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Systemns anal?sis and szimulaticn are concapts which have-had‘a sub-
v?“&ﬁ* upont L=aching and research efforts in Agricuitural Fconomlcs
have facilitated the extension of ;esvar%h
on o new and eclectic typas of yraﬁiawé as well

sttack for problems of more traditiounal origins.
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rey 1s, therefsrs, a tssk of censiderable magnitude.

misgiving and, of coursze, with some precoacep—
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tions, In the remainder of this seetion we sttempt to develop some perspsctive

&

for the principal elements of ocur exawmination. These geneval commenis ars

igﬁad La “mrovide. some insd hts as to our yr onceptions and a very general

the uze of the ressavch ]

approach embodied in these techanlgues and methods,

The Svatems Analvsis -~ Bim Hlaikﬁf Approach

Although the ferms svstoms asnalysis and simulation ave often used

the notion of a system rests are these of slements and velations, To

Paper presented to the American Agricultural Economlcs Assoc1at10n Annual Meeting,
Gainesville, Florida, August 20-23, 1972. : -
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bﬁéra# from ﬁékéff “A'svstem can be &efinéé as anAeﬁtity which»is'cmeOéed_'

of at least two elem@aﬁs and a relation that holds batween aach of its

elémen»s and at 1east cne other element in. the set," (Ackoff 1971) The J

‘.feature of this notion which represents a departure from moTre” traditional

problem conceptualizatioas is the. complexity of the subjec;s the idea of a.

aystem can embrace. Since.according to the strict interwretation ofrthis '

_definition of a system, each of its elements is connected with every other

}elemeﬂt and the types of relation are unspecified the sys:ems approach’

can be extended to a wide vaziety of subgects.-

Systems ana‘ysis is simply the study of systems. It is cOmmon'to‘

study these systems thrcugh ‘the construction of models or analogs urien~.“"

'tated-towards'specific types ofrproblems. Due to the complexity ef the

: systems aﬁd therefore, their representatioas it is often difricult to :

) haﬁcla th& g*eblemﬂ posed in the context of Lhe models di:actly° Ins:ead

bwe experimbnt with the model of the system in a number of ways to obtain _'

'the requireé infsrmation. The p*ocess of experimeating with econamic systems

'vor ‘more pr@petly representations of systems as pe*ceived by individuals is

called simulation (anlor, 1971)

\

The rather natural assimiiationAof the systems analysis - simulation

épprga:h info':ﬁé‘ﬁgfidﬁltuial Economics 1iteratufé;may,.of'course;.be_

attributed to many factors. Although it is fashionable in surveys of this

4

type to attribute the‘adoptibn of systems»ana1yais and -simulation techﬁigues

to the develcgment of large scale computers, we shall concentrate instead

: upon other aspects of the research and teaching within Agricultural Economics.

This orientation will hapefully provide more useful insignts for understanding

the inrreasingiv wide-spf&ad use of the appraach. .ThiS‘ié not to say.that-‘

' high speed and relaixvely ¢nexppnsive computatianal facilities are unimportant



in encauraging the use of systems analysis and simnlatlon. Instead we assert
tha ‘Qince such facilities are not unique to Agricultural Economics and since
thei:‘importance has been outlined in a number of other places,2 they can be
of only’limiﬁgd interest in terms of-:evealihg'thé reaéons fo; the;rather
récépt;Vefattiﬁudérof,the.ptofession~to§érds the approach. |

‘The charaétefistics of thejpfofession:which appear worth outlining

: in ptovid ing a basis for the survey are: (i) the pragmatic or problem
focused orientatlon, (ii) the increasingly eclectic nature of such problems

,and (iii) the concern with the extension of knowledge to government,and in-

dustry and, relatedly, the need for powerful pedogogical devices.3 Although
th§§e aspects=of Agricultural Econoﬁistafare by no means exhaustive in terms

ofuégplaining the assimilation of systems anaiysis and simulation methods,

'_*they suffice to indicate some issuesvwhich»deserve attention. As these char-

attétistics provide a theme for much of the commentary in the survey,ithey

are briefly deﬁelbped at this point.

" The pragmatic or pfoblem focused orientation of the profession is

-obviously due prinecipally to its appiied nature. Research efforts are in

fact wusually designedbso as to bring'the aﬁailable-information——both that
Which.mightgbe suggested byitheory and imnstitutions and that‘which éightlbe
ascertained from avaiiable data—-to beaironkparticular types of p:oblemé which
arise in the pﬁblic and private sectors of Agficulture. The mission is,
fhérgfpre, not so much to investigate the subtleties of theory or institu—
ticnal considerations (although "teéts" ofitheory and institutional hypothesis
are surely a par:»of»the‘proce;s of knowledge accumulation) but to provide

a basis for informed decisions regarding the problems under examinéticn. If

this admittedly over simplified conception of research efforts is reasonable,

~ then the above obéervaticn is useful in terms of explaining the extent to

which systems analysis and simulation techniques have been employed. For as



we_shall argue, it is in this situation that the Systems analysis characterf o

izatien of resaarch m@dels and the simuiatiOﬁ technique for studying the

. implications of such models seems to be most appealing.

The second charactetistiéfisolated'for*Special attention was the

ecla¢§ic nature -of the,probiems.studied by the profession. As the interests?“~

of the profession have'btqadened to include more emphasis on natural resources,

"’comﬁuﬁity,devéiqpment,-eépﬁpmic development, firm and market decisions probléﬁs

involving truly dynamic and stochastic elements, and large scale policy ques-

cious at. regional and natienal levels there has been a rather natural emphasis

on. the systems analysis and simulation approach. Models employed in,study-
ing such problems typically involve theoretical considerations which are to

’ some extent unresdlved. In addition, the large scale versions of these'madelsx"

fféquentlyiincbrperate theoretical considerations which cut across traditionalmf

’&iscipiine boundaries. Under theée circumstances it is worthwhile (in terms

 of’ébtéiﬁing results with more immediate applicability) to specify the theo-

retical components of the models in non-primitive forms and even to experiment .
with the predictive power of the wodels and their reasonableness in’termquf.

alternative types of behavioral assumptions. 1t will be clear from'out subé

| sequent discussion that systems analysis as a modelling concept can be useful

V "undex»these types of circumstances.

A related aspect of these eclectic models concerns technical questions
asaociated wiﬁh thelr solution. "As the previous discussion would indicate,
many types of models'or-problems currently iﬁvestigated by Agricultural
Ecoéomists dornot lend theﬁsglvés to solution by anal&tic31 methads. In tﬁe
abéeﬁce of efficigntvmathodé‘of sclution it is natural to numerically sclve
or simulate snch models. These simulations or expe?iments can be based on
approximations of analytical solutions, investigating the multidimensional

response surfaces of the endogenous variables or simply monitoring the output



‘b of the mcdel under assumed settings o£ deciéion or. control variables.
Whatever tﬁe case it is clear that as models become more eclectic in
nature boch wiﬁh regard to discipline boundaries and orders of com-

1 plexity, the simulatien metﬁod ‘for studying their behavior becomes

e _ na: only more useful but also necessary.

- The last characteristic to which we draw attention involves the impor-

;taﬂge of the extension knowledge. Since Agricuitural Economics 1s applied in

nature it may be presamed that there should be concern with transmitting

vtesearchﬁresnlts to students,'governmental~officials, and agents in the

-iﬁdustry7being’serviced. The systems analysis - simulation approach turns

ocut to havé‘sbme;decided,aﬁvéntagesain'connectiOnrwith these areas of
ihterest;4 'As the'sﬁbsequent discussion shows; the systemé modeiling énd
simulatién approach is a useful technique for commanicating.complex~ﬁypes
of idgas and information. Without completely aﬁiicipating tﬁe pcinﬁs to
be Subsequehtly developedé we note that theéeiadvanﬁéges'résult from the
'gﬁmpa:ati§e ease with which such models can bé,described:and_from the
. possihinty qf allowing interaction between e:indiéidxxals,‘ and the models.
| Our pﬁrposev;o this point has beénbto sugges:.éhe‘breadth of appiie V
cability foi-the'systems analysis - simﬁlatidn approach to problems in
:"Agfiéuitﬁiéi¥ﬁﬁbﬁbgics;;fWé7héve also implicitly arggéd that the flex—-
”vibility inhérentvinjthe approaéh is one §f its majer atﬁribuﬁés. That
is,athe sysggms égalysis‘appzoach may be viewed as a comparativeifvunév
' confining:métﬁddfof héndling research and teaching preblems. In the
. ensuing discussion #elshall attempt to substantiétevthis asﬁect'of the .
1approachwas a major attribute.s It turné out,_hoﬁevet,.that a ﬁrice must
‘be paid forfﬁis;flexibility. _ Moreover, the price of this flexibility

has been partially obscured in the Agricultural Eéonamics literature.® As

(



a consequence;'we‘will’atfempt to be careful in pointing out theée short-
_comings——not with purpose of Suygésting.that the aPPt0ach is inapprdpfiate
but rather with the view that a balanced survey must provide information :
¢oncgrning.past»applications of the approach and also. generate a reasonable

perspective for vigwing,the‘approaCh as well as the results it has facilitated,

SoﬁéinSfbrical Observations

Given the preceding discussion of the faCtOTé'Which'have influenced
the assimilation of the systems analysis and simulation approach some |
observations on possible historifal\°rigiﬂs may be appfOpriate. As we
‘have previously argued, the novelty if. any, which emanates from the systems
appgoachvis concerned with the flexibility providedvin model conceptual-
‘{zation, estimation and application. In viewing the development of Agri-

cultural Economics and part1culafly that portion of the development which .
can be identified with model building, three rather easily. 1dent1f1ab1e )
periods are discernible. Early efforts were highly empirical in origin.
Studies of farm.managemght and industry organization ware largely descriptive,
(Taylor, 1929). .Hypotheses~andl@°dels were suggested largely by observation
of the subjects being studied and formed with little in the way of pre~-
'conceptions suggested by deductive theory.7 Once fcrmulated the models
or hypotheses were subjected to 3dditional empirical information as a basis
for,evaluation. In short, during. this fifSt period the profession had
empiticism as its principal_orivﬂ-at1°n- |

The second period t;o'wh:h:h“w“tg refer began in the late 1930's and was
‘ stigngly influenced by some parsl’ .2l developments in economic and statistical
theory. Specifically’ the neocl g~sical theory of consumer and firm behavior

together with the theory of marh‘-s gave rise to a number of interesting




and p;odqctive hypotheses and/or models for application in agriculﬁufe. :
The“iﬁﬁoftﬁnt deéarturerbroéght on by these models was then aﬁ incfeased
preoccupation with the dedﬁctiVe basié'fo; the hypotheses advénc9818
More cbncern ﬁaS“given to the process of model'formulétion;in'terms of the
existénce and regularity of analytical solutions; The'importance of pfimitive
behavioral assumpfions was,also‘recégnized. Applications of models Based-uﬁon'
thésé fheoretital foundations and investigations of their comﬁafative statics
seemed to represent the primary focus of the profession in the period
following W. W. II. |
.Moreirecently; research: endeavors have moved into afeas that réquire
mode}s-which represent departures?frdmrthe standard néociaséical theofy,
These directions (previously alluded to in another context) have raised
_'éomé’pérplexing methodological iSsues--particularly as compared to the
fairly cpqurtable position affp:ded by the umbrella of neqclassical theory.
In brief, thebte;ical underpinnings of the quality of theose provided_byrthe
neoc}gssical theory were either dnavailéble or quite demanding in terms
of the rigor involved in the deductive arguments required. vThe choices'oﬁen
. to. the applied researcher were then to restrict the investiggtioﬁs of:some»
‘probiems until adequate theo;etical developments weré'forthcoming or to |
construct more descriptively oriented ﬁedels~—incorporating the accumuiated
knéwledge where approp?iate. The latter choiée involves exémining proﬁlems
Qithvan approach‘which in some respects represents a cémbination of the older
empiricists orientation and the moré_receﬁt deductive methods.9
A,secand~his;§ricai'obserﬁation of interest in providing 5 perspeétive
for the remaiader of the study is concerned with thé origins of the simulation
concept. ‘On the basis_of the above discussion of the systems approach the

'analbéy to be dfawn Eetwéeﬁ simulation and other methods or investigating:



_ models is rather easlly facilitated. To begin, it is cleal that avprincipal

concern of applied work with systems models involves problems connected with

| solutions.' Ip fact, methods ‘of obtaining solutions to more. complex types of

models are*typically»rafher difficult.van attractive option for dealing vith

' rb a subse
‘these problems is to experiment with the models. That i8, pertur a subset

£ {iate--
of the independent variables-including the stochastic one8 i 3PPTOPI ate--

4;;and observe the effects.v Such tactics for. investigating or searching for

vsolutions in complex mathematical formulations are commonly known as Monte

Carlo and/or nemerical methods.l0

Once this analogy is made it is appatent that - computer 5imulat1°ﬂ in

connection with systems models represents ‘a standard type of mathematical

7zfapproach._ This nunerical approach to.the solution of, or more generally, the

inveStigation of systems models is clearly advantageous to actual experiments

conducted on the'subjeCts being modelled. The advantage, of course, is in-

 creased with the availability of high speed computers.
Scope aﬁd OBjectiveé':‘.

BaViﬁg dispensed with the'orientation»aﬁd some,bssic,definitions’we.

‘ turn to the objectives and scope of the paper. Our ‘major objective is to

PIOVide a heuristically based survey of the post-war developments in Simﬂlation

and systems analysis Within Agricultural Economics. Given this objective it

is important not'only to’summarize applications in Agricultural Economics but

also to provide a basis for evaluating these efforts.

The paper proceedsxas follows. In seetion II the general concep: of a.

system;is deVeibPﬁd0 In addition to some basic definitions. ChefSECtiOn»in~'
cludes a discussion of the adVantages and basis for various types of systems.
i In addition to these basic types of systems there ars some impottant attributes

-

<4
of systems which have'consequences for model specification and Simulation.



These include concepts of components and decomposition, ideas of éémpigx;‘

1ﬁﬁ‘faétive models and alternative forms of time dependence.

| "Sec;ion:III is devoted to a discussion 6f,alternative_methods and

| pufPQSés,fofﬁsimulaging‘syStems*modéls. - The section includeS»é'discﬁssion,i,

of des¢:§p§ivefor‘behavioral, forecasting, and decision.applicgtions,, In

laying out these alternative purpqses for simulating and the correspond-

"vingjsimﬁiétio@fbt@éedggesfé ngmbef of comments are made with regard to

~ the information potential’of the various methods advanced.  Also included o

in this séﬁtion is a discussion on special computer simulation 1anguagés,

~;Séction v 6oncentra;es.on the construction and validation of economic -

systems models. Here we shall argue that these aspects of theé systems

approach have been largely neglected or handled mechanically in Agricultural

‘ Economics. Aspects of model specification, parameter estimation and model

validation or verification are also examined in this section.
“In sectibn'V we review applications innAgricultural‘Economics_over

the-post-?ar5périod.: These reviews includé tabular sﬁrveys as well as

-somé?comﬁggt$ on-the results and me£§§ds;emp1oyed. Thevteﬁiew is subject

étiented‘ahd~includes the following: gaming, firm and process models,

market models, agg;ega:e'models, resource models, economic development and -

ﬁéiﬁféfirégéﬁfée'ﬂbaels;>7A1though’:he ciassificationuis admitﬁedly arbitiary :
it appears to serve the general purpose of providingva'basis for conﬁeniently

cé:#logingfthéfépplications.

’Tﬁe survey'conCIUdes with a critica1 &ppraisal of the Agricultural

,Econéﬁics work in section VI. 'This critique includes an assessment of

the nbtewprthy“findi358“and*éontfibutibns to systems analysis methods.

| In cbncluding we summarize the findingsvof the survey, treat some'ptomising,
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developments which ars bsing prompted by the widesing use. of the systems

 some methodologiﬂsl issuss arising )

v'13'from the application of systems analysis and simulation as a research

tool. L

|II, SYSTEMS AND SYSTEMS ANALYSIS

>vgmsfasd:Relétéd*Conce'tS,y»

Recall from the previous section that elements and resations are the
'°1f primitive or basic notioss on which the concept of a system is definsd.

Before proceeding to the discussion of systems, systems analysis and E

:svsimulation in the Aorichltural Econemics litefssure it will be useful to

-sharpen this general definitional framework TheJStructnre“ta.befadded:-

to this definitional "system" will provide a basis for the organization

in‘lusnced the efforts of the profession‘-'
.For purposes of this discussion and the subseqasn: investigations :
‘ of the. work of Agricultural Economists, some notational conventions are
:,;ussful._ Ts begin, we assume: that the elements of 2 system can be rssre-

jsented by Xl oy e .', X Yl' 2,'. . ;»Yﬁ. In keeping with the

current level of generality»we note that thess elements may be conctete

fan&[measurable or abstract in nature. Aithough many other designations
vsrs possible, it is useful to think in terms of the elements X,= {Xl X, =

e .,,,X } as 1nputs snd Y {x Yy o o » ¥ } as outputs.‘ This-v'

13
-classification of elsments 1is convsnisnt for sconsmic systsms bacause they'

are typicslly perceived as en—gOABg processes (Orcutt 1960), (Naylot,'

1971) The relatioﬂs defining ‘the systsm are denotsd by R = { Ris Rpyw o e oy



R7} aﬁd are-tO’be viewed aS ptoviding the connections between the elements;ll

Given this representation of elements and relations, the . notion

vof a system can be schematically characterlred as follows. '

s

Ys{Yl,Y | X and R}

2 9. . * * " Ym

v‘This representation is convenient for introducing the idea of a state. If

systems reptesent on-going processes or collections of them, then it is use~

ful to think of systems»in terms of their relevant properties at any par-

'tieuler_ﬁement inttime;;z' As the properties which are obviously defined on

the baeis’ofvthe.elemeots,_relations; or some combination of them--are un-
limitedithe quelifietlis of value infdesefibing‘the systee.‘ That is, the
properties define the state of the system. On the basis of this added
qualifier we can now view systems in terms of their movements between states,
tﬁeir activity withiﬁ states andothe process by which they move from state

to state.13 It goes without saying that questions regarding these types of

1statements abcut economic systems have provided a basis for much of the _A

'theoretical and empirical work to date.

A seeond idea which has important applications in systems concepts ‘as

.applied to economic problems involves the classification of elements. As

economics is a behaviotal science, -an important aspect of the study" of

economic systems is conﬂected with concepts of causality. It is, therefore,

conveniept to partiticn the elements into those which effect but are not

affected by the system and those which both effect and are affected by the

system. The former types of elements are said to provide the environment
for the,system (Ackoff, 1971) or tovisolate the exogenous systems inputs

(Orcutt, 1960). These conditioning elements suggest a rather generalv



condition both inputda

R Y

, schematic representation, since they may be either X's or Y s and may -

’ ndwoutputs.” In particular if we let Xl, ...'. ,;

B X (r < n) and Yl’ e s e Y (s < m) and denote the conditioning or.

- environmental elements and partition R into Rl, R2, o« o e R subsets

6 .

(possible not proper) the extended representation becomes'~: :

A(xl,.'...,x) ‘ []-r (Y1’°,°"Y)

Fignre l

’  As'iddicated.by'the.figure,~these environmental?elements msy‘conditibn

"the basic input-output Specification through the inpnt and output elements,

’,the relations, or a separate relation R, .

6° _
From the above discussion it should be clear that the concept of a:

'1;system is indeed quite general even-as applied to the input-output type

framewerk which has been used to characterize many economic systems. Such

-general.representations>provide'the‘basis for.systems‘modelling'and analysis.

Before ptoceeding to special aspects of these systems models~-specifically

their construction, ‘ana ysﬂ and validity--it is worthwhile to investlgate.”j
some>systemS'classifications; These classifications are useful both in terms
ofduhden&tendingbeﬁd“ccssttecting"sysgems‘models and in evaluating the»mcdels-

in terms of the systems they are designed to represent. -




‘.’:SystecsvC;cssificeticns.

-fTherefétéiquitc“ncturaiiy ccﬁech§eapbicaChes to classifying systems

(Ackoff, 1971), (McMillan and Gonzales, 1965). The purpose of this discussion

is modest in the'eense thct the classifiCatioﬁs Snggestedharevnct complete‘
';”Instead they are; simply those which seem to have been useful in model build-

, 1ng for studying problems or" systems of interest within Agricultural ‘Economics.

V‘The natural alternatives for classifying systems are in terms of the telations

»‘:R, the types of elements, Y andlx, and a state dimension t. Although we shall

havefmoreftéasay:abdut theory and its role in syStems anaiysis when the topic

of mcdel construction is officially examined it is important to recognlze that

.most classifications used in economics research are associated with the. under-.

>1ying‘thecry#(Naylor,'1971).

SYstcms»csedfic economic reasoning typically fall into three categories.

- The fitst and possibly most commqn-of’theSevcctegcries refers to the state

dimensioh*of'the systcm.and partitions the set of éystems representations into

-static and dynamic models. Static systems>mcdels abstract from timevwhile~

dynamic systems mcdels are ones in which tlme enters in an intergral way. As

has=been»elabcrately’argued~elsewherej thermoreurecent concernawith dynamic*
problems 1n economics and in particular mcdelling of dynamic systems has given
rise to the use of many types of simulatlons (Naylor, 1971), (Shubik 1960).
A second useful possibility for classifying systems representations
involves stochestic and ncn-stochastic mcdcls‘, As usually perceived for
purpcses of mcdel building, the stochastic nature of systems can arise from

the existencegof truly random elements in the system or from-allack of ccmpcte+

‘ness with respect to the conceptualization of the systenm, i.e., Classical

~or Bayesian ideas as to the origin of probabilistic statemente (Zellcer,,1971).




Lo

The former case might include models of chemical reactions which are intrin-‘

sic L1y __able, gami_g : els and the like, while the latter situation
could be represented by our usual conceptualizations of economic systems in -
which little attention is given to institutions and non-economic variables
which are thought to have an important but unsystematic influence oa\the
relations and elements. ‘As a practical matter, the stochastic nature of .
'models based upon systems presumed to be. either stochastic or non—stochastic,f
tends to involve the parameters defining the relations and the error terms
specified as elements. That is, sisce models are by nature simplifications,pl
it is not uncommon to have stochastic models of non-stochastic systems. |
The last of the three classifications of systems deserving of attentionf“
vinvolves systems which are histsrical and non—histe*ical«_ In discussing
'this classification of systems it is important to distinguish between the
f early use of the terminology and that for which it has been ‘more recently -v
used. Earlyoefforts in systems and simulation analysis tended to be oriented
towards attempts to conceptualize systems and construct models which could.
‘be employed to reproduce historical sequences of events (Forrester, 1961)
'Thisxwas forﬂexample the'caseuwith:early treatmentSnof macroeconomic systems a
dand models (Howrey and Kelejian, 1969) aad in. early behaviorally oriented E
models of the firm (Cohen and Cyert 1965), (Shubik 1960). The distinction
’ in this case typically was with respect to whether historical values of
‘environmental elements were posited in terms of a probabilistic character~
ization or simply usedvas an,observed‘sequence (Churchman,vl960). More
.recenflp,*the categorisationeseemsﬁto have heen_appliedzto'distinguish
betweeh‘spstems which are.and-are not»evolutionaryr"Historical systems in
the sense that they include explanations for changes in structure between

. states are adaptive and therefore, evolutionary (Ackoff 1971) Nonfhistorical




models are thosc for which the structure has captured in R and" the element

designations are presumed to be time invariant. :

: Some.O;her—Special Attributes of Systems
‘uTheﬁsystem»attfibutes’ﬁhich are mentionéﬂ’ia“thisﬁsection are character-
- istics in the sense. that - ‘they follow from special properties of the elements,

'telations and s:ates. They - are treated separately since they are somewhat

ess g neral i 3 of their implications for the functioning of the systems

and“theyihave p‘rticular importance to the practical aspects of model con— |
vstruction.‘ The - first of these attributes concerns the idea of a systems con-
;?oaes§;< qystems co@povents are subsets of relations, elements and states
shico can be taken to haveia”particular.functioa.t For example,:industrial
. fiﬁmsican‘beﬂthough; ofvas having ﬁarketing, managementiaod produc;ionvcome
’poﬁeﬁts§vfarm production units can be viewed,asibeing composed of crop and
:lijesﬁock compoaents; development_models can be taken to have industrial and
vagciculturalecomponeacs;aad.so on.lAs The‘usefulness'of the idea of a.éystem
coméoﬁent*is-laigely,derived-fros,the‘simplifying possibilities it presents.-
'if‘ﬁn&etsfacdinéuofea\sYstem-is,based’on QAiaicg knowledge of.i:s”comooaeats;,
theaﬂthefeiare:éubStantial aavantages*of'designingireseafch strategies:forwinj :

Havestigating the system and presenting the results of research efforts in a

}}'mean ngful and effective fashion (Babb 1964) In short, the possibility
ef viewing a systems as sets of components facilitates a modular or build-
ingfblock.approach"to’theiriaﬁalysis.‘
viA;relatedvadvantagevof the systems components concept concerns thei'
possibility of'decomposicion. Formal ideessof decomposition are quite impof*A
tact*ia econemic:systeas; Since manY»models ofvecopomic systeﬁs‘are uSedvar

planning pﬁrposes, it is important to isolate particular components which



S

H'can be, relied upon to perform in a. specified manner. System decomposability

l

&: atter ofudegree.v At one. extreme the sub-’

bvlof a systembis, of course,
,tsystems are completely self. contained while at the other the components

are’not functionally identifiable;' Situations in which decomposition appears
to have considerable promise exist in national planning models end in inter- o

.btemporel models in which myopic behavior is assumed or shown to be optimal

ﬁon thebbasis of the behavioral postulates on which the system is based.
The seeond systems attribute to which we wish to draw attention also .
‘has mejor implications for nodel: building and, more generally, the study of
' :systems{-_Specifically, it is'eoneernedvyith;tsevmethod_byewhich~systems;sre:”
viewed; To'begin;‘it'shoule be*clear‘fromVOur.preeiousisiscuSSioa;thatﬁthe :’
concept of a. system csn embrace entities which are extraerdinarily complex.~
In fset, an individual 8 perception of a complex system may itself be thought
' :of as a’ model.» A pereeption of a system is, therefore, just the 1mage of
"ttheisystem as- registered in the impressions of the individual researcher.
In the presence of " this observation the distinction between systems

and systems models becomes rather_vague. ,For;exemple,.supposess markeeingxf.'
:seseareherwsetS‘oet”to-stﬁdy theisyStem.from’which;anﬁoossryedgpsttern1of
vbehavior emanates, say ‘brand preferences. The"ioitial'iﬁpressiou’of'the.'
~’system msy be rather simple as opposed to the one which is eventually

rmodelled for research purposes. In eddition, the process of moving to the .
:f‘more complex model is likely to involve some interection between the in— :
dividual and the.system. As this interaction occurs, the‘image_of tbe
syStem,eey.berthoeghtvto be ezpended]invterms of detail or even altered in
- terms of its orientation. Whatever the situation, the iact that the pereeption
of the system changes as it is investigated suggests that systems models and

"cOﬁcepts of systems have'somevtype;of‘relative,relationship to each other. _



Models in which sueh a relationship hes been explieitly recognized are
called complex andfinterecti§e~(Kuehn,71962). fhe consequences ofithis
ohservation afevextremely far reeching'and esbrace ideas of adaptive
SysteﬁS,vedap:ive models;and>variouSvtypes_of 1earning'hypotheses.15 ;
| The third and last attribute of systems cOneerns:the idea °f1f¢$§b49?'v
The term feedback as'used‘in describing systemS“and in systems analysis hes
.emany usages. Centtal to the idea is the notion of information flows. These
information flows may occur between model builders and the system (as mentioned
,immediately above) , between various states or components of the system and
the like. Thewootion:of feedback is, of course;,not new. It could be argued
that economic theory»-if viewed in association with the development of in-
stitutions or:empirieal COnfrontation—-has evolved by’such a process. Types
ef feedbeek which exist within systems are qnite important in influencing
the”epproach‘ta'their‘study. This is true whether we regard the process
alongemote technical lines in terﬁs of #arioﬁsiforms of dynamic relations
or; more,genefally, in terms ofian evolving or evolutionaty.concept of
systems. | - |

Asﬁﬁe;move'to the nexf‘section, it is important to sumﬁarize obser- -
~vations which have been made in regard to the notion of a system. Econcmie

‘5systems may have all of the characteristics or only a few. The characteristics

are not spec;fied as a basis for providing a claSSification system for systems.‘

This has been previoasly attempted for general systems (Ackoff, 1971). In-
stead we use these characteristics to enrich the concept of a system as it
relates specifieally to economics. By drawing on some characteristics of more
ICraditionalveeonomic ﬁodeis and relating them to the systemstidea; we hope to

have provided some .insights for the concept of a system as applied to economic
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.prqbiems;JﬁWé.proceed now rather nétu:ailyvtobthe’disﬁnssionjoffﬁgééibilitiesq‘

fof ﬁbde11ihg and simulgtihg'Syggg@s’:

III. SIMULATION OF SYSTEMS MODELS

Hodels aﬁ4431mu1atibn—;Ansoverviewg;s:*'

As pteviously defined a gpdel is an impression or. imgge of a aystem.  ‘»>
 'These facsimilies of systems can, of conrse, take many forms—-ranging from-
“physical analogues of the type constructed for early investigations of

'smacroeconomic systems to more formal mathematical reptesewtations and com= ..

':5fputer ptogtams.f In Ag?icultural Economics most models of systems are

j;;specified m&thematicallv*and/or in the form of computer programs.- As a
| consequence, .our discussion of simulation will be presented in the- contexth’i

vofathese-models. It will be impnrtant, however, to keep 1n mind that this'v'
. is a fairly*afbitrary restriction on the types ofvmodels which-might bg
'discussed in ccnnection with a more general treatment of simulation. |

- The’ motivation for constructing models is, rather clearly; the invest~”7
.Vigatiqg;pf the‘correqundlng;systema" That‘is, modelsvcan be s;pdlgd asél‘-v
a Sésfsafor'providing informaticﬁ’dr knowledge ébdnt?Systems.h fhé?éfmbdeISf
.usually can be viewed as descriptive or behavioral forecasting, and decision
=models (or some combination thereof). Decision models provide information as
;tc how to improve particnlar systems behavioral or descriptive models give.
 insights into the farces motivating -and suggest the basics for understanding
the~functioning-of.systems, and etc.dv In addition to providing insights as ,‘
to the operating nature of systems, 1nformation obtained from the study o
'of models can be used to evaluate thﬁ models themselves and perhaps altet
them to correspond to. a more enlightened or cemprehensive view of systems. -

| One method for studying models of systems is through experimentation.

'A*As our defini;iqns of modgls_and sygtems would suggest, these experiments



A
can be conductedbwi:h'regard to alternative specifiqations of relations,
eléments aﬁ# Qté:eSQ " For example, an experimeﬁt frequenﬁly conducted ﬁith.r
economic systems iﬁvolVes the generation of éutput elements:on thg baéis}'
of prespecified input elements and a hyp§;hesizeﬁ‘$et of relations and
environmental:elementﬁi?#The important aspect of the'expetimentél method
as it relates to systems and systems models is,‘of course, -the possibility:
1v it‘presents in terms of control. That is, by controlling various parts
of modgls and conducting expe;imenté with{them, useful information can be
| obtained with regétd’to both'the»interna1 functioning of the model.and‘thé‘,
igjstem under_study.16

The.pfecéss of experiméntinglwith systens madels may be raferzed‘tq

‘as simulaﬁion. Computer gimulations are tneﬁ ﬁxporlmEﬁts with syst»ms
'ﬂmodels that can or have been represented as computer programs., To quote
 3 modern definition of computer simulation as 4t relates»to econonic
systéms, it is "é numerical technique for condgc;ing experiménts with certain
types ofjmathemé:igal madels whicﬁ'describe the behavior of a écmplex ’
’;éyetemVOn a digital computer ovér“extended periods of time" (Naylor, 1971,
Pe 2) 'Oqcé‘it is recognized that simulations of systems are jusﬁ exaeri-
;ments with systems mcdels, some useful results can be developed from related
‘vconcepts of experimantal design. These results, of course, reflect the idea
that experiments{with modelsvcan be designed with efficient strategies in
' éggatd/fo thewtypeéAanA q&élity of information geﬁérated and are, therefore;
of importance in both the design of.simulations"and in the interpretation of
the information generatea'by the process, Hencej; it will be necessafy'to
’ kéep the follewing general types of observations in mind when reviewing the
reported $imulatipns and- evaluating the associated results.
;Firéfyﬁote thatrsinéa’Simulations can be identified with the process

of experimentation it follows that considerable attention should be given



"their stochastic nature~~a cherectezistic of systems which ‘was singled out
‘ in=the'prev10us section..‘Recall from this discussion thet systems can be

stochastic or oon~s:ochestic and that if stochastic, the randomness can

genter :hrough the existeoce of stochast;c elements relations or both.. The
same is, of course, true with models.; Hewever, since models are. by nature

'.-simplifications of systems they may be viewed as stochastic even when the '

’ »systems they are presumed to. represent are not. Omitted or misspeeified

- elatlons and elements are in chese circumstances assnmed to add to or

"giveprise,to the_s:ochastic‘components of the models;‘ If the error terms

‘io”the‘models result fromssueh'conSiderationS. then it is aPParent-that'theY

‘method by which they are. characterized is of substantial imporcance in plen-7ﬁ '
ning end evaluating simulations.

T» A second and related area of concern is associated with ‘ideas of exper-’“”

v,

,imenﬁel design. ,Inﬁthe simulation,of economic-systems it is,freqoeotly ‘
ftrue that one or more types of outccmes are of interest. If’these oﬁécaeesl'
are given by structural relationships with other elements in the system, theo.x
they can - be. viewed as composing a type of response surface. -Questions=of
the reliability with' which ‘the sutface must be ideetified the range over -::
'»owhich~che'su:faceuis t0fbevinves:igeteq,,and elements of the system.whichA‘
ere uhdeticoottol then'sugéeStfsome'fetﬁer fundamental considerations.'-Io

;particuler, how end what simulations of the ‘model should be conducted.

li A third observation whic ch has relevance to the use of simulation in

‘”,studying systems 1s directly rel a:ed to the complexity of the models. “As b
the complexity of systems models increases, it is natural to presume that
vthey more adequately cha&ecterize ehe system.' However, it is also generallyv
true that as the complexity of systems medels increases it becomes more

difficult to design and'condﬂctvuseful simulations-*usefulein;the1sense»of




providing 1nformation as to the accuracy with which the model has character—z

: ized the SYSCEE and the POSBibility of identifying the applicability of the ;;
finformation 5e“erat5d by the simulation with the purpose for which the
experiment was. i“te“ded' These considerations, of course, suggest that

‘. as the systems be°°me more complex greater attention must be given to the,

L %design of sim“1ati°ns Siﬂce the possibility of being mislead or misintet-'bk

preting Siﬂulated results 18 likely to- increase with model complexity.

‘UAltbough this dimen31°n °f the problem of simulation experiment design is ‘:

| as yet ﬂnﬂettled’ it has a Snbstantial impact upon the importance wbich can RN

be attached to many of the BiBUIation results which have been obtained by v"»
: Agricultural Economists.‘ | | | o
In the remainder.of this'Section'onlsimulation oftsystemeimod3131Wevi

- investigate the topic with regard to particular types of purposes. In
' ikeeping with our attempt at Providing a general basis for evaluating the
:?wwbrk in Aggicultural Economics we will categorize these types of simulation
experiments by ObjBCtiVe Tather than by type of application. Specifically,‘
simulations for descriptive or behavioral, forecasting,vand iecision purposes
~ are examined. The section 0108es with a brief examination ‘of the. special
E 13“838888 for computer simulatiops, These languages are viewed with respect

tO the types of models for which they are intended and possible computational

veconomies.

Simulation eilﬁﬁéviﬂraltorvDescriptive Systems -

Many of theIEOEeis of economics S§steme are behevioralior‘éesctiptitebvA
in nature. Although'the concept of behavioralism is'a:generallone*aed»in-
'dicative of zost m°d€15 attempting to describe individuals or groups, the
term as it relates to tYPeS of economic systems is identified principally .

with the werks of Orcutt (1950) Shubik (1960) and Clarkson and Simon



(1960) . The first popular and rather;complete synthesis ofvthe behavioral
systéms,épproech»was firﬁ oriented, (Coﬁen and Cyert, 1965) and (Cyert ano"
ﬁatch,v1963). The approach embodied:in these writings’appeors to hate‘had
a substantial effect in Agricultural Economics. A telated development ofi
the systems approach (Forrester, 1961) has also been influencial but
probably'not so much as the;above mentioned works. This may be partly due
to‘sooe“programming lacguage difficulties;and the completeness of the break
“ with neoclassical theory.” The cmp01tant attr bute of behavioral or
,Tdssc*ip* ve models as the§ relate te research on economic systems is that
they are cogstructed upon concepthwhich are less primitive than those say )
mof‘necclsssical.theory‘ For example, firm ﬁodels rather than’being cast
in“a ptofit maximizing sodevwith’siﬁpiiffing assumptions as to'maximizing
motives and/or abstract cnaracterizations of the production process, are
conceived as ‘more. complex organizations in behavioral systems of the Cyert

. and March type. In such nodels we find for instance, decomposition of

firm manage'ent, merketing, and production functions. Models are then

vconstructed to_approx1mate the system represented by the firm with the
functioning of the models contihgegtiupon,observed,or hypothesized be-
hevioraivtypeS’ofﬂconditicns.'_To illusttate,‘if the firm uses a break-
even type rule of thumb in connection with a»particular process, this type
of conditioﬁ wouid‘be built iﬁto‘such,systems models. |
Advsntages‘of.behavioraltot &eSctiptive models are, as the sbove illus-
tation sould suggest, in terms ofvtﬁeir flexibility. That is the formulation
of systems models is.viewedvin a less restricted‘sense than: if they were
guided strictly by neoclassical theory (Cyert and March, 1963 and Shubik,
19690) . Thevadabtation of such models to Agricultural Economics is possibly

due to the pragmatic orientation which was discussed in section I. Whatever




the motivation for adaptation, these models are highly flexible and capable
of permitting'tﬁe qoantification of many aspeete of individual firm and
industry behavior which are ruled out by more abstract and primitive models -
based upon neoclassical theory (Naylor, et al., 1967). As ve subsequeotly
indicate, the accommodating characteristics of these exploratory types of
models have some very definite implications for their simulation (Box, 1957)

If the general objective of descriptive or behavioral analysis of

systems is to learn or explore related systems, then some rather broad

guidelines can be set down to govern the process. The nexus of these guide-:
Iines is the simple idea that successful or efficient methods of learning,
demand the fell use of prior knowledge invproposing useful systems as well:

as: good experimental strategies for gathering evidence which can be of use

.in the perpetual process of syntheses, conjecture, and testing (Hnnter and

- Naylor, 1970). Hence, even in the examination of behavioral or‘descriptive

.oodels, questions of the design of experiments are of fundamental importance.

lehe systems approach provides a useful framework within which to conduct

. these explorations because of the facility that related models have for

:. handling the various types of prior and experimentally generated information.

Aspects of experimental design which relate to the types of information

- typically obtained from standard computer simulations have been summarized

‘elsekoere (Hunter and Naylor, 1970), (Hufschmidt, 1966), (Hill and Hunter,

igéo)wand (Naylor,bggpélr, 1967). As it turns out, simulation experiments
rest upon the same types of consideretions‘(involved in the choice of an |
experimental design) as do similar problems in classical experimental design
(Cochran end-Cox, 1857), (Bex, 1954, 1957) ‘and (Box and Hunter 1959). Factors
are input.elements, the relations connecting inputs and outputs are unknown

but of a hypothesized.functional form and the inputs determine the response
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'}Q;Thepenuipgnmen;ai;yeriables may be assumed to' be included if the

_eyefem’ie eonditioneé3by»them aﬂd'are treated as additive error terms in
a large number of experimental (additive) designs of systems modeis; Given
'this,ceneeptualizationfexperimental'design results can be generaliy applied

,invsimulating:mOdelsﬁéf*syStems. That is,‘questions.regerdiﬁg appropriateh-

',,~design (full factorial fractional factorial, rotatable, response surface,

Ajietc.) eie largely answered in the above mentioned statlstical literatute.
Although these design considerations are mainly borrowed from the clas-
‘sical. statistical literature, there are some special problems or contingencies
“which‘occg::asfa result~ofrtheina§ure of the cOmpute; type experiments. ‘These
ii; inciuderpfOBiems;related tbii(i) sample-size,-(ii)'factet nembere; (iii)
,muleiple re@peﬁses, and. (iv) convergence in the context of adaptive and opti—
o zlng'exgerimente {(¥aylor, 19?1}.» The problem of . sample size is simply that
of determieing appropriate number of observations required to guarantee a pre-
speeifiedilevél of statistical precision.(Handscomb, 1969). As "costs" in-
voivedeinfabtaining and'anaiyzing‘obserﬁetions”in such exéeriments:are'quite
dlfferent than those in more classieal si tuations, the trade-offs with
reliahilityﬁ(or statistical preciSion}ﬁbecome 2 major concefn;'fln'addition,_
more elegant methods of variance reduction beeome appllcable (Hammersley and 
_Handscomb 11964) .
The second problem-mtpat of tee many fncters--is most relevant in
vlarge and complex models of systems. ‘This is not in prlncipal a difficulty
: pecu;iar to_simulation. It was, for instance, a major foree in the develop-
ment of ?ariial factarialgdesigns.u»The;preﬁlem, heweve:,vhés special bearing
upon simulatﬁoﬁ experiments because of thefa%bieiggs nature of the models

frequently empleyed.' Althoughllarge scale aﬁd relatively”iﬁexpeﬁsiVe computers,



-

' *£cmsome*extent;aileviate»th£s~problem; it remains an area of concerﬂ;_~ﬁs~
will be cléar in theusu:Qey of the empirical results, this problem is
frequently negigcted in.the épnstruction of éimulation models.

| A related problem, on the output side‘of:experimental models,‘ié that _
ofBPultiple»response»éurfacés. Thg.é{ff;culty‘usually“comes about since
. the,ngtgre‘of the systems examined require‘us tp view many diffg:ent?responsesij

R

ffin,é parti#ﬁlax gxpefiment..’A possible solution to such problems is, of
ébursa, to construct‘indiées pf the‘numerous response variables which réquiré‘
observation (Fromm, 1968); -This procedure, howeveg, has the major limitation
‘of implicitly incorpd:ating the idea of defining a utility function over'ﬁheil
outcone Spa§e. -In the ébsence'of such arbitrary procedures, there apﬁéars to
remain a substantiél gapfin the theory at thisvstage. In particﬁlar, it is .
‘:notlclear how to ;nvesﬁigate such surfaces or what properties.are‘exhibited_
by results obtained from the various partial mefhods of handling such
problems., A reasonable coﬁjecfure would bé that they involve the same types
of‘indexing probiems.which,were méntioned_aﬁove. Again, as was the caéé with
the previous pr6b1em;.these'éonsiderations or contingencies suggest some-very L
pronounced tyﬁesiof practical limitations. They are simply that we caﬁ build
‘4lé:ger and more complex models than welkno& how to efficiently experiment
ﬂffwitﬁ 3: exanine,
An issue related‘to_problems of multip1e>responses involves the complex-
.,kty-with»which the inputs are related to the outputs. 'Again,-we‘are likeiyv i
- to find ourselves‘in situations in thch the models as constructed--without
adequate thought as to hﬁw.they‘are to be experimented with--are very diﬁfie
fcu1t~to a¢equate1y analyze. 1If the relations connecting the inputs are non-
%}near inftha?facﬁqgg} pélype@ial appraﬁimationé may be advantageously

+

employed., However, for more complex types of nonlinearities questions of



T Qesigﬁing;amdvconduaring;exp?rimenﬁs to investigate models of systems rﬁmain o

funanswer63 (g3ﬁreY*aﬁdeEIegTaq’ 1969 Naylor, 1971 and Rausser and Johnson,:

1972)

Problems éf oonvergence in designing experiments to investigate fesponse
‘éurfacesgare_by~nature*ex£remely-difficult' These: problems occur in ggeh
context of 31mulatioﬂ egpetimﬁﬂﬁs which are of an ootimizing nature, From».

the standpoint o{ behavto 31 models: such problems arise in the development
: of improving models of systems" That -is, suppose we begin with a mode which v
Cis- suspacted to require improvement if it is to adequately reprasent the
system to which it corresponds' One procedure for improving the model woold
then be ‘to experiment with ity analyze the data and ‘adjust the model in what-
ever fashlon that mighcvbe suggest¢d-- The problem of,designing experiments :
for this type of adaptive mcde}- b“i ding exercise is very difficult (Naylor,

. 1971 and Zellner, 1971), However, if a criteria by which the model is to be
‘>ievaluated can be specified aﬂd che problem is of manageabl e dimensions, such
adaptive experimental procedufes can be viewed in the °°nteXt of adaptive S
control theory.' We shall teturn to this issue in secfion YI.

We close tbis discussion of behavioral or descriptive models with the o 
following general obsérvations: Such‘models represent an important first
step in the search for knowledse about systems.i_Simulation is obviously

a use:ul method of gaining experimental knowledge about such systems.

The fact that simulations age aXperiments, however, raises some interesting
_questioqs with regazd to experimental design, Although these problems are
’ not peculiar to behavioral models, they do suggest that SuCh conSidetations

should'be observed when constructing models of.systems. In the survey of

simulation models in Agricult"al Economics it will be apparent that these

attributes of simulation andfvdelling have generally not received the
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: , attention they deserve. The sense in which this omission detracts from

;the results should be clear from the previous discussion.

'Forecasting,and'Prediction

Forecasting and prediction are importaﬁt functiono for which models}
of systems in Agricultural Economics are employed., That is, systemSEmodels:a‘
- are consttucted for generating price movements, predicting changes in B
 . geogtaphica1 location, forecasting.changes in. characteristics of agricultural

firms and the like. The process of obtaining fqrecasts-from these systgms -

_.xgodels;‘ is, of cou;r_se»,v 'simulatidn. E}_:gérime'ntal'desigp questibhs are agaifx
aﬁpropfiate; s1nce qﬁéétions of designingfexperiéents with the model‘éo -
’::ug;'reésonable forecasting criteria are met is a basiciproblém in connectibnfj
 wi:h such simulations. 'McregSPecificaliy, whéﬁvwe base forecasts on simulations
"of systems it is important to have éome idea as to their reliability andvéaﬁ—
pling charactetistics.
Early uses of simulation for forecasting in Agricultural Economics and
- elsewhere tended.to,give little>considexgtion to these problems. More recently,'
in a few‘plageééﬁhesé‘issﬁes have'beeﬁ éxﬁlicitly.;teated»in‘the construction
of Systems,mogéls'andlin the design“of simulétion experiments (Sasser, gs_glg,‘

21,1967 Haylor, et al., 1969) The experiménta1 design problem which is

 &53ociated wi*h simﬁlating systems models in this context is associated
with:tbe responsa suxface,ldentiticatian methods and difficulties mentioned~
':éérliez."ihét i$;>mcdels»of echomig systems which are #sed for forecasting
Apufposes gre'typigalif'csﬁcerned with'projéctions of output variables. ‘As o
these ogtpu£~variables f§tm the response éufface;-if is ueceséary to know
the:statistical”prope:ties of thiS’sﬁrfééé if the forecasts are to be»evaluv

ated. We will not, however, reiterate our previbus discussion of these



methods at this point. The difficulties of optimal design and dimensionality

fobviously apply as well to forecasting and prediction. Instead, we raise

a related issue which has special relevance-to;the use of simulation in' this
cdntext. This issue is concerned with whether’ot not‘analytical or simulation
methods should be applied in utilizing models for forecasting pcrposes.

Although we take this question up in more detail in connection with model‘(

_verification, the relevance it has to the%forecasting problem demands‘some'

comment at this point.

Given a model répresentiﬁg a syStem'and an otjective of forecasting or
predicting the behavior of the system there are essentially two procedures U
available. We can; as previously indicated, simulate or experiment with the ;

system-and obtain forecasts based on these simulations or analytitally derive

" the reduced form and make such forecasts on the basis of more standard statis-
. ticaltprccedures._ The latter is clearly the more desirable when the model is
&Zsufficiently simple. That is, when we can, it is advisable to take advantage

o of the standard results in statistical theory'(Howrey and Kelejian, 1969 aﬁdu

Rausser aﬁd Johhson,v19?2). As the models become more complex, however, and
‘derived reduced forms or appfoximatipps_tﬁereofﬁbecame_more difficult to-
obtain and lesévaccurate,as rEpresentatiqns of the structure, it seems
intuitively obvious that simulation becomes mcre desirable. Such is-un-"

fortunately not the case, fot the same . types of model characteristics which

give rise to the- analytical difficulties turn out to detract from initial

impressions on the attractiveness of simelated forecaeta. The problem is
simply one in which we may obtain numbers by simulation but cannot determine

or ascertain their correspondence with the system.  In fact, it has been -

~ shown in the case of nonlinear econometric models that simulated forecasts

diverge systematiCaIIY'from those which should be rightfully obtained from



~ the system. (Howray and Kelejian, 1969 and Haitovsky and Wallace, 1972).

These results do not suggest that simulation is inappropriate as a

forecasting tool. - They instead.suggest that_great care should be taken

in interpreting simulated forecasts. Moreover, unless these fofecasts

are based upon experimental designs which provide some indication of the
.religbility with which the response surface can be determined there is .

littlé‘in thg way of a convincing raticnalé for assuming that;theyvhave

l_dgsifable'fqrecasting properfies.

Decision Applications
'Dééision problems in economic systems have some fairly universally .
accepted sets of components. More specifically, we usually think of such-

problems as having,coﬁtrol&able variables or factors, objective functionms,

. and some types of sfructure which relates the écntrolléble and uncontroll-

' able'(input) variables to output variables (Fox, ggfgi., 1966). Simulation

of systémé-modéls,for'this purpose again involveé questibns‘of‘experimenial
désign..bFitSQ,,if we assume that the model adequatelyjchéracterizesvthe
ecppomic systemiwhich it is designed to rgpreseh:; it is clear that'simu-
élationlar*experimeﬁtalfiﬁveStigations of the mbdei.should be designed to
convé:ge to an optimal solution or at least proceed in an bptihizing
direction. 1Im this»coﬂtext simuiationvexperiments become ver& c10§ely

tied to Monte Carlo or numerical methods of solving the optimization
ﬁrobleﬁs'iﬁﬁlicit in thé policy models. This suggests that consider-

able thought should be given to the form&l’aﬁalytical properties of the
syétems modelfas wéil #s‘to the desigﬁ-éf the experiments intended-to‘

lead to or approximate the optimal solutién (Dorfman, 1965 ahd\Raussar

and Jounson, 1972).




Some P°$itiyéielements_of these prescriptions with regard to howsf-

'Viexperinents shonldfbeidesignedrinioolioy models'are-lost, however; when

; Specigl_SinulationVLanguages

we recall ‘that the- models are but- approximations of the systems being
investigated.‘ As a result, we may think of the entire model constrnction o

and - optimization process as an experiment vis—a-vis the system.; ThiS:

"suggests, as: indicated previously, that it is more proper to think of
‘these problems in a nested sense—-numerical optimization procedures
}applied to solve problems which are themselves designed to simulate systems.

‘“In this mote general context we are again thinking in terms of a problem in

adaptive control theory. Such problems are far from tractable for systems B

:of the size of many models in Agricultural Economics. »It is howevex:.,,-,E i
’quite useful to keep this framework 4n mind since it may ‘be of considerable;tj;”

‘use in suggesting general guidelines for policy simulations.‘f

*Simulation:langueges are special ot'problem'oriented oomputer langu—

"ages which are designed to facilitate the programming and analysis of simu-‘*"“'

lation models._ Our purpose in this section is to briefly discuss the»cone s

rsiderations involved in formulating such languages and to relate them te. .

- types of systems models as well -as .some more generally understood concepts o

inacomputer programming.s The brevity'of the discussion results mainly from

_favailability of current and very good survey papers on this subject which

-uexist elsewhere (Gordon, 1969), (Krasnow and Merikallio, 1964) and (kiviat,“

1969); We include this token discussion of simnlation 1anguages, therefore,

"'largelyvtquiye completeneSS‘tO»this_section on simulation;of systemstmodels.

,Although~these,languages hsveznot beent particularly widely used in Agri- -

‘cultural Economics, a discussion of simulation of systems models would be




1nc0mplgte without‘at least a limited investigation of these special purpose
languages.

Before going into detail in regard to the functioning of the languages,

it may.bevhelpful to review some basic concepts. There are several levels

of,communicatiqn,which correspond directly to machine functions. At a higher

level, assembly languages are mnemonic symbbls which are defined_invterms:of
fand can be transiaﬁed into basic madhinevlanguage, To continue, a compiler

. is a program which é;cepgs s;atgments which are written in complex and high

lével 15nguages and converts: them to basic machine language. Most coﬁpileré
are problem orientéd,and,‘thus, are differen; from machine languages #nd
aésembiy languages;?]That“is,»they are.compoéed‘of language symbols and
operations which are raqqited»by a special type of problen, »COBAL is, for

instance, a problemboriented language which is convenient for appiication to

© types of problems involved in the data handling aspects of.Aécounting. The

compiler then translates these more structured languages into basic machine

Iamggages (via whét»is called 2n object deck) so that the communication with

the computer is cbmplete. Finally, simulationbprdgramming lénguageé are just

- special types of problem orientated»language8¢ In fact, it is worth noting-

that these,special purpose languages have,&eveiOped in an eveolutionary
manner uSually in‘association with large and extended investigations
involving the_gimgla;ionfof'various systeﬁs @cdels (Kiviat, 1967 and (Krasnow
and Merikallio, 1964). :

As these 1anguages have developed in connection:with particular types
of systems models and are designed to facilitate experimenté with -such
models it is natural to conclude that their principal features are:

1. They provide data representations that permit straight-
forward and efficient modelling,
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'2w.fThey permit the facile portrayal and reproduction of
. dynamics within modelling systems. ' '
3. They are orientated to the study of stochastic systems,

- that is, they contain procedures for the generation and
-analysis of random variables, and time series.

”Asiderfrom'the se generalvfeatures;*even,the more_generalaoffthefsimulationp .

"]‘programming languages are. problem orientated. For'example;iSIMSCRIPT i

'is an event orientated language and therefore, useful in simulating

»'systems which can be viewed as sequences of events with particular types

’,vgof attributes. Varions types of management and behavioral problems, there-;

fore, lend themselves to simulations with ‘this special programming languagea-v

(Markowitz, g;{gl., 963), DYNAMO is a. special purpose language ‘which is
. orieg@ated tgvard the study (over time)vof closed:systems‘of continuous o

variablesjin which the;broad characteristics of'informationvfeedback within

' he system.are importan* attributes in determining dynamic performance.

age that developed in connection with the industrial

b-i’dynamieszor'behavioral nodelling‘of'(day Forresterg’lgﬁl)' SIMULATE'

o developed by (Holt, et al., 1964) is concerned w1th capturing those para—

ii:meters and (decision variables which are eritical in ‘the. determination of -
o model stability. f } | o ”1' - '

Continuing with this sample list or special purpose languages, CSL
’;: is ‘an activity orientated language (I B.M., 1966). Ehis language is
,useful for simulating models based upon systems 1nvolving waiting line
problems, sequencing of events in an efficient manner, etr..- Finally,
-GPSS is a transaction erientated lsnguage, (I B H., 1966 a). It is
closely related to CSL in that it can be applied £ simulate problems ‘

involving efficient precessing of individnals, ships cars,_etc.



Inisummefy, these spéeial‘purpose eomputerglangueges permit or‘
:faeilitate“eesierisieuletionpof sarioﬁsftypes of'systems modeis. They
'éfé'séééwhat’aQQe reeoyeérfrOm theigesicflaﬁguages than the common
scientific computerjlahgueges, e.g., FORTﬁAN and‘require more eletorate
¢om§11é£s;1 However;_they”tend; to facilitate ‘the processing of particular
: types of statements, or commands in a very efficient manner, - Current i
vtrends are for these speclal language characteristics to be integrated

'.into more versatile computer programming languages (Naylor, 1971). Hence,

‘unless substantial amounts of simulaticn of a particular ‘type are antici—
pated orﬂthe simulation.problems require very Specialized language features,
. investment in such lquuages for applied researchers do not eppear to be

»profitable.

IV. CONSTRUCTION AND VALIDATION OF ECONOMIC MODELS
"’Iﬁfthe.pre#ioesitﬁreéjsections e have provided definitions of systems,
Systems models, Systems enelysis and simuletion. We have also discussed

’ the associatien of simulation with experimentation. In this section sOme‘A

o aspeets of the construction and evaluation or validation of systems models

~ are consideredaA It turns out, not surprisingly, that the'guidelines'developeﬂ
‘for model construction and evaluation have a great deal to do with types. of |
. systems being investigated and with the experimental methods to be employed
iin studying them.‘ |

'.‘ The section proeeeds with‘a discussioe of‘model construction. This

discussion emphasizes the distinctioe.oetween more»Classical‘models'ofr

econonic systems models and those which are formulated. upon the basis of less

primitive assumptions and normative concepts. Having discussed model con-

structioe, we turn to parameter estimation. In the case of systems model



estimation this, of coﬁrse, leads to an investigation of estimation methods
whiéh.caﬁ-adapt to élternative'types of prior and sample information. Lastly

the»éaﬁcept~of:mbdel validation is investigated.

‘Model Specification or Construction

} The?fundamental‘Questions'arising:iy model construction‘are,;of'coﬁrse,
me;hodological in nétufe. That is, models are studied as a basis for under-
stQQding;syStéms. They therefore, reflect how we perceive the world as well

~as the methed by which such knowledge is generated. The two basic methods

‘by which knowledge is generated are inductive and deductive reasoning. Thev
variogs methodologies positivism, empiricism, experlmentalism,.etc., of
coﬁtse, inborpdratevthese‘méthodé ih varying degrees CJbﬁnson.aad:ZerBy;
1972). However; rathet than indulge in the philisophical questioﬁs associ-

jated with.theiéearch for knowledge, we concentrate on issues which are more
practical in;nature;

Agricultural Economists are in general inclined to follow a research
approach which involves the so called s#ientific method; ‘As épplied to
economic systems this method entails four basic steps: ~(1) observation of
the system, (2) formulation of models désignéd‘to explain the observations
ion,the systeﬁ;,(3) the performance of experiments designed to ekgmine the

validity of the model,17

and; (4) explanation and/or pfediction of thé‘
behavior of thg.system on the‘§asis of the impiications of thgée,models.
It'is-easilybseen‘that this ﬁéthod encbmpasées the systems analysis approach.
Whét then is the purpose of this disdqssiog on model comnstruction? It is
qui;e'siﬁély‘fhat, even though' the scientific method is generaily employed,
differing emphasis on the four steps has substantial implications Qith

respect to generality with which the models apply. More specifically, as

researchers investigating applied problems we are typically involved in a




type of compromise 15 model formulation. On one hend, it is clear that if
the models coﬁld:Be formulaeed oh:the-Basis‘of some primitive and’generally
accepted normative and ?hysical»concepts,‘then the results}would-have-wider’
acceptability. That is, the structure of the mathematical represen;ation"
: would be deduced‘uponfacceﬁted normative propositions and opon.generelly;
beiievable types of’technicalvrelationships. Under these circums;antes,t\
models are mofe easiiy tested and'usuelly lese,complex struetufallyq

-At tﬁe othef,end*offthe spectrum is the completely descriptive or
more properly behaviorai'oodel-—the type employedvin macfo of’aggregate
 economics. These models on a comparative basis are easily formulated
because the process is simply one of observing ‘the system and. specifying
(in simplified form) the behavioral and other structural relations. The -
pripcipal difficulty with these models is that the tests they afford are~»>
not as informative ae they at first appear. If the behavioral hypotheses
are noe refined, then‘empirical'tests are reduced in importance by virture
of the largeiouﬁber of competing or alternative hypotheses. . “

As a conseouence of these two tﬁpes of considerations, the proceSs of
model formulation for investigating economic systems imposes some fairly
artiscic types of demands upon the researcher.g To complicatevmatters eveni

further, the previous discussion of mooel simulation has shown there are

'decided opereti edvantages in developing systems models whlch are of.
reasonable‘dimensions. The upshot of these modelling'diffieulties is that
we find medeiﬁeopetruction proceeding on 5 trial and errof basie--typically
begieeing toeardfooe end or the other of~ehe above mentioned spectrum_ande :
proceeding to some middlejgroend. Beﬁaeiorelists‘are continually refining

models so .as to adapt them to more generalftypes of systems--in a sense they

axe~attempt1ng to reduce the behavioral models to some type of more primitive

< e et g i . s, e A i TS T S



-36~

'conditions using guidelines from economic theory . Alternatively, the

‘more normatively orientated model builders tend to become dissatisfied with

restrictive structures and attempt to make models more applicable by making
themﬁmore\teelistie,‘i.e.; speeieii;ing them, |

The Aéricultural‘Economics»literature indicates that the incorporation
of systems idees has substantially influenced modelling procedures. More-
over, trade-offs implicit in the examination of the generality of behavioral
models turn out to be subjects over which there is and will continue to be
considereble controversy. Models are just hopefully persuasive stories.
As :esearcﬁets we should attempt to make:them_as‘aceeptable as possible--by

taking advantage of the received knowledge as to‘how the systems in question

'operete and any appropriate normativevpropositions. It is also apparent

from the simulation or experimentation discussion-that there are strong .

reasons for attempting to develop simplified models which can answer the

questions posed in connection with the system.

Parameter’Estimation

Parameters of structures of systems,models'are-estimated by a number.

of diffetent methods. - These range:from,econometric methods applied to -

_linear equation systems (Goldberger 1964) to those which tend to disre-
'gard sample ot past observations on the systems (Forrester, 1961). In the

'formervsituation the process of inference about the parameters is Classical

in nature. That is, a maintained hfpothesis’is Speoified-and Saﬁple in—v
formation (whetﬁer'passively generated or of an experimental nature) is
utilized ‘to obtain estimates of the structural parameters and their sampling,
distributions. The latter or Forrester approach rejects available sample

data as containing little or no correct information about the structure;'
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‘Parameter estimates are introduced on a subjective basis or calculated using
technical or engineering types of relationships. In the first case we find
the systems modellers relying he avily upon . Classical. types of econometric i
methods while in the second ‘case they reject the data either because (i)
tthej are as yet not .sure of the appropriate. data (Forrester, 1968) or (ii)
?‘of the types of available economic data (due to the possible type sampling ,
' process generating such data) or (iii) to suspected structural change. B

In eddition to diffcrences which are due to assumed sources of useful
information, parameter estlmation methods for systems models are frequentlv
-sequential orriterative in nature, That is, it is not uncommon: to findr
that the estimation process involves considerable pretesting of the
structure{;s' Parameter estimates are, thus, obtained on the basis of sample
or prior information and the performance~of the model representation fOr‘the
system.  In view of the diver51ty of the estimatiov methods both in terms of
'information sources and the possible iterative procedures involved a
rather general framework is needed for eva]uating this aspect of the agri—

v cultural epplications of the systems and simulation approach. It turns.out
that such a- framework is available and although not alsays practical for
lenv1sioned applications it is quite useful in providing a. proper perspective»
for estimation work currently underway. Such a perspective can provide a
basis for assessing the advantages and limitations of the past work using
the systems and simulation approach as’ well as provide some insights as to
possiblerfuture developments.

Inldevelopingvthe framework for viewing’EStimation in systems.models
the problem of- reconciling the use of alternative data saurces must be-
considered;' The framework involving nondata alternatives and apparently
disparate estimation procedures is Bayesian in nature. . That is, we

systematically combine the sample information with subjectively held ideas :
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as to parameter distributions to obtain estimetes.of.the structure (Zellner;
>1971). Tha‘éeta.and‘noodata orieotated“apprOEehes‘sre theh‘essentiaily the
same With the dif ference a matter of the certainty with which the subjective
estimates of the parameters. are held. . | | |
In. addition to its’ appeal for the data source problem the Bayesian -
vframework 1s sufflciently general to provide a rationale for the iterative

jtypes of estimation procedures which are frequently encountered in the

Lestimatioq of’parameters for systems models. Given the selection of a
particular model or representation of a system on the basis of available

data §r inforﬁatiOﬁQ:CIassical infereoce orocedures are violated ifvthe ,
gsame data or information is reused to estimate’the parameters and inﬁeStigate
théir reliability. In most applied gituations such inconsistencies are not
recbgnizgd or are.justifiedion grounds of simplicity, avoidance of'complié

i cations, and the substantlal uncertainty associated with the decision of

, _selecting the Proper maintained hypothesis or model specification—-the latter.

is typitallyy a result of the model Specification elternatives mentioned
earlier (Rausser and Johnson, 1972) In the context of theSe‘diffiooities,.lb
the Baje31an aPproach woqu gseem to be a viable basis for selecting among.
alternatives model specifications.lgv In fact,»(Dhrymes,,et al., 1972) haS'
recently suggested that the Bayesia1 approach to ‘the model selection problem,‘
given the availabil*ty of informative prior distributions, offers a far
handier solution thsn the Classical appreach. Leamer (1970) has explored
the implications-of aiternative weighting functions in this_context.and |
Zellner (1971, pp. 306-317) has provided a general outline of Bayesian pro-
cedures for comparing and cﬁoosing among models., |

As a final obsefvation on'parameter estimation, we note that‘it.may be
useful to view the process.adaptively. Many times systems models are con-

structed, estimated and simulated ané while this process is occurring



additional data on the struc:ure becomes available. If the current structure '
’representation is being ‘used for policy purposes, then decisions taken on

the basis of the model are also influencing the data generated by the system..
In this case the model ‘is truly adsptive. ‘Although procedures for such models
currently involve mathematical difficulties, it seems fairly clear that
Lapplied systems modelling is gravitating in this direction.' Results which
lmay be of some use in more formally grasping these 1deas are contalned in
A‘Prescott (1967 1972) Zellner (1971) ‘and Freebairn and Rauoser (1972). As
anfaddi ional source of complication, it is of interest to mote that. such :
arguments can be extended to suggest‘that the approprlate loss function o

L ’ for estimating the parameters is derived from the objective functlon of the

.systems model (Fisher, 1962).

‘Model Verification

Verification is a term which has been used inva number of ways in the
ffmodel building and cesting literature (Fishman and Kiviat; 1967) and (Van
Horn, 1971) For purpose of the subsequent dlscussion the term is used in a
broad sense, 1. e., verifying a model is taken to describe the process of -
establishing it as. sn adequate charscterzzation of the system: it is. designed;~‘
\;to represent~20 We are, therefore, focusing attention on the structural

.models themselves and only secondarily on. such aspects as specific policy

_actionsoor results whicb might be implied omn the basxs of their use in a
”eeoisiea context. .

‘The'question'of ;helappropriateness of a particular model for a system
can be viewed?from two scandpointss First, aS’iSﬁ¢Omenly‘dcne; the
performance of the structure can be investigated in terms of its'abilitytto
reproduce orvpredict the va*iables in the system which are jointly or in-

‘ferﬂ611Y'aetéfminéd;;ﬁiementstE the set Y. Vhen,;?ﬁﬁe types of investigations
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can be perfermed on a sampling basis, useful statistical results are avail-

able for evaluating particular models or for rhoosing between possible

| structuralvmpdels. The second alternative for evaluating these models. is

suggested bylthevfollowingﬂobse:vatiOnsu' In building models of large and -

¢°mplex3$Ys;emsjwéfaréflikelyf?9 employ specifications which.are,implied'

by vatious=nofmative tjpes of‘ptopositiOns.‘ As much of the structutal

vspecification may follow from these propositions, it is natural to think
" in terms of attempting to assess their generality and thereby establish :

.the validity of the’ madel. This,'oftcourse, takes us afield from the

popular positivistic approach to verification and into some. gtay and un~ :

explored terrane (Johnson and Zerby, 1972)

The?Glassicgl;Situeticn.f

When ccnSidered-in connection withetheiVariety of possible structural
specitications (and methods of arriving at parameter values) for systems, the
concept of verification becomes rather vague.» In a Classical statistical
sense the problem of verifying estimated relationships is in principle
comparatively straightforward,,vData.rquiredvforfan assumed.structure are;}A
obtained thrbugh sempling thefpcsﬁletioh;'the7parameters are estimated and

inferences are, made on the basis of the. sampling distributions of the-

‘ statistics obtained. Under-sufficientlyvst:eng‘distributional assumptions

the proceesvef establishing the ﬁerifiability’of'the model is then a matter
of examining its §fedi¢tive pover as well as agreement of the estimated
parameters withiqgalitative restrictibns'suggeSted by the underlying.theory@

, Accaptable parameter values and accurate predictions are also the

standards by which the verifiability of mofeigenerel types of systems‘models

are evaluated. However, the methods by which these properties of the

.istrucéutalfmgdéls are examined arehtar ftc@vstandard; It will be helpful,




however, to keep the Classical problem in mind when viewing the . circum-
“stances under wh%gh systems models are constructed and the methods employed

Cin verifying them.

'AlternativefStrdstnral;Specifications} -

Zi The first and most obvious point of departure from the Classical situation f

‘*Vis the possibility of alternative structural specifications. As the theoretical

.(‘

basis for systems analysis is far from complete, this is the usual situation
h'\fz(Heady, 1971 H. G.‘Johnson,‘l951 and Thorbecke, 1971) l The issue here in—ﬁf
ﬁp.volves the comparative validity of the two or more structural models. 'Advfuv

host of alternative evaluation criteria can be utilized in asse891ng

' the validity of alternat vevsystemS’models.vaAs some-authorsxhave suggestedxfé‘

“(in‘particular, Dhrymes, et al., 1972), these various criteria ohould be
’ﬁfexamined in context of a "Sherlock Holmes inference approach. Thatfis, o
3 a process of data anaIYsis should be emPIOYed .« .. "in which Sherlock the‘t'h
o :econometrician weaves together all bits of evidence into a’ plausible story k:
_:(Dhrymes, et al., 1971) This evaluation approach may involve attempts to
”_determine both explanatory and oredictive powers of the systems models.

‘ ‘f'::ig;triteria advanced to examine the explanatory (non—predictive) power ofl L

systems models are usually associated with eomparisons of estimated and

sample values of internally determined variables.v Specifically,_convent~
-VV o _ional measures of goodness of fit' complemented hy change-of-direction
| .‘tests‘or tracking ori eria assume particular importance in this context.igAv,;
‘vnumber of such tests as well as other tests that might be employed to eval-_fﬂ:
uate the explanatory power of systems models are indicated in Table l.. Thef;"7'
suggested tests are of course,‘most meaningful when parameters of the
"models have been systematically estimated from the observed series witheot

: recourse to: auxiliary or artificial conditianing variables, e g., tine :__f-ﬁ
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zvaiuation Criteria for Investiga.ing the Exp anatory and

N R .. 1. Predictive. Power of - Systems Models _

. . . R ¥

. i . : Explanatory - ' - Lo "~ Predictiver
. 1) Coefficient o£ nultiple determina:ion~, cj? 1) Mean' forecast errorSIZ(ehaoges and levels)

b/

’_2) Durbin - Watson statistic—. ©2) Mean absolu;e;foreeas:,errorS!“(changes and levels)

*3) Graphical analysisvbf residuals. " R - 3) Mean sQuered'forécas: errorSI (changes and levels)
4) - t statisltckl o e e i : '4)_ Any of. :he above relative :o—j . i f o
b/ . » N D a) the level or variability of the predic:ed’

5) Chi—square or ? statiscics— variable

.8), Attehison - §1vey, [1958} test °£ E££25;3v b) & measure of "acceptable” forecast etror

o restrictions— for alteruative forecasting needs and

&) Ramsey [1969} specificacion error tests—j ) ) horizons
) e i . b
Point a)iemitted variable test o o 5 t sta:istic—/.
Cri- - b) functional form test : 5 ) i : . b/
teria . ¢)" simultaneous . equation- test ) - 6) Chi-square or F statistics—

; d) heteroscedasticity test Co ’ . .r ) . .
&) Chi-square 'gocdness~of-fit' test i : ef
£ot normality i n Theil's inequali:y coefficienb—
8) Sample mean squared error~/ (ehanges and levels) - 8) /Hultiple comparisons of predicted and non-sample da:a series
9) Kultiple comparisons of explained ‘and sample ~ 9) Factor analysis of predicted and non—sanple data series

data - : S
. ¥ :19) Informdtion 1ﬁsccuracy statistics for non-sample: datq
10) Factor analysis of exPlained and sanple datt O o B
series . - : -

11) Information inaccuraey stscistics for sample .

data
Track=] 1) Number of sample turning points missed ‘1) - Number of noﬁ‘sample*tutning points missed
ing kS v - , - S . .
Cri- 2) Number of turuning points Ealsely explained 1. 2) Number of turning points falsely predicted \
* teria : . RS e ) :
S )] Number of sample undtt - or over estimations * 3) Number of non<sample under'— or over prediction . =
: - ’ 9
4) Rank" correla:ion ‘of Ayt and Ay: [ 4)  Rank correlation of Ay and’ Ay £/
:5) Test of randomness “far éireotional explana- g 5) Test of randopness for directionalvpredietions
tions : . " .
6)7 Test of tandomness fot explained turning e) Test of ‘randémiess for predicted turning points
. ‘points E LT E o ] N
7 Inforgation theory s:a:isties for samole 7 Infot:étién»theory‘stacistics'for hon-ssmple’data&l
s data i o o - : : :
o Bias and variance of explxined error... . 1 1) ‘Biasf’ variance of £crecas: error )
2) Errors in s:art—up position vetsus errors 2) Btrors ;n starc»up posi:icn versus errors in predie:ed
: in explained changes (Ayt) ] changes (Ay )
3) Comparison with various’ "Naive“ explanations ’ 3 COmparison with various ”Nalve forecas:s
4) Cpmparison with indicator qualitative ertors 4) Comparison withv“judggental." “consensus,” or other:
: o . i e ) N noneconometric forecasts CU o
S§e¢;“ 1) Comparison of power spectra for escimated e ) is.:Comparison of powet for predicted and non-sample data
tral. | aud sample data seties S : Lo Lseries
Cri- ., ’ . . 3
teria | 2) Speetral serial cortelacion test of structur— .. 2) Spectral serial cortelacion test of structural or teduced
.al or reduced form sample disturbances . - form won-sample disturbances
3) Cross Spect?alVECQKiSfiés‘nf relationships 7 '3). Cross spectral statis:ics of relationships between yredicted

betveep estimated and actual sample values . and ac:ual non-ﬂample values

2/ This measure, as 1s the ‘case with a number of the other measures presented, is atrictly applicable only to siugle-equﬂtion

models.  Some mult!ple equation coun!erparts of this measure are discussed in Dhrymes, et al., [1972, P- 38]

These criteria represent only apptoximate small sample tests if the assumptions of the classicnl linett model {(Ramaey [1969})
are vot satisified. )

Classical hypothesis :esting procedures cannot be employed for these stacistics since their small—sample prcperties are
generally unknown.

fThia column is: adapted Itom Dhrymes, et al., {1972)

For 2 criticsl appraisal of this predictive criteria, see Jorganson, et al., {1970].

y denotes values of - endogenous or state vetisb;eq obtained from the model, ’t 1ia the corresponding observetion, t=1, . . ., T.

For the predic:ion or non-sample observation period 6=T + 1, - « ., T + m, a similer designation is utilized

These statistics are descripttve measures of observea (explstned and unexp!sincd), model. (correct and incorrect), end joint .
(corresponding and noncortesponding) information.



counters in time series data.zl When standard estimation procedures are

. applled, some of these criteria employ approaches which yield Classxcal tests

”vthe sample data best is the most valid of those considered. COmparisqns .

’while others are--at this stage of our knowledge—-descriptlve and geared to

particular model appliC¢tions.22:

In comparlng alternative model representations on the basis of the1r

explanatory power, the idea is essentially that the model which explains

of this type are obv1ously difficult since some model representations

may;perform.well-on the basis of one or more criteria but poorly on .the

,basis_qf:other critefia, Thus. a Weighting scheme‘of‘sqme sort is required

v if@fwovor méreﬁcriterie-are utilized. In general the degree of model .

’validity increases with the number of positive results registered when the

;.selected criteria are applied._

These expianetory,mcdel comparisons are frequently based either on

analysis of_vatiaeee and results of teet_statistics widely used in etatistica14

»*inference'or on direct comparisons of the estimated values for the jointlyl_'

deteimined variebles with the'samp1e~data. “In the former case, comparisons

, can.be made by testihgndfffereﬁées'in’explanatory pqwersbef reduced forms

(Dhrymes, et al., 1972). In the latter case, a numbet of alternatives are -

: available for eValuating the goodness of fit oF the simulated series and

the sampie data.f These teste range from Classical chi»square analysis to

more qophﬁsticated comparisons involving the use of spectral analysis

(Fishman and Kiviat, 1967, Howrey, 1971, and Rausser and Johnson, 1972).

Although COmparisénsasimﬁiated.with»actual~seties seens to be a natural

.'alternative,for‘evaluatingvthe»comparative validity,of'econometric models;e'§‘%j¥"

they have as will be indicated, some decided limitatlons.

Presuming the availabi‘ity of non-sample data, alternative models can

be compared on the basis of their ability to forecast or predict values of



the endogenous orvinternally determined variables. An evaluation of the
predictive power of alternative systems models represents a more formidable
examination than the evaluation of the explanatory power of such models.‘
Typically, a wide va:iety of alternative models or theories present approxi-;
'mateli equivalentldegteeseof validity on the Basis of explanatory.or fgoodneSS~
of fit' criteria. 4s a cohsequence, more stringent predictive performance‘l
_critefiekare usﬁally sought. A number of these criferia are also recordedlin
Table 1. ‘Eacﬁ involves an attempt to access.the homogenity of predictions
for alterﬁatiVe'models‘with non-sample &a;a."'

Model comparisons in context of“predietive cfiteria.appeer ;o.be mede..
best on an ex post rather than ad'gg,ggggxbesis. This follow5ﬁsincevwith.
ex post predicfibns obse:ved values of the_exogenousidr conditioning
variables can be utilized. All errors then result from the.structufal~
specification and parameter eseimates in the model and no impurlties are
created by the errors in estimating or forecastipglthe values of the |
exogenous variables. There are few special situations (involving linea:,
sys;ems‘models and well behaved error terms)‘in which forecaeting'perfermaQCQ‘
procedures yield Classical statistical'tests,.(Jorgenson, et al., 1970 and
Dhrymes, et al., 1972). In the more general eituatlons,'howevei, no
statistical teets appear to be known at this time. This simply reflects
the fact that statisticians have not yet succeeded in isolating a proper.
way of evaluating a sequence of dynamically generated forecasts for a set
of jointly_determined variables (Rausser and Johnson, 1972).

One point of &eparture from the Classical situation which frequently
occurs in dealing with systems models concerns data_availability;:‘Current
eXperience-ipdicates that it is unlikely that available data can sﬁpport

“ambitious systems:ﬁOdels (Duley, g;.g;., 1971, Fletcher, et al., 1970,



\’Halter, et al., 1970, G L. Johnson, et al., l971 and Thorbecke 1971).--
. The only alternative in sucﬁ situatlons is to supply missing or non- :;'
'estlmable ‘parameter values from prior%iﬁﬁgﬁéﬁzéfkihether based on experieace .
iwith similar relationships from corresponding situations or on educated |
» guesses ‘of individuals familiar with such systems. These types of prior-.
'information can be incorporated using Classical statistical methods (Judge

band'Yancey,”197l) or as,suggested earlier, in the context of a Bayesian

‘formulation of the problem (Zellner, 1971) However, such information is

N obtalned it is likely that the estimated portlon of the model will be

examined together with the pre-speclfied parameter values before a final
| version»oﬁ;the,modelﬁis obtained. In short the estimation procedure for
-the'strectural;modelvis,uederfthese»circumstances probably best described
as a sequential or adaptive'type of process.5~

‘The adaptive or sequential estimation procedures required in'the case
of insufficient data leave 1ittle to salvage in terms of straightforward .
v applications of the Classical verification methods (Van Horn, 1971). Prer .
.dictive tests based on szmple dara have less meanlngidue to the sequen;ial
or adaptivevestimatiOn procedures;l'Iests oaieSrimates”Oflindividual,par-
-ameters.arefalsouof ver&'limitedgvalne~for the same'reaSOns;vainally,_it
_is highly ﬁnlikely:that data will be reserved for testing the model against
fvnonfsample'observarions. ‘?yep gheSe proolems ane;to;data limitationsiare ‘
.coﬁsi&ered togetﬁer’witﬁilhe'preriouslyimeﬁrioned problem of alternative
structural representatioas, it ds clear that the cooventiosal approacheS»to
verification are largely uninformativefin~the case of complex systems models.
It is the inconclusireness of standard}models'in sﬁcﬁ situations that has
led researchers using lerge s¢ale and perhaps nonlinear systems models to

examine internal consistency as a means of verification.
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Internal Consistency
The motivation for examining internal consistency as a basis for

verification can be illustrated rather nicely with the following situation.
A model describing a system has been estimated (usiu’vthe term loosely) and

tested where possible using the ClassicalAstatistical procedures referred to
If the results of this first type of verification,procedure are not

above. i !
particularly convincing, as is often the case, further information as to the
v ht. One source of such infor-

validity of the structural model may be sought.
mation is an investigation of the dynamic implications of the system repre—

'sentation.24 If these dynamic implications are consistent with the estab-
ished theory or with pre—suppositions as to the. functioning of the system,
then such an investigation is said to yield results which support the validity

On the other hand if the dynamic implications‘are inconsistent

of the model. -t
with the theory and institutional knowledge of the system, the validity of
If the dynamic implications of the model con--

the model is contradicted
tribute to the evidence of validity, then we say the structural model is

\\\

internally consistent.
There.are well established methods fcr investigating the dynamﬂc
implications of ‘both linear and nonlinear structural models (Fishman and

Kiviat, 1967, Howrey and Klein, 1972, Howrey;“l97l Howrey and Kelegian,
In brief,'thesebmethods are based |

.1969 and Rausser and Johnson, 1972)
~upon the fact tﬁat 1agged relationships entering the systems models can
Aside from straight-

be viewed as difference or differential equations.
forward impact mnltiplier»analyses which can be based directly on the
. 'S

reduced forms, other types of multipliers (e.g., interim, cumulated, and
equilibrium) based on final forms or solutions of difference equations 7

can be obtained and“examinations of'Stability and convergence can be con-

For purposes of the general discussion, it suffices to observe that /

ducted.,  Fc



==

;applications of methods for eyamining internal consistency typically proceed
in the context of the estimated reduced form for the system structure. 'Hence;
the procedure is to.insert.the pertlally tested estimates of.rheAstructural
paremeters,»obtain the redueed form,and determinefitsfdynamicrproperties.

| Bothganalytical and‘simuia;ion wethods oan-be applied formekaoinihg
the properties of systems of the type osually‘encouoteredx(Fishman:andv
 Kiviat, 1967, HoareY'end\Kelegian, 1969,vﬁaylor,'i970; and'RausSei and
‘Johnson, 1972). Althoogh thereiis currently SOme disagreement as to the
circomsteaeeslunder_which oﬁe»general methbd is preferredrto;eabther,ithe
following guideiines seem:to;oe reasonablev(Howrey-end‘Kelegiao, 1969:and  -
'ﬁaYlor,‘1970); For’noﬁstochastic*eod comperatirelj>simple iroeargand'non—t
linear‘models analytical ﬁerhodS’offer.advantagesﬁro the,simulation apﬁfoach
(Howrey»andeelegien, 1969 end Rausser and Johnson,'1972) ' However, as-:.
the mnodels vecome large and sampling or prior distrlbutions of the parameter
Aiestimares as well as the stochastic disturbances entering the system are
recognized simulation methods seem to be a more tractable means of obtain-
ing information about the dynamic behavior of the system. While the simu-‘
‘lation methods have the p0851ble advantage of belng applled to the structurar_v
form of_the model, the'general,implications of the simulated series are in‘7
‘maoy ceses unclear. Hence, irvseems reesoneble to'seggeSt that simulation
as a means of obtaining dynamic properties of sectoral models is coming to :
‘be regarded as the applicable alternative only when analytieal or analytical
simulation methods-(Rausser and.Johnson, 1872) are infeasib;e, - The appropri-
ate method is, therefore, mainly a Questionvoffiodividuel‘jodgment regarding

the feasibility of using analytical methods.

Normative Considerations

As previously indicated, models of economic systems are typically

beheviorel in nature. The beheviorai expressions incorporated in the
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:strpctnres:of‘Suchlmodels,mey be,refined‘in terms of previous'empiricalfano i
ltheoretical investigations—-as is the case with consnmption functions'used'i¢>f
macroeconomic systems models——or more descriptive——as might be found in |
‘Vrules of thumb employed in firm or process models. In addition to the
"fact4that~models of«economic systems are'behavioral~lit'is important to::
‘lrecognize that they are ‘typically complex, involving perhaps many types
;’of such relations.
| Now the behavioralist view is that such relationships are descriptive :
‘ and therefore, do not require inquiries as to their normative underpinnings.
The positive-view would‘assert that it really makes no difference as to
, whether or not the behavioral specifications contain implicit normative
assumptions._ If the" model containing these behavioral conditions has
’vpredictive power, then we employ it or, wore properly, we only reject models
',»lfor lack of predictive power. Neither of these approaches, however, repre—
vsents a very comfortable position for applied models of economic systems
, (Johnson and Zerby, 197°) It_is‘well‘known, for instance, that-specifi-
' gcationS’offindividual<supply'snd demsn&%fonctionsvinvolve normative con-

o si&erations; Moreover, as we depart from the purely competitive system,.

Amodels»tends to in‘lude implicit judgments as to the advisability of con—.;

{ﬁcentretion in industries, land reforms, income redistributions, etc.‘ It is

‘ pleasant to think in terms of generating such statements or relations from
primitive and widely acceptable normative assumptions.- Economic theory has
not, hovever, prooressed to the point of provrding enough structure-sovthet‘
vmodels of complex economic systems can’ be set forth and applied on’ the basis
of such primitive assumptions. We are 1eft therefore, with models in~ |

» cluding behaviorel relationships which involve non~primitive end possibly

conflicting normative assumptions.



f ihgse sorts of difficulties were, of course, recognized'atvan>éarly
point in ﬁhe development of appiiéd.work based on’mddelling results (Heéd&,
1952 and Black 1953). A partial»solucion is possiblé if the concépﬁ»of
céﬁﬂitiénal normativism is used (Johnson and Zerby, 1972). That is,
by making-certain normative suppositions in constructing-the que1s and e
 the§“ptésgqﬁing tﬁe}resglté,oriprescriptions devéloped from utilizing
bfthe models on the conéifioh thét ﬁh; potential users subscribe to the
ugder;ying normativé assumptions. Linear programmihg analysis as ﬁéed
in aﬁpited studiés of firms is a frequent referente to exémp1gs_of this
épprdachf The same approach is obvidusly applipahle_to more c9mp1exf
models~-complex in terms of their,norméti§e:assumptions. Héﬁgve:,'much v'
v of'ﬁheﬁadvantage-is lost because of the likely feduction in the applica-
biliﬁy of the results.. It is igiéOnnection with the difficplties associ—
‘atedﬂwith'thg problem of seiecting the "appropriate’ normativevcriteriav

tﬁat_fheviégue of normative verification is raised. That is, if we wish
to coﬁStruct models which are representative of a specifi;iec030m1¢ system
" then it is,imporfant to at 1eastv§ttamptjto aécertain the apfropriate

pormative assumptions on which to base the'ﬁodgls.zs,

V. APPLICATIONS IN AGRICULTURAL ECONOMICS

{Hsbme>im§oftantrapplicétidns:of;systems and simulation methods iﬁ
Agricultural Economics are catalogued and‘discussed»in this sectibn;
As systems analysié_methods are comparatively new in'Agricultufai Economics,
the applications mentioned are ail from the p:evioﬁs éwovdggades.‘ With the
exception of gaming (which due to its intensive use as a pedagogical tool: =
is treated specifically), the applications are arrayed and discussed by‘
sﬁbject area. The sﬁbje¢t areas identified for attention involvé systems

models for firms and processes, markets, aggregate problems, economic
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.devélbpment,pro¢§58es, and natural resource problems. The arrangement of
 £ﬁe«survéy~a1eng=Eﬁese admittedly rathér arbitrary subjcet area linesvgs
designed to serve as a basis for comments as to the comparative develop-
ment of systems methods 1n the various fields and to provide reasonably
homggenqus,cOn&itionsﬁﬁQrﬁgyaluating the modelling'attempts‘1n.che;designated;
 »_&:€&3,_ Tﬁe’lat:ef:comménts»ﬁill.beffather'closely identifiéd with the
genefal dbservétidns oﬁ éyétéms and systems analysis which have been made
%»ﬁreviously._ As a complete or thorough survey of this work in each of the
::designated éreas is Beyond the scope of our current aSSignment, we confine
" our comments-largely to the strengths and weaknesses of-the studies reporteé;
Iﬁ particular, the results facilxtated by the use of systems and simulation
concepts will be examined@ The overview with respect to contributions of
- Agricultural Economists in the development and extension of these methods is

::féserVéd'for section .VI.

GAMES AND GAMING

Gamés-andvgaming'as they relate to concepts of Systems and’simulation
ove :hei: Béginniﬁés.to the developﬁent of similat1types of constructs for
the purpose of investigaﬁing thé po:ential'of.variQ#§ strétégies in war. -
This historical pefspegtive_fbrithe more modern developmentsjwith éaming
asvappliéd in AgriculturaliEcdncmiCsbhas been nicely documented by Longswérth
- (1970). These exerc%_sss‘in war-gaming apparently attracted the attention of
business ofie$£;d~§éople in about 1956 when the American Management Association
sponsored a group to develop a'mahagement gaﬁe based on concepts and methods

from the U.S. Alr: Force inventoty management game called Monopologs (Longsworth

' -1970 and. Bellman et - al., 1957). The efforts Of-thesen.sndividuals'and.the

American Management Asscciation sponsored substantial in. terest in the use of
management games au teaching or learnlng aevices during ~he late 1950 s and

early 1960's (Grgenlaw, gg,gi., 1962), These managementv games exercises have
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© been described as. falling into three rather broadly defined categories--"(a)

b'Vfthe total~enterprise games which include the early top management games as.

,well as - their mnch more complex deScendants' (b) the specialized or industry
{
: ‘games which relate to a specific industry, and (c) the functional games
V,Longsworth (1970, p. 4) : | . -
Early interests of Agricultural Economists in connection with these
iaﬁdevelopments in games is typically identified with the names of Babb
'lEisgruber and Hutton,.(Babb 196& Eisgruber 1964-and Hutton'l966) ‘As'
these. initial efforts were strongly influenced by the business management
dgames, it is not surprising that they were concerned with farm management.;jd
) An equally early application, but with a slightly different orientation,
1nvolves production control in a cheese plant (Gllckstein, 1961) Although"
subsequent efforts have presented somewhat more complex Problems as well as
‘diverse enterprises (see tabular survey Table II) it is apparent fron the
vlisting of games and their characteristics that the larger impact of oaming

models has been in farm management. A very exten31ve survey of these efforts

o iS~contained in'Longsworth~(1969);, l

Systéms, thmes' and Simulation: i

Althouah somewhat different in orientation than the other topics examined‘.i

‘“;7in this survey, it will be clear that models concerned with games and gamlng

\.fit within the conceptusl framework provided in the first part of ‘the paper..
iTo begin, ‘we note thst games as viewed from the standpoint of oarticipants |
Hare decision problems.‘ That is, the partlcipants are typically provided with
‘some--perhaps not complete-—information about the game and asked to play the
game by making decisions according to some artificially specified criterion .f

"or whatever implicit criteria they might select. In_term3~of'onr previous,ij?



A.Tabular Survey of Gsming Models

~52—

" TABLE 1I

in Agricultural Economics

: i R T R Lo Time Multi- Compepy ! Open- ' Decision | Comput~ Sto-
_References Situation Objective wntt® stase . it ive— closv:déc- variables erfized chastic
Babb and Each tesm manages "To learn about 0 x 0 Prices, inventory, x 3
Eisgruber, a fars supply sanagement. in credit, hiring,

[1966) - store that has a competitive firi{ng, storage
been deterio- environment capacity, truck
rating finao- ' expenditures,
clally investments
Babb .and As many- as- four To stress impor—- N - x 0 Prices, advertising, x
Eisgruber, dairies compete - tance of finan- hiriog, firing,
[1966] in a local cial planning commission rates
market and to uader- :
_ stand the nature
of competition
aud strategy
formulation.
Babb and’ " ‘Operating 2 farm. Ta.stress farm Y x x 0 Production levels, x X
Eisgruber, ‘in pure. competi- management and method of production, ’
[1966] . - tion 1lluszrate 1aad purchase, sale
choice of com= . and/or purchase of
bination of breeding stock
produets ’
CES Y nd Firms selling To learn about [+ x . x 0 Margins, specials, x
Ei._.uber, four. types of marketing advertising, orders,
{1966} products in an . . management stamps, -personnel,
urban market loans o
Bellman, Fires competing To provide a [o] x x ] Price, production x
115571 - for a known means of exece rate, marketing
consuner utive training budget, R&D budget, .
market using simu- investment
lation techniques :
ip a multi-person
business game, .
stress on long-
run policy deci-
sions
Bente and Teams. cperate To stress relation-| M x c - Input purchases, cap- x x
Williams, four egg handling ship between a firm ital investments, .
f195:] plants in ’ and its environment prices paid
' Illinols o
Curtis, . Single farm To evaluate the Y ‘x c Basic iaputs, x
[1968] managemest effectiveness of : debt servicing,
: business simu- borrowing :
lation model for.
teaching farm
business analysis
and record keep- -
.ing.for high
school and .adult
students: the
“ginulation tech-
- nique is compared
vith-more tradi-
tioral methods
Etsgruber, Operating a To exaxine the Y x x c Crop levels, x x
{1965} single farm effects of ‘ fertilizer
. limited capital, (azounts,
uncertainty, . and -types),
price cycles, livestock,
specizlization land, breeding
va, diversifica- stock purchaeed
tion, etc. &t or sold
digcretion of
Eranagenent: i
/




A Tadular Survev of Gaming Models
ian Agricultural Econcamics

TABLE 11 (Con't.)

Time

o ; . ) C Multi- Coape Open~ R Decision ‘Komput= Sto-
Refeiences Situation Objective unit— stage itive— closed— variables erized chastic
Farris, Operation of a To stress farm Y x x Cc Production levels, x X
et al., San Joaguin operating land purchsses,

T1966) Valley (Ca:) decisions wnachinery com~
B farm binations
Frezier, ivestock To determine the 0 x Lz c Utilization of x x
et al., auction inherent ineffi- facilities, storage
TI§701 market clencies of a capacity, utiliz-
given 'size and ation of storage,
scale of auction length of entry
sarkets and aad exit queues;
evaluate systems volume of live-
simulations as a stock
research and/or '
wanagenent tool
‘Frahm~aad English (Ascend- To zest hypothesges |0 x x ] Assigned selling
Schrader, ing. bid) and Dutch under given gitu- price and
{1970} (decending) auction aticn wmarginal processing
markets compared cost .
with respect to
’ o {i) price vari-~
: ation (i1) speed
of convergence
(111) average prices .
and (iv) observed
equilibriua prices
{ N
Fuller Connecticut To relate marageriall Y x x o Production levels ox x
[no date) ‘Valley cash principles to deci- of crops and dairy
crop and - sion-making
dairy farm . ,
Feller New England R To stress impact of |Y x k 3 c Selection of marketing| x° x
[no date] brown egg - trade-off strategies aystenm, capital in-
poultry farm between income and vestments, preduction
. ’ security . levels
Greenlaw, Firm selling To provide a dynamic|O x x 0o Price, expenditure
et al. , single (un-" experience in mar-— for sales force, -
T1982] named) pro- keting decision- ratiopal and.local
. duct 1in. two zaking. To empha~ advertising of less
regicnal size competitive izportance are pro-
markets; interaction in duction and trans-
demand fluct- narketing decision portation
¢ uvations nmaking anod difffi-
- presant culties of in-
ternal organiz-
ation
Greenlaw, Physical To examine order 0 x /] Price, orders, {n-
et al., production “and inventory ‘ventory
D {1562] and ‘distri- policies in a
bution: of - dynamic market—
goods; pro- ing situatica
ducer-whele
saler-te~
tafler links
are eiphasired
Futton and User specifies "To evaluate Y x ] Inputs, level of x x
Hinman, situstion ‘and slternative capital, finan-
{1968} paraxzeters farm plans cing, sales, tech-
that pertain nical ccefficlents,
to his con~ . production levels
cerns
Longsworth, Australian dry- To-weizh short~ Y x z [+ . When to buy and sell, x x
{1970} land grazing run tactical levels of output,
and cropping cdecisicns vs. capital investments
farm “long~rua
strategy




‘A Tabular Survey: of Camlng Ho»(lal'vl'»
in Agricultural ,Sconomici .

TABLE T1 (Coa't.):

.IJ.:‘:(Q'.}; R

Decision

- . R S e nT . “Multi= mepv” Open=- , Comput=. Sto-
References Situation’ . Objective - lupit= stase {tive—~ closed= _variadbles erized. chastic
McKenay; Firzs s2lling * To provids pro-. o ' x 0o Price, advertising x-
f1962) three (slenat) duction planning ! expenditure, design

~_products ‘experience and and styling expense,
deacnstrite production levels, .
. interdépendency . investment-in plant
-of functional capacity snd/or
decisions vith— securities . -
- 4o fira,
S:tess is-on
time dimension
Smith, © 1) Sellers make To test hypotheses | 0 x x [} . Trading sessioa
{1964} offers, buyers concerning the- prices aloag with
S . say accept or . © price equilibriun price limits
- reject. and adjusmea: : ) ’
+.2) AS:nets and :
buyers both ¥ets under three
" activein the earkét organi-
mrke: process . :ation canditions
3) biyers make
- bids, zellers
- .may accept:
‘or reject
and Managing a To. relate economic:| M x = " C. Levels of preductien, x
£ T " 640-acre farm - principles and land and’ ucbinety
[no date]l. - farm Eacagement . - purchases
Vincent, . Farm construc~ To famillarize Y x X 0 Production levels, x x
{1970} tion . and oper— partieipants with |- land purchases,

. .atica problezs faced capital allocation
in farm develop- ’
ment o :

Walker and A& 400—-arre corn . To understand pro- | O x x [ * . Livestock igventory - x
Halbrook, farm in the . _blems of grovth : and capital in-
[no date] . | . great. plains’ under. um:eruinty vestment"
S . area :
‘Wehrly, ‘Managing.a farz " Te -demonstrate how | .Y x x < Crop production levels x
[no date] on the southern. plans made vader C . i ” k
. ) high plai.ns of ‘| . perfect kocwledge
‘i‘e.xas v.*ork out. undey
“average” con-
. ditfons ’ B N
Statisticai model =~ |’ To. develop ainu- o x 7 x 0o Product quality price’ ‘ x x
‘of auction market laticn model of : limits, nuwiber of
vith application an ‘auction mar- bidders, size of lots
to .\ustralxan 3 ket demcnstrating ' ’ .
‘wool the relstionship
between_ wari-
ation {n valu~
ation; price
variation and
the pusber of
A . independent .
bidders in the
market

2/ "H" uands for wn:hly deehxm-raking ‘and "Y" for yearly. "o" indicat-s time di:wnslon vas unspeciﬁed, or other than lon:iu.y or yearly

bk cmpttltiv: ga:‘.e is cne in vhxch the actions of one teas do not effect the outcome of mo:}:et tean

-

el f_’"O" lndl;étea’-i open;i"C” {ndicates closed.

.



discussion (section_III) tﬁe-individualbor participant is implicitly re-
quircﬁﬁto formulate a system model of the decision type.

The game itself is 1ikewise a model of a system. As may be observed
from the table containing the Cabular survey, the games are typically
‘models: of agricultural prcducing or farming units. In terms of the:
,classificatory system we have’ developed these games or systems models
Sare of the descriptive - behavioral or decision type. The situation is
hthen one in which a model of a system is constructed and the participant
‘is requlred to form some tepresentation of the model (for the system) as
a basis for develcping a strategy for playing. If games are utilized
as a pedagoéical-device, then it is,takeﬁ as an article of faith that
the proccss'of playing the game will result in increased proficicncy.

This increase in~proficiencyﬁmay, of course, come about as a consequence
»of'an increéséfiﬁ:;hévparticipants modelling skills and anaiytical ability
or,thrbugh tﬁe accunulation of factual information about the'structure of
the system (Cahep'and%Rehnman,*l961). If games are utilized as a research
tool, then records of the individual(s) play are utilized as a bésis for
decérmining behavioral Characteiistics of the participants or the game it-
self if thefplayersaintcfac;,ﬁith thecga;e.i-lﬁ the first case- the research
objective involves an investigatiop'of the means by whicﬁ various types of
ecbnomicjagents make decisions. The second case involves the types of.studies’
| typically identified with the Suﬁﬁect of experimenfal economics (Smith, 1964,
Whan and Richardson, 1969, Frahm and Schfader, 197C, Frazier, et al., 1970).
| Given this viewiof the gaming modeis, it should be apparent that the
syscemclframework we have developed. and the questions raised in regard to
the formulation of systems models encompasses the type of models employed

in gaming. With respect to the systems framework it is clear from survey




‘ Tabie'l that ﬁos; of the games'feporteé'are dynamic and‘Stochastic. While
the,majoraboétion of the games‘involVefe:ptoeeSS’in which the‘participaht
ie>p1eying against ﬁhe,systeﬁvaé'contaihedgin the abstract game model,
théfesare*games in whiehﬁfhe indiﬁiduai!participants éfe themselveeAa
part of the structure and their performance in the game is dependent upon
others actions.  This latter type of game is, of course, more easily identified
.with the war gaﬁes mentloned 1n the brief historical remarks. Both of these
t&peé of games as they have been applied in’ Agrlcultural Economlcs can be
thought of as open 31mula§ions (Orcutt,bgg él,,-lQél).- That is, the actionsf
of the player;yis—a-vis;the gaﬁe are neteenéirely_prescribed by the coﬁditions
of the operafion, If the_gemeuis closed, then the‘processfby which the player
arrives at his actions-ehis "thimal"vstrategy--{é.in principle, determined
‘by the ru]es of the game. Siwuiaticns‘or play ﬁndef~these latter conditions
should when the game is complex, previde for an experimental procedure which
will let the player determine an apprcximately optimal strategy. The simpler.
of these,types of games provide the link between games and gaming in a systems
ané_simulation context andgthe mere formal 1iterature‘eﬁ.the theory of gameS”
(Vone&eumann*and'Morgensterﬁ; 1950;:Shubik, l960faﬁd Wagner, 1958).

Problems of sYstems modelvfcrmulatien as they relate.tovgames appear as
”yet to have received little formal attention. Although it is clear from
many of the operative games that con31derable efforts have been made to
construct realistic games, i.e.,vmake the‘syStem‘quel a valid model of the
system beingsmodelied, li;ﬁle fermal informaﬁion is available wﬁich might
be utilized to deterﬁihe.this reaifsm on a more scientific basis. Efferté
in this direction'wculd, ae our preliminaryvd13cu5510n suggested, invéive

more systematic procedures for structure specification aﬁd,parameter estimation.



‘Furthetmore, regarding the simulation of the gaming models or play, it is

‘itapparentﬂfrom the previous discussion that games and gaming exercises
g-could become more useful ss avlearning tool if more attention were given
to the process by wnich participsnts arrive at strategies.v To this point,13 o
‘1 the various games appear to do 1itt1e more than force participants to formu—' a
“:late their objectives for play. The exercises as they relate to developing
bsvproblem solving abilities would ‘be enhanced if more careful consideration :
’1':were given to the process by which the simulations are designed to result 15"

. optimal strategies.2§‘f” -

As a final comment, it seems appropriate to mention that Agricultural

Economists appear to have devoted little attention to prob1ems of determining_
‘the»edncational:vslue of games.f With the exception of" the work by Curtis |
j(1968), Babb (1964) Eabb and Eisgruber (1966), and McKenny (1962), (all of
uhich in some respects ‘are rather surprising in- terms of findings as to the
educational~va1ue~of games,27 little formal work is availabie on . this subject.
It would ‘seem. thet if games are to" be used as tesch ng devices then somewhat
more careful evaluations of the effectiveness of the various available games in
:different teaching and extension contexts would be useful in the design of new

,games and in promoting more informed use of those which currently exist.

- ’Fim ANﬁ“ PROCESS mbsts o
Systems models of firms and processes have, as WDle be anticipated a
very stxong decision orientdtion. That is, they are tvpicallv concerned with -
the problem of providing 1nformation which .can be util zed by actualldecision
 units for improved resoutce sllocation. More specificslly, the majority ‘of

the systems models are ‘concerned With firm decision pro:lems and. are designed :

-~ .to psoduce.:esnlts shich can be helpful in desling~n1th uﬂcertainty,,growth -



l. and. adjustment, or edaptation problems.A Each of these problem areas raises ;f

”; substantial conceptual and computational difficulties in the context of the_,j

“flexibility of the systems approach has, therefore, given rise to a rather o

*Ilarge number of comparatively ambitious modelling efforts in this area.’

’f*dynamic and involve some nonlinearitieslssggConsequently, direct solution e
»methods~—even for the more simple of the obgective or critetion functions l

’iemployed~*arewusually infea31ble. The'models are, therefore, 31mulated-on‘fu,

Cm58er

more tradltional neoclassical and activity analysis models of the firm. Theif'

?Zaé " G

As tabular survey Table III shows, these models are mostly stochastic, j?lb'
. 1 .

'C:Q/\

‘the basis of particular types of policies in order to. determine their sen- o

bsitivity to various structural changes, alternative settings of the control

variables and,the like, _Results of‘the s1mulations'ot,experiments are_then

- evaluated in-terms of the objective function or simply presented as,outcomesvf:

- to be anticzpated from the examined courses of action.

Although not mutually exclusive, the studies listed in sutvey Table III

‘can be classified according to whether they are process, management and farm
: planning ot:growth models.w The procees,mcdelsﬂinvolve speciiic;typesgof

-producingfandlmarketing-activitiesoorbplantggover wﬁichha*firmphas'conttolé*

These sttdies are typified by results along the lines of those obtained by

Brooks (1962) Cloud et al., (1968) Dorster (1970) Glickstein (1962),v

“Smith and Parks (1967) Sorensen and Gilheany (1970) and Wright and Bent

(1969) Of these models, the work by Glickstein, et al., is noteworthy since
it preceded many.of thosevwhich followed. It providesia general acquaintance
with'the-systemsbapproachbincprocessing'types,of'prOblems'and‘seemsito have .
had some'influence:on avnumbet-ofitne.shbseodent studies;llTne recentlmodels'

are generally nore elaborate in terms of complexity and sources of uncertainty. '

I:As with most ptocess models, the studies hava comperatively (when specified)
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Models in Agricultural Ecounomtcs
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.on, preseason
water supply
c‘,lu‘n&_;es
Armstrong, To cozbine steys | Farm sinulator for Chotce of eaterprise,’ x D AD FL
et al.,. . | 1ation and linear short term tactical producticn methods,
{1970} ! programeing to decisions, an ex production levels
study farm firm post linear progran-
grovth: ) -micg routine
Brooks, To wodel the C&H Iaput, output, pro- Production levels, in- x DM .BD FL
(1962} sugar refinéry ‘c€ssing stations; “put-levels:
. at Crockert demand, capacity
.Cioud, et al., To deternine the Output, machinery, Scheduling of activ- x o ¥ Ccp FL
(1968] optimal date for " and westher ities, selection of
. hay harvesting 8 production mode, in-
. puts
Doraluson and Utilize simu-: Production, resource, | Production preferences. x M ‘BD FL.
Webster, {1968} | lation to assist revenue input levels - :
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fars plans with
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Doster, To use a simu- Harvesting, bauling, Planting schedule, DM BD FL
{1970} lator to help handling, haying, form and time of sale, .
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| 2 . : . :
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management pol~-’ went
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I8 ¢ .. . K .
Harle, ! To use siavlation Capital, production, Vethod of production, x, z x L BD WAl
[1968) . in fers planning ‘and risk ' sod production '
| by concentrating ’ levels
- on data production
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= 4
‘Hnm.m and: Tn incnrpnrate s E Production, rur{urcu. Lebt level, sarketing x 7‘ B BD YL .
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{1970} - theory of .the firm i financial L dnpot levalw, and in-
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Dﬁ denotes an exanination of all presenzed ‘alternatives’ (full httoria! deslgn)

: CTABLE“IT (Con’t.)
Tabular Survev of Firm and ‘Proceu_s, Simulation
Nodels in. Agricultural Economics
o dmozn a decizion -odal q:pnution, EX denotes a hehavioral wodel trpncatioa and ™ denotes 2 !oncuung nodd spplication.
AD denotes hhtortcd ciuulauom with' glveu l:vels of exogenous factoru.
BD denotes an cxanmation of alternstive levuls» of exogenous factors with no dhtinct order or ‘pattom.

€D denotes the use of various multi- ~stage. :nchniquez to el!uinate inferior alternatlvu from further scrutiny in the oy:h(ntion uearch.

ED decotes an uminauon of telected uternatives vith sone sort of pattern (parthl ot ‘fractional hctorhl dnigus).

D denotes an exaninstion of ‘selected altematives vith’ sone lort of pattern (Iractioul hctothl detigns) co-bined vith foml search procaduus.‘
GD ‘dcnote's a central coaposite (rotatable) design. i v
FL denotes. FORTRAN. ‘

DL deaotes DYSAYO. - S ) ' .

GL<dgnozes general purpose systems zimulation (GPSS).

AL denotes AileDL.
PL denotes program ‘SD{U‘L.ATE. ‘

OL denotes FORDYN. . . ‘ o . I ) : :
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simple: objectives~—minimizing costs, maximizing returns over costs, and mean-—
ﬁvariance types of criteria (E. V. efficien y criteria) ‘

The second group of models may ‘be thought of as fulfilling the need
for budgeting types of requirements in farm planning. These,models=are-

,the more _numerous. ‘of those listed-—perhaps because of the rather general

g.concern with farm planning in traditional Agricultural Economics Departments.

. Studies of this type include those by Anderson (1968), Donaldson and Webster
v'(I968) ‘Eidman, et 3&., (1967) , Halter and Dean (1965) Hinman and Hutton -
->(197D) Hutton (1966) Vincent (1970 a), Vincent (1970), and Zusman and Amiad
‘(1965). The advantage of the systems approach to the traditional planning
proﬁlem‘is againgitssflexibility. Numerous production activities ‘can be
coﬁaideredfalong{ﬁith}many tjpes.of strategies ror.combining.them.‘ It is:
also.easier to pian over'timeiutiliaing the systems_approachbsin¢e;;again;
nunerous activitiesfand‘strategies can be rather inexpensi?ely examine&.t

| Although more will be said about these studies, there are ‘three of the
‘planning type models which merit. ‘some spec1a1 comment. These studies re-

- present innovations of methods which ‘appear to be promisino for future planning'f'f
'vwork The first by Eidman, et al., (1967) is of lmportance due to the type |
of dec131on mechanism emploved in dealing with the uncertainty in the planning,
tprocess. Objective functions of the type implicit in- the Bayesian formulation;
fof dncision problems and the related ones facilitated by the eXpected utility
hypothesis (Von Neumann and Morgenstern, 1950). allow the possibility for
‘dealing more systematically with decision models in farm planningg VThe secondi.
‘study by Halter snd;Dean‘(1965)fis ofvconseqnence“becsusefit'involveo thelnse
ofyajspecial computer lsnguage;ilAlthough, {asiour previons discnssion would:f
indicatej,vthe nead_for these special purpose langeages is somewhat lessenei 1

;due‘toithe'opticns ﬁnichiaréfbeingfincorporated into the more standard language, -



the study is important 31nce it represents a first application of a speciallzed
simulstion lenguage.h The third study, by Zusman and Amiad (1965) is noteworthy f
because of the methous applied in examining the response surface of the firm
model and for the way in which the model was simulated. With reSpect~to‘the~
former, theﬂmethods>suggested and discussedebyvthese.authors.preceded»By a
reasonable margin, the interests of the systems modellers in problems of
experimental design and response surface identiflcation (Naylor, et al., 1969).:
As we attempted to indicate in sectioanII, these problems and the proper}treat~
ment of theﬁ“srefﬁf‘substantial importence io simuiatioﬁ modelliog.bAThe:method"
of simulation in conoectiocisith tﬁekcecisioo prbblem‘is.what wegheye»eetlier
termed analytical simelatioﬁf(ﬁorfme%, 1965).1 The stody, therefore;'conteins a
discussion and application of two techiques which @ubstaﬁtially preceded generalf
interest in the related problems by those concerned with the development of
systems analysis methods. | |

Returning to the third group. of studies-—those on firm gtowth—-we find
a limited number of references in the tabular survey. Speciflcally, those
by Armstxong, et al., (1970) Harle (1968) Patrick and Eisgruber (1968) are:
- the growth studies listed. - With respect to firm growth the construction of
the taEular sutvei was a particular problem. In fact, as a result of the
‘difficult in#estment and decision pfoolems;inVOlvedvin the study of firm.
growth most, of the applied studies in the area could be classified as being
bdsed on systems and simulation concepts.v.The study of firm growth in Agri-
cultural Economics~represents an interesting’occorrence in‘appliedeork.;’For.
when the growth work begen«emostvlikely dueito-obsetved,proolems'in increasing,
farm size fhoWever measured)~~it wsSslargely outside of. the‘precepts of
orithodox economic theorj'.29 The systems approach (although not " called that
by name),vagain due to its flexibility, was . of considereblo value in facxliting

the applied work in this area.
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:In reviewing all instuéigs,aﬁpearing in Table-III as they,reléte to"'
fﬁg general framewark.forvsjéfem§;analysis‘énd simulaﬁionApresénéed in the
previocus sections, we find:them to bevdeficient in a number pf»respgcts.

As noted in this Table, the work .on verification hés been limited. Although ' ,’
thg‘quality of ﬁhe results obtained fromvsbme of the'modélling'effcrts»wbu1d _
suggest that a substanﬁialkamount'of-informal work was done on verification,
there»is Jittle mention ofjéﬁe‘application:of more'fbrﬁél-an& Systematic-tests
of the type mentioned in section IV. As these models have as their méin
functicnvﬁhe gener;tioanf‘information to,be“emplojed,by Qéerétors in the -éa
system‘being modelle&, it woﬁld apéear that morg‘explicit and systematic' ;;&
atteﬁptsﬁto verify.thé modelévwouldAbe advantageous.  -

A second area in which»ﬁhere appears to be a poéSibilitylfqr improving
the models and results involves the design of the simulation,eiperiments. In

a number of the pianning;‘prccess and growth models theAsubjedt of iﬁvest-"v"’

. 'igation is some type of response surface. The models are sufficiently COmplexv.

(principally in terms of nonlinearities and stochastic components) that the

the study of response surfaces without considerable attention to eXpetimentalv‘

design may provide misleaﬁing»information} As these models become increasingly
more ré.alistic, and- consequently more complex, the problem of identifying the

response»surfaceslwith.a high degree of reliability is likely to be more

- important.

Our last observation concerns the criterion functions implicitly or

~ explicitly employed in these models. Clearly, since the models are stochastic

in nature it is necessary to employ various kinds of indexing schemes which -

 can accommodate the stochastic arguments. As mentioned earlier, the Bayesian.

and relatedly expected utility approaches seem to represent an encouraging

&eVelopmént in this:fegatd. Thé{eafiier noted work of Eidman, et al., (1967)



represents a positive step in this direction; As ‘these types of ideas begin
to be introduced however, it will be necessary to attempt to take advantage
‘of their full benefits in terms of possibilities for analytical solutions
(Burt, 1968). They also suggest that the analytical simulation methodsvwhich'
vere applied in the work of Zusman and‘Amiad (1965)~will,become more{conmoné-"

place in future work with process and firm models.

MARKET OR INDUSTRY MODELS

This classification encompasses a number of market_or industry system in-
vestigations. The nodels constructed for these investigationsutypically -
P involve elements surrounding the movement of one or more commodities. from ‘

producers tojconsumers. Many of the studies are explic1tly concerned withg-'
.distribution channel systems while others are concerned with single marketo
’ systems for parricular products. The problems confronted‘are asSociated
with improving our understanding of the behavior of such systems and their
likely wovements over some future application period .or with attempts to
improve the decision processes of the elements comprising the system under
examination. As indicated in Table IV, most of the applications are |
behaviorel'in’origin and, thus, are associated with improving existing :
'knowledge about the nature of markets, distribution channel linkages, and
.industry component interactions. ‘ »

The major components of these market or industry models ere usually.
affiliated with:one or more of the following: consuner, retailer, wholeé:»
saler, transportation, producer, inventory, and»foreign trade. Theseicom- '
ponents are often‘represented in a decomposable fashion[and ;hevinteractions
among them are treated recursively. The model representations of these‘i

components are frequently characterized by lagged effects, interacting vari-

. . - - I . 7
ables, as well as nonlinear relationships. In some cases the number of



i a_'dynamic, nonlinear relationships are few while in other cases they are

. 7/ )
 numerous. For all cases, however, the departures from (intrinsic)

linearity are not substantial. Although most of the constructed models
Acontain;stochastic elements, only five of the twenty studies reported
in Table'IV recognize stochastic components when simulation experiments
aré;perfofmed. That is, -the vast majority of the models are only in-
vestigated in their deterministic or expected value form.

Ihe{experimenta; designs utilized to conduct simulatién experimentg
for these ﬁodels vary from central composite designs (GD) to naive designs
(BD) . Of the sixteen studies reported in Table IV. for which experimental
designsawere employeé, eleven utilized naive designs, one utilized factbrial
designs,; three utilized partial factorial designs, and one ﬁtilized a central-
composite design. In the case of verification procedures, only two studies
(Naylor, et al., [1967 b] and Weymar [1968]) proceed beyond simple gréphical
comparisons of sample and expléined or generated leues of selected endogenous
variables., Few formal tests or even descriptive measures are provided to
examine the val;dity of the constructed models. |

The specific applications Seleéted for further ‘examination includey
Cohen {1960}, Balderston and Hdggatt [1962], Raulerson and Langham [1970],
Crom and Maki [1965], Naylor, et al., [1967 b], Vernon, et al., [1969], and |
VCéﬁdlerfénd Cartwright [1969]. ~Although the Cohen [1960] and Balderston and
Hoggatt [1962] studies are not directly related to agricﬁltural economic
;toblems,=they are surveyed here because of their importance and the founda;ion
they formed for much of ;ubsequent work which appears in TaBle IV. Both
of these studies are concerned with distribution channel simulations. The model
developed .by Cohen, consisting,of‘over‘sixty equations, is an attémpt to

explain the behavior of various elements in the vertical structure of the shoe
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‘grain prices oa
.‘the ‘broiler industry

Costs, capacity,
seasonal demand

Production levels, in-
put levels, invest-
ment, purchases

BD

‘Benson, -
{1969}

To dévelop a com-
puter siaulation
medel ‘fer inter-
regional competi-
tion in the '
broiler industry
that can answer
questions at the
firm, region and
industry level

Firm, capacity,
supply, demand,
region

Production levels, feed
costs, production
scheduling, transpor-
tation costs

BD

Ciﬁalét and
" Cartwrigat,
f1969]

To fllustrate the
- use of experimental
- design and regres-
.. sion analysis in
- the estization of
functional
relaticnships as
a2 basis for deriv-
ing Tperformance
statfisrics”

Financial, output
prices, input
prices

Choice of we!ghts
entering the per-
formance fuanction

GD

FL.

Cohen,
{1960)

To exa=ine detalled
aspects cof businesas
behavior and
dynazic interaction
among firzs using
the shoeé, leather,
hice sesuence as

an exaxzple

Consumer, retailer,
manufacture,
tanners, hide
dealers

_tures

Prices, production
levels, orders,
iaventory leveis,
consumet expendi-

Crom,
{1967}

To indicate the
tradinz pattern

. chanzes and the
‘potential for
readjustrent
between alter-
native carret
orpantzations in
‘1973 uunder alter-
‘native assunpticns

Transportation,
capacity, labor
beef, pork,
regicnal

Pegional production,
regional consueption,
regional sllocation

BD -




TABLE IV (Con't.)

Tabuler Survev of Msrket or Industty Sisulation
Models in Agricultural Kcomouics - e

References

Oblectives

Coaponents

Decieion
variablea™

Medel Charecteristics |-

L ovnamic

Non-
linear

Sto=
chastic '

Veri-

ftca-

tion

Model
applica=-
tionl/

Ixperimental
designl/

Coaput.r
langu-
age3/ -

Raulerson ' -
ad a4
Lsoghfm,
(1968} ...

To investigate the

.problem of tl’pc;ua~

tiag orange

 supplies and grower:
.'profits in- the '

frozen concentrated |

orange juice

1 sector of the

Florida citrus
{industry

i . -
- .Grower, processor,
itetailers, consumer

Tree planting, tree
temoval, supply
control, market -
allocations.

‘'z

x

g

DL

Schruben, .
{1968}

T To indicate the

potential use-
fulness of the’
systems approach ..

. to research 1o

| marketing efficten~

{ cy-2nd to provide
-guidelines to the

| 8ysteas concept

’ !rmfvspértnbt'ion.v '

mwerchandising,
cost - -

. P_oi"ch.i‘so, sales, spa-
| tial a,lloc;atimi. Coe
) product quality

J—

! To explain the be<

havior of the -
tobacco industry- -

_and evaluate the.

inpact of. the
efforts of alter— -
native govern~
mental aad mana-
gerisl policies

Leaf production,
price, cigarettes

Production levels,’

iricing, purchases,
inventory levels

‘.Jel'g;r, [1968] ‘

To describe and

-explain the

pature of the’

.dynsmic response
-of .the world -
| cocoa {ndustry’

to sanual -
fluctuations in
world cocoa pro-
ducticn

Yorld cbpsump:fons »
price, expectations,
ioventory- .

Inventory leviel.s » ‘

consudzer purchases,
price end in-

ventory expectations

Zyselnan, [1965)

To develop 22 .«
1 andlog computer -

solution -for

the stabilization
of employment, :
prices and profits

.in the cotton -

textile gray
goods industry

| Deand, - production,
: price; imveatory

Préduc;ion iev&l;,‘ :’

inventory levels,
orders E :

B

3D

See Table III'for footnotes 1,2, ed 3. . . . -



leather industry;.’BalderSton and hoggatt are principally concerned with the
;echanisms of prioe and sales‘determination in'thebcontext_Ofvthe'West Coast
1umber'indnstry;i | | |

Examining-the Cohen_model in somewhat_greater detail we find that thev
major?decisions-modelledfconsistvof price, order level, and:prodnctiOn levels -
for'each of the components (hide dealers, leather'tanners? shoe manufacturers,
“lshoe retailers final buyers) represented. Since-the system ofiequations “
resulting was. too complex to solve directly (a number of nonlinear dynamic
relationships provided the basis for generating ‘many of the key variables in
-the system), Cohen resorted‘tO'simulating the model‘over.time. In this
-context,‘two alternative types'of simulation were inVeStigated. One‘was
referred to as one-period and ‘the other as process simulation.' Thedone-
,_Yperiod designation utilizes actual historical data to generate the simulated
| values ‘for each following period while the process approach utilizes the
_generated endogenous values of past periods to determine the current period's
‘simulated values;' The latter approach obviously risks compounding earlier .

errors and must be employed in forecasting applications (ex agtg) for which
mo historical data are available.

.ln comparing,graphically varidus simulated-with.actualzhistorical series,,
Cohen found a number of serious deficiencies in his constructed model.30 .He
v;.attributes these deficiencies to the typical firm" theoretical approach to

"aggregate econometric model construction. More specifically,‘he explains his
questionable results in terms of the aggregate sector variables not satisfying
the same functional forms as- the individual firm's behavioral mechanisms. -
Although. his resultsvare-not particularly favorable, his rodel, nevertheless,
remains a prototype of sorts for econometric simulation modelling in the area

of vertical market structures. The econometric model he constructed as a
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basis for the two types of simulations mentioned above is, of course faced
with the‘usual problems, viz., selecting appropriate functional form and
variables,.obtaining unbiased or at least consistent estimates of the un-
‘knownfparameters‘entering the selected,eqsational rebresentations, and
validating the complete model.
. The Balderston and Hoggatt 51mulation is less concerned with the entire
vertical structure of the lumber industry than with the critical role
»»uplayed by 1umber brokers in searching and attemptiug to match potential.
i,sellers (timber growers) and potent1a1 buyers (lumber retailers) Their
' constrncted model presumes information is limited and costly. Invthis context5
thechoncentrate‘on]theiinformation and decision behavior of»the lunber,,
broker and did not utilize real world data. A numbervof decision and in-.
_'formation rules are specxfied to govern participants (timber‘groﬁers,
-brokers, retailers) behavior. At\the beginning of each market period .
grcwers reveal bid price and quantities, and the prices are not negotiable.
The” first cycle of a market period begins with each broker sending a 'search v
message :o'preferred buvers and sellers. =Broker,oretailer and grover
preferences are,detErmined on the basis of eirher previous experience (with i
individual buyersfand:sellers) or by random‘selection, Fromfthis initial
search, if a transaction is not completed, the broker waitsifor anotherv
:vopportunity to search at the beginning of the next cycle. In the secocd
and subsequent cycles brokers move to their next preferred buyers and sellers .
repeating their communication and t”ansaction process., The last cycle occurs
when all brokers desire no further search for another p0951b1e transaction.r
At-this point the market period terminates and all payments,are settled
between the marketvparticipanCS and the rerailers‘sell their products'in

the final market.
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The major experimental parameters in the Balderston and Hoggatt [1962}

simuiation are. preference orderings (random and on the basis of previous

,experience) and unit message costs ($lO $12 $48 $192) For different

combinations of these ‘two.. experimental parameters, the authors examine the ‘
viability and efficiency of the market. Viability merely suggests that a-
workable set of behavioral rules has been isolated and was found to exist

31
for each of the’eight runs. of the model. Market efficiency was found to

f_fall gradually until enit message costs reached the highest 1evel viz., $l98.

The 81mulation results for various levels of the experimental parameters

indicated that market ‘pressures and successes of firms with identical en- .

edowmentS'might\well result in skewed size distributions. Moreover, these
32

distributions were found to depend on preference orderings and message costs.s'

It also found that increased market segmentation33 was associated with greater

vtrading loyalties and increased message ‘costs.

- The Balderston and’ doggatt offers an interesting contrast to the work

of Cohen. They begin with a set of postulates regarding the economic behavior :A

of different_market.participants (rather_than,withva set of.historical,input_ .’

and output data) and utilized artificial data to_determine.hoﬁ.the specifiedgi»'
market ooeratedrunder differentvconditions.”'Thek-concentrate‘on.attempting-

to understand the properties of a hypothetical model and, thus, ‘their simu—

_ lations are essentially synthetic in nature. The principal features of their-“'

"””model include limited information, varying information costs, preference

orderings, and localized search. -
The Raolerson and Langham {19701 study is also concerned in part with
distribution channels. For the Florida frozen concentrated orange juice

(FCOJ) industry these authors apply Forrester s {1961} industrial dynamics,

approach along with the associated»DYNAMO simulation.langniage. The model



iﬁ con81sts of 137 equations representing some features of growers, processors,

. retailers, and consumers which deal with FCOJ. .The,parameters'entering:
many of these equations are specified on an a priori or subjective bas1s. }
'More importantly, many of the equations are specified in an attempt co'§f
isolate the informatlon—feedback characteristics and related amplifications
‘pand delays which are presumed to exist in the industrial system being modelled.f

3

An attempt isemade to validate‘the;constructed modelwbyvgraphically comparingtli
VSimnlated and actual sample;values.for a few selected.variables;i.Although' .
the‘abilityhofvthebmodellto tract turning pointsmis ;apﬁéSiged;rﬁo=aea;¢res; ‘f.
of model performance in this regard are reported.rl’?} B |

As noted in- Table IV the Raulerson and Langham model was constructed
'to examine alternative policies, i.e., for decision purposesr‘ This exam1n—=’

:'ation takes place in the context of policy simulation and an implicit criterion'

function. The exper1menta1 designs utilized for this purpose were: naive (BD)

o involving only two combinations of ‘the four basic policies investigated.

»Performance variables were associated only with grower profits. More ’
"bspecifically, policies are evaluated only in terms of their ability to
» stabilize grower profits:and supplieS»at specified levels. The\policiesﬁinev'
vrvestigated were straightforward and may be characterized as: (i) "free market,",
»(ii) product allocation to two separate markets, (iii) removal of productive
‘vtrees, (iv) curtailment of ‘new tree plantings,‘(v) combination of (ii) and
‘(iv), and (vi) combination of (ii) and (iv). Once costs of administrating
‘ the various policies are . introduced and compared to expected benefits, policy
(iv) is preferred due to the nature of its control OVer supplies.34

In terms of moaels discussed above, the Crom and Maki [1965] model is:

perhaps most closely related to Cohen {1970] Their purpose is to construct

'fan econometric model which uili explain behavior in the beef and pork sectors»



~of the U S. econoﬁ&. The model is basiéally recursive exceptvfor beef and
pork prices which are jcintly determined. Thehunknown parameters of the  ,
model s equations are generally estimated by ordinary least squares and the
model is simulated over the historical (sample)%record.' The simulations

are’nonstochastic,and-the experiment:design,is naive.';Mbre importantly,

the authors' approach to validation is’prepostefous. Their approach is to

ot

brevise their equational specification after examinlng historical comparisons

- of ‘actual sample and simulated values. The mnature of the revisions are
particularly bothersome. -They involve changes in ‘the length of time 1ags, :
_coeffic1ents adjustments, and limiting values.v Many of these changes are
conditioned upon particular values of the endqgeﬁpdsfvafiabIES'and are -
determined by -graphical comparisoﬁs o£ actua1 and,simulated-valuesq, That,ié, 

~ the behavioral relations}are modified’untilva model is obtained which will
‘reproduce the histcriéél»(éample) period with sufficient accuracy. Unfortu-
-nétely, the conditional chéngesbgre introduced ex post and only on the basis‘
offthe graphical comparisons--no other justificationAor explanation‘is provided. .
This approach is an obvioué Violation‘of Classicé1 statistical methods,
Bayesian methods, and oﬁher inference procedures. The reported R2'5'3n¢;g'
significance tgsté-(not’reported) on the estimated coefficients héve no
real meaning. Thé chief danger of this approachiis that_ﬁhe-construéted _::
model will not isolate to any acceptable degree ;he systematic and enduring ‘
;ﬁér#cteriétics of the System under examination.

The Naylor et al., [1967 b] and Vernon, ég,éi;, [1969] models are
siﬁilar in nature to the Cohen [1960] and Crom and Maki [1965] mcdels, Both
of these models areAconstrgcted around the»distributionai components of a
‘single industry. Historical time series data are utilized to estimate by

ordinary least squares the unknown parameters entering each of these (step-wise)




‘:ecursivg,ecgnometric models. The Vernoﬁ, et al., [1969] model reéognizes

é moanoliStiéastrucﬁuré on the éelling side and an oligopsonistic struc-
ture on the buyiﬁg side of the tobacco leéf market. This model consists
‘of,ig equations, seven are behavipral'and twelve are identities. A nﬁmbér
of policy_variabies (e.g., acreage allotments, support prices, sail bank,
etc;) ére incorporated as exogenous factors to the model bﬁt no policy or
decision examinations are proﬁided. Many marketing factors such as the
effect of advertising expenditures on cigafette consumption afe excluded

from the analysis. An attemﬁt is made to validéte the model by Cohen’s
[1970] process simulation apﬁroach and graphical_comparisons of the resulting
simulated and actual sample’Values. Since the modei is recursive, departures.
from linea:ity are not substantial, and stochastic elements are éuppressed,

' the simulation runs are performed without ﬁﬁe need for experimentél»désign
methods.

- The Naylor, g;,é&., [1967 b] ﬁodel of the textile industry consists of
nine behavioral equations. The basic orienté;ion of model as with the
Vernon,;g;,g&.,imodel is behavorial: Process simulation analysis is employed
over the histcrical record, no policy alterpatives are examined, and experi-
mental desig&_methodS-are not utilized. One of the principal messages of
this study is concerned with the appliéation of alternative verification
techhiques; In the context of the constructed textile model three techniques,
‘(graphical, spéctral,baﬂd total Variance analysis) are utilized to coﬁpare
.simulaﬁion results with observed daﬁa. The spectral analysis approach is
fouﬁd to be more sensitive than the other two approaches. This approach
pro?ides a compéct description of the second moment prbperties for stochastic
versions Qf a constructed ecoﬁometric model., = It should also be noted that in
contrast td‘the';¢9c£ral's1mulétioh approach employed by Naylor, et al., a

spectral analytical approach is possible.35 Thié latter method involves
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charaeterizing the stochasticrresponse of the analytical solution tova .
‘system of difference equations representing the econometric model. That is,
it allows us to derive the stochastic properties directly from the model.
One of the principal advantages of this approach is that its results are not
| subject to sampling variability, a property of simulation results which iS‘gp
often difficult to interpret. Furthemore, replications of'stochastic~model"
»solutions (as in the case of stochastic simulations) are not required‘and
the analytical approach provides a relatively simple means of examining
'falternative functional forms and parameter estimates.?6 | ‘ /

*i The Candler and Cartwright [1969] study 1s substantially different E
than those outlined above. It is somewhat similar'to~the Zusman and Amiadif
[1965]'investigation except that here the objective is to. estimate‘thevli'
performance surface throughout the space corresponding to selected ranges
of thevvariables or factors.' They desire relationships which will capture
vhthe impact of specific assumptions regarding these variables on resulting

cutcomes.: Given_a_completed budgeting or simulation'examination, the pro-~

blem'isitoﬂderive thesermore.general*andmexplicit functional»relationships

[ between decision variables, structural parameters and performance statistics.u;f'b

On the basis of these functions, outcomes ‘or performanee measures can be
estimated directly without resource to additional budgeting or simulation
‘vexaminations. The study is not one of direct optimization but rather esti- |
mation ‘of the components entering the obgective function which are assoc1ated
"with particular levels of the decision and exogenous variables.~

o The use of . experimental design procedures are emphasized and second order
polynOmials;are utilized to approximate therperformance surfaces. Since )
. relative weights attached to multiple performance statisticskare not Specified

a separate function is estimated for each performance statistic that may enter
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the‘ultimate oﬁjective function. As indicated in Table 1V, a central
composite experimental design is utilized to yield--"small magnitudes of
residual sums of squafeé when the function to be fittéd is given and the

- number of obséxVations‘is_fixed" Candler and Cartwright (1969, p. 163).

The suggested.pr;cedures are applied to a budgetary study of the potential
.fof increased sheep production in a county of New Zealand.  Three per-

‘ :fprmance‘fu@gtions containing 15 unknown coefficients are estimated in.tgrms
of four variaﬁles. Twenty-five "treatmenf combinations" are invéétigated.
Hence, ten'degrees of ffeedOm are available for .each estimated function.

The resultihg estimated performance functipné allow determination of (i)
performance statistics for any reasonable values of the specified Yariables,
(ii) the-sensitivity‘of performance statistics to marginal changes in the

" specified variaﬁiés, and (iii) the cémbination of the specifiéd'variablesi
which yields particuiar outcomes, e.g., location of break-eyen points. The
principal limitation of the suggested :echniqqe:is that the number of simu-
lation examinations required to estimate the performancg teéponses inéreases.-
rapidly as the number of independent variables and/grfthe degree of the

approximate ‘polynomial functions utilized increase.

AGGREGATE MODELS

The models which appear in this classification, although diverse,
can be'reasonabiy charaéterized as éystems representing one or more dom—
ponents of develbped‘agricultural sector economies. The modelé are
typically highly aggregative and refer a;most totally to the U.S; agri-
cultural sector,37 Most are constructed to examine the quantitati#e effects
of various governmental policies, e.g.,:price supports, governmentél in-
‘ventbry‘purchaées, acteage'allotﬁénts and diversion programs, government

paymeﬁts, ete. The agricultural sector systems examined are usually
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-_fdecbmposed>intola eumber‘of componentsvor subsystems and a fragﬁentarylof
b.building block approach is enployed in the construction of the models.;ff
”Although the principal compoqents of these models Vary, they are generally
concerned:with supply andgdemandvforvvarioue products-and in some;cases~c
agrlcelturel input~or~réSource»levelevas/well as~nonagricultural-economy :

: ”representetions; A qumber of other aggregate components are often 1n-!
Lcluded such as farm income which are recursive to and derived from these
-basic components.

As indicated in Table V most of the ‘models. are Speciflcally developed
ifor decision _PUrposes while some are concerned with forecasting applications.
For the decisionaeppllcatioes,-only the study by Shechterwandeeady-[l970} |
eoperates witﬁ an explicit crlterion-fonctioﬁ.38. Thearemaining‘investigatlohs'l!»
wemploy implicit objectlve functions (reflected by the specified performance
?variables and the levels of ‘the control or policy variables examined) and, ,”
fthus, only‘policy simulation experiments are conducted. Most of the mooels
are dynamic; nonhistorical and.incorporate feedback mechanismsfln a (steowise)
' rechrsiyefreehioc; ‘Although tee»models are generally nonlinear,;the departures
from (intrinsic)-linearity are small. Civen»these&Weak,departures-and the!. -

\

' recur51ve nature of the constructed models, the derivatlon of the reduced forms

"~ or the generation of the endogenous variables from the structural form is

"reasonably simple. Moreover, moet all of the models,are‘investigated in their
_deterministic or expected velue formr-:Hence, the experimental designs utilized
for the simuletibn’examinatione are typically noneaietent_(AD) or pedestrian ‘
(BD).lgPutthermore,.noce ofithe investigations represented7employ detailed g
veriflcatioﬁ proceduresli Few formal tests or descriptive measures are advanced'

in attempts to validate these aggregate models.
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3 . . Tabular Survay of Aggresate Simulatfon
: Models in Agricultural Economics

Model characteristics b o
- : Veri= | Model ! Computer
: Decisfon Sto~ ‘ Non- fica- | applica- | Experimental ‘ langu-
eferences Objectives Components "~ variadles Dynamjc | chastic¢ ' linear | tionm tionl/ design2/ egel/
yaer, .To investigate the - Input, output, - Governzent programs x b 538 BD FL
1967} - productivity of aarket, farm as listed under ob-~ '_
lg'sregatg ‘farm -{o=- financial, non- Jective:
.puts and to de- fara sector .
velop a'wodel:ito
predict the im-
pact of changes
in government
diversions, pay-
- aents to farmers,
" acreage controls,
price supports
yner and 1 Yo present a. Input,- output, Govermment payments x . ot 0 FL
weeten, methodology -.market, farm - to.farzers, diver— )
1968} . that:can be ~ financial, non- sions of cropland
- usad to study farm sector
issues of . | .
fars-nonfarm .
interaction ¢ ) ‘

See Table 111 for footnotes 1, 2, and 3.



iﬁ aﬁtemp;s to vélidate theseraggregate models,

Turning to specific applications, we select for further discussion ﬁhé»
works of Tyner [1967], Lin and Heady [1971], Edwards and DePass [1971], |
McFarquhar and Evané [1971],‘and Shechter and Heady [1970]. The Tyner
[1967]_§tudy’fbrms the basis for the results reported in Tyner and Tweeteﬁ
[1968] éﬁd is similar in nature and scope to the Lin and Heady [1971] model.
| Both models are (stepwise) recursive, the equations of thch are estimated
crdinary or autoregressive least squares. Each of the two studies emphasize_
’the'resoutce_or input as well as farm income componenté of ﬁhe U.S. agri-
cultural sector. Both examine via simple simulétion experiments the_effgcts"
of the elimination of all governmental programs, and the rate of téchnologicél
change. Only the Tynef study explicitly investigates the influence of:tﬁe non-
farm'sector'onithe ﬁaS. agricultural secﬁor by introducing selected changes in
employment,'disposéble income, and input prices. The output or commodity coﬁ—
ponents of the two moaels in question are represented by a single éggregaﬁe;
production;‘supply (or marketings) and demand set of equétions. As»expectgd
these studies sdggest that (i) slower rates of technical change would have' -
modesf effects on-the demand for farm machinery and the migratidn of labor
from'agriculture.but would increase the level of net farm income; andT(ii)'the. -
absence of government program or the existence of free market conditions is
associated w1th 1ncreascd investment in farm machinery, greater levels of off
farm migra;ion,-reduced farm income, and larger farm sizes.

The model constructed for the U.K. by McFarquhar and Evans [1971] is
simiiar tﬁ,tbe above two models but involves far more detail. Th; three

principal components of the model--demand, intermediate and primary demandé,
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$_Land‘supp1y--are treated recursively and - each component is simulated .separately.
The first component, the demand or consumer expenditure subsysten, encompasses
27 food products and one non—food product which are estlmated by ordinary
least squares. - The intermediate and primary demand components is composed

of 39 egricultural-and nonagricultural input products which are related to
the outputsrof products consumed as food. This component is constructed

as an_input:output model assuming conStantotechnology. The supply cdmponent
isvtreated as four subsystems‘which'revolve around the commodities: wheat,
barley,‘cattle, andvsheepg ﬁost-ofvthe equdtions for these;subeystems:are
dynauic'involuing simple adjustment mechanicms or geometricdlagé and are
estimeted'ﬁy-stepwiSe leastcsqueres;':The'modei ie employed to examine-thev
‘potential effects of the U.K.,entry,into-tnevEuropean'Ecdnomic Coﬁmunity
" (EEC) along associated price and import_policies, One of the major con-

clusions of the study is that joining the EEC will result in iﬁcreased expendi-

- .

tures onptood;.'Although the model is reasonably complex, the experimental
design andvverification procedures are naive, Moreover, the stochastic prop-
erties of the model are neglected when the forecasting applicatiOns are per-
formed. ‘ |
The,mcdel_conétructed by Edwards and DePass [1971] is of abdifferent nature
then‘those‘discussed above and is basically:the same as that reported'in-Edwards
- [1970]. iheir concern is,withvthe'distribution Ofepopulation, income, and
:émployment ecrose rurai and urban sectors. Hence, the model consists of U.S.
_ rural and urban components. Given the difficulty of isolating these two major
components on an aggregate U.S,pbaeis, four~eiternative~and basically'arbitrary
delineations were examined. The-simulation resultS'ervtheseifour delineations
were found to be invariant with respect to general conclusions regarding future

prospects. Por each of the two components income, cmployment, and population
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'growth equations are represented while a net migration equation between the
two components is specified., The parameters of these seven equations are
‘estimated trial and- error, the criterion being the reproduction of 1970 data o

-’from the 1960 data for population, income, and employment.‘ Sensitivity

'vfanalysis is utilized to investigate various parameter changes as well as

‘t%alternative policies.' With respect to the latter, various targets for ;
"population, income, and employment were specified and the most promising
policy actions proved to be. associated w1th an expansion of job opportunities.
3 More jobs in rural areas and, to a lesser extent, increased labor productivity 3”
appeared,ga have~apgreater impact:than eitherna,reduction‘invoutmigration or’”‘v
 rural population“birth‘rate:decreases. ‘In both'tne‘model‘estimation«and imple-
nentation potential stochastic aspectsfare neglected. Furthermore, the experi~
- mental design and verification procedures utilized are especially naive.
One of the more interesting applications classified under aggregate
'models is the Shechter and Heady [1970] study.. In some respects it proceeds
d.in a similar vein to the investigations found in Candler and Cartwright |
- f{1969] and Zusman and Amiad [1965] The model 1s based on both: microv
(individual‘north'and sonth Iowa farms)'and macro (aggregete-output variableSv
~of all<farms) components;: The aggregate outputs of ‘the latter component
;»represent the)response variables of the simulation experiments.39” The factor
ior deci81on variables of the response surface analysis examined by Shechter
B and heady [1970] are the four listed in Table V Basically, in~the first vo'
stage of the re8ponse surface analysis ‘the shape of the surface is determined:d -
(by fitting a first degree polynomial) while in the second stage steepest o

ascent is used to search for the surface peak (near~stationary region ‘
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determined by fitting a second order polynomial) or optimum. A eomplete
:fvresponse surface analysis involving tnese two stages is not attempted by
Shechter.anq Heady [1970]. Instead,.due to the costs of the two,stage
gpggoach,,theylcﬁmﬁiﬁe'the'firsteand eecondostages and fit a secohd,degreet
pol&nomialjdirectly»' This function will reveal an extreme point on the
responSe_eufﬁaoe if-soch a:point exists within the experimental region. If
‘.;notgftheeéstiﬁated oolyﬁoﬁial;will‘e;;leget'reveai the generai shape of the
surface. o . | |

| The fesponge~5urfaoe anaiyeiSﬁto simulation experiments iSfemphasized
in this'paperQ; The eﬁperimental design is partiai factorial and optimal
searohup;ocedures take place in the .context  of univariate response methods.
In particular, for each of the four response vafiables:and their associated
Surfaces relative maximum or minimum points were discovered.J,Examining
feach of these variables independently, it was found that rather large
improvements could be made in the design of the system.40v A multi-response
surface for the four performance variables is only 1mplicitly 1nvestigated.v
As*previously indica;ed,vweights for the‘various,performance or responsezo
vériablesrwefe not.assigned, Hence, in contexthf a multifreeponSe surfaoe
only an efficiency frontier (locus of efficient decision rules- examined) is
provided.. The verificacion of the underlying micro and macro components
representing the real system involves a simple historical comparison of |
observed and_explainod values for‘a few of the systems outputs. Attempts
vere eISO‘made in this etudy to validate the second degree polynomial
approximation of the response surface. ForﬁthiS’PurPOSG’ﬁhé,lack~of-fit
mean square measure (indicating only the amount of variation in the response
surface explained by the polynomial appro\imations) ‘was employed and deemed

adequate.



- DEVELOPMENT MODELS

| Probléﬁsfof ééohéﬁié develépment turn out to’lend themselves rather
well to the systems analysis_approach.‘ They>are typically eclectic, highly
‘specialized tovthe'particular country under examination. This is pre-
sumably‘dué to:the institutions as well as a widevdiversitf in the agricultural
‘indgstries andtof theitbbasically exploratory ﬁature. The eclectic nature
of these systems models is illustrated by these models inclusion of
demographic and socioiogical ;omponents; The specialization ié based néf
only on the particular‘traits of the agricultural industry and related
institutions but alsbvon the diverse political structures and the related -
restrictionslwith.regard to potential policy variables and'objectives; Their
exploratory nature derives from the strong pragmatic orientation and a typical
. dearth of fundamental types of behavioral and technical relationships as well
as datavwhiéh might. be employed fo identify them.

As a result of this situation with respect to data availability and
other problems mentioned in the previous paragraph, the systems models which
have been constfuéted for development studies have sbmeveasily‘identifiable
characteristics. To be sure, they geherally make substantihl use of the com-
ponents and decomposition possibilities.mentioned in sec;ion II. Although
the level of autonomy of the COmponénts as well as the level of aggregation
at which theyvare spécified is quite different among models, they arevmuch
vih,eﬁidence.,‘Thévvalue ofvthe componentsvapproach in studies of this type
is based upon team fesearch project éossibilities (as typified by the Nigerian
study, Johnson, et al., lé?l) and the advantage presented for dealing with
the problems created byvavlack‘of information. The development models are

typically for whole countries or large sectors of countries and, thus, the




'modelling process requires inputs:from a number of researchers (poSsiblyv
from duite:different disciplines)rand/or agencies; ‘The components aspect
- of construction prov1des a convenient vehicle for facilitating the needed
' cooperation of the various parties in the formulatlon of the systems model.
Implieationsjof the1components'approach as they:relate to-the information
problem'are'ratber obvious. The approach permits the independent assembly.
and usnally‘reassenbly of pertinent information. Moreover,?adjustmentS'in ;
the structure of the model which are necessitated by the availability of
- new information on data seem to be more easily accommodated. Relatedly,
the components.approach also has some desirable aspects with,respect to
verification ot.validatiOn»possibilities{b’As'Will be apparent from,tbe
commentary, however, these,attributesiof the method have?.thus far,;been'
used only to a limited extent. |
| A second characteristic of these models innolves their theoretical

‘ lunderpinnings. With few exceptions--notably those by Day and Singh (1971
'i1972);-the;models are_specified,at aggregate levels. . “That is, ‘they are.
specitied at’industty, regional or sectoral levels. As a consequence; the
models,are'deseriptiVe in nature; being_ftequentlf'specified'morexonvthe
lbasis‘of,observation of the]particnlar'eCOnomies than more established
theories. This characteristic of the'nodelsradds}substantially to verifi-’
ability or valldation problems. Asrmentioned above, data are limited in
quantity and quality. This problem is further complicated by the multittde
of alternativeihypotheses associated with the specified structural models.
Partly as a result of this verification: problem but also due to the interest
of the various international agencies in- utilizing the models for planning,
there seems to be considerably more interaction between the model builders |

and model users in this area than in the others.surﬁeyed. In this respect




_then the methods and procedures appear more similar in spirit to the indus-

trial dynamicéwmethod (Forrester, 1961) than to traditional models of eco-
nomic systems.
As previously méntioned, the various economic development models can be

viewed'as;industry,:regional.or more aggregated sectoral and economy models.

The agricultural sectoral and economy models are those by Halter,‘gg_gl.,

(1970), Holland (1962), Johnson, et al., (1971), Taylor (1969), Manetsch
(1972), Holland and Gillespie (1963), and Kresge (1967). Along with these

models we also include those by Billingsley and Norvell (1971) and Foster and

Yost (1969). The latter two studies are not secteral or economy models but '

are similar in terms of method and represent an interesting extension of the .
systems method to problems which are of strategic importance in developing
economies. Of the previouély listed sectoral or economy models, those by |

Holland (1962);'Holiand‘and Gillespie (1963), and Kresge (1967) are note-

'WOrthy for two reasons. First, and most importantly they represent initial

applications of the system method (as modernly conceived) to development
planning. Secondly, they have a nonagricultural orientation.  Although the
methods employed in constructing these systems models and in designing the-

policy simulations are somewhat less advanced than those treated in some of

‘the subsequent models, they in no way minimize the contribution embodied in

these pioneering.works.

xThéwsectoral mbaels identified with the systems ﬁodelling work -at
Michigan State Uhivetéify are by Halter (1970), Johnson, et al., (1971)
and Manetsch (1972). These studies are reports on massive systems modelliﬂg 

efforts in Nigeria and Korea. The systems models are very complex and

 extensive by comparison to those employed or constructed for any of the
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areas represented in this survey.- As a consequence of the ‘'size of the _'”
systems models, the components concepts mentioned above were advantageously
~ used. The methods of model formulation, estimation and simulation are not
iinnovative by the" standards set down in the first four sections of our
discussion. However, this is mnot expected in the:sort of situation in- whieh;l
the model was constructed -and simulated The encouraging aspects of the
* endeavor involve_possibilities for adapting the software for work with other
economies--see’Manetsch (1972)Ffend:the fact that the OffiCialdom of Nigeria
appear to be utilizing the tesultss-perhaps.thefultimate vetification test. ,:
" The remaining model,'thatrof Taylor_(1969)‘is an interesting application of
model formulation?and estination. It iSza{systens-mOdel which is tied”quite‘
closely to the Domar:theorv of eeonomie_growthifor developed;counttieS'and
" is estimated by standard econometric techniques.41

The regional model 1isted in tabular survey Table VI is by Richard Day
and»l, J. ‘Singh 61971, 1972). The model proposed and applied by these
authors-isvof value in a number of reSpeets. First, it corresponds to a
micro firm model and as:such,has_more:primitivevtheoretical underpinningS‘
than anywof'the’models discussed'in‘thiS»section;' Theimodel iS'designed:to ”
study the transformation from traditional*to commerical agriculture_in‘the~‘
Indian funjab. It is recursive vithva‘nuebet_of:feedback alternatives in-
voivingvehanges in adaptationsaof technology, narket prices and so on, etc.
One of'tne more intetesting aspects_of'tne;model is the objective function
which involves the specification of.several oosetved firm opjectives. Thel
incorporation of these lexicographic types»of:eriteria.seemszto represent
a very promising possioility for elosing.the.gap betweenvthe confining |
theories of individual behavior and the descriptive types of models applied

in the development context. A second%aspect'of“this study whieh:is deserv1ng
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~of speciel comment is the verification procedures. Not ooIY‘do:the authorso'
include a discussion of formal verification procedures for the model but o
'the procedures themselves--whichvamong:other.aICernatives incorporate somevts
'ideas from information theory in comparing observed and predicted series f:A:-
(Day and Singh 1971, pp. 43~ 46)-represent potentially productive methods c,;l
for handling such problems. o |
~The last.category, thOSe for industries;:iocludes studiesibyVAI&sbeo"'
and Rijckeghsm (1966) Lehker and Menetsch (1971) Hanetsch and Lenchner
:(1971) Manetsch et al., (1971) and Roberts and Kresge (1968) Aside from;
‘the institutional and informatlon problems which are typical in developmentzﬁ,”
studies,jthese works%are very much-similar~to the‘industry*studieS‘reportedﬁo”
iin'the market model'survey;j The models are typically descriptive, without {3
u,well defined criterion functions, and designed for studying or forecastlng
’.:influences of policy actions on industry output price and the 1ike.»;>‘i B
A With the notable exception of the model by Day and Singh (1971), these_‘
systems studies are somewhat deficien* in connection with respect to the
treetment of verlfication, the design of policy experiments and respgnse e
) soriace examination, The spécific eharacteristics 6f»these;systems ﬁo&eléjbf
iand simcietions*are‘catalogued in tabular survej,rsble VI. Having'made this"
'statement it is necessary,nhowever, to mention thatithe studies are exploratory\
and frequently performed under time constraints and with information bases
which are qoite small in comparison to the magoitudes of the models. We
'bpéint out these areasvfor possible improvement, thereiore, not as a,criticism Hi
of the work alresdy'done,inﬁthe‘development»modeiling,,bot to indiceteﬂthe~
potential for-refiningiand improving these stucies within the,context~ofﬁtheoff

. ,systeoS’anaLYSis and simulationfapproach.42



* RESOURCE MODELS

,:ifébular sufvey IablevVIi.céhtains appliéatipns'Of.Siﬁulatioﬁ methods ;,

to‘agricultqréiiy relgtéd;:eSource probiemé.s The studies surveyed‘in -
“this ‘table are ‘by né,meaﬁSjéxhaustive;»they afe,;hoéever;FhOpefully »
- represénté:ive; They xefgfnmast;y tévwater resoﬁfce oi régiohal |
economy system ofiented ipvestigatidﬁs. “The usuallhonlineaf’feedba¢k o
chafacteristics of such{Syétgms $uggé3FS.that simﬁlation methods can be
beneficially gmpléyed. The’ﬁajofréoﬁpénentéffréquently include resgrvoirs,
flood, dEmographi§; transp§:tatio§, use séctors,'irrigated'crop~production;?
and the liké. Althéugh ;hese components afe ofteévtgeated»recursively,
there is typiéally a substantial amquﬁt-of interaction and feedback among
them. |

A number of the applications in this classification are concerned with
1rive: basin or wateréhed’syétems. Benefit-costitype anélyses provides
the ﬁode for'évaiﬁating alterﬁative policy decisions in these systemsr
- Such decision model applications combrise roughly half of studies recorded
iin,Table VIi while the VaSC'majOfitY‘Of the.remain&g: are behévioral mode1,
aﬁplicatians; Most of thesefbéhaviOral ﬁode1.aﬁplicatidnépare descrip;ive
rathef'than explanétory,in'nature;A In particula;,nthésé latter studies
are principally conéerned wiﬁh-the'developmentzoprhyéical relationships
such as those involvingvﬁatﬁéalihydrologicvpﬁenomenon.43

The various modelv;epreééntaﬁiéﬁs entering this,claséification‘areA
generally dyna@ic and nénlinear; Some,of the nonlinéatities-involved»are:"
faifly'suﬁstantial inciuﬁing-a few time countergrelationShips; Thg’dynamic-
structure of these models is often characterizéd“by tﬁé inclusibn of lagged

endogeﬂoﬁs (output) and exogenous (input) variables and, thus, is tepreSented-b



byiavsystem ofidifferenee equations;v Apbioximetely‘fif;y peréent}of ﬁhe"
-models7are‘siitlated:in'eheirYStochestie form. These stochastic simuletions“
are typieallyblimited;lhowevefﬂ'in tﬁeieeese.#hetfqnly'additive stochastic
(disturbance) elemeﬁ£3«ere recognized.,‘Tﬁat'is;fthe spoehaetic,nature«ofi
the samplingidistributione'efithe pefaﬁeter,estimatesvassociated-ﬁithAef '
these models are disregarded--only tbe first moments of these distti-'
butions are utilized. It should also be noted that a large ‘number of the e

::conducted stochastic simulations were performed for the physical: models
representing hydrolegic phenemenon. »

' The_simuietiqﬁ‘experiments for the greup<6f models appearing in

-Teble'VII are-a bit mbietsophistieated:thanﬂmest'ef previOus~groups,bf,
: models'sﬁrveyed; Inzparticular, a'large~ﬁuMbet-of the experimentel
~;fdesigns utilized are fractional faetorial with few naive designs (BD). GJ;' -
f Some cf the designs also involve optimum seeking methods. The verifi-;
veleation'procedures employed, hcwever, areﬁleSS‘precise(»‘Only seven of
~ the studies repb;;edeproeee&vbeyondvgfaphical‘éemparisons of sample or
hietorieel ene.simulatee values of eelected output variablee, ' The B
predictiVe7§rqpeftiee*of the;ebnstrueted modelsvare typically‘neglecteQ:f
in‘etteepts to valideteffhevrépreSehtaEiohé”bfAthe'Eystem in qﬁestien;"
| A\v The models specified in Halter ‘and Miller [1966] Hufsmidt and
VFieting [1966], Hamilton, et el., [19&9], Rausset, et al., [19723 Jacoby,
J'“e[1967}, Dudley, et al., [1972}, and Chow and Kareliotis [1970] are re-
o gerded-as representative of this group of models and, thus, are selected'
for fﬁrtber'diecessian; The first three mentioned models are all con—fA

cerned with river basin systems. The Halter and.Millervmodel represents.V’

.andvearliet applicaticn»of_industrial dynamics and the DYNAMO coﬁpuiet
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and constrmction accumulated defi-
N ‘of reserveirs ciency .relative to
and to-compare the teaa flow
generating tech-
nigues
. Chen, {1971} Develop a cost- Investment, cost Type of accommodations,. bl x B . ED L
ing procedure . secondary business
which will be facilities, and out-
practical and door recreational : )
-useful tool in facilities, length of
planning of season
- cottage tesorts
: ;
Chow .and To formulate 3 Precipitation, Conceptual watershed x x x B AD FL
Kareliotis, mathezatical runoff, storage storage, stream flow '
[1970] model of a ‘ .
stochastic
~ hydrologic system
 Dudley, et al., | To estimate the Vater supply, wvater Acreage to be developed x x x oM B L
[1972} | long-run optimal demand, crops, for irrigation )
' area to develop moisture, costs
for irrigation y
glven the size !
; of a reservoir
Erl®  {196%] To present a Population -centers, | Activity by type x. b BD L2
B : systens sodel transportation, recreation and ’
of recreatioral destination . location
activity in
Michigan that
‘can be utilized
- to predict the
outcome of pro- ' .
“posed changes or \
' - innovations
Halter and To test the Hydrolopic flovs, ‘Size of proposed x x x o Ep bL
Xiller, applicability upstream and down- téservolr and ' '
[1966] - of sinulation etream flows, costs, channel capacity,
in evaluating benefits,; drainage channel i{wmprove-
water resource ments
developTent .
projects and
; to test elter=
nate rescurce
®anazement
policies for
an actuzl river
basin :
Hamilton, et To anply svatese ‘Deuographic, es- Gnce levels, migra=- ¥ x: x m £o o
al., [1969] simulation to- plovacnt, water tion levels, ‘
- ) regional analy- (quantfty and worker productivity,
sia, apecifically. quality), spatial population levels
the Suszuelenna -
River Basin L
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TABLE Vi1 (Con't.)

SR PP PO ——— M O § A
Nodel characteristics | | s
‘Vert-- - Model . Computer
Deciston v Sto- Kon- fica~ applica-'i Experimental{ langu-
References Objectives - Components varisbles Lynamic | chastic linear tion ‘tionl/. :design2/ agel/
Huf saidt, To find an optimal’ Reservoirs, hyro- Reservoir storage x x x L o .
[1963). design for 2 - . _pover plants, irri- caracity, active
- ‘given river basin gation svsten, and inactive storage
systea flood damage czpacity, installed
syates caracity at 2lter-
native pover plant
sites, output levels
for irrigation water
Bufsnidt and To outline a pro— Supply of water, Hrdrologic conditiens, x x x x DA . FL
Fiering, cedure for warer demand for wster- da= and reservoir
{1966} resource simu- derived products capacities, .type of
S lztion with an and services, flood,| {rzigation works,
‘application to | energy, tesgoral, size of power plants,
the Lehigh river benefits levels of flood dam= :
basin - age alleviation '
. —q
Huggins and To develop a Rainfall, runoff Rainfall interception, x x B AD FL
Monke, model to simu- ; infiltration -
{1968} late the surface .
. : runoff from water-
sheds by delin-
eating the model
to a grid of
small, independent
elements
Jacoby, To develop a model Costs, agricultural Size and location x x e co/eD L
[1%67] ‘to evaluate major sector, irrigation of multi-purpose ’
investment and wager, electric hyroelectric and
. operating deci- power; foreign irrigation develop~
sions for electric exchange rates, meat,. operating
power planning power demand, ) rules, type of -
using West spatial darkets plant -
Pakistan as an _~
example
Leistritz, To determine forces | Supply, demand, Land purchases, laad x x B B n
[1970} that have major farm size priczes, land rented,
influence oun- farm treatal rates
Teal estate markets - .
Masch, et al., To develop 'a set of | Thermal behavior, Location of waste x z x b ED L
& S interrelated vaters '|'waste assimilation, loadings and with-
. quality models routing of con- dravals -
capable of rout- servative minerals,
ing water quality spatial, water
|. parameters quality, runoff
- through a strean ’
subsysten
- ] -—4
¥cMahon and - To demonistrate the Hydrologic flows N.A. - xS x x x Bt Ap FL
Hiller, proper use of a :
{1971} first order non-
seasonal Markov :
model with skewed i
data in the i
synthetic gener- i
ation of stresnm
flovs
Kiernyk, To develop & model Wster supply,-water Crop production ! m ED n
{1369) as a2 basis for demand, spatial, levels, water purchases, | .
long-range pro- production, azri< water (purification) .
jections of eco- cultural, commeér- treatmeat i
nomic activity cial, tndustrial, '
in the Colorade and municipal
River Besin with sectors
water gquality and
quantity con-
strainte




TABLE VII (Con't.)

. Tabular Survey of Resource Simulation
che!a 1u Asr!culturzl Economics

References

Objectives. -

Conponénts

e S

Hcdc] c\uracteri.tica ‘

Péclsinn
variable\

Qynanic

Stom
cha:ttc;

Non=

linear |

Veri~
fica- ..

tion’

Hodel

applica-.

tical/.

»denlgngl

r-
1

Couputcr‘
hxp:rlnentul laogu-
age3/ .

Pisano,
- [1968)

To provide 2 set
of options to be

~used fn-river

basin planning

for ‘water quality
| wanagement

vRatvr;qualgfy,;_‘

streazflovs,

-Teservoir-levels,

pollutant con=
centrations:

. and

reservolr releases
“vaste input
schedules, -vater

-quality stasdards

Various cou\lnntions !
of reservoir sizes,

-
'
l

LR

x

-1

B IR

Rausser,
et al.,

r'97z)

To determine the
prodability
distribution of
the external

. learoing bevefits
-emanating. from
- the construction ©

of .a water de-
salting {n San
Luts Obispo,
California aand
to utiltze this
inforzation as
& basis for .
public subsidies

vlt:fning Bézsliing'

plants, costs,

external benefits '

_Public subsidies

" Rodriguez-
. Iturbe,
et al.,’

1971}

To compare various
Markovian wodels.
with respect to
their adequacy

in the pre-
servation of the
required reservoir
storage character—
istics of the
historical record

Streanflows..

HSeascnal'struczdre, A
periodicity, cvelic .

variation, .random
filters

Shih and-
Dracup,
[1968)

“To use & hybrid .

computer simu-
lation model to
solve the three
dimensional non-,
uniforn diffusion

equation far deter-"
mining evaporation |
from finite areas -

of vater. -

- ¥ind, ﬁeﬁpé:ature;
-bumidity, atomos-
_pheric pressure

HoA.

“ 1son,:

R

To outline-a
regional trade
nodel to déter<
mine the eco-
nomic. impact of
proposed pollution
abaterent: pro-
grazns: for the
Vestern Basin of
Lake Etfe

Tradéable ccmmod—

. ities, u1tradeable .
- com:oditles, trans- .
'po:aatioﬁ svstea.

costs, prices,

" final demand,
“|. spatial.

“Type of abatement
" program (size and

technology), taxes

1

See Table 111 for foo;n§tzs 1, 2, and 3.
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.1an§uegevto:watef resource_deVeiopment ptojects.‘ The ptoposed'orojects.in_
:voi?edthe,constrdctioenof dams end'channel imorovements in the Calapooia
:RicerdBaein, Benefits include the value of irrigation, flood control,
'fiehing;@and‘dtainage. A particularly interesting aspect of the model
_development is ‘the treatment of the temporal distribution for hydrologic
‘vflows; These flows are generated internally in- the model by a random numberA
-A;fgeneretor process and considerable care is taken in attempts to assure that |
ithe simulated hydrologlc data conforms to historlcal flows.‘ In the‘simu—
v.latlon'enalysis which ensues, five alternative dam sizeSaand three opetating’
tules are*inveStigeted.c'$he expe:iﬁental design'utilized eppeare_reasonably@v
 simple (ED).wito nodspecific‘indicetioo}as to‘how the~comtinatiods'of ptoé o
&ject size‘and'operating rules Werevselected end evaluated. Their resolt9»4v
egggeet that cheonel improvements are more impottent in terms of the
(implicit)'crite;ion,function than increasing tesetvoir siee.

The aporoach:to‘conetructing simulationvmodels fof water reeource
vtsystems detaixed in Hufsmidt and Fierlng [1966] is more general than the
A'treatment contained in,Palter and Miller. -The forme: stody presents-the.-
varioue‘steps aodfprocedures~required;to inetitdte,a,siﬁulation'ptogrem M;-'

including'asoects related to collecting aod'organiiihg hydrologic and

economic data as.well as developing the logic and detailed code for simn-
‘lation analysis. These procedures are qpplied to- both the Lehlgh Rlver
Basinledd.the'DelawareuRiver Basinffthe‘formervbelng a,subsystem of the
latter. An'intetesting developmeﬁt fotbsynthesizing ﬁydrologic events is N
ﬁrbﬁided. Pollution is also considered along. with- the costs of abatements..-
A number (three) of alternative criteria are employed to validate the ‘con- -

structed mcdels. For the decision applications,veconomic consequences

~,



’,(benefits aﬂd costs) associated witﬁ design variaoles and outputs are
:%evaluated under sevetal assumed interest rates, static and dynamzc 1ne
Vvestment patterns, as Qell as methods of discountlng benefits and costss
In these applications, an explicit criterion function is specified in—.
.volviag the. present value of expected net benefits along w1th the vari— :
'lance of these benefits. Unfortunately, no computer prOgram or mathe-
»matical formulation of the complete model (representing the Delaware Riveriw
MBasin) is presented.. Moreover, the experimental prOtedures employed are
‘presented in a loose framework.e A few-ba51c plans are'investigated.and
‘lthea;.from”knowledge adoumulated, impto?ements‘ere'made npon'the’basic
plans.and the search‘is~continued. However, noTSpecific seatch pro-’
;edu:e is developed in this study.“ | | |
v The third'river'basin study: referred'to.abosevand-eonducted by
: Ramilton, et al., [1969] contains more of a regional flavor. than either
'-of the two prev1ously discussed basin studies. Thisecase'study of systems
simulation to regional economic and river systems modelling- should prove v
of 1nterest for some years to come.as The principal objectivetofvthe work‘
is to advance~the state*ofwthe systems?simulation art.fot,regionalj'
analysis, particularly where social and technological factors form an
1ntegra1 part of the system under examination. Tne model-developed is
:offered as an attempt to gain a better understanding of regional growth
and»water resource relationships in'the SusquehannavRiver Basia._ The model
cis‘comeSed:of'thteevﬁajor_cosponents that‘desctibe the'demographie;
.eﬁploymept;fand satet supply?chéractefistics of:hinelsobregionsiwhich com-
prise the rivet‘basin. The demographic‘component~representihg‘labor-supply
and tﬁesesplopmentAcoﬁponent_tepresenting labor demand;interact-at the

'subregional'level but-ate separable across the verioas,subfegions,lpThe



T

- by Hamilton, gg‘gi., may be charaqterlzed as: (1) the inclusion of

\A\
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subregional water compenents aré,:hnwever,'ﬁbnseparébie since the with-
drawals of water or the discharge of waste in one area can influence

water in downstream subregions. These subregional components contain

_aspects of both water quantity and water qualigy; ,Thg principal limita-

°;ions’of'the constructed model include the use of'emplbyment,as'tﬁe'

primary indicator of economic‘activity and,thé.impésition of the 1960~

'1975 {industry group) growth rates on the SO-year forecast period.

' The obviously important features of the systems model constructed £

o

both deﬁagraphia and'eéﬁﬁOQiﬁ'com?onénts in'a~singie*m6éel;A(ii) the =

:explicit application of both econamic and»engineering‘ccnceptS‘to regional B
'rfwater resource problems,.{ili) the dynamic aspects whlch are evidenced ‘

by feedbacks and lagged variablaa W1thin the various ccmponents .as well

RN
\

o as between cemponents, (iv) the. ability of the mndel to facili*ate 7

5sensitiv1ty analyszs. One - of the more 1nteiesting results of the. s:mu-'

lation analysis is that the revealed water shortages emanated not from the

SGarcity'af~the waterrreseutte itself but rather from current watef-treat%f -

- ment, stcrage,-and distribution systems. Hence, given investments in

expandeé water systems a sufficient amount of water would be available.

Turning away frc& rlver basin systems, a recent stuay by Rausser, ,&;1' ' "

‘:‘ et ale, {1972} was aavancedvin an attempt to determine the level of public #
,subsidies;that,might be_pravxdgdvfor‘water'desalting plants.e The basis

-foi these subsidies are the external benefits which emanate from the

“learning process or aesalting experience. Thé.experience gained'in'théc”f“

constructian and eperation of a particular desalting plant is presumed to

' .result in more &fficient pfgdactien for other ‘plants consttucted in the )

'f;utu':-‘a,!’}6 ‘Hence, ‘the purpose of this study is to‘gstimate,alternatiVe- :
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' lee¥niné fﬁneﬁiens fet‘waterldesalinaﬁioneeeﬁ ieveStigeﬁe”theit implicatioﬁs 
, for external learefng benefi*s and associated public subsldies to particular :
v-vwater ﬁesalting pl nts.j‘ | | A
| "learning by doing bmodel prevides the ba31s for thelspecified (non~;“
~{linear and dynamie) learning functions which are: estlmated by both Classical '}

fand Baye51aﬁ methods,‘ In the case of the Baye91an estimates, two alternative

o ffamilies of prior probebzlity den91ty functiOﬂs are’ utilized.r The flrst 1s =

' v "based on the 1earning experience of non-deealting lndUQtries and the second

.bis based on sample desaltlng costs of foreign plants. ~Ftom these estimates~“v
" as well as some additienal information a jolnt probability distr1bution which"

"includes external learning beneflts is specifled. Slnce it was not possible -

S to derive the merginal denszty function for aUCh benefits analytically, com=-.

i'puter simelation experlments were. employed to generate an’ estimate of this
v funrtian.‘ In ether werds; the probability dwstributien for these benefits
'Pwere empirically approximated by‘Monte Carlo methods. These approxzmate.
distributicns Were abteined for alternative plant capaeitles (six) discount

”rates (twe), expeeted gﬁﬁﬂth rates (two), expected plant life (two) and

7]ﬂeet1meted leerning functions (three) Gn the basis Gf these appreximated

'fyexternal bwnefit probebillty distributions a number of suggestions regarding

"ﬁ?eppropriate levels ef publlc (State and Federal) subsidles are derlved.47

e The medel developed by Jacoby {1967] emphasizes alternative investment

.'.

end operating decieions fcr electrfc power plants in Weet Pakistan. More
’speciflcally,,the medel analyzes petential 1wvestment in ?eneraticn facilities:%
for gach o* seve*al electrac power'markets. Faeﬁ plan st satisfy pre-/“

: determined power demands an& has an. essociated temporal pettern of operating

"~costs.‘ An attem?: 13 made with some surcese to examine electtic power

'jplanning from a systeme vief rether thdﬂ project~by~project. The cpmpu;er
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simulation mode1 utilizea.generates‘cuiputs Qf various plénts, range of
,fﬁél“priées,tréhsmission»consgraints'for eaﬁh'yeér;'thgrdisﬁribution of_':'
foreign éxchangé‘ratesg and'tﬁe distribution of opportuni;yvcosts of o
 capital.  The~1atte£?infcrm3ﬁica is particularly important given the
'multiépuprSQ'nature»of hydroelectric. and irrigation,éevelopmeﬁ£5“in
some_of‘the'régipns iﬁveétigéted. 'Sitg'size and timing of plant con-
,j;Q??Qct§cn"até5exp}§¢itlyJtreaced.V The first priority of water is
 §§§§ified tobbe if%igation.use$ aﬁd ﬁhe electric power oﬁportunity‘costé
:bf{thié pfiori;y gre‘evaluated. |

'The eXperimental'design utilized .in Jacoby's simulation analysis

vin§91vedvboth.multi—stage techniques and partial factorial designs.  On
-!the basis of a.Single basic demand projectipn, a-§ariety‘of plans weie'
"ﬁested, some of which were eliminatéd f#om further analyéisr Tﬁis initial
énal&éis'prVidas'a new set of combinations to bé investigatéd.‘ Three .
 e§éﬁ§fé$ i1L§§trating»the use of thése-tgchniqueé are giﬁeﬁ. They are: -
l(i) evé1uatiQn of power benefits for a lafgevéam, (ii) timing of plant
iébnstructibn;:aﬁé (iii) élternative;dam operating policies. The con-
”strﬁctgd*simulgtion:ﬁedel is'impressive,iﬁvolviﬂg a considerable degree of
t-feedﬁagk., Unfqrtunafelyfamung oﬁher‘limitétians no real attempt is made
€0 verify the constructed madel. |
: - biﬁévDudiéy,bég‘ﬁg{;tfl§72}‘model,is a relatively straightforward model &
"invﬁhiéh,thefpurpese'is tq:determingvthe "best' area size for.irrigation.
”This:decisibﬁ is ?fesumed to take»élace in conjunction witﬁ a reservoir'of 
a giﬁenicapacity} Thé]sﬁécified'critérion function involves a twenty yeatr.;
ﬁlanning;hcrizéﬁ,-net-ré#eﬂue defived from irrigated‘cfopland, net revenué
derived from éiyiand'crOps,,andvfixedvcosts\of capital items. In deter--

mining the "best" acreage to develop for irrigation.thé authors incorporate



,straﬁegies (developed in. previous papers -) on- the combination of irtigated
_and dryland crop acreage to plant and the allocation of a given quantity of
: water to an irrigated area over a season. e o |

The actual determination results from sioulating over a twenty year

g foperiod under both stochastlc demand and supply the effects of varylng acre—:

'tages., The acreage for which the largest value of the crlterlon function |

o is obtained is regarded as the apptoximate optimal acreage to develop for

‘~irrigation. Sen51tivity analysis 1s employed in an attempt to ascertain
. how'the.determined~acreage wou;d-be altered under varying,opportunityv
eoste,;oOppottunity'cost,aa‘a'pe:eentage‘ofvotigioaifcoats'are allooed to
rangeﬁffomISO percent‘toﬁISO.percentf’.Quadfaticefuactionaf(for"eaeh'of ”

the specified levels of opportunity costs) relatlng net revenue to irrigable
acreagec are also estimated and the penalty for employing saboptimal |
,acreages is ccmputed. ho attempt to verify the constructed model is advanced
‘fand the experimental design utillzed s simple.' Two of the more important
-:llmltations of the aaaly31s are the assumption of constant between season ?,v»*
dryland yields and the failure to coneider storing water in the current B
‘ v_year to augment avaixable supply in future years.;
As previcusly indicated, a number of the studies represented in Table VII; 
:‘fefer to physical models)concerned with hyrologic phenomenon. ‘The-rhow andfw
:Kareliotis, {1970] model is representative of these analyses and is briefly
elabo”ated upon here‘ Their'hydrologic model is formulated 1n the”context,'
“of a waterehed system‘and is. applied to the upper Sangamon River Ba51n. The*v =
model inpet is rainfall and the output is runoff and evapotranspiratlon..

. Runoff is conposed of three stochestic components. (i).groundwaterﬂatorage,f 
‘o(ii) tetal_rainfall,_and»giii)_total 1oeses. Three alternative models for x“

EheSe proeeesesﬁareqcompareﬁzand.evalqated Ihese models are basical]v a.
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auﬁorengSSiV8 model. In selecting

moving averaga, ‘sum of harmcnics, and an

R heses (or the dis~
among. thpse m@dels the nonwneste& natuze of the “YPOt

ernativa model re re—.'
parate familles of hypeabgses) repreqented by the &15 P

» is based upon . the’
sentationa 48 not reccgnized, fInstead“the selection

m onents-areffOund;i
‘correlogram and spectral analysis. A11 three runOff comp . k!

| tion of dampening.
S to ethblt correlograms oscillatlng without aﬂy iﬂdica

evealing signlficant
This along with the power spectrum of the sample’ data r _

selection of a
tP@akS for six manth and annual periods resulted 1“ the

ries model representation..
,COMBiﬁed sum of harmonlcs and autoregressive time 8€

off rocesses. The
This selected model is then: employed to simulate che run p S

ion of the. constructed
prinelpal'limitations af*tne~analyq1s are: ‘the Validat

reen the various
simulation model- is iacking, the feedback among and betweel 8

e ntal design ap roach
compenents is not partiﬁularly strong; and the €xpe erime P

iz deficient.
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Vi ‘cmnom«: ‘,AND‘ APPRAI.SAL

The comments in the survey section along with the framework provided

| by the previous discossion suggest a number of observations with regard
'fto the corrent and potentiel vaLue of systems analysis concepts for teach—

: ing and research in Agricultural Economics., Seme of these observatlons

have, in fect, already been antic1pated in the commentary of the survey

Zsection,_ In this section tne arguments are formalized and aosessed in

terms of possible implications for the profession.»."

'.}One aspect of the studles whlch comes thlough rather clearly in the'

survey is a rather general departuxe ‘from the neoclassical :heory
- This seems to be ‘true in the decision as well as 1n the mo;e descrlptlve  ‘
'"_'or behavzoral end forecasting model appllcatzons.' In mostvcases-this ’

: ”deoartnre does not appear to represent a regecteon of the theory. Instead ,

it seems to be assocxated with thp types of systems being modelled and an

inava*laoility of suff;cient theoretical results Guidellnes from the ;

vtheory areucommonly empioyed for'suggestlng varlables entering structural'

'relations and possible crlteriaofor decis1on models., However, 1t beeomesev.

reasonably clear thac the dynamic, aggregate and uncertaln nature of manyf

of the problems requirlng the attentlon of the professlon is not fully em—-vj

.:braced by the theory" In short we are~1eft.withuthe.imyr9331on that the |
'W.osers of the systems approach--whether for educational or’ research purposes--

are engaged in a heurlsc1c exceriset COﬂtlﬁualiy formulatlng and reformulating

the mode]s as’ new 1nforme;10n in the form of lmproved theoretical concepts or

observatioos on the sysLem becomes avai eble.'

The preceding assertion is enhanced once we recali that the systems being

modelled are frequently ones “for which there io a dirth of observed 1nformation,"'j
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~As a conseqsence; the systems modeis themselves are employed to generate
‘results Lsed for lndicating appropriate types and amounts of 1nformaticn
ito collect ‘and, in fact in. generating information on .- the systems them-m R
:sslves (Forrester,'1961) Thus in decision as well .as in behavio*al and
_forecasting models we. find ourselves proceeding adaptively-~formulat1ng |
~models of systems, reflnlng their theoretical basis, gathering information, ;
,ffreformulatiﬁg and‘etc:,-with1the ultimate endvof'improving upon the pre-
: ception and representation of the system being model.‘l.ed.l‘9
A second noteworthy characteristic of the models is associated Wlth
the methods by which information is generated for estimating structures
of forecasting, behavioral and dec1sion models and relatedly, the methods
" employed in the ‘solstion;‘of deeisionimodels.> In»brief,‘these1methodst
"are commonly rather haphazard involving3a lsck of isprovement criteria-and
‘: as mentioned in section I1T, an absence of effic1ent experimental designs,
. whether for isolating rsSponse surfaces of structural models or for numer—
'icallyvapproximating~optima for the,various types ox'decision or poliey :

"models;f'Thac»is, theéﬁroééSs.0£vsolutiennend/os;SyStems model improvement=u°

- typically takes place within a very general or unspecified bas:Ls for control. o

The key words in these introductory comments are, of course, adagtlve
' and~control. In short, all of the studies which involve the systems approach

Can‘be viewed as.a'type of edaptive control process. - For the descriptive

s

or behavioral and forecasting modsl applications the process is reasonably |
stra;ghtforwafd. The objective, as gensrally ststed is the one of improv~ :
.1ng the characterizetion of the system. In this case. the control variables-'
»of’potential importance are@p:incipally;concesnediwithvthe éesign_of dsta v
‘gathsring experiments whether conduc;eo sithin the rsallsystemuwin which‘case.

: : SR C e o o ’ :
the usual types of sampling criteria are of importance--or within the systems



medelm—in whxch case we are concerned‘with identlfying the response surface :
s0 as toﬂdetermine the inte1n¢l workings of the model. In the declsion |
models the p*oblem is somewhat more complex. If the strucoorenls taken as
known ot lnvariant to new inforﬂation, ‘then the control problem posed is
_simply one of attalning the policy objectives. Althbugh.numerical approxi-f‘
:‘mations of complicated obJective functlons and/or complex structural modelsf
_mayybe difficult@ the optimlzation,process is, in‘p:inciple,fpossible.” |
.;When-the~characteriiatlon of the structure 1is not‘invafiant to new ih;
formation,. however, the control problem for decision problems ‘becomes con~ ¢
51derably more complex. Clearly, if the system is- operated on the. basxs of
the so]ution to the model then the. policy followed influences the type of
neolinformstionaobtalned_fo: imp:oving upon the characterization of the
system. Since_tﬁe solution torthe policy problem willnnsoally_be improved
if'tne stsocture is"knownﬂwlth'more reli&bllityvand’the qoslity of informatlon
forvimproVing-ehe,stsoeture is contingent upon’the‘policy folldﬁed, it 1is |
clear@thstsihere are-doel‘conSiderations.in setting opoimal policiesoi Adapt-
ive’optimieing problems of this_cype are known as dual control p:oolens,o |

| Thelavailability,of solution'algofithms for adeptiveiand/or.dusl control
probléﬁ#;ﬁs currently quite limlted. However,»ohis,conceptualizaciOn of the .
process of'systems snalysis‘canlserve'some useful purposeS¢ To begln, it '
.: provides a unifying methodological framework for viewing the widely diverse ."v
‘types of systems modelling‘work thereby, giving a basis for evaluating methods
employed as. well as methods developments in the whole range of applied situ—
atlons. The control framowork is also of valLe as an optimizing basis for model
construction and operation, This.optimizing basis'is, of course'*very useful'
in attempting to systematize procedures for the estimation of parameters entering

struc;ural models and for simulating or- experimenting with the models whether
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w : “4n 5 palicy or“fc%eéasfing contexi.
In the‘fél;ﬁwiﬁgFtwcpsnbéectiops:we'fevié& the promi§ing‘developments-
iﬁ s&stems modélling aé £héy‘felzté‘ﬁojfhis 3§apti§e control frémewbrk éﬁd ;: '
then ‘attempt to asseSS»the impiicéti6ﬁ§ éfvthis-ﬁiewrof the systems- method
-for.rééearch andvteaching efforts.‘ Although the first is principally
orientated towards methods developments, there are a number of importanti
| works in Agricultural Eccnomics which have either implic1t1y or expllcitly v
applied the‘approaghvto be advocated. .Wherefapproprlate then, these studies ;f
'areinotedlboth.as a baSiSﬁforﬁiﬁdiéating:thé‘ﬁontfihﬁtiOhs éf Agriculturgi5‘b:
Econgmics to méthédérdeveiopﬁénts and to illﬁstfate the.uééfﬁlnesé othEEJﬁti%
concepts. in applied situatlons of “the type which characterlae ‘our mcre
-usual resnarch and teaching efforts.
i. If the conclusion as to the appropriateuess-of the.adaptive cdntrol;;
Aframawcrk for systems analysia 1s accepted then there are a number of in— 
1terest1ng impllcatlens as to how we should" t"ain our. students as well as
‘retraln_curselvesxzog future-research effcrtss In-the'second subsection>:Av
we speculate on a number of these issuegw—lncludlng the 1ﬂportance of

economic thearv, mathematical ‘and other technical requirements for handling

| the aﬁproach and finally some’ methodo;ogical questlons suggested by view1ng

the development Df appi1ed research resultq as'a ccntrol process.

PROMISING DEVELOPMENTS

In this séctgep those asﬁeats of the systems.analysis and simulation
aéprbachfwhicﬁ appear to feéfgseh;:methbds’for7improving the potential
'bof-Agricultural Ecaﬁémics néséaach,are-mentioned;' Iﬁvﬁostfcases:theSevété'
developments whicn ‘have seen llmlted if any, application in the profe531on.
Hence in aéditioa to discuss ing the salient aspects of the various developn

~ments we shall attempt to indicate,rgseaxchvaraas vhere they appear to have»



\‘.;;t;he largest benefits.

| As suggested in the introduetory comments, the more promising aSPects of e“
'sySeemS analysis are identlfied with the vieW'that the aPPIOach can be treated lAl
as & application of adaptiVe control theory (Burt 1969) This framework\ls

1 sufficiently general to eucompass both decision or foreeest:mg models and, mc,;»e :
. ‘generally, the allocation problem Presented by the search for more repre aen- o
: tatiVe behavioral or descriptive models.; Since most of the promising develop-
Vmeﬂts follow from this view of the systems analysis process, we digress for a

'sh@r: discussion of the elements of control as. well as. adaptive control theorY.,‘v“

The Control Problem

ContrOI problems are typlcally dynamlc or sequential optimlzetlon problems.

. As such chey involve a criterlon function in the endogenous (and possibly
“exggenous variables) and a structure relating th° values of the endogenous to A
.the controllable ‘and- uncontrollable exogenous veriables. Altnough the relation—"v
: hips involved need in P*inciple, not to. bn eapressible aa mathematical fanctions,}.’
ve. sﬁall do s0° for purpobes of convenience. Mere preclsely then, if we de-
-inote the w1thin period criterion functions as f[y(:), c(t), x(g)} where y(t)
and x(t) are reSpectively appropriate elements of the state or endogenous;,
variables and included uncontrollable exogenous var*ables, c(t) is the vectof ‘
| f control Variables and gtf{y(t), c(t), x(t), t]} as the functional definlng
llﬁhe criterion function at any point in eontinuous time, the objectlve functlon ‘

for the control problem can be written &S,f
W = f g{f{y(t), c(t), x(t), t}} dt.

kThe ccntro cheory problemais,tg GPtimize this fuﬁctional<w subject to the s
°°“d1“°‘"5 relating the state variables y<t), 1agged values for y(t—l), the

' coﬂtf°1 variables C(t) and other exogenous variables x(t), the initlal
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conditions, and two mathematical conditions specifying boundedness on y(t) -

and control variables c(t). That is, W is maximized subject to,

=

dt

¥(0)

e

= hly(t), y(e-1), x(t), (), tl.

1

¥(0), ¥(t) € y(t), and c(t) € C(t),

‘b.wﬁete y(t) is a set Of feasible values for the state vectors and C(t) iS'aI
set of feasible valuev for the contfo*s. The parenthetlcal (t) indicates
:that in each case these spaces may be functions of t.

The control problem as specified above is nonstochestic.: From tﬁe :
_‘previous dxscussion on systems analyszs it would appear that if the approach
is to be~viewed as a control process, then some provision must be made for
accommodatlng uncertalnty. This uncertalnty as to structure and possibly criteria’
e,is‘incorporated in terms of probability distributions on. the parameters. " In

Vparticular, when parameter uncertainty is recognized, two approaches to the

"control problem are pcssible. The first, which we may denete as a stochastic.

control problem, presumes the random variables (exogenous variables, parameters, o

and disturbaace terms} have prcbability distribu;ions which are known.' The

YSecand, ecmmcnly-referfedato es,an adaptive control problem, suppoSes that the

-vprobablliiy distrlbution funetions assoelated with such random varlables are
};themselves not ‘known with certainty. The flrst control problem is invarlant~r
"te sequencee of new ;nformatian while the second uses new information gehefated
by the system to re-evaluate the estimated probability:distribution functions..
.Mbre preeisely, iﬂ each §eriod the new sample information generated in the
3 previous period is utiiieed to update estimates of say:the first and secoﬁd
moments of ﬁhe p:obebilityvdistributions. These updated estimates are then -
used ﬁo determime actions in the'currenﬁ period, and etcf | | |
.e‘The,adaptive eoﬁtrol epproech is the iofe realisti; of the two app;paeﬁes

to the uncertainty problem and allows a higher expected level of perfcrmancee



than. ‘the stochastic control aoproach° In short, superior nformation permlts”bl‘

L

attainment of higher levels of achlevenent in accordance with the specified

fcriterlon functions. In this context, an-attemgt to'achieve.optimalvcontrol
'policy for several future perlods involvws both learning and design con—'l

'siderations. How mucb we learn abcut unknown parameter values or their

probability distributions depends on policy actions, a design—of-experiments

"'vconsidefaticn.v The aoaptive contxol solution to a multiperiod problem then |

"attempts to provxde an optimal ‘sequence of actions ﬁhat con31der control

learning..and.experimental desmgn._ In other words,-the‘choice‘of optimal-

control decisioos 1n an adaptive framawork is ccncerned with the dual effects,::

~ of decisions on. cont“ol of tha economic qystem as well as future streams of

/ .

1nformaﬁion.- Thp value of such an appreach have beep outlined by Freebaixn

}and Ransser (1972) Prescott (1967 1971), and Zellner (1971) In particular,

-‘vPrescctt,sgfiodlngs 1udicatevthe importanceiof_allowlng iorvparameter~uné

CéfﬁaiﬂfY~in;991Vi$g'Ccntrol‘probigms, eépec;ally when parameter estimates

are imprecise,

i-Adaptiv& Decision Models.

'Siﬁce'economics is aﬂdéoision“scieﬁcé, it follows*that mény.sYStémS»'

models constructed for analyzing 2conom1c problems 1nc1ude a. decision =

- dimeqsﬁon,i That is, acoordzng to our discussion in section III many of the

modeiv review#d in survey section (V) oould be properly classified as

i decision models.. Moreover, che fact ‘that the analyses proceed in a svstemsi

conteht wouid Bus gest bome uncertalnty as to the structure of the decision .
problems as vell as. the values of: the paramete;s wh;ch make them Specific o
to particmlar GCanulc agenos (or groups of agents) i The narrativeS‘in.the”fa'
papers frequewtly indica;e that substantial feedback has occurred between

the processeg of;problem identlficatzon, model constrgc;ion, verlfication,
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an&:ﬁéliéy'analeis (see for example Halter; et al., 1970). Ia short,
systems models of dECision problems are typically constructed in an adappiye:'
ﬁanﬁErfwith ﬁumerdus revisions of the structufe as new information becomes
évailabie;' Thisvprocedura for model ConStﬁuction and policy analysis can,
‘therefﬁre, easily be viewed as an adaptive control . process. |
o What then is to be gained from this observation as to the similarity
pf'systems5m§delling of decision pfoblems and adaptive control processes?
‘Fifst, it,pfovides:a'unifying conceptual basis for viewing the various
 $ystems modelé of decision processes. This unifying basis would seem to
>>>>>> bg:a necéséary_condition for therdevelopment of more systematic and
reproduéible precedutes‘for'tha construction and épplication of systems':
‘models and ‘for interpreting results of such analyses as they relate to
'policy.v Seccndly, it suggests a basis for evaluating the process of model.i«
 révision; S}stems mcdels are commonly presented as the result of a process
' whlch has 1ncluded numerous policy expe 1ments and related model rev;51ons.
The-exper;ments have somehow provided information as to the appropriate
strgctqre/fo:'thé decision ﬁroblem;w Thévcontro;,problem conceptualization
then fepresents a framework within Which,a systematized ané formal Eatioaale
»for these types of procedures in the formulation and application of dec151on
‘ models can be accommodated. |
‘Lastly, the control framework as "system' for viewing systems models
Vd%'deéiéieﬁ.prcbiems has some important‘implications for the design of §olicy
simuiétionsvexperiments,‘ As the abbreviated discussion of gontrql problemsi
iﬁdicétgd, expefiments Qiﬁh such-modéls‘have dual objectives--one of pro;id—
ing adéitidnal information on the strutture, the other of providing information
as to the optimal settlngs of the control varlables in connection with the » |
within~per10d objective function. Thus the explic1t recognition of thoce

constructions on the analysis.of systems-models reaffirms earlier comments
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with'respect_to the importance and applicability of‘experimental'design‘f'

in the simulating process for such models.:

“SimulatiOn-and“PrepostériOr”Analysis

As Agrlcultural Ecoeomics is' an applied discipline, ee’muet be con—"”
lcerned with problemu of estlmatlng response functions (usually‘technlcal) e
ffor use in the. analysls of resource allocation problems. Given the:pre- -
,occeoatlon vith resource allocation problems, it is rather surprlsing that:;
_it_hes been:onlybrecently-observed in a'formal‘sense thet;attempte»tow‘
ceptute‘mare.reliable'estimates:of'perameters,ere theﬁeeiVesgtesogtcela
allocation problemsvof”a'ver& traditionel“hature. Hence;fthe;otocess
of-estimating‘fesoonse functions canrbe viewed‘esjevtype”ofrcohtrol; U
problen. - Theecritefion‘in‘sﬁch proolems is~ieolicitly e fdﬁttional infthéf
nwithin perioc galns (benefits over costs) accrulng as a result of ‘the
‘experiment. The structure is given by the nature of the'function to be

7 estimated; Control variebles then relate to alternatlves in terms of

/
(

experimental design end the extent of: experimentatlon. In an applied
;context a difficulty w1th this essentially Bayesian framework for view—ef
,ing the,prccess’ol:experimental‘response surface estimation iS'thet the '

' additlonal information proviced by the experimentatlon is not known until -
' the experlment is ccgductedg More specifically, if Lhe process is per-’
ceiﬁed‘inze Be§esiae'csetextv{with posterlor parameter cistrlbutions,atl ;c
one.pointvin_time‘beaeming’prlor‘distributioﬁs in the suoeequeot period)
‘theﬁ thevre#ised pareﬁeter‘estimetee cannot'befknowo‘until the,postetiot
f:distr*butlons are calculeted. A:very promisiné aoproaCh to:this}ptoblem
has been recently applied by Aﬁderson and. Dillon (1068) 1"lhey'Su«gest~;

that sirulatlons of a- systems mode’--iﬂcozporating what is known of the
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population-end sampliﬁg characteristics of the error éourceséebeﬁemployed.inv
numerically examlning the problem of optlmally allocatlng resources in re~
'sponselsurface research.v The term c?ined for experlmental examlnations of
tﬁiSﬁtype“iewpreppstefior anelysis (Anderson and‘Dillon, 1968).

Simulatlons of systems models constructed for examlnations of this

sort can be quite useful in providing information as to the potential of

- ‘ addltional nonsynthetic experimental information. -ThiSmis especially evident

lln the context of traditional response surface est1mat10n problems. They are
alse.of’value ig*givipg guidelines for the design of egperiments advaneed'td
fexamiﬁefthe'likely contribution of additional.nonsynthétic'infdrmation or
‘sample daﬁa.'l1n=a‘broa&ernconteitﬂehese metﬁods wbuld'eleOfeeem to be'.
applieable to situations in whieh exploratory reseaich is being conducted for
che purpcse of developing usefal descriptive and/or behevioral structural |
=mgde13gof.ecpn0mie syetems. In this sense the use of simulated data‘in the
depelopméet:eéd fefipeﬁeppvef eeonoﬁlc:modelsvis:quite”eeneietept,with the
"adaptive“control‘fremework,e | o | |
?oSslble»EimuletibnﬁapplieetidpSTas a7basis'fpt-preposterio:tanelySis;‘“
6f»eetimation probleﬁs cenfrbﬁted1in the'&onstructiOn respense sutfaces as
{well as behavioral and descrlptive eeonomlc models are wide ranging. The‘

edvantages of the approach for more. traditlonal response su face research .

should be obvious from our prevmus discussio"x n.ﬂd are nieely illustrated
’by Anderson.and Dillon (1968) . Fer the case of reaearch on the structure.

of economic medels the pracees is somewhat more: complleated ‘The compli—

eations arise in connectieﬁ with the 1dent1f1cat10n of appropriate crxterion :

functions,- the diffleultiesigf interpretiﬁg simulated data from models of
this‘type when'multipl ~responses are present-(the usual situation) and.the
'connection between this type of exploratory develapment of such models and

the underlying theery. Although the above mentioned problems are at present
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.limiting in terms of che operat:onal neture of this approach to. the develop- .
ment’ economic systems models, its appeal as a method for systematically |
utilizing syntheﬁlcally generated data commends 1t as an alternative to be
con51dered-1n.the application of.systems_andgsimulationvanalysisfinjAg:iji}

cultural Economics research.

Artificial Tntelligence and 'He:uri‘s“tic‘ Methods
It?ﬁoulc eeﬂinsppropfiaeeico omit from afciSCcssion"of promising )

' developments the p0331b1e applications of simclatlon concepts 1n ‘the: develop—;g.
: ment of artificial intelligence methods. Such methods involve attempts to |
sxmulate dec1smon maker '8 or problem solver s thought or discovery processes,f'
rules of tbumb applied to complex real world systems,lintelligent behavior,x;l
and effective problem solv1ng or search methods.. They may be thought of as
"embracing a philosophy for approaching problems raeher than constituting an} -
’;organizedsand»definable_set of,techniques. "For many problemo which cannot ‘

»bejsoloeduby:classic_machematicalgaoo.statistical_models,:thesegmechodsvaref

‘especially‘usefcl anc‘invoive'Sttempts,co move towade'opcimuc solution‘
'bpr0cedures rathsr than optimal selutions (Knehn and Hamburger, 1963)

A ]

Artificial 1ntelligencs is characterized by ggi%f et al., (1969, p. 150)
vas:". v.effic1ent use . of the oomputer to obtain appareptly 1nrelligent be—i{é
'havior rather than to: attempt to reproduce the scep-by-step thought process
;:of a humaﬂ decis1on maker. : It is concerned with computer—oriented heuiistics
to accomplish such items es search, pattern recognitions and organization
‘e'planning.sl In a more sophis»zcated setting it may also include learning

| and indoctive inference._.wc |
Alchough uses of systems models, simulation and allied techniques as

' means for generating inforration about ecooomic systems were suggested fairly f

‘_:early (Simon snd Norvell 1958 Shubik 1960 Clarkson, 1962), the related
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~heufistic'ptogfaﬁming'ané leerning constructs have been given little attention

be Agricultural Economists to date. To'be“so“e,'the process of construCting

and 31mulatiﬂg any model of a system can be loosely viewed as a process of

developing'a:txflcielfintelligence.fexhe'essertion as to the apparent lack.ofc

'aSSOciaced apolications ié;'therefOIe,pinferfed mainly from the absence of
more formal considerationb regatding the process.
The slm@lest of decxsion problems in appllea economics are characterized

by a complex1ty of alternatives w1th respect to structure and potential

‘cdecisioo_variebles. Leerning aboutfor,understanding Such systems may, there-

: fore,ibe tealistiCaliy viewed as a seQuential‘oroceSSsK»That is, e begin -

,»with,eerough idea of how the system operates znd then by procedures'sinilarf

N to heuristic programmlng ve. develop models ‘which hopefully perform adequately '

Afor the p rposes intended. The connection of thls ‘process with the theory
of learning (Bush and Estes, 1959) should be apparent. Slmulation and
3syetems analy31s then, - by virtue of the conpafative ease with which one can‘
heuristicall3 model‘or program a.system;'represent valuableocools,for en—
hancing exploratory research efforts. ; |

~Even thougn heufistic programming and related appllcations of learning .
‘theory have been more popalar in the atudy of games (Shublk 1960), it should
be clear that they have w1ée applicability in the types of exploratory
cresearch associated with the various cypes of eclectic models employed by - -
Agricuitural,Economists.A‘Moreovers learning theory fcom‘ao ecoaomic/poinc{
,af view?and in'relation to éecision modelé'is, in essence,'an aliocation
'probiem. As such the applications of heurlstlc programming aﬂd the gener—~'
~ ation of artificial intelligence fit rather nicely with the overall control
theory framework. The previous comments. involving thc use of synthetlcally

genereted data and preposteriorcanelysis present e formalﬁbasis on vhich
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viearning;about econamiq étrﬁctures and,'relatedly,_fechﬁical response surféces

'vcan,ptoceéd. ‘In a more decisicn orienﬁatedicontextgihé dual proBlémqufr
adaptive control processes peride a framéwéfk ﬁithiﬁ‘whichnexploiatory models
énd-pdliciés can. be dé§e16p6d, | |

Opportunities for deantageously ‘applying art1f1c1al intelllgence in

Agrlcultural Economics research are substantial. In addition toe those which

'bwould naturally be anticipa ted ‘on the ba51s of the prev1ous discussion, there
are areas in which:these'me;hgds have more spec1fic possibilities for applif
catibn, -Theiafeavto.which'we,Specifically'fefer is éxéérimental eéonoﬁicsf:

(Castro and Weingartérn;’1970 ;MacCrimmon and Tota, 1969, Naylor, 1972 Smith;,

1962 1965 énﬁ Watté, 1969 Most of these studles are of course, closely
connected wltn the gaming mcdel; in which the 1earn1ng and heuristic programming
-~ methods fqgnd their initial applzcatlons.‘_Few propositions of even the more
.tradisiOﬁal ecopomic . theories of individuai behavior have:beén sub}ected to
'testglby Eoﬁt?oiled‘exéeriﬁeﬁts“' The few tés:s available refer mostlylto the
eqnilibriatiﬁg pr§ces§ of'sim?1e éqmpetitiﬁe markets. If viewed in.cbﬁparison.
to othérfsocialjéciences‘where tﬁeoréticalifbﬁndatiéns'éfe'Aot tertibiy rich,
this is a partiﬁularly'striking.sﬁatémént.}-Itfseems,fthgrefore,fthatbappii~
. éations of these systéms'methadS'in obtginingvinformation-about how agents *
léarn'andfoperaﬁe within.vﬁfious economic systeﬁs:¢ou1d>have éubstantiali
potentiai iﬁ.AgricuituralbEconﬁﬁics re#éaféh. That is,rsimulaticn méﬁhods
could ‘be advdﬁtageously abplzeérto generate art1f1c1al 1ntelligence about
the béhav1oerf agents in_tne 1ndustry, Some initial efforts in thzs
direction ﬁeré-me#tiened'ﬁith respect to the gaming literature in section V.
- Our puipogé here, however, has been to suggéét_that;there»ére'sound réasohs.

for substantially expéndihg these presently rather limited:effofts.
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: FORECASTINGJAND'yROJECTIONS

In the above discussien on promising developments forecasting problems
' rwere>inéicated as a special type of. decision problems Althpugh thisvcharf
: attérizgtiop'cfufprggasting'and ﬁrcjec;ion problems is,gsseﬁtially,corfeﬁt;,}
"théyﬂareAtasks evagricultural Ecbnbmists"which°aré sufficiently important
 thé£VWe single éhem.out for this épeciailﬁréatment;}‘Ah iﬁportant.fﬁnétioh '
fo; our apglied éiscip11ne zs obviously to prov1de agents of industry and -
:,goverﬁment with ;cnrate fcrecasts.and;p;qgeqt;ons, Thenampunt °f*¥?$°¢t°e$’
| cur:ently,devotgd to the dé?elbpmeht,Offoutlook aﬁ&-situation.;epo;ts,Vin
 fac:;,a§t§sté.to,the impox;én¢é~§f‘thésé5fun¢tibns;gj
‘sttems analySiSfand~éimulationf¢bﬁcepts cén éerve_é_uSefﬁl func#ion ;;
Cin the develepme1t of forecasts and projectioms. ‘To dété, they hévé provided
'xia vehlcle for recenexllng the forecasts (which are typlcally based on ciasslcal
',stat¢stical prvcaqures inve ving the st;uctures and data) uith gubstant*al
elaments cf Judgaantal 1nput. The possibilltles for eytension and formalizatlon'
of thesemmethcds are very encouraging. To beOin, as our-éarller commenté
‘have suggested the formal sttncture with n which the jadgmental prajections E
. and. more classical forecasting proceduree can be profitably viewed is Bayesian ‘
v (Zellnggland,Chetty, 1965). Mbreover; if these,alternativeg are viewed in a
; Bayésiég§fféﬁéwﬁrk systémiénd351mulatién methbds caﬁ be utiiized in solving
some of the numericaT problems such as prov1d1ng useful approx1mations to
aaalyt;cag(sulutions@ To be sure, the use of simulatlon or more 1nformat1velyi
nuéeriﬁgivtypes.cf’expéplments_mast be acccmpaniediby apprqprlate concern with
both thezfo:mél st;uéturevGf,forééésti@g problem$'as wall‘as:aSSociatedzprObieﬁs
of &xpétiﬁental degignf 1t is‘a1s0.us¢fui to view the fﬁrecasting pfobleﬁs:p1

~vwhich are sequential .in nature as a type of control process.
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A second and less developeo area in which well des1gned experiments ;
happear to have substantlal potentlal for enhancing research efforts is. with
regard to estimation of the unknown parameters entering the systems nodels.-
-'More specifically, when pr03ections or forecasts are the basis for policy
-choices there is incrensing evidence ‘that the underlying estimation should
“be based on loss functions derived from the criterion functions of the

dec1sion models (Fisher 1962) Although this is conceptually a.very appeal-

"bing approech to forecasting problems and the associated development of more

spec1alized outlook and situation information, the computational difficulties-
of direct solutions to applled problems of this sort are. presently forbidding..
SystemsvanalySIS and 81molation methods"if viewed in an'exploratory‘context-
iwoqld; therefore, Seee to present;a osefulhmeans otpdeveloping new approaches:
to 'forecesting‘ and projection problens; |

A last erea in which systems and - 31mulation concepts have potential for
applicetion is relatea to the analysis of problems whicn erise as a result
'of ettempts to ohtaln forecasted velues from complex (nonlinear\ structural
: models. These methods ‘appear to have recelved ‘the most extensive appllcation '
in developlng latge scale macroeconometric model foreca ts, (Dhrymes; et al.,
1972 and Naylor, 1970) Even thougn ‘the systems and simulation techniques
are not ‘as useiul ‘as they were once thought to be for the development of such
fo*ecasts, they remain a pfactical alternative for the more complex (both in
termsvofsnonlineerities:and compllcated-stochastic assumptions) of these models
(Rausser asdoJohnson, l9725 It is also worth mentioning that the application
of simulation methods to theee problems in some respects served to foster
the development of anelytical based procedures which ‘now permit the more :

effective use of these mOQels:for forecasting purposes.
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~ IMPLICATIONS FOR THE PROFESSION

o If tﬁe“aboVeTperéeiﬁed relatibhshipéybegween ﬁ&defﬁ‘control-ﬁheory and
sYstéms ana1YSis are7c§rrect, thep we méy‘anticipate some réther‘substantial C
‘adjustmentg in‘both th¢fsubjéCt-mattér;énd the methodétinvblved inxour’_
reseaf;h,and,teachingreffbrts,‘lIt_appears-that contrary to some rather widely
held opinions;Athe”advent of syétéﬁs énd simulation’cohcepfs have not freéd
us from~our'previous preqc?gpatidn with ecoﬁomié theory and quantitative
.méthé&s. ,That is;.rathér_théﬁfélioﬁirésearchers to‘circuﬁvent some more
'traditional areas;qf training in éuantitative methods and theory, the more
advanced aspects of_systemé gnd5simulatien analysis suggests even stronger
backgrounds in these areas would be -_Sene_ficial. It should _bé patently obvious -
that a kﬁowledge of cbmputervprogrémming or some special simulétion language
is not a licenée for conducfing effective research in Agricultural Econcmics.
The sta;istical and theoretical quastions raised by the.coﬁstrﬁctioh and
;pplicaticnléf éysﬁéms‘models are of such magnitude tha; tﬁe-uSefuiness of
research praduce@ by mechanicai,applicationé of the approach can be of little
general intereét.

‘ Impli;atioﬁs of thése obser§atioﬂs for theytréiuing of“graduate and
u@ﬁgﬁgradﬁate studenté-aﬂd our extensioﬂ tasks‘are reasdnably’clear. The':‘
éiéﬁiﬁiiity ofﬁﬁhe'systems'mefﬁéa'haé;Suggééted'applications;which take:us
away'ffam‘the'familiaf'confines'of ﬁeoclassical theory, classical statistical
méﬁhods, andlevéh\scmavof oﬁr closely. held methodological convent“oﬁs.’ As |
applicaticns Of.systgms quels become ﬁore‘systamatized, it;seems‘inevitable 
that additional study of_optimiiatibp theory (in-dyngﬁic,and‘stbchaStic

contexts) and Bayesian s;étisti¢al methods will become more commonplace. More-



over, 6ur co§céptions1of‘the,process éf learning and generating new knoWledgg
‘afgfaﬁigeiiikel§;télg;’é;Vefédvérom fhe positiﬁe‘doctrihes which'd§minated‘v
thinking‘élong ihese lines in tha lQSO'éiand 1960's (Johnson, 1971). |
1The $peg;0r_cfga11 these changes 1s most encouraging. It foretells
the ﬁv§ntual‘merg¢r of our theoriesbqf@inaividual behavior with data or
empirical evidence and méthods of estimation. It would Be unfortﬁﬁéte'pot fo=
ébkﬁé&ladgé.the:débt of these deveIOpﬁéntS'to the'concgpts'of_systems and v
.,syéagggggnalysis. HTﬁe-questiensvraisedvbygthe development and’application
> §£fthé§e ﬁethbds Eave had a‘éubstantial impactiin stimulating interestvin

refining techniques of estimatién,aﬁd’in extehding the theory. At the same

time our .discussion has hopefully indicated that systems analysis of economic ‘

problems is itself in for some rather substantial alterations.

/e
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~ FOOTNOTES

We}could»discuSS‘these'tetms,at”lehgth,

That wili»not bevné¢essary':

sinceqitvhas beén dOne.invgénéfal eiseﬁheré, (Chﬁichman,”l968), (Emery,

1969). and in terms- of economic models by (Orcutt 1960) ' For oﬁr

| purposes it suffices to note: that elements may ‘be measurable ‘on noa-

N measurable entltles and that relations are deflned so as to encompass

o all types of connections between

2.

3.

s,

elements.

For example see. (Cchen and Cyert, 1961), (Conway and Maxwell 1959),

»1965) and (Naylor' et als;'l966)

(Kotler and Schultz, 1970}, (Kuehn, 1962), (McMillan and Gonzales,

Along simllar lines, see the comments cf (Lecntlef 1971, p. 5) and -

--(?orter, et al., 1966)

Thes& were noticed and capitallzed on rather quickly by Agricultural

1969)

‘;ECOﬁQmists (meb 1904), (Babn and Eisgrub&r, 1966) and (Lcngaworth,

These attribuﬁesbéf the systéms ahalysis - simulation apptoach‘grefv

deatribed;.albéit somewhatFenthnsiastically by (JohﬁSQn;aggagggy;'197l,

Ch. 3).

'cussicn of the mitations which4

;These limitationv are Decoming of increa81ng concern.. A generél

dis—

way avlse in connection w1th policy

- models constructed for agricultural sectoral models is contalned in

- ARausser.and’Johnscn (1972);j~81milar criticisms haveﬁbeen advanced in a

more specialized case by Johnson

and Sleven (1968).

Examples of this work are numerous.

(1951) and, m@re»generaily, by‘Ackoffv

menﬁionéd-axe’(Black, 1924), (Bean, 1939) and (Moore, 1914). 6.

- has referred to these mefhods as

pencil and paper pro;eutions'

Some of the ones moré'frequentiy

Johnson /



10.

11.

13,

4.

5.

16.

- FOOTNOTES (Con't.)

,.For,a.mofe detailed chrdnic1e of this sequence of events, see Judge

(1968) . There were, of course, other types of farm management_studiés,
perhaps more akin to the systems.approach, going on simultaneously.
However; the thrust of the profession seems to have been in the direction

we have identified.

~In the case of firm studieﬁ_we'find_this_approach ably descfibed by

(Cyert and March, 1963).

The former are strictly only’aSsociatedeith'stochastib‘syStemé (McMillanﬁ
and Gonzales, 1965).

It is dimportant-not to confuse these“relatiOﬁs with the usual conventions

-of;functioﬁal notation. As specified in this context, they are to be

thbught of in the more general logical sense. , - » P

We couldjgg well think of observing the system c#er space, iadividuals,

etc.. The time convention in regard. to .states is, however, typical and

of value in most types of economic systems.

For lucid discussiocn of this state concept as applied to time related

pfoblems, SeELBéllman (1958) .

‘In largermcdelsrinﬁolving‘develépiﬁg_econdmiés this attribute of the -

f§§steﬁsfépproaéﬁ has besn applied to coﬁsiderable.advéntage (Johnson,

et al., 1971).

When we cbserve, as is mentioned later, that the normative concepts

involved in many systems models are rather unrefined, the possibility.
of'viewingﬂa systemvin‘these terms becomes more obvious.

Such examinations may obviously be conducted via sensitivity analysis.



17.

18.

19.

20,

21‘.'

FOOTNOTES (can" )

In th9 conitext of applled modelling situations see: (Chrlst 1966‘

for a more detailed discussion of the sc1ent1f1c method.

For‘an'illustratian of thisnsort‘of'data minningfﬁﬁerclse,gee;(Ramseyj.

and Zafemﬁka,'l97l), Ihe aﬁthdrs{;nclude'an intuitiveﬁdiscuésion-of :
thé'ﬁeanihg ﬁf Claséical‘stéﬁi&ti#al fests when'éeﬁéréi_élternative_v
functiﬁnal forms are under examiﬁation._ For a furtber exposition of

these problems ?nd a discussion of préllﬁlnary test. and sequential
estimators, see Wallace and Asher'[1972].
This:ahd the>SubSequent-discgssi§n,ffbr the most part;'doethetbéDRSidef —

the actual complexity of selecting amoﬁg;glternatiVe:model'spegifications,3

Classical techniques are largely silent in the case of~non—ne$ted hypotheSes

or the disparate families of hypotheées iegresentéd by alternative model

‘ representations. Cox (1961, 1962) and Atkinsbn (1970) have examined such

’technlques in context of non-nested hypctheses. Unfortunatély, thé tests 

doveioped by these authors cannot be performed routinely since the form
of the test statistic depends cruc1ally»on the‘nature’of thezhypotheses‘
to be tested. . | o

Use of thg'terﬁ.verification-in this context is sb&ewhat misleading.
Wéféﬁ§iéy.fhe termipoiogy only tb be édnsiStgnt with bther:wfitings

on systems models. That is, the term is used to describe the process_

- of determining the degree to which the model can be~c0nfirmad as

representing the system.

~
AN

In systems models which contain substantial numbers of dummy shift
variables and time counters these internal consistency tests lose

much of their value. That is, little is revealed‘about'the validity

- of the model from consistency tgsts»in,suqh.instanceslSince'the,model

becomes simply a mechanism for reproducing the'sample data. ’



22,

2.

24,

25.

27,

FOOTNOTES (Con't.)

,Seeithe'tsble sndfrelated'references for?moreudetailsvas*fo the:V

test statistics associated with these methods.

Incernal consistency 1nvestigations are. also: employed as.a. basis for -

'determlning whether or not the model is functioning as. expected.v,

(Haltcr, et al., 1970) For purposes of the comments to be made on o

.‘vcrification iL is assumed that such tests have already been made and

'that the model is performlng as intevded

Stability and instabflity, the ‘speed of convergence from perturbatlons,‘¢:

values o‘.multipliers, etc., are the types of properties of the model

which would be examzned.

,P0331bilit1es for normative verlflcation are dlscussed by Johnson and
:Zerby (1972) However, a31de from some possib;llties of developingvrv
»ﬁseighrsnﬁor.crirerion fnnctions forzdecision-modeis (ﬁijkamp, 1970),
7rneforeccjcei fessioiiity-of‘sucn approacnes seems to be 1iniped,;

| For-chis reason we hAQé 1imited'che discussion}ofrtnevproblem;:»

‘ The flrst 1nstance of- such ‘a. game. in Agricultcral appears to. be one-

introduced by Elsgruber (1965)

_The studics in genera1 indicate that games or gamlng exercises are-

e productive.‘ However, there is little by way of an economic analysis _

'which would give some gulde as. to the costs and benerlts of games
~in the‘varxous_types of teachingrand,extension activxties_in which

‘Agricultural Economists engage.



28.

f%ahev;or11 akdvﬁortcasfl‘gF

29,

- FOOTNOTES (Con’t.)

In examining this and the remaining:Tabular Survey Tables:the'foll¢wiﬁg_

should be noted; Firsz, in the decision variable,columnNWEwréport~for

model qpplicatlons ‘the varlables (eudogeneus)
bwaich rc*er to actions taken by the b@hav1ozal units while for dec151on
model appliéations we report thqse-va:iables»(exqgangus)'whichvrefer.toi
.palicy‘aCtiens that might be;taken_by §ublic bf privatevdecision'makggg.
Se&cnd; the procedures for gléssifying models as linear or noniinea?
are a bit arbitrary. Horécspecifically, some médels in'Whidhfﬁeak'

‘d sghtuxes frcm linearity exis “afe:ﬁéverthaless classified_és linear

models. _Third, in the sixth column we classify as stochastic those models

~which are slmulaxed stochastically and not constructed models which in-

e

vcerporate stochastic elements. Fourth, the verification column contains

<

a,check mark if more than naive validatiQn procedures (e.5., & graphlcal
comparison of Simﬁiatsd and actual sample values) are employed. Last,.
fér ﬁhe'cmmpgﬁg?”%énguage designation we classify all simulztion models
for ﬁhigh-ahé computer language is mnot.reported or it wasfnot‘poésible

to infer theJantual computer language utilized as Fortran.

‘This is reasonably clearly indicated in a series of papers ublished outf

”of a Great Plains Reglonal Committee Conference held in 1965 (Great Plains

Agricultural Counc1l 1067) This committee represented one of the first

v'organized,attempts to work on gtthh problems by the profeSsibn,

It is interesting to note that the Cohen study represents the original
reference to the validation procedure of regressing simﬁlated endogenbus
values on actual endogénous values (or vice versa) and testing the null}

hypothesis that the intercept coefficient of this regression equals zero

and the associated slope cdefficient.equals unity. As subsequently



3.

32 )

33!

34 )

35.

36,

37.

- FOOINOTES (Con't.)
demoﬁstrateﬂ; this procedure in the c0ﬁteXt70f'Stochéstic-éimulationr
is incorrect. For further details, see Raqsser‘and Johnscn (1972) .

Computed as thevratiCLQfAtotal realized_revendé'for allsfit@S‘divided 2

by tmtal.potentiél revenue for all firms.

Iﬁtreqsed messagé costsidepresséd'firm size thle random,preference'
orderi#gs reégced theiineqdality pf size,émong broken.firms,
A’margét.éegmenéviémdéfinédvas a group of firms wﬁich_tradé with'each'
other but not with other firms.

AS»the'éuﬁhafs put it . . . "inétead‘qf‘reptesenting~an attehpt to.
correct a IOW‘grdwer profit'situatién,::he policy was,designéﬁltquhelp
kaa?ASugh a low profit situégion from éeveloping”‘Raulerson“ané
Langham (3970, p. 203).

For neﬁliﬁear,»stpchastic models this appﬁcach may be referred ﬁo{és
thevspeééfal éﬁal&;ical simulaﬁion'méthﬁd since approximations to the
nonliﬁga:ities present in ﬁbéel nust be,ut$lized.‘-

For further,details; see Rzusser and Johnson (19?2); 

The pfinéipal.exceptien to.this1stateméﬁtiap§eariﬁg‘in Survey Table V'
igjthe UK, food and égricultﬁral model cénstrﬁcﬁed by McFarquhar and‘
Evans (1971). L

To be more precise, the eriteria function employed By these authors

is only partially exglicitg‘ This'is the case since their criterion:
function was;eééresséd in terms of féur;indepehéenﬁ criterié'for which:
neither weights, satisfactofy levels,; or ordefings were specified. |
These aSsignments,'the-authors sqggest, are reserved for thg policy

maker.



FOOTNOTES (Con' £.)

I§'paftidﬁlar;ptotal.cofn stock accumulation, total gove:nment costs,

average netefa:m revenue, and average net farm revenue of participating - -

“fatﬁe:ate the response variables.

Speéificall¥,~it was found . . o ossible to cut’cost.By.67 percent and -
pos

reduce surplus accumuiation by 46 percent’below,the lowest correspond-

veing bench mark values of these‘vesponses. Similarly average income was

"_1raised by about lﬁ percent."However only a slight improéement 3

4.

43,

"percent, was achieved in- 1ncome Shechter and Heady (1970, p. 47).

For a irteresting comparison of alternatlve sectaral models with
specific reference to their useS'in planning and prdgram'deSign;rsee

Therbecke.(l97l), The'eomparison'made by Thorbecke'is in more detail

“than the limited one attempted h re, .
:»4fer a more detailed dlscussion of the possibilities along ‘these lines,

see Johnson dné Rausser (1972) ..

Each of these studies-appear,in Hater Resour;es~Research; They are

- Askew, ‘et al., {1911}; Chow and Kerelibtis, [1970I‘ Hugg*ﬁé'and Menke,

' {1968}, McMahon and Mlller, {1971], Rodrlquaz~1tuke, et al.,: [1971],

',“and Sh}h and Dracup, [1969}

44,

'AS;A,A~vélﬁaﬁle.aspeCt of this study';s<tﬁe_inclu3ion_ef an’ appendix con-

46,

~on this matter.

)

:It should be noted that a reference is made to an- earlier publication

-

taiﬁing_a sﬁort discourse on the ﬁanagement of a multidisciplinary

reSeerch prdiect.

In a dynamic LORtEYt, costs depend not. only upon the current level

: productlon, but. also upon cumulative experlence.
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FOOTNOTES (Con't.)

This study also provides some of the components of a soon to be com— .

| pleted,PhQD..disSértation'(which incorporates more elements of a com- -

plete'watef resoﬁrce system) . In,parﬁiqula£, multiple use Séctprs,
spatial, and alternative sources of Qater supp1§ are’expliditiy
recognized. This conjunctive water resour;e_SYStems-médel is con~
structed for the San Luis-Obispov~ Santa~?arb§ra region in California. 
The decision variables which are eXamined'include; vpublic.subéidies,
to water desalting plants, investment sequehéing and:timing:of alterF
native water supply projects (e,g;,,surfééefﬁater transport:faéilities; o
desalting plants, ‘groundwater supply devélopménts), and tempbral spatial,
as.well as secfor usé, water pricing and quantity alloca;ians;b

For thevdetéils,bsee Dudley, et §;.,v[l971, 1971 aj. |

Improving to the point that the costs-froﬁ.further’imﬁrovements in‘theb
systém répresentaﬁien are in excess of the benefits from the refinements

in its use.

The foundations for their approach to this problem may-be found in Pratt,

et al., [1965] and Schlaifer [1959].
For a recent application of these methods to a predecisionjprocess‘in~

farm planning, see Lee (1971).



