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The Econometric Approach to Busizesgs Fluetustionn,

Paper presented at the Cleveland Meeting of the
American Eeconomic Association and the Econometric Society,
Chrristmay 1948,

By Tjalling C. Koopmans

This paper will proccad from 2 histories) deseriptiocn of sue-
cesglive stagos in the devcslopsemt. of the econcmetric appreach to buei-
negs cycls snalysis to a brief discussion of some problems requiring

further investigation.

Simple theorstical nodels
The historical origin of the epproach can be placed in the oo~
vhbruetion of mathematical nodals embodying simple but logleally com-
plete businesg eyéle theoriea., Exemples are found in the following referenczes:
Frischi Propagation protlems mnd impulse problems in
dynamlec econouics.
Besays in honcor of Gustev Casssl, Londen, 19335,
Kaleckis A meorcdycemic theery of buainess cycles, Eeixow
metrica, 1938, pp. 327344,
Tinbergens Suggostions on quantibtative businege syelic thoory,

Eoonowelrlce . 1836, wd. 241-308,

Somuelson s Intoractions Wwbwoon the multiplior enalysis and

the priuciple of mecoleration, The Review 5f Boow

nenie Utatistica, 1989, ppe 75-78.

Fac following are the main foebures of thegse moedals,
1. The main objective of the medels is to serve as thecretical
exercises and experiments.

2. The variables involvad are bivoad agmrepatas like tetal con-

sumption, tobal iavegluenl, piice indices, eto.
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3: The models are lopiceily compieta, 1,0., they vonsist of a

number of equations wquael to tho number of verisbles whoss
sourss over time Iz to be explained.
li. The models nre dymamlo in that gome of Lthe equations vimnect

rariablea with different timing or {as & limibing cage) cone

tain time-~derivetives.

§. The models contuin et moet four Linds of equations, all of

which we shall esll strocturel equationst

(a) Identitles, l.e., equations valid by virtue of the
definitions vf the quentities involved, such as prive x
guantity = wvelue, savinge = investments, ele,

{b) Instituviional ruivs such es reserve roquirements, tax

schedules,

{¢) Technological transfermeticon functions.

{d) Behavier aguebtiong representing the joint response of

groups of individuamle or fims to a comnon ceononie

axamples are
environmant ; / domend squotiona, supply or pricsw

setting eguatlong, profit distribution equation, ste.
The digeuvssion of thase madels oroduced considerable elariiicaticn eas
somparsd with previsus "Iitzrery® businzss eyele theories, sspeclally
in the follewing reapeets,
1. The literary theosiss wove oiten found %o be logleaily fn-
somplets.,
2o, & gherper ¢lestincetion wes mude bebwysn the mechunisw by wﬁ;ich

erelicunl movanenbts sre shod, and Gho sbhocks wrd other
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started or modified. For instance, in models employing a system
of linear difference equations, it was found that the period

and degree of damping of (each of) the cyclical novenent{s) per-
nitted by the equation systenm are determined by the numerical
values of the parameters (coefficients and lags) of the struc—
tural equations, whercas the armplitude and phase of the cyclical
noverent (or of each cyclical component) at any given time are
deternined by initial conditions and by subsequent external
(exogenous) influences, systematic or random. It was also realizod
that in many nodels turning noints do not require specific ex=
planation but come about as a result of the same rclationships
which deseribe other phases of cyclical movements,

3. It was found that a mere quantitative change in some behavior
parameter could make the difference between a model responding
to an external disturbance by a self-propagating cyclical move-
ment and a model monotonically approaching an equilibrium level
after each external disturbance.

The "narrowness" of some of the assumptions, like linearity of the
equations, discrete integral time lags, etc., may be seen as a price
paid temporarily for the szke of clarity amd rigor-—and well worth

payingl

Discussion of volizies

Lspecially Tinbergen developed the use of these models for ex—
perimental discussion of the effecis of business cycle policies, such
as countercyclical public worls, price stabilization, neasures Lo re-
duce speculation, etc. Uis technique 3a to assceiate a given policy
with a change in a certain direciion in one or rmore coefficients in
the equations, and to study the effect of such changes on the period
and the degree of damping of the min cyelical movement pernitted by the
system. Ixample: Tinbergen: "On the Theory of Business Cycle Control,Y

Leonometrica, 1938, pp. 22-35.
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paFrmebers fren sbtebivtiesld data, Ilevzely b thy form of &inc goriom.

il
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eail chetivtlcald ecomplotenaeru: For waal behavior eguatia it =as nccaas
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E. A. Radles "& Dynamic Sshens fer the UK, T
British Trede Cyele Pe‘:::rm}c 1988=27 fnual 4
metrics, 1955, wup. a7-E85.

J. Tinbergen DBusinegs Cyclos In who 1.5,4, U.%nde
Geneve, 4900 1218-32 Annuel 41

i flein Fomionie FluetuoSiong In the UeEoho
Uiiibod Staver, €0 Do pubdlished 1020-41 Annual 1%
by the Comrler Comlosion.

€alin Clerk A System of Equstions Fxplelaing U,&. 4. Guartordy §

' the U.S. Trade Cycle, 1921-41, 192i-41

manuscript.

Deveslommant of statistical methods

Tinbergen's gtatistical eotimntlel procedures wore szocnibially
ginglo-oqustion procedures bascd {[implicitly) on the notion of cne-way
causation within o glven behavior eqm“‘ssi‘an@ The variable reprozenting
the response or declsion of o proup was “eoken as "dependent® variable
in least squeres estimation, the vericblos sntering as factors in that
décisim 23 "independent” or (hotter) “dotermining® variables. How~
gver, this noticn of & one-way gtrect of causation oxists miy in the
minds of the particular group Laking the vartisular decizion cmsidaired.
FYor o eongidercbleo tims secenwmedvicions {ineluding myself) did not sce
that the sinulbtencous ezistoncs of mouy relationships eulls Por abtulbis-
tleal procedures rocomizing the simulieasons Jolut dotermiaation of
adl endopenous wariables Ly tho intoracebion of wmeny behuvior achedulos
end othor structural relationebing. Phis point vrs brouyht oud cleardly
in Heavelme, ®The Statigticel Naplicatlions of Simuliamnaous Fquetiong ,®

Lonaetrisa, 1843, vp, 1-1E.

As 5 rusult of this article, a zovision of stetistiocs) methode hes

boen wndertaken, larpely ty wariouvs meabora of the (‘w‘i.eﬂ ﬂmni.ssu}cn, to
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Z.C..ms glso L. Llais, “"Ths TUse of Doomon Mﬁu ‘f"m #le g8 & COuide Go %1 LY s
Losnometiriee, BT, op. RLRGRET
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take into account the co-existence qf all equations of a nodel. This
revision has two main aspects, neither of which can be regarded as in
any way completed:

(a) & discussion of the identifiability of each structural equa-

tion or parameter.

(b) Actual estimation procedures for those equations or parameters

that are found identifiable.

To 1llustrate the concopt of identifiability, let us consider a
nodel specifying only linesr equations, and speeifying for each equation
only the set of variables allowed to cccur in it. Denote by 5 and V the
get of all equations, and the sct of all variables, respecctively, speci~
fied by the model. Denote by T orne particular struciural equation, by
VE the variables allowed in it. The sot S-E of all other equations then
containsg the variables V—‘JE plus, in general, a set ‘s‘}‘E consisting of
those of the variables Vp thabt are comnon to B and S-E.

Equations 3 E S5

Variables v VE V--VE# ‘a‘u’E

Now attempt to eliminate from the Yother equations? y- the variables
V-—V‘E not occurxﬁng in E. This may or may not be possible, bul if pos-
sible, this elimination produces a% least cne linear relationchip I' bee
tween variables ‘.'IE all of which sre 2llowed in E. It is clesr that in
this case no number of bbsorvz:.tions willl permit eshimation of the coef-
ficients of the variables 7 i in the equation By Indebteroisacy is produced

by the existence of a second relationship bebween the same variables, this

.sscond relationshin being irmlied by the other equations (5-E) of the
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nodel. This situation, recognized and discussed originally by Frisch,3
is now described by saying that the coefficients of variables Ui in E,
and the eqpatidn E itself; are not identifiable. Criteria for identifi-
ability in linear models have been developed.#

Vith respect to estimation ;roblens (b) it seemed for a while as if
the combined principles of logical and statistical completeness were
bocoming an obsession to thosc trying Lo comoute estimates. It scemed
that for consistent5 estimation of even a single behavior parametor, it
would be necessary to devise and estimate a coamplete system of equations:
covering all aspects of the econory. YHowover, more {lexible estimaticn
nethods have now been developed by Anderson and Rubin,6 wherety it is,
for instance, possible consisten®ly to estimate a pgiven structural egua-
tion while specifying oniy

1. the "dependent" variablaes occurring in that equation,

2. the "predetermined" variables ccourring in that equation,

3. Q. Frisch, Statistical Codluence Analysis by Means of Complete
Regression Systems, Oslo, 1934,

Li. The author has submitted for publication elsewhere on expository
article "Identification Prcbloms in Secnomice [lodel Construction® which
contains {ull references bto the originel work on identification.

5. An estimate of a parameter is called consistent if, in the szapling
distribution of the estinate, the probability of a deviation Trom the true
value of the parameler larger than some piven smount (however small) tends
to zoro as thoe number of ohsorvations is increased indelinitoly.

6. I, Bubin and 7. V. Anderson, Yistinstion of the laranelcrs of a Single
Equation in a Complete Jystem ol Stochastic Lquations,” Annals of llathe-
matical Statisbics, larch, 1549.
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the/ term would fail to indicuie the luportence sud indecd Aidispenas-
bility of hypotheses conzernin: eemnamic helwelor, whish cro net dorived
from the vime serles stwdicd. “Businens cyele theories sbeiistlealiy
sergoned end inspired” meems tae et siaple phrsse B0 deseribe tho
neture of the pesuits obtuiied ar adned for by csonaebric nodel eoi-
perustion,

. very simple

Ap v/ exampre ol the surcsnlnyg Dwmeticn of ceonceetcics b us
csnplder the well=lnom wecelertion principls es on explsration of
flugtuations in investmmt activity. This prineiple bas besn piven e
praminent role in theoreticnl madeis by Harrod,7 femuoteon {l.s.) andg
octhors. In its strict fomnulction the prinelple says hal rob Invest-
ment fluctuates in sueh o momner that the stock of produsers’ pesds ia
made to maintaili a cwnstant proportion o the totel rote af pmﬁu@ﬁﬂ.maa
This proposition heg a steronp cppecl te the thoorlsh, but its walidity
hinges on the implled masuapbicn thei productive capasity is ob ell
timos dn substentially full use., By o simple conporisan of Hime serisa
of tho rete of ilnereess in produstion and the rote of invoslment, for
gane indugtries and for tho whole eemisny of various eowmbrics, Fia-

bargen ostablishod °  4het vhe comrclstien betwoen these sories is far

L )

Tit: ¥o Herred, The Trede Uycls, Owford, 18306,
s )

Jetony evthors write here "ratc of production of ecnsmors! poods® -
abead of “Lotal rete of predustiua,” bul this is wob even poed thooxy,
ginse & eccrtain portion of the stesk of produsers’® poods subven for tHtho
praduehion of produsors” gocds.

D¢ Jo Tinborgen, "Stetisbitel ivhdoncs oo $he Asealerntion Priaiplo,”

Esonomien, May, 1938,
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from close, and, to the extent that it exists, the amplitude of the
fluctuations in capacity iqcrease is about half of that required by the
strict acceleration principle., This result defeated any claim for the
acceleration principle as indicalting the nain factor determining in-
vestment activity, and stimulated the formilation of alternative hypoth~
eses, by which imwvestment responds to profits or profit rates as the
nain basis of profit expectations.

As an exarzple of a situation where the sereening is inconclusive,
let us place ourselves in the pesition of 1945 and consider the important
Question of the effect of liquid assets on consumption expenditure out
of a given income. This question derives its importance from the circum-
stance that, since vorld “jar II, liquid assets held by consumers are much
larger than they have previously been. DBut this very fact, cormbined with
the circumstance that even at their lower level of inter-war years
liquid assets showed only moderaste fluctuations around a smoothly rising
trend, makes for a very wide margin of error in the gtatistical estimate
of the response coefficient of consunption to liquid assebs from inter-
war data,1C i.e., from the only data available in 195.

In this exanple the statisitical secreening 1s ineconclusive becauss
a relevant Variable has stepped far cubside ils previous range of varia-
tion. Other instances of inconclnsiveness arc met when a »riorl con-
siderations admit to a given uehavior equation a number of vearilables
between which other relationships also exist. The discussion of identi-
fication problems is designed to trace this type of indeterminacy sys-

tematically to its source.

P

10. See L. Klein, "The Use of Econonetric iiodels as a Guide to Folicy,Y
Leonometrica, 1947, pp. 111-151, especially pp. 22-23.
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1)
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1.4, Ezekiel, "Saviag, Consuiptics and MivestaentlIP Amorican Iaongmic
Review, Junc 194EZ, pp. 272-307,
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occurrence of variables Xy, Xa, x3 in a certain behavior equation" the
hypothesis states "that variable x) does not influence the type of
decisions involved."

The conditional form of these hypotheses leaves full scope for the
use of general theoretical lmovledpe as well as incidental historical
information. In fact, the quantitative measurement of general behavior
patierns can be seen as a franework against which incidental departure
from the pattern can bc more easily perceived., For instance, hew shall
ve determine from post-iiorld War II data whether the higher volume of
liquid assets has indeed stirmulated corsumption expenditure, if no
estimate is available as to vhat consumption would be if the former
degree of liquidity prevailed? In his paper earlier in this session,
Professor Gordon mentioned, as a difficulty of the historical method,
the problem of assigning relative welghts Yo the various faclors opera-
tive in a given historical situastion. The econometric method estimates
relativ.e response coefficients representing the averape weights with
vhich various factors enter in a relaticnship during the wholc of a
certain period. A large wnexplained residual found for a -iven year from
such an analysis is evidence elther thal one of the factors has had con-
siderably more (or less) than its average influence in that year, or that
a special factor not generally operative has exerted considerable influence
in that year. Thus incidentzal factors are found (unless two or riore of
them cancel each otherts effects) by incidental failure of the econouetiric
explanation. The econometric approach thus appears not as a coupetitor

of the historical approach, but as an important instrument of it.

Problems for further investigaticon

Among; the most important problems for further inguiry I would place



whet mlond be called the econeomice of model construction. The Moubtput!
of model consiruction is {conditioral) Imowledpe concerning the behavior
pabicrng of economic ageabs and the diplicabions of these patterns for
the dynamic properbies of the cconormy as a whole. The "inpubs® are
efforts of research workers and resources devolted to data collection and
computation. A choice bebtweon "mothods of production" is involved in
decigions rerarding the derree of agproration of variables as affeching
the number of equations in the madel, regarding the number of variables
in each eqation, regarding the lTunctional form of the various equations,
étc. |

lodels may either be "general-purposs! wodels, to extend our know-
ledge of the generation of business cycles, or models designed specifi-
cally to help answer a particular policy problem, such as assessing the
effects of countercyclical tax policy. For a "specific-purpose' model,
the choice of the various dimensions of the model is guided by a bal-
ancing of marginal cost against presuned addecd precision in answering
the policy guestion raised. A somewhat sysbematic enumeration and
description of policy problems that could be brought ncarer solution by
econometric models would therefore be a helpful guide to model—builders.
Such an wdertalzing would have two aspects: the formulation of policy
objectives {such as. full employment wiith efficient use of resources) and
the description of the main instruments of policy (such as tax schedules,
sociél gecurity rates, reserve requirements).

In the construction of a “generai-purpose" nodel intuitive considera-
tions necessarily have a larger role to play. But even here we meet the
technical proeduction problem of a balancing of two ways in which the
quality of ther"product" is affected by varying the dimensions of the

nodel. lany criticisms of the econcmetric approach can in principle be
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nmet by further refinements of the model used. Change in behavior param-
eters can, for instance, be introduced by describing the mode of change
by other parameters. DBut clearly, no model however detailed can claim
to accommodate all somchow relevant aspects of a complicated and changing
reality. Suppose, however, for the sake of argument, that the specifi-
cation of the model: (i.e., the definition of each equation and of the
variables in it, the specification of the functional form of each equa-
tion, possibly including gradual change of its coefficients, the choice
of the nature of the distribution of random elements, etc.) were our
only problem, because some benevolent deity has undertaken to supply,
for each such model that we may devise, those numerical values of the
unknown coefficients and other parameters specified in the model, that
nost closely approximate reality.r Then disaggregation and added detail
would always be rewarded by added knowledge. In fact no such deity is
operating, and the.parameters of each model need to be estimatbed from
observations spanning a finite time-~period. A poini may therefore be
reached where the potentizl benefit from further detail is defeated by
less accurate estimation of any given parameter.lz Thus, for each body
of data, there is such a thing as an optirum degree of detail,13 al-
though we are far from knowinz at which point, in various directions,
this optinmun degree is reached.

| It is highly nrobable, that the subsiitulion of quarterly data for

annual data wouwld lead to improvements in knowledge well worth the added

12. The mathematical reason ior this effect is knowm as "logs of degrees
of freedom in estimation.®

13. That is, even without counting the research effort as a cost. The
optimun will involve less detail if such costs are counted heavily, al-
though I feel that, in view of the potential value to society of the
added accuracy of results, such costs should not, weigh heavily.
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cost. As a preliminary step in that direction, the Cowles Cormission is
now investigating models permitting serially correlated random slements.
It may be emphasized agéin that any résults reached are conditional
upon hypotheses not derived from or tested by the time series studied.
Another important group of problems for further inquiry is the claboration
and consolidation of the theory of economic behavior of populations of
individuals or firms under conditions of economlc change and uncertainty.
The econometric aprroach is not a substitute for theory, but one of the

servants of theory.

1. See the communications by H. Rubin and H. Chernoff in the session
of the Institute of lathomatical statistics of Decermber 27, 1948,
Cleveland, COhio.



