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The Econametric Approach to Business Fluctuations,

Firgt diaft of a paper to be presentsd at the Cleveland Meeting of
the fmerican Eomomic Assccistion end the Econcmetrio Socilety,
Christmaz 1948,

by r. C. Koom.

This paper will proseed from a historiesl degeription of suc-
cessive stages in the develomment of the oconometrio approach to busgi.
ness cycle enalysis, to an appraissl of its pregent position, with

special emphasis on problems requiring further investigation,

Simple thecretical models

7he nigtorical origin of the approach ecen be placed in the em-
atruo'tson_ of mathematical modols embodying aimple but logically com=
plotic business cyclo thesries, Exanpless
| Frischs Propagatien problems end Impulse probloms in
dynamic oconcmies,
Eggays In honor of Guatay Cassel, lLonden, 1933,
Faleckis A mecrodynemic theory of business cyclss, Ecano~
metrica, 1935, pp. 327344,
Tinbergon: Suggestlons on quantitative business cycle theory,

Econcmotrica, 1935, pp. 241-308,

Semuslsens Interections between the multiplier analysis and

the principle of accoleration, The Review of Eco-

nemic Statistica, 1959, pp, 75+78.

The following are the main foatures of theso models,

i The variables involved are broad agerogates like to%al con=-

smnptim,_ total investmont, price indices, ote,
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2: The models are logically camplete, i.e., they consist of a

number of equations equal to the number of varisbles whoge
courge over time 1a to be explained.

3, The modeols are dynamic in that some of the equations connect
varigbles with different timing or (as a limiting cese) conw
tain timewderivatives,

4, The main objJective of the models is to serve as thooretical
exerciges and experiments,

6. The models contaln at most four kinds of equations, all of

which we shall eall structural equations,

(a) Identities, i.e., equations valid by virtus of the
definitions of the quantities involved, such es price x
quantity = value, savings = Investments, ete,

{b) Institubional rulos sueh es reserve requirenents, tax

schedulesg,

(¢) Technelogical tramsformation functions,

(d) Behavior squetions roprogenting the  joint response of

groups of individuals or fimms to a common economic
environment, euch as demand equntions, supply or pricee
setling equetions, profit distriution equation, ote,
The discussion of thoso models produced considerable clarification as
compared with previous "literary® business cycle theorias, especially
in the following reapests,
l. Tho literary thoorics were often found to be logicaily in-
completa,
2. A sharver digtinction was made bebtwoen the mechanism by which
¢relical movements are propegatod, end the shocks znd obher

oxteracl {exogencus) flncnces vhereby eyelioal wovomonts are
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started or modifled, It was romlized that in some theories

e soparate oxplanstion og turmning points wus wmecossary,
(Detorministic models of which the solutims ars guparposed
waves sach with Iﬁ:a o period and demping ratio, the relative
strength and phese of each wave deteminsd by sivon initisl
caditins or modified by given externpl factors.)

{Stochastie models where the oxtemal ehocks are doscribed

by & probebility distribution,)

3. It wes realized that a merc quentitative chen_ge in a responge
coeflficient oaul& elter the clmracter of the erdogenous move-
nent,

The "narromoss” of somo of the asesumptions, like linearity of the
equstions, normel distribution of shooke, diserets integrsl time lags,
ete., mey be soen a9 & price paid temporsrily for the sale of elae ity

end rigor--and woll worth paying!

Discussion of policics

kspeeially Tinbergen deveoloped the use of these models for ox-
perimental discuveslon of the effecimof business cycle policies, such
ag ecoumntorcyclieal public works, price stabilizelbion, measures to rge
duee apeeaza‘tz_im, etc. His tecimigue is o cesociate a given policy
with o ohenge in & cortain direction in one or mo;'@ coefficients in
the cquations, eed study the effoot of such chanpges en Ghe period oad
the degres of damping of tho main cyelical movemeat pormitted by the
systen. Examples Tinbergems "G the Thoory of Business Cyclo Control,"
Lconometrice, 1938, pp. 22-39,




wde

Statisticel measurement of squation aye tome

The realisation of the orwcial importence of the numsrical weluss
of the coeffioients and time lags prompted attanpts to estimats those
parumctors from statisticel dete, lergely in the form of timo serics.
Thia creatad a comploteness requirement of a new sort, which we may
ecll stetisticel completeness: For asch behavior oquation it was necege
sary %o spoclfy o sufflecient number of relsvent veriebles to give the
rosidual disturbonoce a rendon cheractor. This is a mush heavier ree
quirement than logical coamploteness., A logically completc madel cen
purposively disregerd quanbitatively impartant feotors in tho formgtion
of economlic deecisima, and even omit important types of decision plio-
gether, in order to cmcentrate on me p&rtiéular zodel cepable of
genorating cyelical movemonts. A stobistically complete model, in order
to moasure tho Influenco of eny partioular fmotor of &)}, muat estimate
tho effoct of all quantitatively Amportent fectors. This loads to the
introduet ion of- eddlitimal explenatory verimbles, which, btoczuse of the
roquirement of logical campleteness, requirs sdditional beohavior eque-
tions {unless they ere regarded cs cxopgenous variables)., Likewlge, a
stetistically justified model necds to bo more floxible %a dealinmpg with
e cemplicated reality, than the "nerromess™ of assunptions in the purely

thooreticnl nodels permits.

Examples of studies of this kind

Avthor Titlo Cowntry end Type of  No. of

T — Period Data Equations

Ve Thaborgem  in Ecomometrio Approech to Nethbramds _
TusIncsa Cyclé Probiems, 1925-%  Annual 22

Teria, 1037
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Author Title Country end Typs of No. of
_ Pariod Data Equatisas
E. A, Radiece  "A Dynemic Sohame for the U.K,

British Trade Cycls,”Econo- 1929-87 Annual 4

wetrica, 1989, pp. 47=58,

Ja Tiﬂbefg@n Buginess C 0198 In the UasaA. G.5.A.
Geneva, o 1919=52 Manusl 48

L. Ricin Economie Fluotustions In the U.S.A.
Uoitod States, to be published 192141 Annual 16
the Cowles Commisclion, s

Colin Clark A System of Equationg Explaining U,S8.4. Quarterly 6
the U,S. Trade Cycle, 1921-41. 1921-41

Develommant of statlistical methoda

Tinbergen's statistical ostimation procedures wers osaentially
single-equetion procedurcs based (implicltly) on the notion of one-way
causation within a given bshavior equation, The varie;,ble roproconting
the responac or decision of a proup wes teken as "dependent” variadle
in least squeres estimation, the variables entering as foctors in that
dsoision ez “independent” or (bottor) "dotermining™ varisblos. How-
over, this notion of & one-way strest of causatian exists cnly in tho
minds of the rarticulaer group taking the particuler decision emsidored.
For o considereble tims sconometricians (ineluding myself) did not seo
thet the simultencous exziatonce of muny relationships ealls for statis-
tical procedures rocognlzing the simultaneous jJjoint determination of
all cndogonous variables by the interscction of many behavior schedules
and other structural rolationships. This point was browght out clearly
in Haavelmo, "The Statistical Implications of Simultonsous Eqﬁations,"

Econonetrica, 1943, pp. 1=12,

As a result of thle erticle, a sovision of statisticel metbhols hes

bean wmdertaken, larpely by warious menbers of the Cowles Commission, to

—

*See elso L. Klein, "The Use of Boonometrie Models as a Guide to Polioy,"
Econmmetrica, 1947, po. 111-151.
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take into accomt the eo-existonce of ali oquations of a model. Thie
revigion has two main aspects, neither of which can be regarded as in _
any way couplotods _

{a) A discussion of tho idextifiability of ench structural equa-
tion or percmeter, 1.e., oriteria to dotermine whethor ecstimge-
tim of o given equation or paramster is or is net made ime
Posaible (oven from an infinitely large semple) by the simule
taneous velldity of othsr equations involving the semo (and
posalbly other) variables. (Statement to be expanded in
sécand draft,)

{b) Actuzl estimation proecdures for those equations or parcusters
that are found identifiable.

With respect to (b) it sesmed for & whils as 1f the combined principles
of logiezl end atatistical complcbencss were becoming an obsessic to
those trylng tb compute egtimates, It goumed thoat for consistent®
estimation of even & single behavior parsmater, it would bo necessary to
deviee and estimate o completo gysicm of equations covoring all aspscts
of the cocnomy. Howevor, more flexible eqtimtim maethods havwe ner been
developed bty Anderson end Rubin, wherchy 1t 15, for insterios, possible
consistently to estimebo o given siructural equatioca while spoclfying
only |

1. the"dopondent” varigbles ocourring in that oguatin

2o the "prodetermined” varisbles cocur g 4n thet equatis:

g < i i, 3 [ T

Mo estimate of a parenoter is cailed consigtent if, in the g9l dise
tribution of the estimete, the probability of a dovietion fram thoe brus
valus of the percmeter larger then some given amewnt (hewever saall) tends

t8 z0ro ns the wumber of obssrvgticne is inoreased indefimitoly,
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3. @ number of other "predetormined” varicbles oceurring in the
ranainder of the systan, this numbor to be sufficient to
onsure identifisbility of the equation %o be gstimsted,

Hore "prodstermined® warlablos means either exogenous variables or
lapgred valuss of aadogenous variables, and "dependent® varigbles memns
values of endogenous wariables not subject to time-lags.

This doss unot acem to be the minimum Information nocessary fox
conegistent ostimetion, but it 45 the aininwm gmount for which sabisface
tory estimation mothods have been worled out. Similar proceduros have
been devlised by Rubin for simultaneous estimation of & subaset of a com=
pleto set of equaticas. It Is o general prino;ple of these eatimatio
meﬁhﬁds based on inccaplete spocificetions of the modol that eetimstes
are both more acourate (in larpgs ssmples) cnd more costly to computo,
the groater ths extent to which the entire model iy ;!éﬁg’?éjé, with
respact to the variables entering into cach equation, snd with respcet
Co the functienal form of tho equetioms, The equatiome of Xlegin's
medel have all boen estinatied bty the "limiked inforaation mothod® do-

vaeloped by Andsrsom end Rubin,

Beture of the results

The expression "statistical tosting of business eycle theories”™ hos
boen uged in comngetion with the congtruction of models. I ohe rospoct
this axpression eleims too much, in anothor reapect {as Kloim has pointed
out) it clé_:lms teo little, The term “gtatistiecsl soresning of busincse
eycle thooriss"” would convwey better that unir/gus answers are often not
obteined from the 1imitod dsta avalloble. Tho term "statistical eme=
gtruetion of buginege ¢yole theoriss® would express better the eambtribu-

tion thet worl with the data makes to the formuletion of hypothes:s. Bub
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this term would feil to indicate the importancve end indeed indispenasa-
bility of hypotheaes‘ concorning economic behavior, which erc not derived
from the time geries studied. "Business cyecle theorice statistically
sergensd and ingpirsd" scoms the best single phrasc 4o describe tho
nature of the results obtaﬁed or ained for by coononstric medel conw
gtruction.

As em exmmple of the scroculug fwiction of ceonometrics et e
congider the well-lmora acceleraticy prineiple as an explsnation of
fluctuations in investmont ac‘aivity; Thie prinoiple. has been given a
praminent role in thoorstical models by Herrod,* Samuelsen (1.0.) and
othora, In its strict formulotion the prinelple seys thet not Investe
ment fluctuates in such a mamer thet the stock of producors’ geocds ie
mede to maintain o omstent proportiocn to the total ratic of production,*»
This proposition has a strong appecd to the theorict, but its valldity
hinges on the implied assumption that preductive capacity 4a ot sll
times in substantially full use. By o simplo canperieson of timoe series
of the ra:-'terof inerease in production and the rate of invoctment, for
gane Industries and for the whole ecanany of wariocus comtrics, Tin-

borgon estublighed#s* that the corrclatlon between these scriss is for

»R, ¥Fo Harrod, The Trade Cyele, Oxford, 1936,

wafiony authors write hore "rete of production of consumors! goods® ine

staad of "total tfate of productim,” but this is not even goed thoory,

gince a certain portion of tho stock of producors' goods smerves for the
pmduci:ion'of:‘ producors' goods.

2#aJ, Tinborgen, "Statistical Fvidencs o the Accoleration Prineiplo,”

Fconanlea, May, 1938,
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fram close, and, to the extent that it exists, the amplitude of tlw
fluctuations in capmeity lnersase is gbout half of that required by
tha/;ggf:rabim principlo. This result defoated any claim for the
accaleration prineiple as Indlcating the main factor dstemining ine
vogtment actlivity, and stimulated the formulation of elternative
hypothesss, by which investmamt responds to profits or profit rates
e the madr basis of profit expectatims,

Ag wnooxemple of e situaﬁicm vhere the scresning 4a incomclusive,
ict w congider the Jmportant quostion of the offect of liquid assots
m egasumption expenditure out of o glven Income. This questim derives
ita importance fram the circunstence that, slnce World War 71, licuid assets
held by consumers are much larger than
they have previously been. Buwt this very fact, conbinsd with tho cirs
cumastanes that even atthelr Tewer lovel of inder-war yeare liquid aascts
ghowmed only modorats ﬂnqutims' arowid o smoothly rising trend,
malsaa for o very wide m;'gﬂn of error in the sbtatisbical ostimato of the
reapmac cxffleient of camsunpbion to liguid assets fron inscrrar
dota.*

In this case the stabistical coreoning is incomclusive beeausc o relevant‘
veriebic hoe steppod for outeldy ils previow roage of voriptiom, Other
instences of Incoielusivencss ara met whon a priori comsidorstlons adnit
to e given behovior sguation a nwmbor of varlablos bobreon vihiich other

reletionshipe algo oxist. Tho discussim of identification problems is

deaipnod to trace this tympe of Irdcterminacy systazatically to its sourcoe.

*5ee L. Kleln, "The Upe of Econometric Hodels as o Guido to Poliey,"™

Eoonemstricn, 1947, pp. 111-151, especially pp. 2223,
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In gueh cases, the degres of indsterminscy im results can sometimes be
dininighod, by the use o.f data other then time seriecs (e.z., interview
data, eross sestion data). Another possible devics toward improvement
of identifiabllity is disaeggregetion of a deeision varlable es ¢ means
of introduecing explanstory factors specific te the declsicns of amalloer
groups of ecanomic grents. I hove cammented elsswhere o the use made
of this device by Fzoltiel® to obbain :ldentifiability of the imvestment
oquation,»= |

It cennot be held against the sconametric approach, I bolisve,

that in oertain clrcumstanocss it msy leave importaent questions wman-
awered, Ils true calling is not to enswer all quostions, Rathor, its
tagk can be described as follows:

1. To formulate e}l relovent hypotheses to which the available
dgto may concedvably make on giswer possible.

2. To extract from those deto all Informtion bwaring ca thoso
typothosse,

3, To ‘selcct from the set of ecompeting hypothoses tho ons lypoth-
esis Eest supported, or tho get of those hypotheses oqually
well supportved, by the data. |

4, To eﬁn}.mte in cone way ths degree of canfidence which can be
placad _‘in the re;)ec‘t:im of the hypotheses not $o selected,

It may be added, as has ofteun been pointed out, thal the logical fom

of these hypothsses iz often a cmditicual me, such as "givea the

»d, Ezolkiel, "Seviag, Consunption end InvestmentIIP Ansrican Hoonomic
Review, June 1242, pp. 272307,

7, (. Zoommans, "Tdontificetion Problems in Eooaosale Model Comgtruction,”
Cordes Comiosion Disouseion Pepers, July 19, 1948,
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ocourrenoe of variables x,, x5, X in & certain bahavior equation” the
hypothesis states “that wvariable x, doss not influence tho type of
decisions involved.”

The conditiomal form of these hypotheses leavea full goope for the
uge of genoral theoretiecal Mnowledpe as well as incidental historical
inforsatim. In fact, the quantitetive measurcment of general behavior
patterns cen be seen ez o fromework apainst whish incidental doparture
fram the pe.t’cerri can be more easlly peroeived. For instones, ﬁow shall
wo determine from pogt-World War II data whether the higher volumus of
1iquid asscte has indeed stimulated conswmiptiaa expenditurs, if mo
cotinzte is cvailable as to what consumptiea would be if the fomor
dogree of liguidity prevailed? The oconametrio approach thus appoers
not a8 a compotitor of the historical approach, but as an Amportent

Instrunent of it,

Problems for furthsr investigzation

Ancng the most mportmt‘problms for further inquiry I would place
whet oight be called the eomomies of model castruction, Tho "output®
of model smatruction 1 Mowledge concorning the behavior pattems of
seononmle ggents eand the implicatims of thoaé patterns for the dynamic
properties of the gconony as & whols, The Minputs® are offorts of
roasarch warkora and resourcos dovobed to data collectic ond computes
tion. 4 choic.e- between “mothods of produsticn®™ ls involved in dscisions
rogarding the dsgreo_of eggregatlion of varlables as affcecting the number
of equationeg in the model, regarding the nuuber of vardablss in cach

eguatian, rogarding the fumotional fom of the various equetions,. ete.
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Nodols mey either be "general-purpose™ models, to extond owr know-
lodge of the generstion of businoss cycles, or molels desaigned spocifi-
ocally to holp answer a specific pelioy problaﬁ. such as sscossing tho
effects of courbtereyclical tax policy. For a "specific=purpose” modol,
the chioice of the various dimensloas of ths model 1s guided by a bale
anoing of marginel cogt againgt presumed udded precisim in aneworing
tho poiiqy questions raised, A oomowhot syntamuﬁie eswmeration end
deseription of policy problems that could be brought neersr solution
by econometric models would therofors be a belpful guide to modsl-buildera.
Suoh an wdertaking would have two aspocts: the formuletien of policy
objoctives (suech as full employment with efficlent we of resources) end
the dsscriptt&: of the main inctrumnts of pelioy (euch as tax schedules,
social soourity rates, reserve requircmsnts).

Tn tho oomstrustion of o "general-purposs" model jintultive considoras
tions nocessarily have a larger role to play. Buf: aven heré wo meet the
teohniocal production problem of g beleneing of ¢wo weys in which the
- quality of the "proguct™ is affected by varying the dizensicme of tﬁe
model. No model however detailed cen claim to accemodate all samehow
relovant aspects of a complicated and shanping reclity, But suppose,
for the scke of argumant, that tho specification of tho modsl (f.0., the
definitica of each equation and of tha varisbles in 1t,.the epecification
of the functional form of each cquation, possibly Ineluding grodusl champge
of ita cocfficients, the choico of the neturc of the dlstribution of
randon clanants, ote.) wore our mly problem, becouse some beomoevolont
doity has undorteken to supply, for each such model that wo may deviasec,

thoso nimerical veluss of the wlnown cosfficlents and etlor parsmoters



speoified in the model, that most closely approximate reality. Then dis-
aggregation and added dstail would always be rewarded by addod knowledge.
In fact no such deity is operating, end tho paremeters of each model
need %o be estimeted from obssrvationa spexning a finite time-pericd.

A point msy thorefore be reached where tho potential bemefit from

further detell ia defeated by less accurate estimetion of eny given
paraneter.® Thus, for each body of data, there is such a thing as aan
optimum degree of dotall,»* althowgh wo are far frem Imowing ol which
polnt, in varlous directions, this optimm deogree 1s aﬁadned.

It is highly probable, that the substitution of quartorly data
for srnucl dete would leed to improvenonts in knowledge woll worth the
edded cost. As a preliminevy stop in that direction, the Cowles Cou-
mission is now investigating models permitﬁlng serially ocorrelated
randoa oloments,*h»

It may be emphosized again, that any results reached are cmdi-
ticanl) upon hypotheses not derived fram or teated by the tine eorics
gtvdled, Another important group of problems for further guiry is
the elaboration and consolidation of tho tuheory of ecconamic hohavior

e Y

*Tho mothoagtical reasen for this offcot iz Imem as "logs of degross
of freedan in estimation,"

#=aThat is, oven without sounting the roscarch effort as a cost. The
optinun will involve less dotail if suck costs ere countod heavily,
although I feal thot, in vilew of the potentinl value to socioty of
the added accuracy of results, such cests should not weirh hoevily,

*#+30¢ the comaunications by H. Bubin end B, Chernoff in tho soseion
of tho Iugtituts of Mathematical Statieties of December 27, 1948,
Clevelend, hlo, '
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of populatims of individuals or fimms wnder conditions of economie
change and wmoertainty, The econametrioc approach is not a substitute
for theory, but me of the servants of thoory.



