnam, once obscrved that {farmers have problems while universities
have departments and that that difference 1s at the core of the problem
of organizing universities to asslst farmers.

Developrient problems have a way of involving combinations of the

technological, institutional and humanistic disciplines which vary depending
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upon which prbblcm is being dealt with and, hence, which system is being
modeled. This ricans that the teams which are set up to do simulation model-
ing wvork have to be multi-dicciplinary in character and that the administra-
tors of simulation proiects must be capable of mobilizing assistance from
different technical agricultural disciplines, the different rural social
sciences and from the humanities, mathematics and statisties.

In the Higerian sirmulation work, we drew repeatedly upon the skills,
knowledpe and concepts of animal husbandrymen, soil scientists and plant
breeders. Ve also drew upon skills, concepts and descriptive information
of econcnists, socinlopists, cducators, anthropologists, mathematicians,
administrators and statisticians. The same was true in connection with
the Korcan simulation model. As econonists, we must recognize that
ccononics 1s not the dominant discipline in the peneral, systems-science
simulation approach and that, for that matter, economists have no unique
claim on or capacity for being project leaders to apply the approach,

In the Korean simulation work over 20 working parties were established.
Each party produced a working paper. The working parties consisted of
both Korecan and MSU specialists in each particular subject. The working papers
dealt with such subjects as crop and livestock production, credit, the
National Agricultural Cooperatives Federation, water resources, price
income and subsidies policices, technical agricultural research and advance,
extensdon, rural institutions and infrastructure, administrative processes,
population, capital formation, employment and migration, and nutrition.

The vorking papers were later consolidated into eipht special reports.
You are urged to check the aﬁpnndiccs of the Korean report for a listing
of the working papers and special reports.
In several instances the working parties ‘developed informal projections

based upon a wide variety of data, information sources, techniques, and
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judgments. Later some of these projections were used as inputs in the formal,
computerized simulation model. Recognizing that information and skills

from nany disciplines were required, the persouns assipned to produce various
working papers included a mociologist, a person trained in public administyra-
tion, an extension personnel specialist, an industrial psyvchologist, an
aninal husbandrvmon and an experinent station director as well as agri-
cultural ccononists.

The importance of these working parties and papers in the Forean study
cannot be over-emphasized. Yad the simulation model not been used in
computerized form, the budget simply would not havs permitted such a larpe
personnel input into the working parties 2nd into the fundamental, basic
working papers which proved to be so important in developing the formal
simulation models and simulation projections; instead, a much higher pro-
portion of the projcct's expensive professional time would have been con-
sumed making paper-and-pencil and desk-calculator computations.

Aspects of pencralized, svstems-science, similation models of imvortance

in scctoral analvsis:--Fe nced to discuss more specifically the unique

role which generalized, systems-scilence simulation models have to play in
finding solutions to agricultural develovment problems, particularly

thésc problems occurring with respect to programs and policies at the sectoral
level. At such lcvels the problems encountered are complex ones involving

the attalnment of a large number of values, some monetary and soir2 non-
monetary, and the avoidance of a larpe nuuber of bads, some of which arc
measurcable in monetary terms and some of which are not. We have

already stressed the advantages of the flexibility which general systenms
scicnce simulation models have with respect to sources of information and

techniques of analysis. If in additioa to maintaining these kinds of
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flexibility, the systens analyst can maintain a philosophic orientation
sufficiently flexible to permit analysis of questions involving both
monctary and non-monetary values, much greater progress can be made in
reaching sclutions to thesc problens,

Ve have streozsed the advantage of considering techniques vhich do not
require irmmediate waxinization; however, solving practical problenms
eventually involves attalning prescriptive information as to the right
course of action. The ultimate use of the generalized, systems-science,
simulation apprcach is to maximize in the sense that the purpose is to
assist in determining the best course of action to be taken. If the model-
ing is done in a flexible way with respect to philosophic positions, much
progress can be made in shouing decision pakers the consequences of alter-
native coursces of action in terms of what goods will be received by which
groups of people, when, and in what quantities.. Similarly, riuch progress
can be made in showing decision makers which bads will be imposed upon who,
in vhat qﬁnntities, and when. After such projections are available,
interaction between investigative staffs and decision makers becomes
extremely important. During such interactions, much can be learned
concerning the trade-offs among the numerous goods and bads involved
in the solut%gn.of the problem. Leaming about the trade-offs is tantamount
to, or the so e as, findlng a common denominator among the various goods
and bade. T “he extent investigators and decision makers can work inter-
actlvely to ¢ i trade~offsa, they can duvelop a basls for choosing the best
amoug, the alt. rnatlve courses of action they arce considering.

In connection with the above discussion, I would like to call your
attention particularly to Chaptec LV of the Xorcan Agricultural Sector
Analyuis report. That chapter discusses the KASS approach and related

methodological issues with particular emphasis upon the problem of working
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with the nomative. Of special importence is a plossary of terms. Once
this gplossary of terms is nastered, wuch more meaningful discussions can
be carried out concernins the metiodological issues involved in working
with noraative information Lo reach prescriptive conclusions. T would
also like to call attcation to Chapter V wiere Ed Rossmiller, the field
project lecader for the Koreen Agricultural Sector Study, has used the
glosnary of tev.s from Caspter IV to discuss the values ivportant for
the developrant of Korean agsriculture. Follewing and during interactions
concerning the projecticas reported in Chapter VI, the receommendations
were developed which ave presented in Chapter VII. T hope you will
relate Chapters IV, V, VI and VII to ecach other.

Because we are at the Vorld Rank Colloquium, it seenms particularly
important to point out thc releynncc of the ahove discussion for the
activities of the Lorld Rank, In the December 15 issue of the Christian

Seience Monitor, larry 3. Fllis reported an interview with Vice-President

Fenneth Thompson of the Rockefeller Foundation vho, acconding to the interview
"was cchoing' what Robert S. Mclanara, President of the World Jdank, had long
been stressin: when he stated, “"that forcign aid problewrs by in large fail

to reach down to the poorest people of the poorest land.” The article
continues, “Asian, African and Latin American populations continuc to

burgeon.  The elite classes of developing countries--those who hold

laud, wealth and political power—-henefit from crop explosions and other
foreipn ald olfshoots, but often fail to Sprend‘thesc Soins amony, Lhedr

poor.”  The article places great stress on the attaloment of won-monetary

values having to do vith the distribution of Income and the elimination

of poverty. FEliminating poverty fnvolves paving attention to the value of

more cqual access to enployrment opportunities, nutrition, education, ctc.
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The Korean Asricultural Sector Study analysts folloved the liue of
reasouinp advocated by 1tr. MeVamara of the World Rank and paid considerable
attention to the distribution of income betweca the farm and non-farn
sector and within the farm scctor. They also devoted considerable attention
to the rate at waich esployment opportunities could he developed in the
two scctors. Moun-monctary values taken into consideration included the
advantages of fairly high deprees of food self-sufficiency in a country
on the edpe of troubled Asia, the value of mrore eqoally distributed
employnent: opportunities and the value of more equal incomes for farmers.

As a result of ta%ing such non-nonetary values into account, KASS investi-
gators in interaction with Korecan decision makers concluded that relatively
high internal grain prices should be maintdined in Norea along with an
expansion of rescarch efforts to improve grain production possibilities

in Korea in order to create more rural employment opportunities and hipher
incomes for rural people as a way of stemming the rapid out-nigration of
untrained disadvantaped people from the countryside to uncmployment in the
slums of cities such as Scoul and Pusan. Uowever, it 1s Interesting to note
that the Korea study effort was followed by the efforts of an IBRD mission
to study Korea's agricultural sector which focused much morc narrowly on
monetary values than did the KASS group in an apparent unawareness of

President Mclamara's interest in non-monctary valucs.
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Validation and Verification

Persons using LP components aud those following the general, systems-—
science, simulation approach arc often queried concerning the reliability of
their estimates of peraveters, criterion variables, and prescriptions by
users of their analysis. Further, as noted above, cconometricians using
simultancous equations systems with parameters probabilistically estlimated
from time series data have rcpeatedly encountered credibility gaps with
respect to their results.

A significant conference on the problenm of validating and verifyilug
componeuts of simulation models was held at Purdue tniversity under the
sponsorship of the Agricultural Devalopment Cocuncil. At that conference,
there were intense discussiong between, on one hand, statistically-oriented
persons intent upon validating estimates of narameters and variables
according to technigues developed by statisticians and, on the other hand,
lincar programmers accustomed to obtaining estimates of unit requircuents
by "hook or crook." The lincar proprammers were not particulaxrly
sympathetic to the more "purist' attitudes of the statisticians. And, the
statistionally-oricnted were not sympathetic to the ad hoc approach of the
programmers. Fortunately, there were at the Purdue conference some Bayesian
statisticians who were more tolerant of the introduction of “prior"
information to which "subjective" probabllitics could or could not be attached.
1n pencral, the general, systems-sclence, simulation analysts felt wmore
comfortable with the avpuments of the lincar proprawers and the Bayesian
statisticiaus because the pgeneral, systews-seicence, sinulation analysts
wore also inclined to obtain information and data of any type ncaded from
any available source including the judgments of wise, experienced persons

to which only highly subjective probabilities can be attached.
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1t scems worthwhile making a few peneral statements about validation
and verification. What validation and verification weans to a particular
{nvestigator depends in part upon “the philosoph& of truth" wvhich guides his
thinking., The positivist, for instance, fecls that estimates of parameters
and variables can only be validated or verified if they are {rce of norimative
content, His meraphysical predilections indicate to him that it is
inpossible to velidate or verify the empirical meaning of any concept having
to do vith good and bad ox right and wrong, The pragmatist, on the other hand,
has wetaphysical predilecticas which indicate to him that the truths of
normative and positive statewents are interdependent and that it is really
nonsense to talk about the truth of one kind of statement without talking

about. the truth of the other within the particular problem-solving context

in which the question of truth arises. By contrast with positivists
and pragmatists, some purely normative investigators adait the possibility
of verifying or validating the empirical truth of normative statements. We’
should observe that all of these differcat philosophies are "respectable’
anony philosophers and that positivisn is by no means as dominant in
philosophy as in the physical sciences and statistics.

In discussing validation and verificatiom, it is worthwhile
distinguishing among three kinds of estimates or information: the positive,
normacive and prescriptive. Normative information deals with the goodness
and badness, per se, of conditions, situations and things. The positive
deals with characteristics of conditions, situations and things which do not
deal with their poodness and baduess; hence, the positive is synonynmous
with the non-normative and can bz so described. So defined the positive and
normative are dichotomous. However, the positive and normative overlap in

the sense portrayed as in Figure 1. The lune which is both positive and

normative can be labelled prescriptive. Prescriptive information and
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Prescriptive

Positive ' Normative

Figure 1
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estimates indicate what it is "right" or "wrong" to do or to try to do

and is based on both positive and normative information. Obviously,
normative information is not cnouzh to indicate by itself what it is right or
vrong to do. It is soumctimes wroag, for instance, to do that which is

good because something better can be done. Conversely, it is often right

to do that which is bad because nothing less bad can be done. LEstimates

and inforaation about what is right or wrong to do are prescriptive and
depend upon both positive and normative concepts.

In apricultural scctor analysis we are often secking to determine
whicih policy is rignt and whica policies are wrong. Similarly, at
the program level we scek to preseribe for right programs and against
wrong programs. 7The same is true for projects. In reaching such prescriptions
about policies, proprans, and prejects, we nced both normative and positive
information and questions arise concerning the validity and truth or
veracity of all threec kinds of information.

In the modern world of the 20th century, validation and verification
techniques and procedures are probably more hiphly developed and certainly
morc widely known aund appreciated with respect to positive information than
with respect to normative aund prescriptive information. Procedures for
validating and verif{ying pdsitivc information tend to be those developed
by people following the positivistic philosophy which has dominated modern
scicuce. A relatively high proportion of statisticians are positivists.

Briefly, we acceopt and rejeat estimates and information according
to whether it passes the four different tests. Onc of the tests is that
of lopical consistency with previously accepted concepts. If a bit of
information is inconsistent with previously accepted concepts, either it rust
be abandoned or the previously accepted concepts nust be modified until

——

logical consistency is re-established. The consistency test occurs in a



27~

second form. An investigator forms a new concept on the basis of new
data from either a controlled experirent or observatioas on an opcrating
systei. This is the ewpirical test of exporiences If the concept based upon
the new information is inconsisteat with other previously accepted concepts,
cither it has to be rejected or the previcusly accented cencapts have to
be revised. A thizg test is that of clarity or iatercomaunicatability, This
test Insists that two persong in possesslon of the same set of praeviously
accepted concepls and in pessession of the same new data and infornation will
reach cssentially the same conclusion about its truth or falsity. If they
do not, the coacept has not obtained interperscnal comrunicatability and its
validity is questicunable. Quen a concept or estimate is regarded as true
and attains this kind of commumicotability, it is acceptable insofar as this
test is concerned. The fourth test is the test of workability. If a new
bit of information such as an estiatte or a concent is uscd to solve a
problem, a solution rust be reached if tuhe new information or concept is to
remain acceptable., As a moments reflection will indicate, the test of
worknbiiity is a special case of the second test which is the test of
expericence; however, it is not positivistic because valld normative
information is required in order to verify whether or not a solution to
a problem is obtained,

thether or not all of the above four tests are applicable to normative
and prescriptive as well as to positive information depends upon whether
persons actually experience goodness and badness in the same way that they
experience the positive or non-normative aspects of reality., In apri-
cultural sector analyges we are concerned with the goodness and badness of

unemployment, more or less cqually distributed incemes, more or less adequate

diets, polluted and non-polluted environrents, justice and injustice, etec. If wve
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actually experience the goodness and badness of such conditions, sltuations
end thines, then the second of the four tests pointed out above is
applicable znd we can consider the possibility of cmpirically validating
and verifyiug the normative concepts involved in our sirmilation rodels.
Personally, I belicve that we do experience the reality of the goodness

and badness of such conditions, situations and things and that normative
concepts are refutable and verifisble on the basis of experience.

Vhether or not you agree personally with me, I believe that you have
found that, in practice, norrative and prescriptive information are treated
as verifiable by decision maliers. Thus, when general, systems-science,
simulation models arc used to help reach prescriptions as to what ought
to be done, questions also arise as to vhether such prescriptions are
validatable or verifiable. If normative ;oncepts arc verifiable or validatable
in the above sense, then prescriptions can he valldated or verified. 1In
fact, the fourth test 1’ sted above, the pragmatic test of workability,
presumes that a sclution to a problem can be recognized as having obtained
the poodinesses being sought and as having avoided the badnesses being

avoided,
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Needed Further Davelopments in the
General, Systems-Science Simulation Approach

The Michigzan State experience vith general, systems-scicnee, sinulation
analyses of ogricultural sectors has revealed s number of arcas in necad
of nuch furtihcv developrant.before the approach will reach its full
potential.  QOne arca in need of further developnant involves ways and
reans of embeddine in general systews-science simulation wodels, components
based upon such specialized techniques as recursive lincar programs,
input/output analyses, the various benefit/cost ratio analvges, internal
rates of retura sualyses, prooram evaluation and review techniques (PURT),
and critical path analyscs not to mention the svstens of sinwltaneous
equations of the Cowles Comaission variety mentioned earlicr in this paper.
Another sot of di{ficulties which need to be remedied by further development
has to do with the inadequacies of cconomic theory as a basis for modeling
such activities as the crecation, saving, and use of farm generated capital;
the process of investing in various forms of durable canital and the process of
disinvesting in various forms of capital and lubor viewed from the standpoints
of both the individual firms in the cconomy and the agricultural sector as
a vhole; and the user cost problem which is closely related to deficiencies
in investment and disinvestment theory. A thixd arca in nced of much f{urther
duvcinment has to do with the theory and concepts requlred to model citanpes
in technoloyy, institutions and in people. by aad large, the discipliuces
concerned with such kinds of changes in society have not been particularly
productive of theoretical systens uscful (n putdiag the systemns-sclence,
sinnlation model builder. There are alse scerious problems encountered
in building such models as a result of deficiecncles in statistics and

in the philosephies havine to do vith validation and verification, particularly
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with the validation and verification of normative and prescriptive
information. 1y colleasue, Toa HManctsch will discuss needed developnients

in the "scicace of systems.”

Wavs and menns ef incorporating corponents involving specinlized

Ltechniguas _5;.l.?.o_;.‘.l-“.n;:f_l;\:l.l.._-'»_‘-'_r*'__t‘.ﬁr.'_'-:;a:.c..i_c_zl_c:-fz.ﬁiln_u,l_a.t;i_op,.'zzfz.u}.qli=—-Unc of the
more iusortant uceds has to do with ways and means of embedding recursive
linear prosrans iato sencral systeas-science analyses. The first recosnition
of a need to do this was stated publicly by Richard day, who addresscd
this colloquium Jast week, at a confercnce at Iowa State University over
two years azo where-he pointed out that recursive lincar progrvamning
should not be contrasted with gencral systens-science, simulation analyses
and that he looked forward to the day wheq more general models would be
available into which he could embed sone of the recursive lincar progranming
components he and his collearuces have been developing at the University
of Wisconsin and in cooperation with Indian personnel at Ohio State
University. It is the constructive attitude and work of people like
Richard Day which will lcad to ways and means of incorporating specialized
lincar programming components into more general, systems-science, simulation
modcls.

The lorean model is seriously deficient with respect to a component
for allocating land to different uses and for determining yields in
differvent crops. Presently, land allocation in the Korean model is by
a conmittee in a model including both man and computer operatced components,
As reported elsevhere at the colloquia, Lee, Jeung Han and Hartwig delaen

are vorking on incorporating a recursive linear programming component into the

general model to replace the land allocating committee.
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At the University of lissouri, thare are one or two persons who
are interested in incorporating PERT cowponents in peneral systems-science
analyses., I fcel that such techniques end components hold cousiderable
promise for investipating questiens concerniarn the sequences in whica
projccts suould be perfovind within programs and in which prograns
should be inaururated in exccuting alternative policy decisions and loeok
forvard to thz day when waye and wmeans will have been developed to incorporate
components based on PERT techniques into general systewms-science sinulation
analyses.

Similarly, I look forward to furtier developrent of ways and means
of cmbedding compenents made up of sets of simultanecous cquations with
probabilistically estirmated paramoters into gencral, systems-science sinulation
rodels, I refer here to analyses of the eype done by iirie Thorbecke, Lee
Fletcher and wmany others and discussced at this colloquia. Such camponents
have great value and should not be precluded from o system.  Further, their
advocates should not be perumitted to preclude commonents based on other
special techniques.

Among the other kinds of couponents which we reed to lcarn to build
into general simulation models, are cowponents based upon cost/benefit
and internal rates of return analyscs.

Of particular importance arc input/output (I/0) components which
permlt agricu]tural.snvtor analysts to get frow parts of the agricultural
sector to other parts of the agricultural scctor and particularly from the
anricultural sector to parts of the non-apricnltural sector and back again.
The T/0 components for our Nigerion wmodel are erude while the I1/0 component

for the Rorean model is c¢ven cruder., Sam Daines of the Latin American
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Bureau of AID is doint a great deal of agricultural scctor analysis work
with systens cousistluy prisarily of LP and 1/0 components. lle feels
that input/output components 2s small as we have used in Nigeria
are aluwost corpletely neaningless. T look forward to and will greatly
veleoae the developumant of ways and ncaas of incorporating nuch larger I/0
coanonents then we have used {or Nineria and Korea into general s
scicace ciiulatinon nmodels and feel that Daines may have much to offer in the
wvay of help in incorporating both LP and 1/0O components into more general
wodes.  ilowever, I/0 compoennrats should be capable of accepting inputs from
a preat variety of othor compoacnts rather than from just linear progranming
components. Day's recursive linear programmiag (RLP) components are
important and it shouldn't be too hard to Sxpnnd Daines 1/0 work to reccive
inputs f{rom RLP components. Ve also lmov that it is not too difficult to
develop ways and means of feeding inputs into national I/0 tables
from non-naxiuizing components of types comaonly used in our own work.
To my knowledre, no one has explored how to feed input/output tables with the
output of cost/benefit, PERT and inte 1 rate of return components
thouph, of course, such corponents way very well [ind important uses in
the future.

It scems to me that this very brief sketch of work which nccdé to be
done In order to incorporate variow: speciallzed techniques into more
general wodels should Indlcate to us that we are wasting a great deal
of time at colloquia guch as this one comparing of so to speak, trees with
foresta; fustead, we should be concentrating upon the best wvay to plant

different varleties of treces in ourforest,
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Develorrients needed in ccennmic theory to provide a better bosis for

nodeling asriculturel secrovsi-=Theuph cconowic theory 1s one of the bhetter

developed theoretical systens found dn the ceaderic werld, it still has

1]

erious deficlencies wiich are revealed repeatedly when we use it to nodel
the complex processes of agricultural gprouth, change, and/or deterioration.
I will just rontion a fev of the areas vhich it is difficult to model

and for wvhich our compenents are particularly deficient,

In the agricultural economies of both the developed and the underdeveloped
vorld, farm produced capital is important. Moch of this capital is produced
on the farm which is goinp to employ it. Uhen this capital is produccd,
there is an increwent in the real incom2 of the farmer. This inerenent
is automatically saved and invested, The'ratios between the increments of
incore, savings and investronts are all one and much of our theory about
differential rates of income gencration, savings andvinvcstmcnt is
irrelevaat. In addition, it must be noted that much of the farn penerated
capital is produced by fixed underenploved labor, traditional capital and
land used on an opportunity cost basis. The extra real income represented
by such capital is not priced in the market. The Marginnl value productivity
of such capital is, howevgr, determined by the prices of the products which
it will produce if such products are sold; if, however, the products are
consumed, the marginal value product is not determined by a market price,
but rather by an intcrnal shadow price within 5 firm-houschold complex.

Our models for studyiup the generation, saving and investwment of capital
praduced on an opportunlly cost basis from fixed resources are not at all
adequate.,

Closcly related to the abéve difficulty is the user cost problen.

The user cost problen is a disciplinary problem vhich must be solved in —
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order to develop better modeils of the investment and disinvestnent processes.
Inasmuch as off-farrm anipration cou be vieued as disinvestment of the agri-
cultural secter in lzbor, the user cost problem remains a deterrent to

the developient of improved off-farm migration components.

Ve are all avare that the most durable goods, including people, ave capable
of poneraving various rotes of cevvice flows. Varying the rate at which a durable
rencrates servidees gonerally involves an additional cosi. This cost is
referred to as a user cost. DBefore optimal decisions can he made to
disinvest in a fixed durable, the optimwn rate at vhich services should be
extracted from the durable necds to be known, Similarly, before optimal
decisions con be nade about investrments in durables, the optimum rate at
vhich it is advantagrous to extract services from the durable neceds to be
knowm, Thus, until the fundnmeﬁtnl problem of user cost is solved, our
wodels vith respect to investrment and disinvestnent (Sncluding off-farm
nigration) will remain defiecient. It is perhaps vortbwhile noting that
our attention was dravn to user cost by John Maynard Keynes who wvas impressed
with the influence of varying the rates at vhich services are extracted
from durables at differcnt points in the business cycle. Subsequently,
Arthur Lewls investigated the user cost problem in some detail. He came
up with three formulations of user cost, but was unable to provide a
ratfonale for accepting any one of them. Recently, Francis Idachaba,
now at the University of Ibadan in Uigeria, has made some propress in
deriving narginal and average vardable user cost concepts. 1 look forward
to the possibility that Idachaba way solve this problem. 1f he does,
it will then becomz possible to develop better investment and disinvestment

componcuts for general sinuliticn rodels.  Inecldentally, none of the
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linear programs (reocursive or nonrecursive) model investmants and disinvest-
ments with proper attention to the role wvhich user costs play. Simllarly,
all models I have Inspectrd with respect to off-farm migration are

deficient in this respect as most of f=farn migration models are not complete
until accompeoniced by an investrent rodel to provide a capital substitute

to more than replace the labor migrating off farms.

Heeded davalonwents vith respect Lo technolocieal advance, institnticonl

chaees and ehanecs in the huson arepti==tuch of cconomies 1s concerned

with the definiticn of equilibria assuning the absence of changes in
technology, institutions and in the henan agent. Iy contrast, many of the
policics, prograons and projects vhieh ve are concerncd with in agricultural
sector analysis involve the processes of changing technologsy, institutions
.
and people. Economic theory (even including that part referred to as the
theory of econoinic development) offers little help in explaining technical,
institutional and human change. The theories of induced techinological,
advanced and institutional change scem much too limited and appear to be
the work of acadenic imperialists from the discipline of cconomics rather
than full blowm attempts to cuplain the origin of technical advance and
institutional change. To understand these changes, ve nced to understand
the technical sciences, political science and the processes of creating
technical change through the administration of research agencices as well
as the process of administering other institutions. Generally speaking,

political secience has  done little to develop a theory of institutional

chonpe,  Marxian economics provides what T regard as an inadequate naive
model of changes in institutions which produces conclusions inconsistent
with ny observations of iIn-uirutiong) changes in both the cormunist and capltalict

comnunist worlds. With such gluivine theoretical aud conceptual deficlonciles
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about all one can do in a paper such as this is note them and express
the hope that we will develop a better conceptual understanding of

how technical, institutional and human change occurs so that we may better

model the processes in the future.



