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Research practices of econometricians evolve

«

They have changed as much in the last two decades

©

did in the preceding two decades uwhes.the primacy

}, simultaneous-equation model‘was established. Much

]

- of .measurement. The concluding comments emphasize the complexity -

rapidly.
as they
of thé

of what .
s,

-~

econometric;ans do now does not fit into the frameuwork ihdi-t'

.

-‘cated by a preoccupation with stétisticaltinference. Given

this ba%kground, it 1is convenient to dis

.

tinguish. soft =2cono-

-+

metrics from its hard counterpart, which stresses ‘mathematical

St

»statistics, This distinction is derived from a parallel in

Cox's discussion of the behaviour of statisticians and of

4

‘the nature of data. To clarify the substance of soft econo-

One essay considers the potential use of econometrics in long-

wave research. A second essay lookk at the impact of changing

Y i

i

views on the concept of structare, while the final essay deals

'

metrics and to reveal its occurrence, three essays are provided.

e

with the interaction of soft econometrics and significant issues

and variety -of modern econometrics.’
@ -

~

°
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"~ Les pratiques ge recherche des écombnétriciens” évoluent

- sééﬁistiqdes mathématiques. C

¥
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‘d'equationlsimultaﬁée. Une grande pa

saujourd*hui les écenométriciens. ne s'intégre pas daps le

rapidement. Elles’ se sont modifiées autant au cours des

*
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deux dernieres décennies que durant les deux décennies

_“pfécédentes lorsgue fut établi la primauté du modéle

\

rt de ce que font

.~ | o .
cadre de ‘trdvail découlapt de 1'importance accordée a

. ‘ . )
ltinférence statistique. Compte tentu de ces considérations,

. . .t 5 .
il .canvient de distinguer 1'économétrie douce de sa

\

contrepartie ﬁlus rigide, laquelle met l'accent sur 1

f ! *
d'un parallele g

-

es
’

ette distinction provient

u'expose Cox entre le comportement des

clarifier l'essentiel de l'économétrie douce et d'en

2

démontrer la pertinence, -trois essais sont présentés.

o

-l'interaction de 1'économétrie douce avec les questions

Un essai porte sur l'usage potentiel de 1'économétrie

dans le recherche sur les grandes ondes. Le second.essail

examine ‘1'impact du changement de perspective sur le

t

de mesure importantes. Les remarques de la conclusion

mettent l'emphase sur la complexité et la diversité de .

W
1'économétrie moderne.

:

statisticiens et la nature des donnges. Dans le but de

concept dé structure alors que l'essai final traite de _

u
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CHAPTER ONE

'INTRODUCTION: "SOFT" ECONOMETRICS

/

The Econometric Society was established about a half tentury .
. b ™

ago. Its founders sought to bring together many of the strands

of earlier eﬁpirical resedrch by economists and to .combine the

- '

extension of such research with concomitant developments in
H

< economic theory, mathematics, andythe new discipline of statistics.

¢

Frisch (1933), . who is usually accepted as the first user of the
L
term "econometrics", provided a definition in his editorial for’

i

‘ e . /. )
the first issue of the journal Econometrica: "Experience has

shown tQat eachaof these three vieuwpoints, that of statistics,
. h

economic theory, and mathematicg, is a necessary, but not by
< .

itself a sufficient, copaition for 'a real ynderstanding of the

quantitative.relations in modern economic life. It is the

unification of alil threé_tha% is powerful. And ft is this uni-'
fication that.éBQSRitutes econometrics™". Subsequent rgstatgments
and“aéjustments tDBLhiS definition during the early'pHase of
econometricssare summarized in Tintnér'(1953i. Even today it

is widely agreed that the éubject draws from é‘diQersity of

s

sgurces.. Mizon (1979), for example; expresses the common views

"The econometrician requiresgknowledge of, and expertise in,

economic theory, mathematics, statistical theory, economic

statistics, ecdnomic history, and computa%ional methaods".
What Eeems-to have been lost in the last half century is~the

stress provided by Frisch and the other fouvﬁﬁng fathers on

2 s N B

- - )
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unification. ' o
Y

Suppose we had collected a sample of recent statements
concerning the nature.of econometric; from textbooks now used
in econometrics courses in Britishggnd American universities;
Then1we would undoubtedly find thaé, while some note is oftén
given to frisch's definition, there is clear'movement away fraom
his even treatméné of the subject's components and their combi-
nation and toward an unbalanced 'stress on statistical estimaéion
abd inFerenge‘a£ the expense of ogher componefts. This shift is
even more‘strikng when the contents of the textbooks are
appraised. These cantents seldom do justice to the definitions
of econometrics presented there unless the latter are preoccupied
with statistical,issueé. Many topics of deep concern to |
econometricians in past years are wholly ignored and there
seems to be deuelopiﬂg‘a clear separation between econometric
theofy (with an emphasis on the theoretical properties of the,

estimators and the nature of confidence statements) and applied

econometrics (which covers everything else). This split is

harmful and unnecessary. We feel that we shiould adopt th&”//”////f

o

distinctions within the subject that agree with common practice

in other related subjects. In particular, we might note the
interaction”of statistical theory/and pracéical consideratigns
and the use of qualifiers "hard" jand "soft" that appear in

Cox's (1981) presidential address to the Royal Statistical Soc%zfy
and in Moser's response to the ddress.‘ -

There seems to be some value in using the term "hard" to

descfibe theoretical proofs in statistical®estimation and



inference. Thus "hard econometrics" would refer to firm results
that cannot b; challenged, such a; BLUE‘prope}ties of the
legst-squares estimators in“the Classical Linear Model or the
Forﬁula for the asymptotic dispersion matrix of the two-stage
least-squares estimator in the Simultaneous-Equation Model (SEM)
of the Cowles Fo ndation.’The term "soft" might be used to cover
situations in whjich 51mple firm statements are difficult to

justify, It wouﬂd cover many areas of 1mprec1510n and the practical

factors that us ally dominate empirical research., Thus it might -
be associated with choice of measures or economic inaicators'as
affected by economic theéry, samplingbframes, costs of collection,
" mathematical ¢ nsistency, and intended use. It could also be

applied to tuwof areas of statistical and computational interest

that .are curregntly popular; namely, Monte-Carlo or simulative .

gxperiments and Tukey-style data analyses. Both contain subjective

elements open tonquesbimwand leave final decisions with tentative

character. Simulative experiments could, for example, be markedly
affected by a restricted choice of hypotheticai model; and by
technical questions such as the generation of appropriate
perturbations,
* This dissertation is concerned with some of the.softer areas
of econometrics. It takes three topics and considers their
 present status in relation to research inbearlier times or Eo
pressing current problems. They‘illustrate areas of empirical.
|-

research that have stimulated c#nsiderable\discuséioh and are

|

i
i

chosen, in part, for/their lasting signiFicancéﬁ The first topic

stems from recent fears of world-wide economic depression.
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The second” takes up the dissafisfaction with large—sgél
economy-wiae econqmet;ic models and the increasing preferenpe
for time-series ;pproaches. The fimal topic adaresses the
present crises affec%&ng the acceppability of economic indi-
cators. All involve aspects of soft—economet%}cs. Treatment

of the topics is isolated in the sense that the three essays “
can be read separately and, in anx order._The“underL(iTg !
connection, essentially the characterization and illustration
of soft econometrics, is"often muted. Where™a tgpicvreveals
srénificant issues primarily of interest to the economists
rather than the econometrician (as for example in the consi-
deration of laong-wave theB;ies) we did not feel restricted

to forego discussion. This laek of discipline does not come

from acceptance of Mizon's assertion that "economics 1s but

1 7

. a part-of econometrics". Rather it stems from the recognition

that the line of demarcation in pur discipline is sometimes

d -
-

difficult to fix and is an umnecessary barrier if the issues

™

that arise have multiple dimensions. . ;

e

Chapter Two coptains an account of a revival of the .

.- A

long-wave. Since Kondratiev first qﬁbught the- notion of cyclical

-

fluctuations with long periodicity to a Qfdef'gudience in the

1
~

ES

2 A - ‘\
decade before 1935, the "long wave" or "lang «cycle" has 42§0yed. :

a checkered cafeer. Variants of it have been tdiscussed whenever

- « .
- >

“ o < : - :
adverse economic conditions otcurred and have been ignored.iat,

most otheT times. Sometimes the proponents of.wave-thegries
have been dismissed as cranks while) é%'dthérjtimeS and gy .

7 ES .
r b3 -
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other economists, they appeared perspicacious. Since .the onset
o o I ‘ .- N v
of the oilﬁcrisis, and* in conjuﬁction'with decliﬁbS in produ~ _
N 2

ct1v1ty, 1nvestment and. growth and lncreases ln 1nFlat10h,

- -
4 .

unemployment and radical ‘economic adgustments, there has been .

% - -

a revival of interest” in the long wave: We chbée this revival

as. the basis for ouf-ﬁirst essay,'It.is as far remeved from bard ‘

w
+ -

econometrlcs as one can,mbve wlthout completely leau1ng data-~

6t

proce551ng. Dur aCCOunt of. recent discussions’ omits almost
all of the debates that preceeded 1970 1nclud1ng the research .
that flrst explored the feas;blllty cf spectral methods‘tb _' T

determlne the ex1§tence pfﬁwaves, We. have arranged the Qhapter

in a number of sections, each of which deals with’some parti-

cular corner of recent literature.'Thus, for example, Forrester

Y

and Rostow have.developed viebs'coneidered‘in two of these

T

sections. We feel thaE‘Fofreeter'e technique of eystem—QynémiC§

models can best be ﬁreateb~ae peft of soft econometrics rather

- . ,

?

than as & rlval to "eccﬂometrlc estlmatlon“. The long wave is N

an 1deal area for determlnlng “the merlts and prcblems asscc1ated

P
[ ’ 1

with th1s techhlque. Mest of the sectlons ‘m thls chapter 1r\volve

’
a

ecpnometrlc issues such as 1nstablllty, evolutlonary modelllhg,
inadegueﬁe data,ﬁend the ﬁa;ards of data adjustment.;}hey,alsoh

have striking-significance Fer economists..

[y

The ccnteht of. Chapter Three is 1nFluenced by a feellng

that ecphometrlclans Fr9quently leck awvareness.of their ouwn

ea;ller llterature. They aften fall to. place ongolhg “pesearch
in-the context of a-long perspectlve.tThls is revealed by -
Lot . . — ’ R
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1960, during which the SEM was introduced and became the

e

s P
I

our“exploration‘of a8 period of two decades, Toughly 1940 to ,

' ) . . 4 v "
primary framework within-which espects of hacd'econonetfice
wereé established, More specifically, we assess.the declinég

and potential demise of structural estimation as Eepfesented

in the discussions among ecbnometricians during this reference

- period ano, also,wﬁore,recently as part ofsthe ongoing-reapp-.

metrics. fhe'fellibility‘of7economic indicatars is insufficiently

o~

s

raisal of current ecanometric methodology. Some attention is

glven to the concepts of autonomy, ldentlflca ion and exogeneity

and.their implicatiohs, The organlzatlon of the chapter again

involves distinct sections. We begin with eccount of some

p:esent difficulties, bericdization, and particular historical

issues before giving special atténtion to seven sub-topdics.

These are the partltlon of’uarlables into endogenous and exogemnm

N
3

categorles, tne prlmacy of the probablllty apprvoach; 1nteractlons

among uarlables (affectlng 1nterpretatlon of estimated. mﬂxlpllers,

A

for example); false.constrelnts as lnolcefeo by Llu; proxlmlty;

1l

purppse; and normalization and asymmetry.’ Within fhishlist, we

S

.can’ locate major sources of softness.. . ,

s . . . y 7 .
‘Our “next’ chapter deals with the third major dimehsion

ofvvelue in ciarifying the incidence and nature aof soft econo-,

L s "

recognized andxhas many eignificant implicétkons:for specifi-

catio estlmatlon and 1nterpretet10n of Fltted IEQIESSLOH

1
N » oy

maodels. In part, thls lack of recognltlon is due to the existénce

, P N

1:Of a gap between the. prov1ders and USers of data but there are

’other factors 1nvolued too. AFter some prellmlnary comments an

-
.t
[N PEEESEEN
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the public appetite’fbr key economic indicators, we look at .
the "small area" problem and rotadtPon or respomse biases for

economic measdrements derived from sample surveys before

turning to the dramatic structural impacts of environmental'

'transfo:mationsg These latter afe illustrated by financial

innovation and the impact of socip-economic and demographic

shifts on the labour market. The search for new monetary

aggregates, the concern for apparént instability being expe-
. ’ B / -
rienced with 'money-demand relationships and tha advocacy of © -

L4

re—we;gnted unemplgyment rates are the more visible features

*

of these transformations within econometrics.

Many of the problems identified in the'eariy section of

the chapter are unavoldable. However, those found when uwe
|

con51der data preparatlon and prior adjustment are often the

.consequence of expllc1t choices. The Yule-Slutsky effect in. - -

L
F

long-wave research, some(asoects of,eeasonal adjustment, and‘

the view of data as an intermediate good are used asdilushmtions

to explare potential sources of softness. Then we look at rmus;mml
to oovernmental statlstlcs with attention given te the compou-.

2
ndlng influence of estimation techniques.. The Almon lag is an.

N . 13 . ~-‘l l‘ /-
-excellent source of model sensitivity to revisions-in national

a

t

!

income, and expenditure data even thougn:it'ie wideff used in

1]

calculatlng the RDX and CANDIDE economy -wide econometric MOdels

for Canada. The flnal sectlons of Chapter Four deal wlth temporal

¥

intervals and‘aggregation,'the“use of quésf-atruotural models

ST S P

L4 ]
L ]

to supplementtthe incompleﬁe p;odisron of data on states and

2

' N 5 et

-
[ L ' n
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duration in the dynamic representatlon of“labour marketd, and

earlier ones., It summarizes some of our disgcussions and ends

P

. s
. B
(G ‘
. 4 f ~
. - M v
PR s

L e

mlth the soft concepts that: arise in economic theory and lack

<

operational firmness. All contribute to the genegal 1m re§51on

that emplrlcal rebearch 1nvolves much more than the;formal

theories of pur\fekfbooks. : : -

« - e
-

N i
)

The final chépter collects views that.are expressed in :

»

»on an optimistic nbte with the assertion that softness does

°

not mean that econcmetrics is irrelevant. Rather softness

" means that the subject-matter- of econometrics is wider and

-

more'comélex but also consistent with maturity after a half

S

century of evolution from the establishment of the Econometric

Society. f

ot ot g e
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CHAPTER TWOo - .

THE REVIVAL OF THE LONG WAVE - : o .

{
Q

The economic environment “in many countries has been extra- |

ordinarily disturbed since the onset of the oil crisis %ver a

o L]

decade ago, Both professional'iiterature and the populaf press have’

A

been full of .references to crises in prcduhtivity, inflation,

3

unemployment, international flows of trade and funds, and other

areas of economic and social concern. In recent years, the term

"depression" has been taken out of the drawer into which it was

5 - L]
, 9

placed odt of sight,after the apparent success of economic

stabilizatiop policies in the period following the end of World

War II.Use of the term is increasingly evident and it has ceased

w

.to be dismissed dutrigbt as a sign of unrealistic ebcentricity.

ARs might be expected in the light of etcnomicidevelopmenfs, a

substantial loss of confidence in particular economic policies

and .their theoretical bases can be seen. The emergencé of “the

1

"new" classical macroeconomics, essentially a revival and trans-

B

fqrmation-of earlier business-cycle thebry in association wkth
developments in econqmetric mod?l; 0% multiple time series~aﬁq

in computer soffware, was éa?e possible ‘by the- downturn in’
economic adtivity and, especially, by the’long delay that ocmu%ed
prior to substantial recovery. -« o .

if we look at economic,literature during the 1970s, the}e

is a clear drift to more radical attitudes. The oil crisis and

4

.

-
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the problems in international adjustments ﬂhat accompanied it

consequently, the economles of other developed countrles) would

e

5

. were first seen as tnaagltory phenomena. Such confldence had

oeen built up in the ‘two decades before the onset oF the crisis

that it was assumed‘the economy of the United States (and,

b

>~

TecQver qu1ckly from a single.and sudden trgnsfer oF real ihcome:

-

and upward push to prices.’ The decline of productivity in the

U.S. brought forwérd_débdféé that ére reniniscent of the contro-

versies surroundlng the "cllmacterlc" of British product1v1ty g

—_—

at the end of the nlneteenth century as recorded in Phelps Brown .
and Handfield-Jones (1952), Lewis and O'Leary (1965), and

Coppock (1956). The problems of ani"éging economy" and its loss

. of economic and political hegemony were no longer-associatgd

solely Mithhtne British decline and became linked with current .
developments in the U.S. This revived the search for historical

analogies ano‘the<"pefiodizatiod" df'eoonbmio expeﬁience.
The inévi;able conseouences of ohie eearch'fof historioal
model; during a period\pf‘nafked{y ieyuced g;owtn in economio
‘c%ivity in'maﬁy oeuelooeo countrieg were éppaoent7 They involved
‘both more lnterest 1n the Great DEDIESSlDﬂ of the 1830s and more, -

critlcal appralsal of economlc 1nd1cators.¥The former is illus-

e

tzated by mllson (19807,«Cap1e and Collins (1977), anlehelps-
Brown 64972)‘mhile the‘iajter is clear in Mayer (1979). More
references are p;ovided in an rappendix. Kindleberger, Balooh
ahd others raised.fargotten issues'concerning the failure o?

) . . . \ ; L .
leadership for the world economy, hot mongy flows and the
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transfer problem using the experience of 1930s and 1940s to

.consider the-changing environmeht of the 1970s. WEth Tespect

-

. to economic indicators, the conce%n was two fcld. It dealt first.

Y N
wlth the accuracy of measurement fifty years '‘ago and then wlth

’\ .

"eyidence in favor of Keyne31an stabilization polrcres" as the

0

i

basis fbr successful. performance of the ﬂ.S. ecqnqmy in 1950-1470,

The most surprising evenpt in this unsettled stage was the

revival of 1ntenest11n the long wate. It~ must be clear from

the developing concern with the tuwo depressicns we have citEd:

«

that some contact with long wave llterature was inevitable.

Houe\er, the amount of :attention.accorded to .the theories of

t
- .

long waves far exceeded what might'nave been exeecﬁeql The end
of decade of the 1960s had seen the eeceptebiligy of awhomoge;
neous process generating economic Beuelopment in bhe lcng‘ferm
at a very:lom ebb. As we lndlcate below, the use of spectral
analysrs to explore thlS prucess was drlftlng without much °‘
encour%gement tomard a negatlue verdrct The change in position
revéalsd by,AbramOVLtz (1981, 19ﬁ§) is the most promlnent expr-
ession of this -decline in, acceptablllty although he uses the
shorter Kuznets cycle as his- frame'of reference. The outcome

is also plaln in Gottlleb (1978), where the "bonds of hlstorical.
context" are taken to outwelgh the similarities mhat nlght
underlre "some averege type or representatlve long swing". '
Gottlleb from the jperspective of his interest in the U. S;
consﬁructﬁon industry, lndicates a prevalent view: “Dn.Balen;e

e * z “

our judgement - reached early in the sixties - held that the

¢
i

P —
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' feedback process betueen

" to clarify the theme éf'"sdft"'Etohometrics'that'we séek to

. -

-y
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¢ .
construction and the total etonomy

0

. and between résidential building and real estate markets had

altered im so many fundamenfal respects that, givenm our purpose

-

A Q " ¥
af isolgting and illuminating this feedback process, it seemed

A

‘worthwhile to drop out of review the thirty years after the »

« Great Depression trough (1933)..." Given the immense current

1 » - .

) interest in\ the'long wave, as reflected in the many entries to
the bibliography that we provided at the end of this chapter,
it is clear that there has indeed been a pronouniced revival of

the long wave.

e

have mentioned this basis Bxplicitly. This choice permits easier

-

classification of these conthibutors accofding\to the issu
stressed by them.\lt also facilitates the use of this literature
L ’ ) o ’

~

explore and which is the primary focus of our discussion.

3 ' s i
Kondratiev has been described as "a mediocre technician

Y

with a lurid imagination® (Inéerhaﬁional Currenéy Review, 1979,
ib{ 28). Until recently, the primary accounts in'English of his

research -are his two papers (1925,- 1835), the 'survey and commen-
"tary of Garvy (1943) and the interestihg historical account of

Day (1981). Garvy and Day discuss the conflict withid the community

N )

© . X3

t

«
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‘of Russian ecopomists and the ouﬁright rejection of his vieuws
’.p:idr/to his .expulsion from Europe. Summa;iéé of the gharacte-
' ristics of partibularly relevant recent "schools of thought“on

1the ex1stence apd nature of long waves are prov1ded by Eklund .

b
~

(1380), Freeman gt al‘ (1982), Kahn (1979), van Duijn 11983)

and Wallerstein (1873) but the best way to approach this body -

of literature remalns Baruy's paper. ThlS contalns many elements

* that were picked up by later wrlters.

‘ The presence.of Rostow‘amongfthgse writefé that we shall
cite is hafbly‘surﬁrisigg. He is {:gdily éSSotiateq Qith the %,
dating and pepiodization of grdwth patterns within i&dividqél
coungries, the’ search for éowmon(i% staggered) patterns amoné
groups ofwcountries, and the detailed examipation of the British
historical experience. He ahd Lewis took- the price side, qf the

’ 2 - . .
original Kohﬁratiev-formd}atron and necast it in terms of
relative Eéices. fhis wgsﬁcoﬁaned with a translation éfnthe

earlier discussions of diﬁferential developments inrag}i;ulture

.ana industry to internafional tfadé Flows betdeen develaped

[}

-capltallst countrles .and developlng countries. Rostouw has also

used tHe long wave as a framework for asse551ng the difficulties
in extending ecanomlc theory to an evolv1ng, dynamlc env1ronment-
He, as Kondratiev (1925) and some -of- the Ru551an commentators

tited by Garvy, sought to interpret and.refine-goncepts of

' long=-Tun é&uilibria-ag distinct from trend and cyclical-movements

in economic time series. We have attempted in the’ next section |
e ) - T : ) :
to describe Rostouw's effarts to use the long wave. It is

it . P

D
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- from Marx the relnvestment‘cycle in capltal expenditures and

- . .
N *

sighif{cant that, in his most recent activity, he has left
behind théwsimple tabulations of aggregate indicatofs that

charac%erlzed earller years. Instead he has moved toward compu-

13

ter. modelllng and 51mulat1ve%experlmantatlon. He has succumbed

"

to the attractions of soft economet;ic‘approaches.
- s}

~Many critics have claimed‘that Kondratiev did not provide .:

?

’any theoretical basis for lgng waves.:ﬁarvy's survey shows that

this is not ‘true. A basis was offered by Kondratiev and quickly
KEJECted by most of raadérs. This -basis has several strands,

of whlch tma are given spac1al 519nlflcance. Kondratiev took

made this the essentiad backdrop of his theory. He took Tugan

Baranouwsky's. theory of free loanable flunds as the other major

. . .
element in his theory. The stress on investment has been given
¥ “

fresh lfﬁe by the persistent efforts of Forrester and his

associgtes, primarily at the Massachusetts Institute of Technologf

.to use system-dynamic techniques to develop their "National

Model". This body of recent research is considered in our second

‘section. It reflects Kondratiev's views in two other areas, both

«

of which are contentious among econometricians.

:The first area is a rejedtion of the .emphatic use of exo-
genous variables ig the. Coules Eommission's simultaneous-
equations model. Forrestar prefersuto follow Kondratieuv's lead,
with iniegratioglof Feu'ekogenoua—elemegts. His advocacy of
mult@g&e ﬁeedback loops is. also markedly different from the

conventional treatment of lagged endogenous vatiables in the

SEM context . However‘his approach can be treated as a straight-
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. ¢ . .
forward extension of econometric developments that sought to

explore the non-linear growth models of Goodwin. These develop- .

o)

ments abandoned the search for analytical solutions that had

vy
been associated with linear models whether deterministic or

stochastic., They turned instead to the.computer and sought

/ analog alternatives. The sxnthesi% of dynamic behaviour for

nan-linear: economic phenomena was their primary concern while’

t

the slow development of computational"software was their prin-

cipal constraint., A typical example of this earlier effort is

) -
provided by Strotz, McAnulty and Naines/k(953).
. g

- 15 /

s
P

The second area in which proponents of the system-dynamic

appfoach mirror Kondratiev's views lies in the stress that they

attach to qualitative features TFather than to determinate
quantitative forecasts. In this respect, tuning constants are
manipulated to yield cyclical patterns that can be. interpreted.

This method is thus quite <ontrary to conventional econometric

‘methods which emphasize parametric estimation and which have

P AN -

substantial data requirements. It should be recoénizéd as one

a
’

respon;e,to the integration_of the computer into econqmeéfics
with an attendant disturbance to”many past patterns of thought
and Tesearch £echniques, We bugHt to point out that the "new"
classical macroeconomists seem to share both some of this,

gualitative emphasis and the reluctance to qpcgﬁt'ihé possibly

-

/

excess reliance on exogenous (external) fdrces.

Qur third section takes up the discussion OF‘technology

in the determination of long waves. Technological change has

P
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long been acknouwledged as a major source of structural insta=-

bility and growth. It would seem especially difficult to

i

identify (in.any systematic way) technological change or inno-

Q

vation with regular long cycles of fixed periodicity. Neuerﬂmﬂess;
f

this was one aspect of Kondratiev's discussion that Schumpeter |

”

(1939) sought to magnify with the use of his notion of creative

»destruction implicit in the evolution of capitalist economies. s

He provided a strong impetus to direct studies of innovative
investment, their clustéring‘within partiéhlar time periods
éna industries, and the diffusion of their influence from an
Hgétoriéal perspeckive. Without any doubt, he established the
practicé of periodization for long-wave. chronologies and the
Famiiiar linkage of each long wave with particular innovations
or rapid transformaki;ns in specific "lead}ng"vsectors of
industrial activity. Recent neo-Schumpetgrian approaches to
\long waves fall into two broad classes, both"of which we shall

-

cite in this section.

One class embraces simulative methods rather than simple
§tétistical analyses or data tabuilations. Here the approaches
‘owe much-to the efforts of Nelson, Winter and their =ssociates
to shift static economic theory!t5ward evolutionary grouwth
models for indiuidual-inﬁustries or firms in theatradition of
Schumpeter but with the geﬁgfal use of computer experiments.

e shall note the particular attempt of Hartman and Wheeler

Q
ta extend this patential framework for long waves to include

trend phenomena such as the emergence ©f growth sectors, shifts

»

L]
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in relative prices and attendant térms,of trade, and the well-. =
known fluctuations in migration and population characteristicsﬂ >

The second class has narrowsr emphases on innouvation, inventions

'

and {dndamental S«curves of economigc dqvefbpment-ﬁith researqber%,
using standard regression techniqueéeand clystering algoritﬂmé.
Major contributors within this class’ include Fregman, Mensch,
and Kleinknecht who deal witﬁ‘political impiicafioﬁs:of this

Schumpeterian view of econgmic charige as well as with technical
K b » - - *

9 L .
issues. We should also recognize Kindleberger's consideration

-
- o =
-

of M"aging economies"*aﬁ@’ﬁéﬁtow's treatment BF'thg imminent .
/ . . 2 .
decline of the U.S. automobile industry and fts satellite

industries. Both involve Schumpeterian 8lements.

The fourth section below returns to Kondratigv's concer

o

with loanable funds and, more generally, considers @he'qu

tional adjustments in the credit industry. Aswe will observe

~ °d

im a later ,chapter, the transformation of payments systems and
- . /
the possible change in systemic uncertainty have dramatic * ['

s s - . - ‘- .
impacts on the acceptability of economic measurements and their

¢

;

*

involvement' in economic models. MBinsky has been a prominent

voibe’in the debate on financial fr@gilif& with special concern

for its potential consequences for the ecgnomiC‘well:beEng of
the U.S. eceﬁomy{ Our discussion-of Minsky's themes and two
. \ . N . 4 - < R ' .
p/fecént accounts of Hester and Wojnilower which deal with similar

3 o . i » '.. 3
matters is restricted to a long-wave 1ntq;preta§10h linking .

depression with financial fragility. This connection can be

——— "ﬂ !
A o
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traced back to the treatment of debt depressions by Irving~
Fisher. We could have supplemented this dla:USSKWI by c0n51dera-

tion of Balogh's treatment of the safety net and the transfer'
{

problem or Klndleberger s per51stent attempt to clarlfy the

role of 1nternat10nal lendeT of lest resort but this would take

‘

us tgo far away from both long waves and soft econometrics.

Mlnsky began his fight for recognitiofn of the developlng

)

‘flnan01al fraglllty in the Unlted States before the onset of .~

the oil crisis. The attent}on given to his vieus only(grew

)

‘appreciably after economic performance wérsened.‘Their implica-

tions for econpmetrics have Qet‘to be fully expressed.

‘Returning to Garvy‘s survey,-it is clear that Kéndratiev's

’

views were rejected by an overwhelming majority of ‘Russian,

economists. It is, thus, worth notlng that the long wave has

experienced as large a resurgence among researchers on ‘the left

- )
of -the polltlcal spectrum as it has‘elsewherex JThere'are at
least'threelpistinct "sehpols" of thopghb among researchers‘
with a perspectioe from'the)left.\Tp isolate-the principét
featuregaof the three schoqls, we note separable views of mandel,\
Gordon, ahd’melrerstein.in_the fifth‘seotion'of this chapter.
All.pﬁ these writers seek to comhine the 'ideas of Kondratiev

with those of his critics in the light of developments both

“after the pEIlOd ‘considered -by Kondratlev and before it. Mandel

pers;sts with the empha31s oh 1nvestment although he modlfles

RN

Cit to deal mlth certain adverse.comments by Trotsky. He stresses

over-production and a falling rate of profit as mutually

.
- N M !
. . i s . . ]
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reirforcing factors of crisis in capitalist economies. To
‘ ) ,.\ \ ' A . .
accommodate obvious features oF’post—MorLo War .II experience,

he deals with cyclical reinforcement of the bargaining -pasition

of labour. Perhaps tne~greatest deficiencf in his.uork is his
excesses in trying to explain too many of recent develogpments

o

'within~hie simple\fremework. He makes no attempt *to use econo-

1

metrics in any of his papers on. this .topic.

mor .- (4

Gordon seems ‘to combine features drawn from 2 variety of

T

sources. He avolds some of the%apparent weakness of the re-

rnvestment theory by dlstlngu15hlng dlfferent classes of fixed "’
.capital and by downplaylng the promlnence of thexlmpact of

lumped'investment except as might accompany waves of infrast-

v ° . ! 5 v, . 13 -
ructural innovatidn. Two, 1mportant areas of special srgnrflcance

e 5 ’ -
in hrs Formulatlon of long wave developments are-a superior '
(A

treatment of é%e labour market (takrng account ofta less rigid
v1ew of the explortatlon of labour) and a clear statement of
the irreversible adgustmants that follow each maJor crisis in ~
,the trough. of ‘the Great Depressions. In this latter area, he

. —
mrrrors the comments aof one of Kamdratiev's critics, Studensky
(1930, cited in_Garvy) who asserted ",..each new wvave of tech-
nicai chenge results in the shifting of the economic‘system to |
a‘ne;, quelitatiuely different;’stage of organizatipn ano
techique, with a.resolting number of importantxsopio—eoonom}c
changes." A3 - .

S In the tHird_viem from the left, malﬁerétein\amd his

associates have launched &n imposing programme to describe the.



bt

U7 C

b

wl

~, 4
IS ' “
[ —— b
« ‘

euolvrng form of the "uorld Economy" Kondratiev had stressed

the 1nternatlonal character of long waves and his list >of their

'emplr;cal@haracteristics included both economic features and

socier upheavals such as wars ana revolutions. mallerstein;
taking a mech longer perspective that ‘includes historical shifts
sinbe 1450, deeeloped a framework giving special ettention ro
the changiﬁg interactions .between the cére of the qapitalist
econamy ang'the periphery of resource-based regions. The geo-:
graphical spread and evolving focus of‘thé)world economy implies
that capitalism should not be identified with individuai coentries
so national data may not ee the approbriate level of aggregatﬁgn

for economic information. Fuyrther, Wallerstein and his associates

~identify the roles of joint economic and polificai popweT with

the concept of "hegeﬁony" which’is opposed to an alternative of’
rivalry. UWe only touch briefly en e"perceised ﬁeetdres of the
world system. Following in part a hint by. Chase- Dunn, we are
more 1nterested in the F9351blllty of developlng approprlate

econometrlc procedures for - the analysrs of this system.

In the finai;descrip@ive,seqtion, we.have looked at econo-
metric elements in tﬁe remaining.litereture on long waves. It
shosld not be surprrslng if me glve attentlon to per31stent
attempts by some researchers to apply spettral analysrs to long-
wave pheorles. these pccurtpesplte the outcome of~etud1es,
uidertaken in the 1960s -and the general awareness! of the hazards

of induced waves that could steh from the use of movingsaverage

transformations to smooth erratic observations in time series.
p !
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0n this Yuie-Slutsky:effect, Garvy's survey is again a useful
beckdrop although the standard treatment in long-wave theory

is due to Howrey. Atter this final section is complete, uwe

of fer soae modest conclusions aod take a brief second locok at
the "soft" ecooometrics involved in each of the earlier sections.

Details on references are contained in two appendices; One of

these lists papers and books publlshed durlng the 19?05 and T

19805 as part of the rev1ual of the long wavs. The other appendlx"

c1tes teferences of historical 31gn1f1canpe or of relevance to.

the issues that we raise.

Ro,s tou

Kondratlev belleved that the. movement of capltallstlc

economles entalled two- cycles. One of these repeeted‘ln abooéf

ten years while the longef‘waue had a‘period'of about Fifty

. years, These waves were components -in a broad pattern of rustorlcal .

continuity, afsystemlc moving equilibrium, which was contrary to

‘ the  notions of systemic disintegration held by some Marxlsts.

Rostouw, as a brominent opponent of such hotions,‘mightftheh be  °

-, . C e d X . : R
favourably inclined to>consider the views of Kondratiev. His

work contains many elements derived from Schumpeter's treatment

"of economic change although, recently, he writes of -the "Marshallian

» -
Long Period" as his theoretical framework with price as its major

focus. More specifically, this period allows for "very_greoual.

‘or secular movements of normal price, caused by the gradual

g gpowtﬁ of knowledge, of population and of capital, and the chang-

ing gonditions of demand and supply from one generation to another"

3



© vals are relaxed. ‘This provides a .distinctive and novel represen-

" the S-curves of ecanomic development ﬁay.be associated yith the //

23 i

[Marshall, cited by Rostow (1980b), p. xiii]. Rostow suggests

that the process of economic gréwth'can be concelved as

"a 'moving equiifprium', embracing‘irreversible changes in

technology, the supply 6? basic commodities, population; tastes,

and the quality of entrepreneurship" (Rostow, 1980b, p. xiv).

This radical ggrspéctiué is markedly different from both main-

stream Keynesiag.and neo-classical theory. Indeed he places

himselff using the analogy offYouﬁg and Clapham, in a separate.
cateqory. "[The] ﬁot quite empty box I occupy should be dégiqﬁkéd y
Keynesian-Monetarism:Plué. The plus is'nb.more or less than the.,
linking of macré-analysis to the systemétig‘treétmeﬁt'bk.the
Marshéllian long period, increasing returns and all."™ This is

L]

elaborated in Rostow (1982). . ‘ ' ‘ ;

In the Marshallian long period, many of the restrictive

assumptions that inhibit economic adjustménts in shorter inter-

5
B el

tation of supply conditions-with some interesting‘FEatures. Fiist,

increasing returns can be.linked to technological innovation as

implemented in particular industrial'configurétioné.,Second,

st meha TS0 e

incidenée of such innovation in leading sectoré or countries
(early-comers) and with the dif%usioa of new techniques to ather
sectors or countries (late-comers) pritr to the onset of a slouw-
down ofgfow}h with mq}ufation; TBishg;ﬁFusion process is exﬁlored
by Rostow and Fofdyce (19{8) usiﬁg both'aggregatg‘indicétors, o
suéh as growth rates in per capita real income, ;nd the stages- '
o%-grgwth methodology that was ‘introduced a, quarter centufy aéo:

g . -
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by Rostow., Third,® supply in the long term is affected by large )
discontinuitfes,eébeciéLly in the flows of agricultural proéucts ’
and raw’materials. Finai%x, the intertemporal transfo;hation 0}
tastes implies that demand and supply are nodt indépendent whilé

both are subject to irreuérsible changegs.

o

These features are in marked contrast ég’those gég%rally
found in conventional econometric models of, say, agr;culturél
s&pply. In such'models, the "loﬁg run” emergés from the estimated © .
comparétivégglatic responses that may be derived from distributed-
lag formulations._Thg estimates presuﬁe the‘aCCEptability of a
host of’statistiéal assumptions including stationarity, s;ability,
continuity, homogeneity of dopulafion and parametric Fixity. None
of these fit thé Narsh&llian long period as gnvisqgéd bx Rosfou.lc_
It is therefore not Surprising to find him unaEle to use standard
regression pfocedqres iq.his analysis and unwilling‘to accept the
empirical estimates for ;lasticities and dynamiésreséonses that
are common in our professional literature. Too often such estimates

s

are based an short-term economic models (with their implicit res- . "

- trictive assumptions forgotten)--or on ad hog ad justments to such

models (that may introduce fundamental inconsistencies such as
4 - v "-,\

. N RN \\\
static expectations). The contribution of economic theory to the

structural-specifica%ionLof’stable econometric models is obviously

#

. T . ‘
deficient for the complex dynamic world that Rostow seeks ta .

handle. It is passible to conclude from this déficieney ‘that
econometric estimation has,nihrq/e to play in the exploration, of

long waves. This is, in our view, excessive as we hope ‘to

T it s s N N S SPMBSLRE b 1
v

et henn
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demonstrate, Significantly Rostouw rejecte oniy "high powered
9 3

econometric technigues" in thlS context. His reJectlon is qu1te

,'con51stent with a poshtlve contrlbutlpn from the appllcatlon of

¥

| Eas

soft econometrics. We shall retorn,to this shortly:

According to Garvy, Kondratiev first arrived at.the hypo- : ¢
thesis of long waveéyby studying price movements and later

endeavoured to supplement his fﬁa%istiqal evidence by value and |

[

production series. His basic approach wa§ to inspect patterns

- te

in these data after scaling them wlth measures of populatlon and

!

‘removal of a secular trend. Devlatlons from thlS trend were also

smoothed with a moving~avErage Fllter to eliminate the shorter

cycie that we cited earlier as part of his two-cycle scheme.

1

[ The conseqoences of this preparation of data, which was influaﬁed
by Persons (1919 1920) and the quantltatlve school ‘at Harvarg
Unlver51ty, are dlscussed by reFerence to the Yule-Slutsky effect

in our 51xth section.] Clearly visual 1nspectlon of transformed

kY

e

serles permlts a con51derable degree of subgectlve Judgement

-

esoec1ally 1gsthe tlmlng of dlrectlonal changes in economlc
¢
activity. " e ’

Kondratiev used twenty-five time series from a number of
countries and found three.cycles in his tentative periodization.

His conclusions inbludeo both prices and real variables."

M"Regarded as a whole, economic reallty represents a non- rever51ble'

process, in wh1ch~?rogress is accompllshed by stages. But the
individual economit eleménts, while they are thus subject, as

parts of the whole, to a non-reversible process of variatian,



i in some caeee developed, when considered separately, through

Al

a rever51ble process. A considerable group of ecdnomic "elements,

<

. such as, on the one hand, prices, rates of interest, and wages,

and, on the other hand, percentages of unenpioyment anq business

" a

,failures; éxhibit processes of reversible, wave-like variations"
(Kondratiev, 1825, p. 583).Several of his early Russiam critics
were prepared to accept loné waves as revealed in the mquement‘

‘of prices and interest rates but they rejected their presence

in real variables. Rostouw believes that Kondratiev cycles are '

" real phenomena but their periedization is to be fixed by-.shifts

in price indicatdrs; o

:%J‘Rostow and Leuwis (1978;'19é0) point\te the changes En
relative” prices of majot‘cbm oditiee that are induced by reai
.changes. In developing this. hared approach, they treebed,money
aupbly‘as passive with velocity tlexible, Ihis p;cvoked a
'monetarist reaction as illustrated by Bordo and Schuartz (JQQD)B :
who dispute the:appropriateness of the Restow-Lewis‘h;potheses
for the perlod of Brltlsﬁ cllmacterlc at the turn of the century.
The criticism by the monetarlsts 1nvolved econometrlcs in 1ts
softest form. Ignoring the need to agptaiéa‘the adEQuaey af

their eimple statistical Framework, tney fitted the'prices of
agrlcultural commodities’ in the United States as dependent on ;
constant, the-ratio of money 'stock to real net natlonal produtt
énd re51dual From a s&pplemental equatlcn for veloc1ty (1tselF

' linked ‘to real per capita net natidnal product and the rat én

(‘_ . commercial. paper). This illustrates,'howeve; poag}y conducted



_the relatlue role ln trend- perlod phenomena of lmpulses from

’ .

irn this case by Borde and Schuartz, one feasible use of econo- .

metric methods..They can be applied to explore the Eonsistency

. of, partlcular components of long-wave theorles wlth deuelopments
in certaln hlstorlcal periods of spec1al_51gnlflcance. All we
- Ay \ .‘\‘ ’

. have to remember here is the inherent softness that arises from

2’

- incomplete theory and fallible data and that must be expresqed

in the qﬁestioning of statlstlcal assumptlons and in the

“subsequent 1mpllcatlons for statlstlcal inference.

" Another 1nterest1ng aspect of Rostou s work is the stress

that he attaches to dlsaggregatlon. Although, at various times,

-

he combines data at-the national level with data at lower levels
of aggregétion, it is quite clear that his theoretical framework

envisages, in a fundamental uway, héterogeneity both intertemporally

A,
and spatially for countries, sectors, industries and firms. This
implies the presence of a difficulty in the definition of the
- * ¢ . : / .
populations from which data may be treatéd as samples. When he

suggests that his. framework ?dogs‘not lend itself easily to

high;powered etonometric eXercises"'(Rpétowi 1978a, p. x1ii), he

quickly attributed part of.tﬁis prablem to the fact that "data

_are not available in_abproprigﬁg.forhsﬁ.:This ﬁroblem of linking

data to probabilistic pppulaﬁions is implicitly redognized'

when h® cites the componental’areas of his theoretical approach

where econometric metﬁodS'might’prbye fruitful., "I do believe

£

..; that-a good many of the issues raised herg £an be isolated
and-pursued with more rigorous statistical meEhods, For example,

.

N
.

N
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relative prices, leading sector retardation, and migration; the

-

T

) ¢, : . . .
comparative aggregate and sectoral analysis of pairs of countries

at similar stages of economic growth™ (éosto@, 1978a," p.' x1ii).

_The isolation is to be seen a% a search for manageability and

. >
homogeneity.

It seems appropriate to delay further considefé#ion of
most othe} aspects oflestow's treatment of lcﬁg<maves to our
later sections. This Eg particularly so for échumpeterian \
elemep£§ and periodizatiph. However we should note, in passing,
thét(ﬂostow'sﬂusé of price indicators to guide periodization
yields a m;rkedly different chrgnology in the post WOrldLMar Hx

era as comparéd‘to those "accepted by, other contributors. This

is abparent in Table One; which is presented and described in

‘our third section. The Schumpetérian elements fit conveniently

in tHe general discuséion of %nnovation, invention and amlutimmry

aspects whiqh are also described in that sﬁﬁtion. Oﬁr final-

present intgrest’in Rostou's work is the shift towards synthesis
.

and cpmputer simulations. This is best represented in'Rostow

and Kennedy’(1é79), where a Fmo-sector‘neo—classioal_grbwth

modei is éxteﬁded to capture some of the elements of the

Mafshallian lohg @eriod. The use of coﬁputer ﬁodelling is an

impof tant change in Rosﬁoy’s methods, although his record-i;

codsistently‘favourablé to data analysis and some statistical

manipulations eler since his-early work an.cycles with

Schuartz over thirtty years ago. His new tool retains some of

the flexibility that might be lost with standard regression

analysis.,

1y

 wmaew .
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The use of a nego- cla531cal g?omth model by Rostow requ1res

"further explanatlon. It appears to be 1ncon51stent with hig

\ Frequent dismlssal of such,models as b91ng unsuitable bases

a -
-

(forvthe representation of historical experience. Indeed a

concomitant of his advocacy‘ef the Marshallian lodg period is
the prov1SLon of a llst DF per691ved def1c1enc1es in growth models
due to their excess:.ve abstractlon from actual ha.storz,cal complexlty.

Resplution of the inconsistency‘is found in the ambiguous notion

of trend. Mitchell (1827, bp. 212-213)-charaeterized the‘unsetis-

*

factoTy treatment of trend by ecgnomists.’"59culer trends of"

4 N

time eeries Have been coméUted mainly bf’men Qho were concerned

to get rid of of them, Just as ecﬁnomie thedrist have paid slight
attentlon to ghe 'other thlngs' in thelr problems which they
suppose to 'remaln the same' so the economic statletlclans "have
paie slight atteneion to their trends beyond‘convertlng them

into horizontal lines. Here little is yet kndmﬁlabbuf the”tiends
themseives,‘their characteristics, %imilerit;esfhand‘differences.w
Little has changed in‘the last six%y years'to cause this vieQ

o

tao be amended. Trends are almost never explalned whlle deviations
t

from them generally form the focus of analysis. In some recent

long-wave théories, the trend is. separated from the Kondratiev -

wave and treated as a smooth curve to be associated with

"equilibrium", "normdl capacity" or a similar vague concept.

;Rosto& and Kenned9 use the neo-classical growth model to

]generate a trend agalnst whlch the long wave is revealed.

Rostou (1978a, p. x1) presents his view of this succ1nctly. .

T e et &
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‘A

-equilibrium. Consequently, swings in economic life ‘must be

~ )

* B
"What we observe ... are dynamic, interacting national economies,

trying rather clumsily to approximate optimal sectbral equili-

brium paphs, tending successively to undershoot and overshoot

those patterns." These deviations by their serial correlation

identify the long wave or "trend periods", The basis for

¢

reference or the starting point in‘this treatment is a dynamic °

eqyilibrium path in a‘closed gconomy with neitHer sectoral
imbalgncés nor misallocation of inves@ment. It is an "abstract,
disaggregated, moving equilibrium"., This view finds a parallel
exgrgssion in the~commenté of QOparin, ap early Russian crrt;c

of Kondratiev, which are cited b& Garvy (p. 209): "In order to

measure suwings in economic life, it is necessary to establish

a scheme proper to the phenemenon. Swings in econbtmic life can

"A.

i

i

e

be scientifically analyzed only as departures from the‘séhematic

|

{

méasured, not in relation to a previous time"pericd, but to an

'established eguilibrium system".

The choice of trend line is not a trivial matter either

time series FreqUEntI& indicate*alternative patterns, Thus; if

we have an insufficient basis for choosing a particular trend,

there occurs considerable softmess in numerical estimates and

ph

the patterns that they contain,

This softness enhances the acceptabil'ity of computer

H

experiments and simulation, relative to conventional regression

approaches, since they permit flexibility in specification and

- — [

e theoretically or empirically. Different decomposifions of economic



<, \ ‘ facilitate comparisons rather-than simple elabaoration of a

. giv’en:model: Rastow ant Kennedy set the values of the parameters

-

in their Meo-classical growth trend without using any statistical /
.. procedure. Then they' introduce a series of disequilibrating !
- v = 5

" :complications that represént individual elements in Rostou's

" .. theory such’as (i)‘gﬁ"l'umpy" (clustered) increments in the capacity
of one sector ﬁwjﬁ&@%\/arious lags in recognition, exploitation i 3

.
- 1

and gesi':atﬂi,on;” ({i) chéqges in (the average rate of technical

«
£ 4 ; 0

\ progress to represent “technological innovations (iii) war effects;

1 -

. "(i%) stagflation due j::p frictions in money supply and wages; and
Lo (v) restrictions -on t‘,h.ga availability of ‘raw materials as found

- in the debate on limits to grouth. : /.

o L
- <

A e ey Bt ik g Remr A

_Al?:hDUgh reét,rain‘ed in  scope, this effort is an excellent

illustration of soft econometrics as expressed in experimental

or simulative Férm. Rostow and Kennedy- (p. 33) deserve the last

eI arpbind e 8 i

word here. ‘"It is quite possible to set up‘models that capture

MG e H L

elements &n the trend behavidr of the world ecanomy over the

shoert, of re-creating econamic history. And we take it that it

is the duty of model builders to be conscious of what their

they capture", By trend behaviour, they mean the wave-like
pattecrns around the equilibrium grouwth trend rather than this

¢

- ( R L trend alone.

)
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Forrester . Lo
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The shift toward combufér experiments and simulative

&

approaches involves & radical -challenge to the working practices
of many econbmetricians. We face a disturbed situation in which

large-scale economy-wide models are often first estimated by

&

conventional methods and then simulated as of a process

involging validation and verification. Many model builders

Seem to ignore the apparent defic;edcies of individual equations

provided théir'compiefe systems yield satisfactory dynamic

simulations. This attitude is consistent with the widespread

occurrence of .ad hoc adjustments that override ifitial estimates

for fitted equations: The relative stress on estimation and

simulation” varies considerably betyeen researchers and creates

]

heated debates amongst them. A typical criticism of "equation
negleci" is‘prodidédAby Ando's response to the model” of Evans
in Meyer‘(lgaﬁ),_This nespon;% is quite restrained by compari-

- son with the general difficulty experienced in reconciling

Forrester'"s syéfemedynamics approach, which stresses simulation

and dismisses -the traditional focus on estimation, with the

| 2 . . N . .
alternative formulations that are found in most econometric

textbooks,‘This difficulty is a primary focus of our treatment

s

of Forrester's explorations of long waves. We return tao it - .

\ .. o ]
after -considering some *of the significant eléments .of his
efforté,.beginning with the interaction of'computing and non-
v “
linear systems of equations noted earlier. Recognition of this
! ) : o

’ - S
linkage places ForresteT's research in the mainstream-oi economic
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¢

theory, the lineal descendent of a substantial body of attempts

A

“a

. to explore~non-1ineer growth models, rather than on the eccentric
fringes of this thebry. His oun style of presentation and that

of his opponents often obscure this place.

-
-

Koopmans, (1957,'p.;215) tfeveals the importence of earlier

uses. of analog and dlgltal computers in this tontext "These~

studies constitute a rehabllltatlon of the numerlcal example
as a tool of analysis in situatiBns where general mathematlcal

analy51s is either too dlfflcplt, or shows the outcome to be

¢

highly dependent on the numerical values of, the model." Their

<

' most recent analogies are found in the experiments reporﬁed
by Day (1982) which involve mathematical theories of chaos and
reveal the hazards of making eredictions. In one experiment

wlih a neo- c13551ca1 model of " capltal accumulatlon, for example,

Day found that "uhen sufflclent nonllnearltles and a productlon

lag ate present, the .interdction alone of the propen51ty to

[S—

save and the productlu1ty of capltal can lead to growth cycles-

that exhlblt Aa wanderlng, sawtooth pattern not unllke those”

»

-observed in :eallty"; Such fluctuations may be qua51-perlodlc

but are not necéssarily so. They are interspersed with erratic
or chaotic trajeciories.which affect dredicéion and .are’ ‘them-

>

, selvesy 1nfluenced by their sen51t1v1ty to small changes in
the spBCLflcatlon of both 1n1tlal conditions and model para-

J - . - .
meters (tuning constants).

-~ ,!{!h; . B B N " ;
With this backdrop, Forrester developed his system-dynamies

!

apdroach in the 1950s and has continued to extend its adoption

1 4
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intractability.

v

in analyses of industries, urban regions, anglnational economies
from the inception to the present: His view, excellently

described by Meadow (TQBG)"embraces ideas from control |

engineering {such as’ the, concepts of feedback and system

self-regulatlon){ cybernetics (the nature of 1nformatlon and

its Ra}e in ‘control systems)} and organizational theaory uithin

representations of complex, nonlinear .and multlloop feedback
j} "

systems, The 'spread of this perepectlve was substantlally
enhanced by the deuelopment of the DYNAMD'sqftware package,

which permits easy competational manipulation of systems with

Yy

nonlinearities and time delays despite their mathematical’

s

Tne manipulétive‘eese is a ’consequence of the imp?tion
of ‘a closed boundary for the system, essentlally the counter-

part of restricting exogenelty. All meanlngful lnteractLons

are assumed to occur within this boundary. Forrester (1969, p 17)

makes this explicit. "The cause and effect relatidnshlp between

enviroment and system are uniidirectionél, whéreas the internal

‘elements are structured into feedback loaps that cause the

internal elements to. interact. The environment can affect the

i

system, but the system doés not 51gn1flcantly affect thea
environment ." Here the lnternal elements are essentlally endo-

genous in tHe causal sense Lrather thar by the statlstlcal

VI e S '

definition dlscussed in, Chapter Three and often found in

simultaneous-equatiaon models) whlle the enui;mmmnt is a collec-

tive ‘term for exdgeneoue factors. The Leter are treated as

RPN SN



.dlfﬁerence-differentlal‘@quatlons; loses much of ‘its. appeal

“als¢ of the oplnlon that the long waves arise out of causes\

35

n . 0 v -
i ‘

random perturbatlons that "do not’ themselves ' glue the system

f .

its 1ntr1nsrc growth and stability characterlstlcs“ and, hence,

appear cantrary to the wrcksell-Slutsky-Frlsch—Kaleckl view

(Howrey, 197é) where erratic'shocks induce persistent—cyclical

oscillations even in stable models. ‘ ,

1

Eorrester'(1980{ o. 573) has recently clarified his treat-
ment. of exogenbus. influences and thedr role in.changing cyc%ioal

patterms in.economi¢ development.. The systemédynamics approach

1

_generally starts with the identification’ ahd examlnatlon of

the‘"determlnlstlc central structure" of the system, lts‘endo_

’

genous componént This is supposed to improve-our’understanding

s

of the dynamlo behavrour lmpllClt 1n thls component. IntroduCtion

FEroae o
of exogenous randomness may 1ndeed actrvate damped. oscrllatory

models such as buslness cycles and. constructlon cycles. In

Forrester S Natlonal Model, thls randomness From modest exogenous

shocks{i??fIMEVen faed through to change the successrve shapes

i

.and perlodlcltres of long wave". Houeuer system dynamics, as

<

with other methods of dealrng wrth nonllnearltles and mlxed

¢ ~

’ '

when moTe extensive exogeneity .is present. This use of & closed.

boundary is consistent:mith Kondratiev's‘insistence that‘long.

waves are endogenous. "In assertlng the ex1stenoe of long waves“

'and in denylng that they arise- oyt of random causEs, we are

’

which are 1nherenb 1n the essence of the capltallstlc ecbnomy

(Kondratiev, 1935, p. 42) Casual extra-economrc crrCUmstances

0y
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and events (such as changes in technique, wars and revolutions,

- ’

.assimilation oF new countrles through the geographlc expan51on / )

of the world ecaonaomy-, and fluctuatLons in gold productlon)

¢

L - /
which are -listed by Kohdratiev fit into Forrester's concept /

of .the environment. Thegy are thus odtside the closed boundary

“ of the National Model. They.are unnecessary foTr the exolaoation“

’

-of the long wave. : o ) - o

Unllke the typlcal reports on simultaneous-equation

models; those of Forrester and his a55001ates ‘'seldam Jist the

«equatlons that form their structure. Instead they illustrate

«
linkages between*ehdogenous elements with, stylized charts.

Dlagrams representlng clrcular loops of* influence have long

.been U§Edtlﬁ ‘economics. Patinkin (1973) presents some early

examples while several generations of economists have been

1ntroduced to such Ioops in elementary textbooks such as that

of Samuelson (1948) Forrester and hls a55001ates are perhaps

unique far the central position in which they plaCe circular

*loops. Their theoretlcal stance 1s domlnated by them. Within

the 'closed boumdary of the system, feedback loops contain

alternating levels and rates: The loops may be self-reinforcing

, and amplify disturbances or they may dempen them. System

<o

dynamicists combine such'pgsitive and negative feedback to
construct their models. Thus, 'for eiample, oscillatory behaviour
is connected with the preeemcé of a negative feedback loop

i

ioVolving.a time delay while S-curues of econamic development-

stem Fiom the nonlinear interaction of both types of feedback

—
1 L 4

without time delays.

R S
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Before- considering the particular cthart with*which
Forrester frequently explains the long wave, it 1a apprppriate
to consider the 1mp11ed 1gck of 51multanexty in the system of
loops for his approach. This lack of 51mulcanelty is a major
factor in the cpmputatiopal'ease of DYNAMO software ahd, ipps,

is a significant element in the practical use of his apprOach.

In its conceptual forp;'a system-dynami;s model is a set of
integral ccuaticns in contimmus;time. This naeds to be converted
fimtb a discrete approaimacion for cpmputing.'The general habit
of. eccnOmetrLCLans would be tg use a quarterly {(or monthly)

‘time 1nterval to fit the sampllng frame of ex1st1ng data. Th:;

is described by Rowley and Trivedi (1975, Section 3,8). Forrester
adcocates the use of a much smaller interval. This, when
"combinedfmith the alternation of levels and ra;es, yields a°
framework quite distinct‘from the conventipnal'one, Rates are
only permitted,to pepepd on the integratiop of rates and.nct
on 51mple rates alone SO that a system dynamics model is
serially recur51ve rather than 51multaneous. Slmulatlon is *
developed by updating each equaticn sedueptiaily rather“than‘
solving all equations simultaneoualy, a’consideracle adVantagc

-

for -exploring nonlinear dynamic systems.

" The choice of time interval is a sensitive area of .conten-

tion., Many, economic'models use differentiaI calculus and assume

both contlnulty and dlfferehtlabllLty at moments in tlme. The

I

period of decision is seldom apec1fled in the theoretical models

o

so a major source of softness arises when they are to be

4 »~
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converted into forms Forieither estlmation or simulation. We"
have no basis for assumlng that data will be collected at
intervals which are suitable for. matchlng mlthajpeoretlcal
models., Thus uwe hau% few grounds For choosing between the
interval advocated by Forrester and that fixed by collection

. agencies. The theoretlcal consequences of this shortfall in
our 501entlflc methods aFFect the tr%atment of flous and st®cks

for economic varlables, the reliance on

ata-based approaches,

and the inferences derived from particular formulations. It

prlslhg; therefdre,;to find that results from
system-dynamics~modellingqprovide challenges to many popular .
‘vieuws. Contributions to Randers (1980) illustrate-these

challgpges whlle the Forrester Zellner exchange, that we shall

dlscuss later,’reveals the dlfFlculty of finding a suitable

format for cross-fertlllzatlon of competlng views.
s
. Flgure One 1llustrates the typlcal use of dlagrams contain-

lng clrcular loops for ﬁeedback This partlcular chart is found
in. most of Forrester' s dlscu5510ns of long waves and represents

a two sector structure with consumer durables and capltal equip-

ment. With the llnkages of the.chart ip mlnd, Forrester (1979,
: v : )
_ p. 94) provides the following argument.*'"Recent computer

3

simulations using partial assemblieS'Uf the System Dynamics

' Natﬁonal Model suggest'that a long-period cyclical behaviour .
.can arise from the phy51cal structure connecting consumer goods

 sectors and the capltal sectors.. A sufficient cause for a

’
. ¢ . ” , 4
.

'SD-Year fluctuation liés in the\movement of people between smﬁmrsk

Gvot o ot wo mae o
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' : FIGURE ONE .
' ( " - ' . v e
C Forrester's Two-Sector Model For Consumer Durables and . f
Ci ‘ Capital Equipment o .k 3
. LLabour’ )
Delivery of Cagital; .drders‘§;£
Eapital Equipment’ Capjtal ’
_ﬁquipment‘ . Equipment
. h S .
------------------------- bl el d Ay Bl il di o Rl
Delivery of ‘Drders for'
Capital Capital
Equipment- \Equipment -
~ "{ v
e Labour Consumer
> Durable
e .
, ]
' ;
5 v 2
Availability Orders '
' )

DEMAND - ,

Source: Forrester (1979), p. 95." o

' Note: The Section above the broken line represents a "bootstrap"
structure in the-.capital sector, which acts as a major anti-
damping element and lengthens period of fluctuation. .
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‘simulatlons could reveal the sensitivity of.theie perceived

40

~

~

the long time-span to change proddction cepacity of capital.
sectors: the wey capital sectors p?ovide_toeir owo‘input

caoitel as a fdctor of production, the need to develap excess
capéiity to catch up mieo dejerred'demand, and the psychological
and speculative forces of‘exoeptations, which can cause over-u‘
expansion in caoitaﬂ sectoos." This repeate Kondratiey’; fooos
on capital accumulation but is muoh more complicated than the

straightforward reinvestment hypothesis.

Since our cancern is primarily with soft econometrics. v
. . P Y.

-*

. rather than with the fine detail of this argument, 1it-is appro-
. - . y . \

!

priate to Focus'attentiop on the way in which the syetemwdynamics
. . )

model. is used here. Forrester and his associates did Qo% iniﬁkﬂly

£

set out to find a Kondratievhtype wave or to estab%}sh its‘
determinants. When their effoft‘began, reinuestmk t Las usually'
linked to stabilization and cycles of greater/ requency. They
wahted to oonsider a host.of dynemio‘phenomeoa exeending from.
the business cycle to the "}ife cycie of economic developnent",
which might cover ove; two hundreo‘years. fulfiple simulaéions

could be used to explore mhether dlfferent model components

can be llnked to partlcular cycllcal developments. Further

<q

lirnkages to model emnlargements, parametric changes and otheT

adjustments. The essential requirements for an expeqimenta}

method are flexibility of simulation and simplicity of attri-

‘bution, from causes to effects. This is quife at odds with the

process of taking a .given structure and confirming the numerical



)
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.some notions with current support. The creative dimension of

.situations of. dynamic disquilibrium.

- ~

range of paraﬁeters.opoth approaches are /fallible since we

» - -

hdve little depth in our perception of long-term economic
. . . 2

developments. Forrester cast out the false impressiomn of. firm
structures and opted for a method in which softness is blatant.
e : .

He reversed the mormal order of modei development which exagge-

rates both the contributiom of economic theory to equation

speciFicétion énd the applicability of étatistiqal procedures.

S

"This choice makes him highly 'susceptible to critigism and,

perhaps, liablé to excessive claims for his approéch. System-
dynamics modelling should be viewed as an additiomal tool that
freely permits the imaginative el#boration of theories. Its

value is limited to areas of economics that are poorly developed

but the long wave is a prime example of such an area.

s

Forrester's experiments, which are generally well-doctmented,

reveal how simulation strengthens impressions of causal linkages

or dampens them. In Forfestef‘(4979} pp. 94-97), for example,

he considers the potential conseguences for the long wave of

amended models which include the househdldf(consumption) sectors,

. ¢ .
the banking systems, and the Federal Reserve System, Hi;’experi— A

mgnts therefore may be indicative of hypotheses that should be

pursued further as well as confirmatory in a soft sense for

¢

-

‘system dynamics is also evident in Mass (1980), wHao stresses

the need to give adequate attemntion to stocks as uei;'aslflowg
and, &specially, to the interactions of stdcks and flows in -
’ ¥

4
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" Qur final observaﬁions on Forrester's treatment of the

. 1éng wave arise in the context ef his acrimomicus debate with

r

more copventignal econoﬁetricians:as found, for eiample, in.
Forrester (1980).‘Befo;e presenting these, it is apafopriate -
to briefly digressland.cqnsider the characteristics of the new.
equilib%iuﬁ_theorieg of business cycles as‘propounded by Lucas
aﬁd others. Althodgh not concerned with long waves, these
theories do share some features with system-dynamics‘modelling
pf'which the most notaEle are criticisms of the treatment df
’i&;geneity apd- their emphasis on qualitative aspects. of cycliéal
develop@ents. There are also considerable differences not least
in ?he gecourse to notions of equilibrium and in—tHe choice aof
methdd. Lucas, Sa}gent, Sims and:others frequently stress time-
series models that are faé removed %rom the system-dynamics
framewofk. We consider tHe problem of exégene;ty in. the next
chapter. With respect-to qualitative Eonditions, Lucas (1977),
fgr example, develops his.equilibripm‘cycles in the.framework

of co-movements in économic time series-.and finds both that

business eycles afe qualitatively alike and that they are not.

necessarily associated with accurate conditional forecasts.

'
-

He uses a criterion for model performance that is very like'

)

~that of Forrester. "One exhibits understanding of business

cycles. by constrpc%%ng a model in the most literal sense: a fully
artificial economy which behaves through time so as to‘im;$ate‘
Ciosely the time series behavior of actual economies." {(Lucas,

1977, p. 11) This imitative behaviour could be modelled -either
o - "; . \ - o

-
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by time series models with innovative errors and few exogenous
(/ . '

/

elemeﬁ%s or bf system-dynamics models, Both are fér removed
From the familigr "structural" qppfoaches} Lucés and His
associates move toward the“search FSr invariance and stability
while Forrester ;mphasizés simulative conveniepcé. Neither is
concerﬁed with the problem of finding "good fits" since this
criterion may not give adequate attentian to qualifative aspects

of economic development.
by

The rédical features of system=dynamics models are listed
by Forrester (1980). We have already pointed to non-linearities,
exogeneity, ;iﬁﬁiative;ease, lack of simultaneity, tﬁmgigtenmis,
foreeasts, quaiitative criteria and the place of economic theory

as areas in which his approach differs from that of many other
- P . R o )

- <

- , : .
econometricians. However, the primary focus of" his dispute with

conventional econometrics is not found in this list. It is found
in his strong rejection'of statistical inference for the soft

contexts that he seeks to explore. This is made tleéar in

»

Zellner's comment on this paper. Zellner finds some common
practical features, all of which we would argue are sources of
soft econometrics. "Mahy econometric model builders have used

. ipstitutional, judgemental, and bt@er types qf~non~humerical

data in their model-building efforts. In addition,. numerical

¢

d%ta have been employed to check models' performancé in simula-

-

tion experiments and tracking performance. Further, in arriving

©

at parameters' values or estimation, many model builders use

-

judgement as well as data, usually informally in arriving at.



e

. between system dynamics and conventional approaches is more

their parameter values. ...0ne difference between Forrester's

approach and those of others, h&ueyer, is that Forrester
apparently does not make explicit use of formal statistical
inference techniques, whereas other -model builders attempt to

do so." {[Zellner, after Forrester (1956), p. 567]

[

Zellner would prefer Bayesian methgds of integrating this
prior soft information and a forecasting test for validating
.econometric models. Forrester rejects both as well as frequentist

alternatives. The latter can be attacked, as in Senge (1977),

for their sensitivity to imperfections in data and model sbe;i-.

 ficatiom but the fundamental difference with fespéct tonstathﬁﬁcsq

&

profound than this criticism. We can begin with a stochastic

“formulation' in which the model characterizing cyclicél develop- . °

~ ments is dominqted by its probabilistic features (as in

. LR

conventignal econometrics) or.we can add random perturbations

or innovations to a deterministic central structure after its

e

dynamic implicatians have.clearly‘beenrappraiseg,(as in system .
dynamics). Choice between these rival apbroaches-must depeﬁd'

oﬁ fhe sof tness of the real-wdfld context. Both may be considered
paft of econometrics so that they apﬁéat coﬁpLéﬁ%ntarx réther

{

than ‘antagonistic. This view is considered by Méédbwé'(1989).

r/“,

Returning to the long wave itself, Forrester identifies

sequences in its evolution primarily by reference to capital

accumulation with a peak occurred about a decade ago. The louest

7

point of the depreésion has slow growth in capital sectors and

~



gradual decay in existing capital stock until replacement needs
- - .
beCOme dpparent in "these sectors. Recovery begins with the
o R

: re01roulatlon of the output of the capltal sectors to their own

‘

1nputs, or "bootstrapplng"'as Forrester terms thls process
.L —~ r
Then wage increases and labour shortages in consumer sectors

provide further impetus.to production aof capital equipment-in

excess of replacement ’Deferred needs stlmulate overexpansion .

-

of cap;tal sectoprs untll thelr output cannot be fully absorbed?®

=

and unemployment arises in these septors. Finally deflolent

demand” leads to rapid oollepse of -the capital sector which

1
-

affects overall economic buayancy and completes the cycle. The

Tole of oredit'and liquidity is imprecise here. Forrester suggests

that ignoringtconstraints on liquidity may inadvertedly accen<
i :, . ! ;

tuate the long wave in the absence of eredit creetion by ¢central

banks (the Eedera; Reserve). Credit from this source is linked

to the overexpansion of capital plant and hence to "the creation

of the long-wave@mode". Such considerations require further
B ] . -

3

experiments thatiheve yet to be qulically rtleased.

©

.t
T

LN

‘/ '
"The onset of recovery in the capital sector in this picture

* is obviously too simple. Similarly, then the translation .of excess

capacity into a cumulative decline needs refinement. These turn-

1ng points and the dynamic processes linking them were 1llum1nated

14

by Schumpeier 1n his treqtment of long waves. It is to the recent

4

research in the Schumpeterian trad1t10n~w1th clarification and

-

assessment of his ooncepts that we now turn. Although simulation

remains an important research tool, the explanation of turning points

~and discontinuities leads to other dimensions of soft econometrics.

i

-
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Innovation and Evolution ' !

. Ve .

Inventions and chaﬁgeé in technigues were discyssed by

o . "

Kondratiev in his account of long waves but his treatment of
them was slighft. Without much clarification of the sources of
hiskinsights, e produced two hypotheses that cerred thé
timing of inventsons and their integration in -productive
processes, First, as one of his empirical charactéristics,
the clustering,of a large number of important discoveries and

_inventions was placed in the recession phase of the wave.

o

'§écond, although stimulated by "the necessities of real time
and of‘the preceding development of science and technique",
inventions remaiﬁ ineffective until ecogpmic“conditions are
favourable for fheir'application. Thus they cannot be appliéd
in a large way until the long upswing has commenced. They are

not the initiating force for the recovery although thay may _

~

intensify its progress once begun. Kondratiev, as Forrester,
stressed redlécement demands in- the capital sector as the
initiating force. It seems appropriate to dispoée of the

N | -

reinvestment theory (or "echo principle") before we consider
g

miﬁe significant isgsues that emerge from the two hypotheses on

“
v

inventions that we have just cited.

]

The reinvestment thecry has a iong history that is bggt

_described by Einarsen (1938a, b), who points to the efforts

3

of Marx, Robertsop, Pigou, Spiethoff, Aftalion and Clark to
elaborate it as the generator.of either elastic or inelastic

cycles. Einarsen (19388, p. 11) revqg&s the two critical

g

i
e



FRkire,

.arid probable explanation of the busingsstbycles, as it is abie

T (1) ; It = Rt + I\%
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features. "[The] reinvestment theory will provide a satisféctory

’

K ) . /
to explain the turning points both from depression to the

[y

period of revival and from prosperity to recesaion and also

to explain the periodicity of the fluctuatdons." Explapations

pf'turning points~and'p¢;ioq1city c;éérly are major demands on
long-wave theorists. The reference to businesg cycleé in tgis
guotation stems from Marx‘é,empﬁasis on:ten-yEar patterhg of
replacement tHat he usé5«£o connect»thejave%age agration of
capiFal lives and bus%pggé-pycle w;ues. Periodicity is.thus
linked to the life expectancy of la}ge eépital assets while -

o

the impetus to recovery stems from the more or less simultaneous

wearing out and re-ordefiﬁﬁ of these”aésets. The degree of elas-

ticity in period must then depend both oh tpé rigidiky,'or
non-postponability, of replacement and on the historical time

path,of gross investment.
Tinbérgen‘(%éSB) providésla simple illustration of an

inela¥stic formulation that répfesents what he terms "life

fluctuations". Suppose we have I, Rfand N to denote, respectively,

grass investment, réblacemeﬁt and net investment. Then the

definitional identity

+
.-
N - . o
o . -

Ean be combined with a simple hypothesis for replécemént

&

———

t
» . . ~

. i1
. (2) . Ht = "i(It_s + ’It-B.)’
which assumes one-hoss-shay replacement with two lives

A
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’

“(six years and eight years). The model can be completed by
assuming net investment is aluways proportional to gross

investment without any delay:

(3) - N, = bl
The %inal equation of the mgdel is pbvipusiy ?gund by substi-
tution for N and R. It is a simple difference equgtioﬁ for

gross investment: | . '

A
1

(4) I, = e ( It76’+ Tiog ).
Here ¢ is a function of the proportionality factor b. For
suitable values of b, the difference equation will generate
"echo" effects although not neéegsapily ;t intéryals equal .
to the two,agsumed asset lives. Acceptahée—of'this rigid
Fgrm&lation i&plies‘that ue‘need data on the age distribution
of ph?sical capital assets aHd on the incidepp9‘oT'replécement

‘porders as distiﬁct Frqm éxpansion Srq§:s. SuEh infbrmation“
might then be used.tosextend thg simple model and to detefmine
its dynamic~characteqistic; Thgre is a sﬁrprising absénce 0%
this information evern in deveioped economiés: However, the

‘~’compoﬁen£; in fhe mo%e& (ane-hdss-éhay aésumptions,,passiveA

net investment, limited number of }ivég, rigid réplacqment)

clearly illustrate the severe restrictions ‘that must be'ﬁade
in,ordér for the re-investment fheﬁr; tobe_a'valbablelexpla;
natory element ‘in lo;g waves. It is'difficult to see how we

can continue to accept the view. expressed: by Eimarsen. Replacement

may havé something to do with turning points and duration of
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long waves but preoccupation with replacement is much too

fragile a basis for explaining major economic developments.

Othér explanations have to be-sought. Kondratiev's two hypo-

]

theses provide 'a starting point.

Schumpeter (1935) posed a Fundamental.question that

©

slightly modifies these hypotheses. "Why should the carrying

into effect of innovations (as distinguished from 'invention'

/

or experimgnt%tion ...) cluster at certain times, and not be
distributed in so continuous a way as to be capable of being
continuously absorbed as the current increase in the supply

of labﬁr is?" Responses to this guestion provide many instances
of soft econometrics with interestingxissues of data, estimation
technigue ahdlinterbrefation of empirical evidence. We n;gg:
-however, a mofe compreﬁensive framework fhan that given by
Kondratieu,‘lndeed"most responses are properly described as
neo-Schumpeterian aithough they frequently involve préﬁchwwmter
~ngtions such as the S-curve fo; product or industry life cycle,
as‘Found\in Kuznets (1929)., Before leaving Kondratiéu:'it;ig
worth recalling that He wroée of M"important" discoveries and'

S

di& nof get embroiled in the troublesome 3istinition between
inventions and innoyations.'Much‘retent discassigﬁ\Qas pointed
to ﬁbasic"~innouétgons rather than.tg diScoveTie§.’Elearly )
guad ifiers such as "import;nthuor'"basic" need to be maﬁe'
operational either by consideration.of prior notions or 0%
empirical rules. The latﬁé; generally introduce econometric’

methods.
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" We should also.recall the problems of dating inventions

and of demaonstrating their clustering; both of which were -

°

quickly pointed out by the early critics of Kondratiey as

cited by Garvy. Econcometric efforts may be far mare uséful ,

in explering the oécurrenée of clusters aof inveﬁtions (or
innovations) than in the dating of individual inventions.
However, in both areas, there are immense difficulties in
resolving data déficieqcies. Our immediate‘probleﬁ is choos-
ing a stérting point from which to illustrate the'role of .
soft econometrics in the elucidation of these matters. It

would be easy to be swept away by.-the enthusiasm expressed

by proponents of omic théories for innovations and forget

that our primary concern is with the narrouwer topic. Suppose

to thém,:THE incompleteness of our account of important-economic

theories may be g}iminated by contact with the méjor sUrveys

‘of van Duijn (1983), Freeman, Clark and Soete (1982), and

Mensch (1379).

©

Some\quesiions immediately spring to mind. Do clusters

“ of inventions or innovations occur? If they exist, are they

i

found in the recession of the lodg.wave, as Kondratiew sdggestaj,
or are they part of the reuyiving iﬁfluence at th; pnsét’of the
long rec;uery. Are clustérs to bé idéntified only with pafti-
cular categories of innovations? Can we look at their role in

u v 0
causality and, hence, determine whether they are exogenous or

° -

PR «»"‘#»et&‘:
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endogehous? Are there important connections betqeén clusterg
of innovations and the uneven emergence of éxeess‘capaqity?
Can the concept bf innovation be enlarged_so as to §xplain
the uﬁper turning point.as well as the loweg one? Do clusters
affect the "shape" of the 1lbong wave? May they.be-uged to name
different waves so that‘eaah can‘be iden%ified miﬁh‘spécific

industrial developments? What have clusters td do with- the

duration of waves and their quasi-periodicity? In the treatment .

of clusters, should we use periodizétibns of the long waves

N, - N . ' .
based on investment, output, prices or some other variable
. . ; sv_\ )
in determining cyclical phasqs? Since economic developments

and inventions are international in scope, 'which countries' —

) . . ¢
experiences should be used in order to link clusters and-
cyclical phases? Clearly. there is'adequate toom for the use

of econometric approaches in almbst all of the areas that

"underlié these guestions. These generally involye éimple

o

regressiom analyses dealing with tentative structures oT,

-

when cénsistent bodies  of data arg\avéilable, the application °

t

of clustering algofithms. They are,‘howeﬁe%,‘not restricted .

¢

to these forms. Saﬁal'(1980, 1981),~Fo; example, has used

spectfal and'crosslspectral techniqdqs,whileZMarchetti'(1980,

1983) optstfor'thé'logistic curve. Both presented cﬁnc;usiong
Fégoufabie to the occurrence of lodg waves, in relation to

-

- ‘ N v ta R N 4
‘technological activify, and touched on such matters as_ exoge-
- ‘ - - . . ' K . “ , R .
neity and product. versus process 1nnoyatlﬂns. .
\ S ; L ; : : ;

>

\Altﬁough econametric appfoaches cpﬁld'ﬁe uéed here, their

, .
¥ . .

-

.
®,

SN,

P
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are ﬁﬁt common in practice with some important exceptions. The
general picture 1srrm of underutlllzatlon and of ex¢8551vely

lmple formulatlons. Kuczynski (1978, 1980) used clusterlng

algorithms te delineéte cyclical phases uhiLe‘K;ainkn;cht,

Mensch and g few others fitféd time trends with linear Tegre-

sgion madels and‘analyzed residuals. Frequently, however,
/<;ésea;ché;§ seem éaﬁisfieq yith lists of innovations or inven-
Fae tidns!.prolonged disputes EF c?qceﬁtual~issues, simple tabulations
of tée values'df aggregate ecénomic variable;, stylized dimﬂaﬁs
of'theéretical curves mith S-shape and some graphs. for real ~
daté. This situatioa is inadequate-and not fully explicagle in

terms of ‘the inherent softness of data and concepts or the

. insufficient elaboration of theoretical structures. Perhaps

™

the answer lies in a mismatching of the willingness te pursue

interest in long waves with the mathematical and statistical
®: . ,
skills that are needed for use of soft econometric methods. .

This criticism is evidently less relevent when we consider . o
the second basic stream oF'neQLSchumpetgrian theories that
focus attention on evolutionary theories of growth :rather than

iAnovation. We look at the fruitful exercise of simulation for

¢ . B

this stream below but, befpore then, we should look at perioedi-

zation.and duration of loné waves as explicated in the literature

f

stressing innovation. Table One contains the periods indicated

-

by a number oiiffftributors. The choices Have many common

features and a ﬁsm pronounced disparities such as Rostow's’
. . VA . P :

P~ . . ° s . ] = o,

premature tecognition of a fifth Kondratiev wave, Dupriez's :
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Kondratiev (1926)
de Wolff (1929)

Schumpeter (1933)
Clark .(1944) -

Dupriez (1947, 1978)
Rostow (1978)
Mandel (1973)-

van Duijq (1983)

- Amin (1975)

PERIODIZATION: LONG-WAVE CHRONGLOGIES

- "'TABLE ONE —

-

Seéond Wave

Third Wave

Fodrth Wave

Research Working Group (1979)1798

-Kuczynski (1981)

Firsi Wave
Lower Upper Lower Upper .. Lower Upper Lower Upper
" ca. 1790 1810-17  1B44-51 1B70-75  1890-96 1914-20 - -
- 1825 . 1843-50 1873-74 1896 1913 ‘ - -
1787 1813-14  1842-43 1869-70  1897-88 1924-25. - - -
- - 1850 1875 1900 1929 - -
1789-92 1808-14 1846-51 1872-73 1895-96 1920 1939-46 1974 B
1790 1815 1848 1873 1896 1920 : 1935.. 1951
- 1826 1847 1873 " 1893 1913 1939-48 1966
T - 1845 1872 1892 1928 1948 1973
1815 1840 1850 1870 1890 1914 1948 1967
1815 1850 1873 1897 1913-20 1945 19567
- - 13501 1866 1896 1915 1951 -~ 1969

Source: Hopkins et al: (1979), Bieshaar and Kleinknecht (1983), van Duijn (1983).

s
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.From exp¥anations based on capltal lives or the mechanical

- . ’a ! J
" . i .

rs

delay Féé the upper turning point of the fourth wave and the
surprising dates of Amin for the first wave. Our list does
not include attempts to push the notion of long waves to

earlier periods that precede Kondratiev's initial specification.

These are briefly noted when we consider.uiems from the left

in a later sectiaon.

~

The datlﬂg of cycles, or periodiiation, is generélly based

on. 1nFormal methods that combine theoretical attltudes wlth

¢

consideration of both aggregate data and the arrangement of
inventions or innovations in time.'indeed the researcher who

gives most attention to formal econometric criteria, Kuczynski

indicates a aate for the lower ﬁoint of the fourth wave that

* 1s much too late relative to other choices. The overall picture

emerging from the entries in the table confirms the-overall

BUratioh iﬁdicated:by Kondratiev even though the rows are

0

., often based on q‘ﬁferent 9videncq‘ It seems worthuhile to

€xplain how some of the contributors treat turning points,

i

duration and corresaahding issues,

-
3

Rostow {19785, p. 2) suggests, for example, that 'the

¥

duration of loﬁé'wavés "seems to 1lie in the fact that the

o'
opening up of new sources of food and raw materials required

substantlal per:ods of tlme- much more time than 1t takes to

bulld a new factory. or house." ThlS is markedly dlfferent

'l

Qappllcation ‘of the rELnuestment theory. Clearly Rostow s view

i's not eaﬁy,to transdate into numerlcal criteria for tumung pouﬁs.

Y

w2
A

v
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uHe stresses prices and looks for change$ in their trends. This

perlods when leCES TOSE relatlvely for agrlculture are used

to represént the long upswing from the louer turning point

-

to the upper one while the downswing is identified with relative -

declines in agricultufal prices. In a recent elaboration,

Rostow (1978a, pp. 109-110) degcribes three types of period
including the upswing, the downswing énd:the lonb-wave peak .
These ﬁay be iliustrated by hfs}list of attributes for the
downtgrn: "Periods when tné trend of ‘prices in éenergl, agricu%-

]

tural and raw-material prices ~in particular, and interest rates

are falling or low, relative to previous and subseduent periodsy

income distribution tends to shift in favour of urban real
mages, while proflts in 1ndustry and agrlculture are under
pressure," His focus on prices, even with the supplemental
attributes identified here, leads to an awkwérd treatment of
the peridds from 1951 to 1972 and from 1973 ‘to "the present .
but we, should .not be ‘averly crltlcal since many economists
have been unable  to fully gccount for pr;cg developments in
recent de@ades. Rostauw (19805) reveals his trea&ment of data
and his seiection of indicatofs to support his contrary pers-

pective which includes the early specification of the fifth

Kondratiev upsuwing.
“ \ 1

In this focus .on prices, Rostow is following the lead ,

provided by Kondratiev who employed English, fFrench, German

o«

“and U.S. price series. Schumpeter maintained.the basic choices

of Kondratiev without much change. He radically altered the-

§



appreacﬁ.to long waves by focusing’attention on innovation

and life cycles as well as by pruv1d1ng a link with- partlcular
complexes of prdducts and 1ndustr1es but'he made no 1mmed1ate
‘impact on penlodlzatlon. Clark (1944), on the«otherbhand;
'represenES a major shift toward ;eal rather than value indicators.
He chqse”to distinguish "capitalihungry" from ”cepital-sated"
pﬁases‘accdrding to the pace of'investment. Another dramatic
shift is suggested by van Duijn'(1977, p.:561) who effectively
develops’ some Sehumeete?ian notions. "The 55rceptioﬁ of the
long wave .... would entail a chronology in which the length

of the different pheses is co-determined by the’length dF:the
different eegments of the grouwth secter life cycles." We gave
thus moved from capital lives to sectoral lives but the step
is not eﬁcoureged by the softness with which the latter can

be determined. "Dur.knbwledée of the leeeth of these industry
li%e cycles, Homeﬁer, is very limited. In establlshlng ‘a long

wave chronology we wlll have o employ those scarce sources.

of 1nformatlon that are avallable. This way, however, much roam

i . .
t

“is left for subjective 1nterpretat10n." Duratlon isy of course,
fixed im this perspectlve by the grouth curuves for sectoral
‘developments with the ‘upper turning polnt assoc1ated Wlth

maturatlon or the swltch from one domlnant septor,to a neuwer

.

rival one. Innovations are' associated with each industry life

cycle but are not used by vanm Duiﬁn to assist periodization.

’

A more direct use of innovatiofs to choose chronologies

is handicapped b9 the obvious data deficiencies but some examples

- :
. .
. (4
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may be' found. An odtsténding illustration is given by

)

Kleinknecht (1981b), who also explores the~value of innovation

'intepsity as indicator for appraisingfband-magon, continuity

-

and innovatien-effect hypotheses which caver the sectoral

allocation of innovations, their temporal clustering, «corre=

lations between innovative activity and sectoral growth, and

3

other issues, This study shous how soft econometric techniquesg

can enhance gur understanding of long waves eveh if we choose’
o - . - 5.

to formulate the dynamic elements of our explanations af these

o M 3 .

waves in terms of imprecise concepts and fallible data.

Kleinknecht‘also:pointé to the Feaégbiliﬁy of exploring causal

linkages for new Schumpeterian industries.

This list could be extendqd but the image of pickiﬁg\‘
critical dates by consideringjaggregate'indicators and selective
use of regression analysis, chi-square statistics and other
procedures persists, Econometricsahas a modest role giving
support for spécific hypothe;es rather than the more ambitious
modelling of competing views of the whole long-wave p;océ§s.
I'ts softness is evident due to the softness of muéh data, the
fundamentdl complexity of 'overall qnd sectoral ecoaamic growth,

and the general underdevelopment of theory.

The life-cycle view of firms, indus?ries, products and
sectors, tq,which we now turn, is more compatible with simula-
tion than regression aﬁalysis. The avolutionqry perspective,
introduced by‘Schumpetef seems well-matched with th flexibility

of simulative experiments. In many respects, evolutionary theories

4 ,a?«"‘v‘%*

i
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are a direct challenge to neoclassical approaches for the

modelling of technical. change and economic. growth, They emphasize

differences between firms and reject the notion of moving

equilibrium with obvious implications for the inclusion of agg-

o .
regate economic data and homogeneity assumptions in regression

-

analysis. Nelson and Winter (4:1974, p. 903)'\reveal some of the

+ -

under;:;i'nnings of the euolutiphary approach. "Thé gextent of the
revards and penalties, and thk rates of intzi:)duction and ,
diffusion of new techniques, depends on a comble[x of environ-

mental and i.nstitutional considerations thatl d_ifl‘f:eré'stharplyj,

from sector to sector, country to country, and pé‘ripd'to period.

~

e [The] diversity and chamge that are suppréssed by a'ggriagation, C

ﬁlaximisation and equilibrium are not the epiphenomenaluf tech-
’_ni{:al“ advance. They are theg central phenoména."' The emphases

. . Y ~, ' . -« s & .

"on diversity, institutional .context, individual experiences,
* non-maximisation and disequilibrium affect the chbice of research
method as well as our ability to interpret present developments,

pfgédic:t and generalize from past regularities. One Problem for ‘ 4_ {
 =statistical- methods is "the fiction of drawing a sapﬂ;;/le‘f.rom ‘

’ F; Y

a Hypothe’tica'l population with stable charact /stics{_.( This

is hard to sustain for the unstable enuironment that 1s perceived

by the evolpt‘ionary school of onamists. Cle y the'validity_

of the classical‘l}w ar model and its moTe complex extensians

is capable of ve-/ry little sypport. We are severely gonstrained
in the testgbility of basic premises for e\‘lolutionar)\/ theoTies.

£

.
’ M o

Simylation provides a framework for checking the consistency

¢ 1
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( of assumpﬁions‘and for elaboratlng the 1mpllcat10ns of partlcular
assumptlons so evolution 13 a mlxture of experlmentatlon and

theoretlcal reformulatlons. There~are many SLmllarltles with
$ystem dynamics methodologles although the "agents" of change
,v 3

are ﬁo;e expllcit in evolutiona;y models -and the questions.
;aised are more specgific to Ennovati&n; partiéglar pfodhct;
and behavioural models, Given these gimilarities, ue do’not neéd
to repeat the econometric conééquénceg of the shift iﬁ emphésis

from estimation tg simulation. 'We can look instead, quite .

' .
<

briefly, at the potential ‘roles of evolutionary theories in,

PN

advancing our awareness of long waves. There are essentially

three positive roles. First, the pursuit of evolutionarxnthéqfies

s . with simulative experiments permits small components of ‘long-

‘wave compiexes t%“Pe%validated. Many of the crecent papers of

‘

- .Nelson,’Winter,“ﬁétcalf%a Schuette and others fulfil this

N

- . potential and illuminate the pace and. structure of change far
i ‘ .

L individual enterprises( Second, buiiding on this midro-levelA

information, we-could attempt to éxbiore th?zintegration of

the revealeg structdres at-the macro-level of aggregation.

“.Hartman and Wheeler (1979), -for example, seek to use such
;nsfﬁhts in a more aggregative investigation of the long wave.
oy , 4 | - - " .

Finally, the evolutianary_perspective can provide further

@

.

. ° . » .
. .theoretical constructs and notions, sucth as "technological

“mutation" (Nelsopn and Uinter, 1975), with which we can trans-

s a v —

form gur organization of dynamic elements in loAg-wave theories.

AR
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Financial Fragility. .

-

e

tRostow, Forrester and almost all of the'ﬁroponénta of ~

neg-Schumpeterian approaches stressing innovation and evolu-
o , o a
tion ignore significant finmnancial aspects oﬁbéconpmic change.
' 3

Brief discussions of profit motives.and income distribution

do noty generally develop into appraisals of credit and financial

o S

inétitueions. Marchetti (1980, pp. 280-281) is extreme in his .
} .

° €
view of econometric models and the attitudes of econometricians

y -

to their component.vardables. His devotion to real magnitudes,

~

as revealed in the following ‘quotation, is common among propo-

nents of long-wave tﬁeqries. "To a physicisj}é’g;g:\present-day
, ;

econometric models still look mhch like toddling and .stuttering.

What- I think most dangerous apd misleading is their blind

devotion to monetary woncepts. All my.éhalysis of economic.
. . Al

sysféms tends to show that monetary variables are the manifes-

e / we . . .
"tation of a deeper stratum of phenomena,‘uhe;e the real mechanisms .

lie." The naéglect
v S

2} credit is surprising since both Kondratiev
and Schumpeter sought to stress its importance i? relation

bogte

to real capital accumulation and valugtion off capital assets.

Kondratiev, following Tugan Baranduwsky, pointed out that

.the material basisiof long waves is the replacement aﬁdthm;ease
of basic capital-goods which requires huge %mqunts*té loanable

‘funds. Major gasmings required., in'ﬁ;; vfé@ %%‘high brobensiéy
to dave, a relatively large supply ofiloa% capital that is

available at low rates to entrégréneurial and finan#ial gréups,

and low prices. Loanable funds are thus important for the

e

e e ottt o i,

L
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expansion which is limited-in the end by’f%creaées in interest

rates ahd a capitéi'shortagei‘The upper turning point is
'exp;ainéd by Kondratiev, therefore, in terms of mohetary over-

" investment. This naive treatment of”ﬂfee loanable funds is

clearly unsatisfactory both for the periods described by

Kondratiev and for the present. Since it also did not introduce

aﬁy novel concepts, the neglect of this particular treatment

is easy to explain. We have more -difficulty in dealing with

@

the neglect of Schumpeter's comments ‘on credit but it seems

appropgiaté to account for this with the brilliance of his

vtreatmegt of other aspects of economic change and the attractive

_stimulus of his:new concepts there. Certainly Schumpeté} felt

that the expansion and contraction of credit was a-very import-

1%

ant part of the long-wave mechanism.

-
~

The subsequent neg}ect of these views uas not total.

Dupriez (1947, 1878) and Mensch, Coutinho and Kaasch-(1981)

are, for gxample, interesting exceptions. Dupriez, who “dates
‘the end 03\%he’?murth Kondratiev wave in 1874 primarily by

reference to credit and price developments, is forceful in

his stress on.monetary elements. He argues that "swings in

* the rate and size of credit expansion were a more basic and

"fundamental element of long movements than variations in goods

pnaduction.". His account.of the fourth wave , as given in
Dupriez (1978, pp. 202-203), is straightforward. "[The] upsuwing
in the dong phase started when recourse to credit was moderate

in relation to‘disposabie'fqnds and when interest rates were low

[ -
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They moved up as recourse to credit grew. Developments were such

to 1970 that the system %?;ked smoothly aon the surface, not-

. withstanding growing tensions. But the mdvement ended up in

swift and intense increases in all typgs‘of inférest rates.
This happened precisely at the momen£ when the monetb;y system
craéhed, as a result of the growing teasions of the upswing.”
Lboking at monetary developments, Dupriez stqess crises in

the monetary sygtem. This is goééistent with the treatment

of the U.S. econamy by Minsky wHich we shall explcore belouw.

It is different from Kondratiev since the latter's use of
waves was partially motivated by a rejeptionipf the notion

of discontinuous crises transforming capitaiist economies.,

(This is clear in his debates with early critics; as recorded

by Garvy.) . :

ODupriez (1978, p. 206) points to institutional transfof-
\pationé with an international flavour. "Money has alwaxs been
involved in the downturns of the long waves, very,sgriously v
indeed:.whereas the monetary system as it stood worked smoothly

in the upswings up to a point where tensions developedy the
downturn stood in the center of monetary crises and Feforms.
Indeed, .the institutional setup of the monetary System was '
transformed at those very'momg;ts. «o« The gold standard ;ystem
was iﬁfroduced in England in 18%B;Vthe gold-silver bimetallism
crashed in 1874; a éeneral upheaval of currency parties was : .
introduced after 1920." This intecrhational aspect is developed
Ey Kindleberger k1978) who widens the vision to include financial

o l
] x\\\
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rather than monetary crises. He also revives issues of the
role of lenders of last resort in 'the.restraint of financial

panics and the internatioqal propogation of financial- crises.

With respect to domeétic‘gonsiderations; the lender of

last resort for a banking system '"stands ready to halt a run

out of real and illiqufd financial assets into money, by .

LY [ ' .
making more money available"™ without creating.a moral-hazard ‘

problem of banking irrespdﬂsfbility. The international counter-

" part is similar with balances of payment and countries replac-

e ——"

-

ing their domestic analogues. Rising interest rates can be .

o

traced to internatichal competition for funds in addition
tor the domestic demands bhat we have already noted. This may
be.readily combined with international extensions of the

concepts developed in the innovation literature. For example,

——

the S-gurve of economic development for individual~producté
or industries can be amended as in the product cycle of Vernon,

_which deals with the international transmission of technology 5>

".and the geographic mobility of production. Diffusion of tech- ;Zx

hélogy from an initial source to lat?—comers may, as in recent
U.5. experience, be eventuaily asggciated with the shift from
a current-account surplus to a deFicifPand thus to pressures
. on interest rateg. Kindleberger has introduced‘the term
"aging economy" cover this life cycle description. (It has

‘some similarities With elements of "Wallerstein's theories of

hegemony and compeBition to which we shall turn in the next ) )

section. )
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Dnelpossibie,éansequence of the financial criseé, as
vie@ed from an inﬁernational_berspective, is the phenoﬁgna
QF’"th money" flous whiéh are large short-te:m‘balanceg
that are geographically“;obile. Expansioh of such balances
crowds ocut the longér -term funds that are necessary for
financ}ng real capital enlargement and, thus, adversely affects
economic develbpmeﬁf’ﬁ?f;ggsiné the coft of‘longerrte;m funds °* :
and creatiné capital shortages. Th@ simiiaritiE§ of these~
difficulties as they nccur now and“és they occurea in‘thé

correspondiqg period in the lasﬁ Kondratiev wave are\found

"in the apalogies noted by Balpgh and Graham (1979) 'and else-

where by both Balogh and Kindleberger. The present world debt
crises can then_be compared with that of the last great

depreésion. Its invo}uément’of tHird-world couhtries is qhite
conéistgn@ with the geograbhicalIEfpansion of pépitalistic

-

production as enﬁisaged by Kandratiev.

The second illustrative,exception“to\the negléct of credit
and fimancial issues by some‘schools of longfwave theorists is.
provided by Mensch, Coutinh; and Kaasch (1881, p.‘283);’who
also differ from_Koﬁdratiev on the continuity to be found\at
the break of long-wave expansions. Mensch has proposed a
"metamorphosis model" which is chEbSed of a temporal sequence
of S-curves rather than waves. Hé stresses the sharp disconti:
nuities that aqccur between succ€ssive S-curves. A mgjor glement

in this perspective is the contingency theory of changes in

capital values, which links these changes with the propensity
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These shlfts in value of parts ‘of the capital stock lnduce

! ¢ -, r ) . .

to innovate. There is an important. movement of emphasis from

v g Y
rl ' N ¢ LA 3

capital shortage to'its valuationiwithin this discontinuity °

agproach., "[Under] certain cifcumstances (uhich-we ideﬁtify,

P A .
. as typical of either expansionist’or recessional structural

change), entreprenedrs'fiqd that their stocks‘of fixed capitalﬂf

in plant and equipment either enjoy or suffer systemétic up=

A

‘or’ domngradlng in operatlve value (apprec1atlonor depr801at10n)

capltal buners to e1ther invest. their funds in more of the
same’ type of capital goods, or induce.them to invest in"alter-.

native types of capital goods." Treating ownership of capital

° n

assgts as financial inuestwent, we can explain the shift of

funds into .international capital and mgney‘markefs as rates,

‘of return in production decline. A crisis woccurs when this

shift is prqnounced so as té create a surge in sh%r;—term
liquidity. When~dem3qp satiates at the long-wave peak and
reiavestment in traditional'lines of production bécomes unattr-
active, the‘financial managers of firms [argues Nensch (1979,
p. 20)] "cannot r831st the movement toward lucratlve currency‘
sgeculatlon,and paper 1nvestment budgeting even if they would
rather not participéte in such activities". Thi;ﬂi; a concomi-
tant of the fechnoiogfcal stalemate when £hé maturation of
producﬁ“life—cyclgs cannot be-stimuléted avern b9 pseudo-
innovations. The‘cj}resppnding shifits in capital valies'lead 5
the drop‘?rom the end of one uﬁswing to the depreésed state : :j

i

that precedes the next upswing when the reviving demaﬁd affects

-
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rates of returns.on somé capital goods. This view is thus

[y

markedly more eomplex than the focus of Kondratiey. Houwever,

"it shares his failure to identify actual institutional adjust-

ments .since discontinuities are not associated with changed

* institutional arrangements.-

— N

The major contribution to.our understanding of institu-

- tional changes in financial markets following periodic crises

"is by Minsky. IH bontras¢ to the researchers that we have

.

alreedy cited, he gives little ettention toltechnology, S-curves:
and innovation. His myopic focus is frequently onll/the U.S.
Flnancial system. The -connections between his vision of
fraglllty within that sysyem and Kondratlev-t;pe waves 1is
seldom made explicit.‘Héﬁejer, his research ﬂife neatly in

the long-wave framework with its in6erent'instabilities,afs-
equilibria, long-term horizons, erluing charac;er}stics;
institutional .adjustments, qualitative changes and fundamental
cﬁellengee Fo the neocléseical vieq of appropriate economic

theorizing. It is no accideht that the inEreasing attention

diven to His efforts is contemporaneous with the revival of
, ]

the long wave.: ' . o ,

) Thﬁiclosest liﬁk with long" waves is evident in Minsky:

(1984), where he ! argues that flnan01al panlcs are endOgenous

. and systematlc eventS‘rather than exogegous and EplSOdlC.

Indeed he sees the stable generatlng mechanism for long waves

~

as' centred around the cummulative changes in financial -variables

within the long-wave-expansions and contractions. From the
! / . . -~

i N B
. ‘
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" approaches of ecanomists frequently lose their validity when

beginning, 1nst1tutlonal changes have afFected these develop—‘

ments and glven them an evolving appearance so that SUCCESSlUE

L

waves reveal structural amendments, M;nsky %rgues that the

4 ’

U.S. financial system lacks stability and that standard

i

financial crises occur . "The neoclasgfcal synthESis . «.does
well enough in explainlng the behap;or of 6ur economy in an
age of financial tranqu111ty.m. [1t] cannot proulde a relevant(
framework for our type of econbmy in the past decade." (Mlnaky, :
1977b, p. B44) With respeép to Keynes,' Minsky (1875c, p. 129)
argues that "the missing step in the atandard Ke?nesian theory
was the explicit consideration of capital!ffnance within a

cyclical and speculative context."

This rejection stems from the view that majol financial
crises in the U.S. are not temporary aberrations but part oﬁ
a pattern indicating systematic Finanéial fragility. In parti-

cular, he paints to the credit crunch and runoff Ofcertlflcates

. of deposit in 1966, the commer01al paper CrlSlS 1nclud1ng the

failure of Penn Cent? V'Rallroad in 1970, ‘the 1974-1975 flnan-

ﬂ\mfallure of Franklln Natlonal Bank and

cial trauma with t

the bankruptcy of rea

A

estate 1nvestment.tru§ts, and the

troubles of 1980 which involued the Hunt-Bache silver debacle, ;

Chysler refinancing and difficulties oﬁfthe'first Bank of.
Pennsylvannia. The natlonallzatlon o% Contlnental IlllnDlS :

Natlonal Bank in 1984 can thus to be uleued as s;mply the

¥

"most recent of a series of crises that. have occurred over a v
! .- ‘ |
* i

>
L]
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g decade-and a half of U.S. ecanomic experience.

Fragility is defineﬁtag the characteristic whereby normal

functioning of a financial systen can be disrupted by somé

\ not unusual evant,.Essantially it dinvolves .a lack of resilience

’ - . ! . 5 R . :.
to minor shocks or 'displacements' as well '‘as to more substan-

N

tial‘ones. This fragilify‘is said to hbe systematic if~the
susceotrbility to disturbanpce ;; not due ﬁo~e;ther accidents
or -errors of policy. Minsky Suﬁgesea that situations of finam-
cial fragility reveal incoherent oeWauiour where reactions

1

/ : 'antioamoen economic, adjustmenté. It jis important that this

/,,.“_.

QJ,' ' behaviour be recognlzed as an "essentxfl attrlbute oifﬁﬁﬁj?liywr
that is centred in the fimancing of 1%@estment aiziz;ttjaﬁd
1lg

T S

S
ounershlp of the stock of capital assets. A stT Brward

account of the- anatomy of a typical crisis from the Minsky
perspective is provided by Kindleberger (1378by Ch. 2) with

credit and valudation elements-made clear.

. , : . A diaplacement brings Forth\ooporfuoities:for profir rn
. some neuw and ex1st1ng lines while cloalng but others. The
consequent ooom is fed by an expan§1on of bank credlt which
‘ _enlarges- money supply. "For & given banklng system at a given
'tlma, monetary means of payment may be expanded not -only within
the existing system of banks, but also by the formatlon of new .
- . banks, the development of new credlt 1nstruments, and the expan-q

51on of personal credlt outside oF banks." (Klndleberger, p. 16)

’ ’ N

'The speculatlve urge may then he transmltted into effectlve

( , 2 demand for goods or financial assets until.it presses against
" N '

: ° - N ~
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existing capacity. We can see the'basis for a cumulative process
of positive feedback, which Minsky calls:"euphoria”. Eventuélly
(but not necessarily) overtrading may dqcur with pure specula-

tion for price rise, bverestimates of prospective returns or

S

[ R

excessive gearing through inadeguate margins. Kindlebergert(p.18)
shows how this development can be given an internagional flavour
through the conduits of commodity price increases, internationally-
traded ‘securities and speculation’in exports, imports and foreign
securities. The credit system is stretched tighter as a specu-
lative boom continues with increasing intereét'rates, velocity
of circulation and prices. Then, after some hesitation, prices
begin to level off and anpuneasy period of "financial distressy'
may ensue with‘grbwing awareness of the possiﬁility aof a rush’

toward liquidity. The projection of this picture into one of

critical proportions is thus clear with.eventual "revulsion""

e e
W

and "discredit", Throughout "it is finance that acts as the —_—
sometimes dampening, sometimes: amplifying governof for invest-

ﬁent" S0 thét "finance sets the pace for the economy" (Minsky,

o
mvnae Sae e

1975¢, p. 130). . ' ;’

This radical view has elements that can be traced to i

)

Fisher and Keynes, . Kindleberger links it with early classical

ideas of overtrading as expressed by Smith, Mill, Wicksell and

Fisher*mhile,Minsky (1977;) attributes to Keynes the important

result that "a capital-using capitalist,economy‘with sophistic-

ated financial practices (i.e., the type of economy we live i’)
~ i

is inherenfly unstable."AHié debt to Keynes<is‘even mare explicit L
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"in Minsky (1975c). Our account is inevitably brief. Further
details may, be found in the references cited in our first
appendix. For the long wave, Minsky provides a potential

1

explanation of the last part of the.long upswing and of the
{?Eollapsé.His st;esses of endogeneity éna;céédit match tHose
PF Kondratiev but he provides mdfe institutional detail and
‘”éives‘sign%ficant attention to changes induced b& critical
‘finéncial developments. The impaéts’of his ideas and those
- of Kindleberger in developing notions of finéﬁggal instabiliéy
and lenders ‘of l;st resort are revealed by cbntribﬂtions to A

/
Kindleberger and Laffargue (1982). These range much beyond our

present concern, «

Where does soft econometrics fit in the topr of credit

and financial fragility in long waves? Mensch and his:assdﬁates
use regression technique;;and other simple methods to explore
sméll components of his theory. Random-walk phenoﬁena,can be’
used to assess the clustering of innovatfbﬁs, discontinuities
may be aetermined with tests of strugtural change (within l;near
statistical models, as Chow testé or residﬁal anélysis) as well
as gitH the intervent;on time-se;ies meﬁhods of éox and others, .
and the interactions of real and financial inuéstmentJare
comﬁatible with various econometric procedures. Instabilit}es

&

and di§continuitie§ do not preclude the use of formal statistical

w

methods. Rather they reveal thé need for' our shift from bhard
to soft interpfeﬁative skills, Both Kindlebérger and Minsky

have underutilized these methods but theirkneglect is easy to

t
]

—
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justify. They are concermed with "large" issues rather than

the componental research where eco&bmetrics might be useful.
Changing the attitudes of the vast majority of professional
economists, amending the operating characteristics of the
Federal Reserve System (even of capitalism as whole), trans-
Fo;ming‘prevalent political support for monetarist policies

or for international isolationism are quite distinct fromxthe .
modest claims faor soft econometrics. Clearly the tasks of Minsky,
Kiﬁgieberger,and some othér contributors to this area are not.

. 2
served by citing values' of Rs, t-statistics and so on.

This does naot mean that econometrics may trivialize long-
wave .theories involving financial crises. There are important
themes here that econometrit analyses may enhance. The prime

example lies in financial innovation and the impact of such
(]

innovation on both the interpretation of moneta®y aggregates
and their role as targets in policy rules. A second example

is found with the issue of prgdictabi}&fy in the face of evolving

t

financial structure and inherent instability. We recall that

Minsky's theory envisages a process of irregular financial
}

innovations, affecting credit availability, as the unstable

financial structure evolves. Innovatiaons are an endogendus

¥

part of this change. They can arise as economic agents seek

1

to maintain levels of credit despite reguldtory constraints

but they can also arise spbntanaodsly and independaﬁ:of‘regﬂations.

£ ~

It is cdmmonblace to agknomleﬁge the confusion that affects

* 1
measurement of monetary aggregates when financial innovatigns

~ . v

- A .
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accur. In Chapte:lﬁgur,'we discuss the perceieéd instability

of money7demand relationships‘as determ;ned by.cheeges in.the 5
interpretation of monefdry agggegates. This diecuseien'is ' . 3
directed to the period stressed b§ &in§ky. The jinnovation-
regulation-control complex is,e%abo}ated'GY Hester (1981, 1982),
WOjnilomef (1980) and Mayer (1982). Me“shell delay our treaeu‘
mentqof this area, and specially the implications %or”eoft
ecoﬁﬁmetrics, to the~later chapter. fﬁe second examplef
dealing with predictability, is considered by Sinai (1977i o f
«fuho is deeBT§ involved with_the DRI econometric model. Sinai ‘“‘;
(p. 183), who suggests that Minsky downplays the role ,of
-“gcaonometrics in uneerstanding the U.S. ecanomy, insﬁsts that

Mthe Minsky eonceptfon 1Qéks the predictive content required

for empirical testing: The strueture of the theory does not

lend itself to validation or refutation. Nor can‘the degree

" of financial fragility be measured to determine how near a

crisis is." Eventually Sinai-takes a uiew ehat‘is:consisﬁen? .

wlth our earlier arguments. "Econometric modeling and simula-

tlon of fer the most promising method for determining the impact -

B e L e P N

of the factors mentioned by M;nsky on the euolutlon of flnanCLal
a Y F
crlses." We can differ with Simai 'on the issue of predlctablllty N

S

while finding substantial cammon ground in the actual use of .
gconaometrics, - : ’ ; ;

i ; . ‘ e

Views From The Left

Koddratiev's personel difficulties in the 1920s are destribed ;
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~to reconcile long waves, and espediélly cyclical recoveries, L

. mrltlngs that are compatlble with cycles even in a ldnger- term

. _Increasei\j;yfits are, therefore, assotiated with the creatjion

W e v o e

by Dey} They stemmed from the inabili?y of many of ‘his critics

with the heritage of Marx. Yet there are elements in Marx sf”“/

(3

context These are explxtated in modern Zénguage by Bellamy

(1978) anantoh 11980, Ch. 5)2 They are not markedly at odds

with some of the vieus that we have already cited. \Pesplte, zn

)

the pOSSlblllty of reconcilation, the adyerse reaction to
Kondratieuv's efforts by his contemporaries wvas severe, More

i
. , . . [
Jgecent writer's who would be placed on the left of the political - *%

spectrum have met: far less resistence to their long-wave theories.

thleast three major schools of thought can be detected among

"-’G

these wr1%er§ We couple these schocls with, Mandel, Gordon and

'~

Waliersteln as their major representatives. There are profound
‘differences of interest among-the groups ésuqe shall reveal ]
beldw;'The:e are, also, variations' in their use of empirital

evidence and in potential uses of econometric methods. Further,

there are disparities in periodization (especially with respect - 3

M a3

to pre-Kondratiev chrondlogies), geographic coverage, the shade 3
of in#lividual waves, and the'naeurelof'discontinuities.‘ RS
J - - L .
Manhdel suggests that the waves are caused by surges of -

new technology and finds ‘two phases in each wave. The first ° |

* 1)

phase has rising profit rates as the new technologies are

e e g

!

developed while the second phase contains falling profjt rates

as the possibilities introduced by the technologies are exhausted. %

P
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of ptoduction sitgs and their degiine with rapid diffusion.
His basic position is simply stated in Mandel (1980, p. -9 and11). .
"[Any] Mdrxist-theory of the long waves of capitalist develop-

9

ment can '‘only

e an accumylation-of-capital theory or, if one

wants to express the same idea in a different form, a rate-of-
profit tneéry... fThg] essentiai”mﬁvements, those that determine
uthe’basic trends .pof the system, remain the fluctuations in 1:!';43*a
average raée of, productive capital accumuiatioﬁ." The Eumulqtive
,proceés qf tﬁékupswing, once it ha§ been initiated., and the

transition from this expansion to the period of stagnation are

botr treated as endogenous. Each upswing is suppased to encompass
[ N -

. - : % o .
-a "technological revolution™ in the capital goods sector of

and, like Rospow,‘Mandel accepts_the notion of industrial

. . .
which the latest is one of "automation" (mechanical handling,

> ’ #
continuous production, and’electronic and computer control), »

4 - % . ) #

feading sectors. Innovations do not, however, trigger the .

upswings. They enrcsurage expansiédn once 'this has started.

The upper_turning'point‘is'primarily determined by the

*

“

. growth of capital intensity which eventually causes average

1

o b )

{ = .
rates of profits to decline. This view associated with diffusion ° |
of technology is very éimild; to tHoserFrom a qpo-Schumpeterian'
perspective but with an'additional stress on pré?itsi‘As such, ’

the anglysis seems forced so that ItoB® (1879) is perhaps &orrec?

to‘critfﬁize Mandel for fundamentalism. The lower turning point

O

A P . . Sl P
is, on €the otﬁg}\band, historically contingent unlike Kondratiev's .

approach. A host Uf,EXOgEﬂduf influences or system shocks are .
- - . E
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essential to the initiation of ‘cumulative growth after a
reserve fund of capital is established. "THese_radical changes
in the overall social and geographical env%&onment in which
the capitalist mode of production operates in turn detdna¢e,
so to speak, radical upheavals in the basic variabies of

capitalist growth (i.e., they can lead to upheavals jin the

average rate of profit)." (Mandel, 1980, pp. 21-22) leaFly

“there is something unsatisfactory in treating these/extra-

gconomic shocks as the basis for waves with reqular periodicity.

The second school, associated with Gordon, Bowles, ¢
Weisskopf, Edwards and Reich, makes much less use of fundamen-
talist positions and is more attentive to the character of ’

labour markets. Like Itoh (1979,1980), they formulate theories
i o>

of capitalist development in stages along lines that they
attribute to the Japanese economist Kozo Uno. The history of
long w;ves ig,'therefore, treated as aahistory of successive
stages of capitalist accumulation with pronounced gualitative
a&justments occuréiﬁg between successi&e stages. Again capital
accumulatipn is aséumed to provide the major force for change . .
in capitalist economies but suéh accumulation is now cons{dered . |
to be highly dependent on ‘the perceived stability of institu-
tions that facilitaté the movement oﬁ:capital. The breagdomh &

of one set of social ipstitutions and its replacement by‘a
successor are thus tbé primary~qharacteristic of both critical

7y '
periods and the onset of recovery. Capitalist economies, in

b 4

.this view, have moved through a series-of universal crises

»
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- which are identified with transformations of th% social struc-

tures of accumulation.

Accumulation -is affected by credit availability and
solvent or effective demand but it ig also influenced by the
"reliability" of the labour force, the Hospitality and st;bility
of goveraments-in recipient cauntries as;geographical‘expansion
in resource extraction and basic productioé occurs, and the
supportiveness of dome;tic (home-country) government policiesg.
Five stages may be determined in each long wave. The first
stage involves the establishment of an appropriate social
structure. This is follémed by a period of expanded réprodumion
and, then, by one of deceleration in the rate of accumulation, i
Acceleration of institutional ins{ability marks the fourth

stage, It;is'foiloued by the unfolding of economic crisis.

More comprehensive descriptions of these five stages are provided

by«ﬁ?rdon (1980 a,b). - . .
A generalization of the reinvestment theory 1is used by
Gordon (1980b, p, 27) to link™ an endogenaus Eycle with infra-
structural investmen}. "The economy will receive a strdhg boost
at the beginning of the‘stage of acéumulation and will experience®
considerable. economic drag after the need for infrastructural
investment has dried up. The economy would anly Qét another
comparable\Boost if and when new infrastructaral investment
was needed and it became possible to finance it." He hypothesizes

that this cycle lasts roughly a half century "because of the

relationship between the scale-of investment required at the

LY
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beginning of that cycle and supply of'potentially investible
funds available to finance that investment." This-hypothesis
amends the traditional reinvestment theory by focusing attention

on infrastructural investment (a "centre of gravity"dimension)

and by stressing clusters of such investment (the scale dimension).

Mandel acknouwledges the significance of labour elements

when economic momentum is growing. He points to the memory of

long-term unemployment frzﬁZthe recessian (with atkendant
reductions in bargaining pomernand Ehaké} self-confidence),
the wage-lag in the initial pamt’of the upswing and relative
growth rates of real wages and -labour pro@uctivity« Qverall,.

as demonstrated by Coombs (1983), his t;eafmgnt of labour

pracesses is-casual. A consequence of this is that his work
suffers in comparisons with the treatments of Gordon et al.
and of Freeman et al. Gordon and his associates typically

discuss spcial structure in terms that include the moderation

of class struggle by integration and partial cooperation. of

‘organized workers with their ‘employers and by the segmentation

of the labour force, which separates certain groups from these

organiZzed workers. They also stress the reproduction of labour

- force as channelled through,education. Léﬁou; market stability

is, they would argue, mafntained through both cooperative
collective bargaining and segmentation. The economic system

falters as this stability weakens from endogenous strains °

~

so we should "appreciate the critical impartance of the increas-

q

ingly structural orientation of economic struggles as econamic

terisis deepens".
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Because of their greater attention to detail, this -

. . 1
second school have made much more use of statistical analyses
N

than Mandel. In contrast to his focus of simple aggregate

indicaters such as the rates of output grpwth. or sales grouwth,

@

they frequently use relational techniques in" addition to tabu-

lations of GDP, industrial pfoducﬁion, gross domestic investment

in plant and equipment, real unit labour costs and unemployment

rates. They are also, as in Weisskopf, Bowles and Gordon (1983),

able to advance particular hypotheses with mathematical reﬁre-

senﬁations that yield suitable structural equations for regression

& ,
analysis. It is. significant thatthey try many’ alternative

formulations and use Tobustness criteria as we might reasonably

expect in* applications of soft econometrics.

t
S

The Final.school"that we shgll consider is based at the
State University of New York at Binghamton, wﬁere Wallerstein
and his assbqiateé héve estab}ishéd annual conferences on the
"Political Economy of the World Systém". Wallerstein has taken

up the notion of geographic expansion of the world capitalist

[N

13

economy -fram Kondratiev anq he has stressed the mobility of
control, or hegemony, from the Dutch.to the English and, then,
Fo the U.S: eéonomy. The distinction bgtween core azgﬁperiphegy
in this world system is an essential characteristic of his
vision of long waves thle the mobility of the core has. been.
used both to create‘;pairs" of long waves and to extend their
ideﬁtificétion to eariier historical periods. Just as fogrrester

integrated a very long cycle in h;s cyclical classification,

Wallerstein draws on the insight of historians to identify

J N
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"ldgistic§u which have periodicities in the range of 150“10,

D Py L R

it
~

300 years. Clearly these logistics cannot be established by

any statistical procedure.

v

Gordon (1980b) attempts to find common ground with this-

approach. He fails because his épﬁroach is dominated by U.S.
economic experience whereas the World-System pergpective demands
an internatio?al base and challenges the use of national data.
- Gordon and his assdcia£es also have diFficult; in accepting

both core-periphery frameworks as a sgurce of long<wave pheno-,

o
\

!‘; ~
mena and the possibility of projecting waves backwards when
©

considering it a feature of capitalistic development. The core-

3

periphery distinction can closély parallel high wage-low wage
contrasts between groups of countries\so the efforts of‘Le&iﬁ
and Rostow'topbase long waves on teéms»of-tr;de arguments could
be expected to link these researchefs~too with the uorld-Syste%

perspective. They do share concern with shifts in income distri-
r .

bution between geographical areas but, othergise, differences

Y

prevail.:

Wallerstein's model has_two zones, one with high wages (HU)
: ;

and the other with low wages (LW). These are associated in turn .

\ .
with HW and LW commodities. Hopkins et al. (1978), the Research

e

Working Group on Cyclical Rhythms and Secular Trends, explain-
the interactions of zonal activities that yie}d waves in produc-
tion. Attempts to reduce costs by shifting the locus of production

: . . [
to lower wage zones occur during periods of stagndtion. Recovery

)

_ié then associated with.the incorporation of new producers into

¢
) e .
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]
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the world ecoﬁpmy from formér Frontieré, with éreater depen-
deﬁcg of houséholds on waée labour, and with the utilization
of technological advances in L-dyr;amic:', sectors of production.
Rivalry betmeeq national states of the core‘iq-normal in this.
process, Qallegstein points, within pairs of Kendratiev wave;
) p .
or logistics, to ?he pre—emingnce or decline of influence for

particular national st?@es. The intensity, focus and geographical

Spread of the capitalist gconomy 1is thus linked with economic,

¢

political and social phenomeya. \ .

g

Clearly this perépective}demands multidisciplinary research

s N : ’ ;
and presents severe problems For'measurement and operational-

iéation. Ehése-Dunn (1978) lists some of these problems whlch
include bounding and mapplng the sysubm and its constltuent
zones;cva;ldlty and rellablllty of economic indicators oueF
time; limitations of aggregating data on'nétiénal states to .
create coniextual world-system ua;iable;; éampling interva}s;
and noncontinuous sources of data. This is a cgnsiderab;p
challenge for econometrics. Two positive‘responses are possible.

[

First, synthetic daga can be manibulated in'simulatiuerexperi~
ments 55 has proved useful in mﬁst areas of long-wave theory.
Second, fallible data can be reéopciled.mithlformal models
that are designed with structural instab%}iﬁy and measureﬁent

errors in mind. The soft .coptext simply mgakens the strength

«

of inference and implies the need to search fﬁr robust, approaches

with-conditional or prbvisional\inference replacing hard-

econometric alternatives.

T e bt = § % w o wwemmeme — a a

N = -
s o S S




/

A Multiplicit] af Waves ',, ,

-

This account DF long maves is ipcomplete. The revival

)

of interest has spread rapidly over the. last decade of
R

B
. L}

depressed economic conditions., Such diffusion has accompanled
‘a growing malaise in economic theory for shorter business -

: _ ¢

cycles. Haberler (1941, p. 273) suggested, man} years ago, '
\ v*)//4

N (;'}\ct s A

that prior analy51s of short waves was necessary before we can ™ ‘
hope to understand longer aones. “It would seem that... gues-

tions about tha<nature of the long waves .can be ansmered only . :
after a fairly full 1n61ght into - the mechanism of the short
cycles has been attained. Eor the fprcesxﬂucn,are_sald'to
procuce the iong waves do not w;rk indgpendenkry of, and ;
alternatively to, those that produce the short cycie. Tnéy

work through thé—latter:.. Until~tne‘working of the mecn;nism ‘
aof the shorr cycle has been explored, che nature of the long
waves cannot be understood We are therefore compelled to : '
attacR Flrst of all the problem of the bus1nes§ cycle." Thls ‘
view prevailed when first .expressed but, perhaps surprisingly,

is not evident now. Instead short cycles are increasinglyr

being seen as understandable only within the cohtext of longer-

term economic developments. Many théoristsnal§o feel little

compulsion to defend their use of a‘long horizon.
~ - - -

The exist;;gé”BTTWaues with different periodicitieg's has .
been acceptigxaince Kondratiev's efforts: reinforced the notion.

.

%%g’uaves as contrasted to crises. These efforts were, of course, .
i

,Q “
a
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- rcross-spectral checks_ for potential causal linkages. As might

g

N Y )

’ . 1

e
+
2

preceded by the‘efforts .ofs other resEarchers who used’ Fourler's,
\decomposLtlon of 1nd1v1dual functions (tlme serles) 1ntg ortho-
gonal component Functlons (usually}elther polynomlals or
51nus;1dal Functlons). The %tandard tool of andlysis of. thlS.
‘group wvas the perlodogram, whlch sought to detect the "hldden ' :
pgrio&icities" of sine wa%es underly;ng a'given time trangient{
'mhenﬂKdndratiev haé active, Khinchin and the Russian scHool of .
probablllsts were establlshlng the theoretlcal nature of -
stochastlc process and beglnnlng the transFUrmatlon of periodo--
gramnanalySLS into ¢tslstochast1c counterpa;t, spectral analysis.
THE detection of frequencies consistent with long-wave perhxﬁciéies
was attémpéed a‘quafter century ago as important compufationalﬂ
deuelﬁpmeats hqdd sbactral analysis of economic time séries
Fegs}ble. A typical example is provided byrSuzqki (1965) whg
concluded that{,%or-Jépan since 1878, "long swings and business.
cycles are meanﬁngf;lﬂpheﬁomena in many of the time Eeries".

'He also used cross-spectral metHods to idantify lead-lag
réla£iqnships. More recent examples falling within the revival

are provided by Dowling and Poulsan (1971, 1974), Soper. (1875,

1978), Klotz (19739), Sahal (1980) and Haustein and Neuwirth(1982).

4
These researchers generally use similar techniques with

spectral estimates '‘obtained after prior adjustment and with

be expected, spectral analysis is severely limited to the

o

~dynamic’ characteristics of single time series or pairs of

them (with fixed sampling intervals)., It lacks many of the rich




t
'

details that makg mast iong-mave formulations so appealing.
‘Ho@eqer,,with saft interpretation, spectral techniques caﬁ be
illumlinaf';ing for exploratory models. They can. generate hypo-
theses as well as provide evidence of consistency with prior
notions. .Sahal, for example, Foun-d support for cycles in
technological activity with Kondratiev, Kuznets .and Juglar
durations.,His results indicated that the périods of cycles

in product,innovatioqs were much longer than those of cyclés
in process innovations. Haustein and Neu&irth found "nondominant
long waves do apﬁear in the interaction between innovations,
productions, patents, and energy consumptioﬁ" and concluded
that their ;nuestigation’shed light énbthe causal.structure

of the innové:ion system. Similar findings have stimulated a s
large-scale commitmént tp the use of spectral ﬁechﬁiques-in

exploring long waves at the International Institute for Applied

‘Systems Analysis. '

We should close.on a gualifying note. Decompositions of e?onmﬁc
behaviour into sine-wave component5fusualiy require data to
be .made stationary in the stochastic sense. Interest in parti-.
culaf ranges of frequencies‘requires ¢herexclusion of disjoint
ranges. (These considerations imply prior adjustments sudhras
trend removal and smoothing. The term "Yulé-Slutsky effect"

\

is attached to problems arising when the prior adjustments

/
/

are inadequate. We discuss this effect in Chapter Four using

i . o

the long-wave literature as a cbnuen;ent backdrop. For the,

moment, we should ngte the problem of- false inferences as data

) .
- ~
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transformations intrdduce spurious frequencies. The final
A Y ’

wofd, for now, rests w;fh Bird, Desai, Enzl%r and Taubman

(1965, p.239). "We have shown that™ the use of both a fixed

.
«

averaging period'and a variable averaging period may yield a
long cyéle in the transformea data., Therefbore, if long cycles
have been found in economic data after using either transfor-
métion, it can' mean that long gyeles actually\exist, or that
they were created by the transformations." Such doubt is the

pulse of soft econometrics.

N
z50ome Concluding Comments . . ="

Leng~wave theories can be Fascinéting and we feel it
appropriate to have'outlined some of fheirﬂattractivene§s.
The economic element of ecbnometrics,:it should‘be recalled;
is an equal partner with statistics, mathematics and computing.
Ec?nomie developments in the long term,are-characterized‘by
discontinuities, instabilities, and a host of irreqularity
problems..Ecénometficians can never expect to provide a

1

comprehensive model that wili give adequate attention to thé\
full dimEQ§i;ns of ‘dynamic adjustments in the long term. They‘
must be content to acknowledge the softnesé<§f their context
and follow one oﬂltwo basic‘strategies. The first of, these
follous‘traditiqpal methbdg aqq treats cpmponents of\long-Mave
theories in relaéive isplation with an exploratory é&phasisv

replacing the confirpatory one of.a controlled environment. -

14
Softness also results in the shift towards criteria such as

T
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robustness and conditional inférencam;ather than criteria‘
édchvas unbiasedngﬁs, consistency and predicta&ility. The
second étrategy hésxbecome pqisiblé with the rapid ;mprpvem-
ertts in computational capabilitiegf We now have importaﬁf
experimentél options invaolving simuiation with actual or
synthetic data. Such experiments are also expl&ratory. Both- -

strétegies are dynamic in the semnse that they can generate

hprthesesﬂand provide a process for exploring their implica-

‘tions and consistency with real developments. This dynamicism

is much closer to what econometricians actually do in all
areas of ﬁheir endeavours rather than the static confirmatory

image emerging from our textbooks.
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CHAPTER': THREE

-

THE DEMISE OF STRJETU@AL ESTIMATION ?

| .
The "face" of econometrics may be represented by three

. principal features. First, economic, theory provides a realistic’

account of some phenomena, coften expressed.in ma%hematical

»

v .
- form. Realism is an essential requirement here since this theory

is to be combined with data from real sources. Secmnd, estimation

by statistical procedures is added to this account. This yields

* estimated values for some parameters in the mathematical expre-

- \
ssions that represent either individual or average‘'experience,

Fimally, inference (as "significance", "confidence" or some

oﬁher statistical notion) has @ guite modest role acknowledging

thé potential imprecision of these values. These three features,

taken together, cdhpfise the predomina>?v¥orm of econometrics

4

for which the structural component is essential. Chow (1878, p. 565),
A ’ .
.rearranging these features, provides a typical view, "As is well

knawn, the application of econometrics cansists of two sfeps:

The formulation of a statistical model or a set of hypotheses
f ' '}

concerning the economic Ehenomena in queétién, and the application
f statistical methods to test sglected hypotheses, to estimate

the ‘aramete;s, to make forecasts, to study ﬁhe dynamic proper-
: 5 .

ties of the model, and/or to make decisions",.

2

Such featutes or stageé are consistent uitb most definitions
of ecénometrics as Fbuna in our professional .literature. The,
basic invoivement with struttural equations is commonplace.
Kelejian and Oates (1974, p.237), for example, indicate fhat

such)equations are "suggested by economic theory". Unfortunately

v
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the structural basis is too readily accepted without adequate
' . o

examination either of its validity or of the individual
features. Some deficiencies are readily apparent. When Dutta
(1975, p. 10), in describing econo%etric resegrch, suggests
that "the prime objective is to amalyze the behavior pattern
of mankind" and that the basis of structure is a belief that
"the true or fundamentai behavior pattern of mankind is based
on pqstulates of rational and consi;tenf behavior", it is .

perhaps clear that his comments have little direct bearing in

L)

practice. Houever, the simpler state$ent by Kelejian and Qates
is little more informative. It could be argued éhat this reflects
a élib avoidance of a necessary dggree of explanation and that
tée brevity is consistent mith the proposition whereby
"econometrics 1is sémething'that should be done, rather than

talked about." : .

- I

Much of the.critical reappraisal of aconometrics in recent
) »
years should be seen as questioning certain aspects of structure.

A secondary theme would.be the development of altermnative opera-

tional procedures to replace or supplement the structure-confirming
. ;
procedure that is implicit in the three simple features described

above. It is significant .that Chow felt impelled to add a
further stage, involving the reformulation of a model after

X\ \
_statistical analysis, -to his two-stage framework. Such .

structure-seeking is an important change in focus since it
casts doubt on the sufficiency of economic theory as the source
of structural. specification. The critical reappraisal, which ’

we shall illustrate below, involves both.the dissatisfactiaon

2
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of economists with past efforts in research and the changes
stehming from rapid computational advance. These twg aspkcts

can be illustrated by reference to Haavedmo and to Box and

Jenkins,

4
Haavelmo (1958, pp. 354-5) provides an excellent example
of an economist who was very influential in the development

of Qhe structural componemt in econometrics but became scepti-
cal Qith the results achieved in practice., "It hés become ‘
almost too easy to start with hard-boiled and oversimplified
,1exéc£' theories,‘sgpply them with a few_random elements, and
:come out with models capable of producing realistic-looking
data.” His view is that part of the problem here i1s due to
"the soﬁemhat passive attitude of many econometricians when
it comes to the choice of axioms and economic content of the
models we work on." The obvious implication-to be drawn here
is the need for greater emphasis on economic theory and careful
reconciliation of fitted models with‘theif theoretical under-
pinnings. Inadequacy of theoretical linkaggs would then seem
a primary source of structural instability. We shall retugm
te this when we consider Ffisbh's concept of autonomy below.
We shall arque that this particular concept is an invaluable
means of connecting the "rational-expectations revolutiond.

- P . . ] B
(and its critical reappraisal of Keynesian macro-econometric

' models) with the mainstream of econometrics.

With respect ‘to the impact of computational adiances,
Ve

it is important to note significant changes in thé organization
“hy
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of research methods as well as the additional compi@dty of
individual technigues. The key fact for structural analysis_

is that data are now handled many times and in novel ways.

Thus the choices of represehtgﬁions for economic theory are
often modified within researgh rather than fixed at the outset.
.These choices are adjusted at various occasions within an
explicit sequence of stages. The sequence begins with the

"face" described earlier and repeats it as oftep as the researcher
wishes to continue re-expression of the theory. Clearly the lengthe-
ning of this process undermined any notion that economic theory,
in isalation, has primacy in determining structural forms. Some
years ago, this would be termed "data mining" by economists.

Now "data analysis" or "criticism" might be preferred and the
acceptability of such behaviour has markedly increased. So much
so;that statistical teﬁtbooks are'beginning to coétain descriptions
of iterative procedures. Box and Jenkins (1970, Ch. 1) provide
an influential example with their account of sequential analysis,
although they fa4il to give adequate attention to the statistical
’Consequences of following their scheme. They indicate well-defined
stages in model-building that are not necessarily bésed on the
fiction of a givan strgcture. Siﬁilar schemes (procedures) may,
in fact, be structure-seeking rather than structure-confitfming
But sometimes no structure (other than one ofvconvenience) is
even envisaged. Box C1979) segéks to clarify such matters.

GCiven this baqgground, it is worth recalling a view exp-

/

ressed by Klein (1947, p. 111) to show how fundamentally the
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bases of econometrics have chanéed with these adjustments.

"It i; desirable to provide tools of analysis suited for public
economic policy that are, as much as possible, independent aof
the personal judgement pf a‘particular inuestigatqu Econometric
models are put forth in this scientific spirit, because "these
models, if fully developed and properly used, eventually should
lead all investigators to the same cqnclusioné, independent of
their personpal whims." %ﬁis ideal og objectivity is quite
inconsistent with the softness of present econometric practice.
It might have been acpeptableyin an.environment where economic
theory is sufficiently well developed to give clear and subs-
tantial gui%ance far the specification of structure and where
;tatistical theory indicates only one optimal metﬁod of esti-
~mation. Data would also need to be compatible with economic
concepts and t; be collected at sampling intervals equal to

the planning horizons of economic agents. That this gnvironmen{
does not prevail is now obvious. The extraordinary zeal that
characterized the early days of the Cowles Commission (and is
'apngent in Klein's comments) has disappeared to be replaced

by pragmatism. The principal victim of this change in ideals

is the notion of structure.

We intend-to look at a critical period in the history of

econometrics with the hope that a re-opening of past contro-
N [ ‘ .;(l-'\- .

versies will enhance the understanding of the present reamnei§al§
of econometrics. As familiar conventions are being challenged,

it seems appropriate to reconsider the period during which

I
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they emerged and became predominant. .The period extends from
about 1940 to 1960. It begims with the initial.discussidgns of
Tinbergen's/ec%pomy-mide econometric models and ends with the ;

sterile development of approximation theorems that foreshadowed
; e } ]

the movement of such models toward éomﬁercial succe§s. Klein

(1971b) describes this as the beginning of the modern era of
econometrics and the first part 6fqthe subsequent era of conso-

lidation. We shall consider his periodization after a.brief

loob at current controversies. Then we .turn to particdlar issues
TTEEr—, Y

that dominated econometric discussions during the two decades

i

" under review. It is clear that these discussions“mere preoccupied

uith structure. We believe the discussions reveal the gradual

4 -
\ v,‘" 4

recognltlon of softness in econometrics-that separates the
formal presentation of mathematlcal theorems and actual practices

of researchers. At the end of q%e period, .this separation can
be discerned in the polarization of two distinct i;nes of

'déveiopmsnt. One line pursued the extension of statistical

" theory without glUlng Adequate: attentlon to the sconomic context
The other 11ne 1gnored many of the theoretlcal‘developments in

! statistics and, influenced by the extensions of computational

facilities and increased avaflability of data, became "applied"

econaometrics.. . '

°

Progress in structural analysis was inhibited by this
polarizétion and by the features that have come to represent .

gach line of development. The loss of structural content in

research that is nariowly focused on statistical theory is
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obvious. It may be less apparent in applied econometrics. Here

again Haavelmo (1958, pp. 356-7) provides a useful characteri- *

zation aof -the weak: line between economic theory gnd its
expression in go-called structural models. "Ffom this veri%able
maze aof interrélations gur customé}y ecoéomic theory extracts
somepwould-ﬁe 'net' relations between stati§tically observable .
data on prices, quanti£ies, etc., in the economy. The 6nly
trace left of the whole 'background structure! will then’bé

the presumablf'constaﬁt parameters of the 'net' relatiwnships.

derived: At this final stage, the thread, between the original,

hypothetigéi inuafiants of the theory and the derived relatio
ships between market-variables has indeed become long and thin."
Although a quarter, century has passed since these comments were

presented in a presiden%ial address to the Econometric Society,

Ny

they seem just as relevant today as they were then. The softness

of this linkage remains a major aobstacle im the interpretation

of fitted economic models.,

‘Some Present Difficulties

The problems of econometrics can be approached from tuwo
perspectives. Ue could\F;l\Sm the path of THurow (1983, p. 105)
and .point to the "failune"qtﬁkﬁconometriCS to live up to expec-
tations generated by the ea&ly activities of Tinbergen, thé
Cowles Commission, and subseguent aduocatés of its use to guide

policy decisions and to clarify significant issues. "Econometrics

has not proven Eapable of providing either,accéiate forecasts

LN
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or conclusively settling economic disputes. Key variables ...
- . * 3 “‘ .
don't seem. susceptible to econometric modeling. In many areas,

»

the stable equations that economic theory depends on don't *

Y
o
&

" .seem to exist. Economif'ebidence is often contradictory, and . T
eJen where it is consistent, the conclusions have been Qrong
so many, times that the credibility of even consistent result;
is suspect and can be ignored b? those who want to." WE%COUl%
point to the ipability of economic theofy to specify secondary
variables, the need to use proxy variables for unmeasured
thearetical concepts, the uncertainty of functional forms for
structural equations, the widesprgad use of seargh strategies
in computation, the preoccupation among many economists with
«J}amiliar static theory rather than dynamic theory, and the

observational indistinguishability of rival theories.

THe alternétiue persﬁective y with which we condur,‘rejecfg B\
this stress on failure as excessive. The expectations were .
always unreasonable since they ignored the inherent softpess

of econometrics in practice. Thurow uses "Econometrics -.An,
Icebreaker Caught in the Ice" as the title of the chapter where

he discusses these matters. We suggest that the stpﬁcpural . i
framework of econometrics was never adeﬁﬂg%éﬂﬁq serve as an
"icebreaker" so the criticism is ill-directed. The current

problems of econometrics do not stem from these failures of

"applied" econometrics but rather with our difficulties in

interpreting the outcome of research activity. Indeed the fa;l-

ures represent the consequences of repeated overstatement

'S

-
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‘cedncerning the firmness ‘with which empirical evidence could
: . &

°

be used. This overstatement finds éxpressioh too in the wide-
i : P
spread neglect of gualifying statements in our literature.

There occurs, as a result, much confusionm of soft and hard

elements in econometric practice. We illustrate the confusion

by considering Sims' test of causality in Rowley and Jain (19§'L
It is dur hope that a review of the disputes that occurred
among gconometricians during the periéd 1840-1960 will yield

[N

a betteﬁ‘uﬁdegstandiqg of inherent softness. That this was

neglected in the last forty 'years is really not a failure of

econometrics. It is a failure of econcomists to accept-the full

demands of statistical procedures, which involve qualifications

and imprecisions as well as simple technical exercises.

S

e S
“

t

Tﬁe stress on interpretatiop of the second bersp@ctive
directslattentioh away from the disappointments of pnomists_\
and toward technical issues that cloud our understandiing of‘
empir{cal euidengé. These issues are worth listing andl\it i's
conveniént to put them into six groups. It should not be
surprising if we argue that structural‘dimensionéoare funda- . '\\
mental in'all of the groups. Nor should i£lbe surprising if ‘ e

we eventually conclude that the technical issues reveal the

struggles of econometricians to accept softness in"specification,

4

\ ~
experimentation, and estimation. The key is to accept softness ° T

and to interpret. evidence accordingly. Econometrics is énhanced
by such stéps. It will never sétisfy Klein's early ide%l of

objectivity and it will not eliminate all of the practical
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misunderstandings noted by Thurow. It will, however, have a

chancg- to provide a scientific basis for treating empirical

evidence on economic matters involving confirmation, explana-

o L

tion and prediction. The six grogps of technical issues can

be characterized by the following headings: structural instability,

non-structural purposes, statistjtal constraints, sequential

analysis, simulative experiments, and robustness.

Structural instability is so frequently reported by

.

econpomists that there is np probiem in finding examples which
H

Y

' ’ . “
have profoundly affected both economic theory and econometric

practice.lﬂmong these, the Phillips curye and money-demand
relationship% should be noted. Their;apparent knstability
(apart from its encouraéemeht to. the use of recursive residuals

and generalization of the Chouw test)fi§ associated with radical

[

ladjustmenté to theories of inflation and wage determination,

".to méasures‘of unemployment, and to. the acceptability df parti-

cular monetary aggregates‘espacially in conjunction.with the'
advoc?cyvof monetary targets and rules. Instability is also

a $afor problem fg: estimation criteria sucﬁias consistency,
asymptaﬁic unbiasedness and asymptotic efficiency, which are
frequeétly cited by economet;icians. It has alsdg been a major
cémpoﬁent in. the Lucas critique of K;ynésian macroeconemetric
models, aﬁffllustrated in Lucas (1876 ) and Lucas and Sargent
(1979), wh}ch we*shall consider below.

Non-structural purposes isla heading that can be attached

to situations .in whith time-series models, of the type associated
with Box and Jenkins, for example, are considered as alternatives

N
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., this superiority acknowledged

- of "econometricians in 18940-+1860. Partitioning of measured

113

to the. structural models of the simultaneous-eguation type.
Thege are many instances where the time-series models couy
o find

even by proponenmts cof structural

—
~

models. In fact, there is not much in the statistical frame-
work of structural models that can be used-to demonstrate

their desirability outside the narrow confines of certaiﬁ.
arbitrary criteria. %his is espebially true for qon-ﬂméfvaﬂjpnary

post-sample predic£ions. For several years, there was competi-

-tion between the two approaches. This was unfortunate and we

want our -heading to also include the more sensible situations
in which they were combined. With this in'mind;wme‘should
point to Granger-consistency (where model assumgtions are

e

linked to the known range, for examplex ofvankﬁles),to SEMTSA

' discussions that stem from Tinbergen and Quenouille but which

aré now principally associated mit? Zell%ér and Palm (1974)

) ’ ’ - * \ ’ . . ’ N
and to the use of the time-series characteristics of economic
. ’ . joo

variables by proponents of "rational expectations" to det%rmine

parameters of distributed légs. In such situations,.time—éeries
elements provide valuable assistance in the specification of

structural models, Eventually they may result in“{ess insta-

bility and-simpler interpretation of empirical results\,
ST

The third group'cquer?d(by statistical constraints contains

1

the reformulation of exogeneity by Hendry, Richard, Geweke

andaothers, which is clearly foreshadowed by~the discussions



ﬁVariables into types involving exogeneity will form a Mmajor

topic in ourldescription of these disgussions. The choice of :
partitions in practice is an important source of softneés for

the elimination of which few effective solutions have been

offered. Index models are also.,included in this group of tech- -
nical issues. These discard many statistical constraints that
héve been used since about 1944~§qd réplace them with others.

'“glpe result is a two-fold characterization of blocks of economic

v;}iables in terms of a const?ained vector autoregressive -
prpcgs; and of a vector moving-average representation..The first
férﬁ ﬁicks up the basic notion of co-mavements of economic
variables through business cycles while the second one can be
linked to a system of "innovation:éccounting", whereby the
gffects of/shocks on economic structures .can perhaps be traced ’
vfrom theif’inception. Sims (1982) illustrates the feasibility

of this VAR approach and atfempts to demonstrate its dsefulness.

The principal feature of the approach, as revealed in Sargent
and’ﬁims (1877), is abandonment of "conventional structural
mac%oeconOmetric models". Koopmans (1947) had u;ed,the s,logan
"meé%urement Without Theoryﬁoto,aduéncz the acceptance of
xsuchimodels at the expense of certain attitudes associated
uith’%ﬁe NBER-in the interwar perioé. With a clever inversion
af~hi§ slogaﬁ, Sargent and Sims sought to identify their index
merl}with NBER methodology and to rejec€ the approach-of the

CowlesrCommission as propounded by Koopmams. One structural

typébwas being substituted for another. We consider this below
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when we discuss the primacy of the probdbility approach to

@
o

econometrics as tlaimgd by anvelmo and Koopmans in the 1940s.

&

Some aspects 6f the fourth group of technical issues were
o .

discussed by Bancroft before structural analysiS\gained its
prominence in the .empirical research of economists. In 1844,

. he ‘pointed to the po£8ﬂtial consequences of sequential analysis’

L

due to incomplete spécification of structure. The use of signi-
Fiéancé>tEsts td‘guide structural choice was identified

with_"pre-tést" bias. Judge and Bock (1978) show how this
KX s . o -
argument was revived in the 1970s after it had been largely

neglected dur;ng.the period that we shall consider. Bancgroft //,/

had established the need to adjust probabilistic statemerts

when structure-seeking behaviour 1s_based on insufficient prior-
N . - ™

: + - ' g - . .
knowledge. Many economists were unaware of his contribution.

2 -

‘They combingd structure-confirming pfoﬁabilistic statements

-

with computational software that "found" best equations as if - e
the validity of such statements persisted in softer contexts. -
Clearly this delinquentbehaviour'could be a major factor in

the shortfalls of "applied" econometrics noted by Thurouw..

i -

Unfortunately, it cannot be adequately treated here since, as

-we have already suggested, the debates that occurred during

A

1940-13860 seldom géQé any attention to sequential dnalysis.-
Insktead we shall resort to.a tactic of noting corresponding

tebhnical.issues“as‘they appear relevant to the projection of ,

rthe contelts of earlier debates tq other curtent difficulties.

et

Turhing to the fifth group, we find such a dramatic change

¢ ~ .

-
.
1
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fitted structural model to predict f&tufe paths of varfébbes
~ perhaps as part of a hypothetical experiment involving knoyn

chandes of policies or' exogenou$ shockg. Tmo other formg of

18

in focus that many’ ecohometriciahsifail-to ideptify them as ’
paft o% tﬁeir own discipline. We feel tﬁat simula£ive experi- \
ments shouid be coasidered part of econometrics even when theyj
do not involvé either statistical egtimatian or real daté.

To some extent, they represaﬁt a éoft extreme that has.yét

to Findia sec@re position in the splitting of ‘economics. into

coﬁponental dreas..Traditional definitioms of ecgnometrics, |

as modified to recognize the new feasibilities of computers,

-

are not unduly strained by the inclusion of simulative expefi—
ments. Since.-we have already taken time-series models as part
of econoﬁgtrics; the further additibn,migh@ not be surpriéing.

It is, however, contrary to the treatment by Zellner (1980),

for -example.

¢

There is little difficulty with the integration of one

pafticular form pf.siﬁuiation. This involves the use of a

simulation have been used in-economic contexts. One involves

the system-dynamics framework of Forrester and his associates -

while the other migh£~§e termed- micro-econometric synthetic

:

‘modelling. Examples are provided by Forrestgr (1980) and Smith

(1982). They reveal novel uses of strdctural concepts. The

systequynamics‘épp;oach disCards'statist;cal estimation of

sk
)

parameters in favour of the adjustmept of "tuning constants" '

-

so that the cyclical characteristics of time-sefies data are

N ’

2
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.repiicatéd. Smith {p. g929) supports his aéJocacy of ?ﬁe second .
approabh by pointing to a major pfoblem,cf convéntional’ecoqol
metric§; "Rarely are Wé able té obtain a test of the model
specification. Hgnce, an econometric model provides & m;pping
from spécifications\intp conclusions about preferences,“tech-
nology; and instftdtions.,insofar as the conclusions are e
sensitive to -the specifiqatioqs, we are ;éft with scieBtifitc -
'propositions tHat are opened w%th respect ta the environment,
iﬁstitutioéé; and agent behaviob.".}he,léb@rétory—based,‘@r
cont;;lled-field, experimeﬁts of Smith and his associates take

“_structﬁral sensitivity as their pri&cipal Focusirafher ﬁhan

P N o

leaving it to be discussed by appraisal qf later pgst-samblev

o

model "failures".

Sensitivity is also a major element in the final. group
of technical issues, Robustness considerations presume that

- \>\>potential mis-épecification of models is to guide the choice

[N

of\éstimation technigues. Instead of the prior choice of a

single structura} framework to bé explored in isolation, the

v,

exXistence of aiternative ohes (egpecially as they affect thé

:\\\\?Bistgibutioﬁs of errors) consistent with the economic context
7 must e acknowlédged. Then a final choic® represents a compro-

“mise among alternative frameworks., The structural basis is not
- i ’

- \ -~ [ 13

rejected. It is simply more tentative, or soft-as we have

\;J{‘pre?erred to call such situatieons.

<

The overall impression to be derived from this brief list

of issuyes is that the use of structure by _econometricians is
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being reviewed from many Qﬁéwpoiﬁts. We see a radical evolution
of econometric practice away from the conventions established
in the period 1940-1960 and toward approaches with softer
bases. The rigid application of the simultaneous-equation model
as confirmation of a given structural form is being overturned ,
by innovations thgt often Jse strgctural notions with less
precision. The current crisis of ?conometrics is' due to the

abundance of methods. It was comfortable both to. have a consensus

as ‘to how to pgqceéd with research and to be free from the need

1 -

to justify particular steps. This state disappeared with the
#failures of "app‘'lied" econometrics ‘and the burgeoning of

econegmetric technigues. '

Periodization ‘ii}

’

‘The origins of econometrics cép be traced back over'
seventy years although. its formal organization began with
the founding of the Econometric Society a half-century.ago.
Few have attempted to divide the hi§tory of econometrics into
reascnably distinct periodé. Kléin (1971b) is an important
exception. It seems‘apprépriate to note his attgmpt since the
interu;l 1940-1960, ,on @hiph we want to focus attention, does‘
nbt guite fit his periodizafion. We differ with respect to

' both ends of our interval and we would argue that Klein's
partiéular cho;ces are affgctéd by his ciosé identi%ication
with the conventional simultaneous-equations model (SEM)‘and
By his stress on the size dimension of computing. Clearly

-

¢

-



Klein was influenced by his personal experiences and preferences.
He was earlier part of the group at the Cowles Cofmission-that
did so much to establish the SEM. His description fails to

giue’adequafe attention to historical developments with respect

N ’

to time-series ana}ysis and to the activities of ﬁhe NBER,
perhaps because of & narrower vision‘éf tHe boundaries for
econometrics. In discussing the impact éf computat;onal
improvements, it is éybnificant that Klein loo&ed to the inclusion
of iéput—outbut mat;iceé and to geographic e}pahsion both within
developed countries mﬁlfrmn these to developing countries.
During the 19705% he ‘was to provide leadership for eompletion
of these.tasks. He ignored the impact of computational improve-
'.mengs‘on finite-sample analysis and robust statistics. In
. . .

summary, he ignores deviations from the SEM structural paraﬂigm
“of the Céwlesvﬁoﬁmi;sioq (many of which we have ﬁoted above).

. The résult is an exaggeration of tpe lastiné value of,the SEM

but a good representation of attitudes that were common a

decade ago.

Kiein d}stinguishes‘g hpfe-econometrics" period, when.
empirical:resdlts were concerned with simple Formu{ae stuch
‘as those associated with Malthus ana Pareto, and a founding
‘era under the impetus of the glassicél‘statistical éheory of

Karl Pearson and Yule., In the latter period of "early econometrics",

" he separates the use of multiple correlation by Moore (1914),

Douglas (13928), Schultz (1938) and Tinbergen'(1939) from the

v

efforts of Working (1927) énq Frisch (1934), whieh were precursors
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of later views due to their treatment of such concepts as
identification, autonaomy and normalization.,This partition is partisan, -
giving insufficient credit to the aétivities of the first set
of authors. Schultz's book, which summdarizes earlier efforts,
and gives special credit to moore, remains an excellent account
of the difficulties” faced in the dgrivation of a stable struc-
tural expression of economic theory. When .-Thurow (1983, p. ﬁ15)
insists "econometrics functions cannot be regarded as solid

and permanent", he is only reporting a positiPn given its best
exposition in Schultz, Turn;ng to Tinbergen, we note,the first
attempts to develop economy-widg geconametric’ models. His ‘
analysis,of'the final form of such models was, as we have

already indicated, the first integration of the stochastic

difference equations of economic time series with structural

-,

mOdelsﬂ(ér SEMTSA in the mnemonic aQopted by Zellner). Tinbergen's
influence 'in this réspecf ‘can be continuously :traced f;qn.his
initial efforts through the wark of Orcutt (194é), Quenouille
(1957), Goldberger (1959) and others to the'érgsent.AHe cannot
be dismissed as- "non-modern™ simpiy because he preferred to

" use least-squares estimaﬁés! Klein omits thisllinking due to

his neglect of time-series developments in his periodization.

The ogset of the "modern" era is attri%yted by Klein to
the adjustmenrts that f;lloued the innovations of Haavelmo
~(1943-1944)'and'mann and Wald (1943) "who fofmulated the econo-
metric.proﬁlem in terms of the thépry of statistical inference", -

AN

“This represents a major shift in emphasis. "From their contributions
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the subject of eco%ometrics became a special branch of mathé-
matical statistics- the makipg of gtatisticél inferences from
non-experimental data". This is a‘dangerous exaggeration which
diminishes econometrics,(gy disturbing the balance of economics
and statistics) while treating it as a portmanteau for e;plo- P
rations of non-experimental data. The economic flavour is
supposed to arise "from beinp tied to the equation systems that

are derived from propositions of thedretical (mathemaéical)

econaomics”". v

Kiein indicéteé'a period of " consolidation" extending
from the early 1950s to the mid-1960s. It was followed by the
"computer age". Weprefer to maintain the integrity of the span
from the situation established by Tinbergen, Schultz and others
(about 1940) to the loss of sfructpral ‘impetus in about 1960.
This period saw the establishment of tbe SEM as the conventional
approach to econametrics. After a short period of intense lobby-
'ing, the'SEM came to dominate much econometrics for fﬁur decades,
especially in textbo&ks and increasingly in arogessional journals.
With some lack‘ of reverence, it might be called the state religion.
‘This écceptability is now under severe stréin from the contro-
versies‘sdrfoqnding the technical issues we have iisted above.
Ruareness of‘challenges to‘the primacy of the 5EM is heightened
by the calm of:the JSSDS when deﬁate was limitedu In con;rast,
ihspection of period from 1940 to 1960 reveals substantial
questioning of gtructural analysis as embedded in the SEM before

criticisms-subsided and interest shifted either to sterile

N
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"mathematical puzzles, such as approximation theorems, or to

the practical demands of large-scale computing.

Focus on the Eeriod 1940- 1960 yields a number of propo-
sitions. First, many of the recent criticisms of econometrics
are best understood as Floying from issues rdised in the first
ltwo decades of the modern’e;a and subsequently neglected.
Second, the shift toward mathematical and computational’ biases,
already clear by 1960, resulted in one and a half decadeé of
lost opportunities. Present c;ises may represen§ a reversal
to greater eclecticism and a revival of progressive elements
in.our subject-matter. Mé?hematical and computational strands,ﬁ
remain significant but their role is being reinéerpreted.

In summary, our vital;ty is returning after. years of atrophy.
Qur final-probosition is a use#ul means of revealing this
vitality. Econometrics is_not a special braﬁchlof mathematical
statistics, which view must inhibit the recognition of its

inherent softness 'due to the use of non-experimental data and
to a host of other factors. With this backdrop, we turn to some
pérticular issues that arose in the first tuwo decades of the

modern era,

Particular Historical Issues

r

o '

During his exchange with Tinbergen in 1930-1940, Keynes
referred to econometrics as "statistical alchemy" and questioned
whether it was ripe to become a branch of science. Resilience

in the face of his criticism showed that a new confidence was
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coming to,cﬁarac£erize the efforts of econometriciaq5. This
is especially apparent in the efforts of Haavelmo (1940, 194§b)
to widen the appreciation of the eonsequencas ofr stochastic
errors in economic moéels. First, he took up the"arev%iling
interest in trade cycles and emphasized that dynamic, behaviour

of a variable generéﬁed by stochastic differeace equation will
dépend,on the naturélof the'ergors disturb{ng this‘procesgl
%heoretical solutions of deterministic models would fherefore'
nbt be appropriately compared. with attuél‘movements since they
only focused on the values ‘of signal parameters. A search of .
trade-cycle theory readily reveals the precccupation with such ) ‘
values. Saﬁuelson's classic combination of the multiplier and
accelerator is now the best-knoun illusf;atﬁon. Haave 1mo (1940, p.§21)
provides a strong econometric challenge\to this préoccupation.x
Hé‘indacateg the hazards of developing econamic theory with

only a casual*inspecfion of real‘circumstances and without a
sufficient economefric basis. "‘Correcéiom' of phe form of a

o
priori theory by pure iAspection of the.apparent shape of time

series is a very dangerous proceéding and may lead to spurfﬁus
'explanation;'." His criticism of:routine trend fitting yithJ
,out stochastic modelling ié still feléuant. Its present
countérpart‘is provided by‘Nelsén and Kang (198{, 1984).
Howéver, the principal thrust of his arqguments is to derive

an "impaortant wedge between non-econometric explorations of ,

cyclical behaviour and the "class of admissible hypotheses™

"

for such cycles., .
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This challenge was enlarged in scope when_ Haavelmo (1843b)
sought to clarify the "testability" of theories against facts
és ﬁart of a defence to Tinbergen against Keynes'! strictures.
The pionéériﬁg gfforts of Tinbergen; Schultz and others were
providing a stroﬁg base for econometrics to mave From.relatiVE
obscurity into a,position of greater propinence. We feel that
‘this mpue is the gurning point tﬁat marks the begiﬁning of
the modaﬁn era in econometrics., The need for a ﬁroper frame-
Qork within which to confront structural theories with facts
is the key element here. This ls quite independent of a presu-- .
mption that this framework should take ,the narrow form that
developed from Haavelmo;s;gcceptance of a’particular perspective,
As we ;hall inaicate below, this form ultimately faliled to recog-
nize the, inherent softness of‘ihe économic context. The need
to. -find méans of confronting theories and facts remains Qhether
. wé‘use thg SEM, which emerged as the Cogles Commission pursued
Haavelmao's partfcular perspective, or alternative approaches

that lack its firmness.

Haavelmo (1943b, p.13) makes three simple claims. These
are the backdrop for our commentary. He suggests (i) "t@ere
"is no harm in considering economié‘variables as stochaétical
variables having certain distribution properties®; (ii) "only
throdgh the introduction of.such notions are we able ta formu-"
late hypothese§ that have a meaning in relation to facts"; "andg

(iii) "these notions are precisely the togls for an objective

‘and inéelligent discussion" of the issues raised in the Keynes-
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Tinbergen exchgnge. We shall argue that thére is harm in’
assuming certain distributional properties, that ‘the intraduc-
tion of stochastic formulations (though desirable) may be

insuffibient, and that excessive rigidity in the use of stat-

stical tools has indeed harmed the chances of aobjective and
Y

,intelligent discussion of economic structures. In making these

arguments, . we are‘not rejecting the three simple claims, Ue
afe dualifying them in the light of aétual Aevelqpments over
the iaét four decades; These gualifications do. not ueéken the
underlying theme of Haavelmo's wark, Theijust recognize more
complexity in applying that theme to economic phenomenonn

This is consistent with econometrics as a branch of science.

Organization - A List:-of Topics

A. common feature in modern econometrics is the partition

of measured economic variables into two polar types that are

.labelled "endaogenous" and "exogenous"™. The criteria used for

partitions vary but their essential ingredient& when dealing
with the statistical properties of estimators, involves either
independence or lack of correlation. They are, therefore, ‘

associated with Haavelmo's first simple claim for assuming

distributional properties of variables. Consideration of

-

exogeneity will be the first topic that we shall address below.
Our primary concerns will be with the definition of exogeneity-
and with the confusion between control and exogeneity, The

former is a difficulty for determining how operational are
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the guidelines on exogeneity.giuen in ogp professional litera;
ture. The latte} affects both the acceptability of certain
hypothetical experiments aﬁd the intérpretation of multiplier%
that are based on fitted structures after a partition of‘the

~

variables into the polar types.

Our second topig is the primacy of the so-called "pnobdﬁi%ty
approach" to econoﬁetrics. This too can be linked with Haavelmo
(1943b, p: 18), who suggested that our treatment of a system
of economi; variables should "be such that it can finally be
boiled down to a statement about the joint probability l;m of

the observable variables inveolved". This view yielded the title

of his important sypplement to Econometrica in 1944 and dominated

the subsequent aqtgvities of the Cowles Commission to find
Finai expressibn in the SEM. The topic involves several
campohents, some of ghich will‘be stressed. They are uefy
significant for current reappraisals of econometrics anﬁ serve
to link attitudes concerning autonomy and stability that have

been present throughout the history of the subject. To heighten

\this continuity we shall move outside the period 1940-1960 to

note both the significant role of Frisch and the unsettling

criticisms of the economists wha assume "ratiomal" expectations.

The third topic uas Enitiated,by Orcutt (1952), who pointed
to the restricted potential for control of exogenous variagles.
Although many published éapers contain graphical displays or
tabulations of dynamic multipliers @hat represent the impact

of changes in individual exogenous variables (or policy variables)
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on endogencus variables, such calculations have little merit unless

'they acknowledge the interactions among exqgenous varieanles

and the feasibilities of cuntrol. The emphasis here is +the. L
treatment of such interaclions and Orcutt's 'stress dn the ne=sd .
for testing exogeneity. We shall also consider the eo ipso

predictors of Wold and the problem of ceteris paribus assumpticns

"in a regression model with latept, or "lurking", variables.

Lookipg outside the pe£iod 1940-1960, we shall briefly cite
Wright's development of path-coefficient models which attempt
to deal with in%eractions among exongencus varlables. WUe also
look at” the recent revivalvof interest: in exogeneity that stems
from attempted classifications of causalify by Grange; (1889),

Sims (1972a,b), and Engle, Hendry and Richard (1383).

It should be clear Lhat these three .topics are closel}
caqnected to the ideal oF'£Fe SEM and, "as such, havé to be
discussed with the early contributions of the group of econo-
metricians at“Cowles Commission very much in mind. This linkage
is somewhat reduced when we turn to the next three topics. In
turn, we shall look at false’constraints, proximity and purpose.
The first of these will serve as a basis for exploring the
contribution of economic theory to model specification. Klein
(1982, p. 112) has suggested for the 1340s that "the rooting
of model spécification in received economic doctrine was firmly
established" but this is difficult to sustain when we inspect
fitted models. “n Klein (1971a, p. 136), he has made apparent

some arbitrariness. "The 'true' economy is a complicated Walrasian
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type model... But if vwe drop the Walarasian objective and
content Du;selves with an aggregatiw@ system, where shall uwe
draw limits on si;e? There is no\u71que aggregative represen-
tation aof an economy. Many alté}p ive versions provide different
approximations to the 'true! sisfbm." Often the Walrasian objec-.
tive is reduced to an argument for large structures rather than
small ones, Klein isnthe most/@istinguished builder of large .
Keynesian macroeconometric.wﬁgels that reveal few Walrasian
featu;esf Indeed critics"oﬂ/;dch m;dels, including Lucas and ”
Sargent (1979) and Millérﬂ(1978), find thé constraigts of them

i

inconsistent with general equilibrium theories. An early opponent

*

of these constraints wds Liw (1855, 1960). We shall use his' papers
" to support our discusgion of falseaconstraints and the size of

_models. /. , S

° /’ P
The topic of/praximity,begins with the efforts of Wold to

coqgider the coqg;queﬁces of agquing the least-sguares principle
outside the¢ cldssical linear model: His treatment of -sensitivity
foreshadouws the shift toward the derivation of approximation
theories anﬁ/the use of block-recursivity to justify models of
‘reduced s%ée or ARMAX models. Although Wold's efforts were
"initially seenlas a conservative reaction seéking to preserve
‘the acgéptabiiity of least—sq;ares eséimation and‘single-
equat#on formdlations iH,éhe face af an onslaught from propo-
nents of the SEM, this viey is-unfalir as wé hope to show. When

we turn to purpose of their empirical research with the statistical

grocedures that they choose. Marschak and other members of the

g
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’matioq. However there are weaknesses In the steps of this
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group at the Cowles Commission sought to justify the use of
the structural form of the SEM for policy experiments. This

justification has been combined with one of,felative stability
\ co . SRR D -
to yield a demand for asymptotic-unbiased and consistent-esti-

argument. There is little in asymptotic)properties of estimates

.

,to~confirm optimality in conditional prediétionéu In discussing

- £
-
corresponding issues, we have fewer contributions on which to

z -

draw-and the overall impressioﬁ/that emefges (for now as well

as for 1940-1960) is one of dissatisfaction.

- The final topic that we consider is better served by
A . [

ecoﬁomgtric literature although its implications are seldom

giveh full attention. Systems of equationé often require the

a

jfposition of normé;izatfon constraints that will permit them
to be written in a form acceptable for some methods of esti-
mation. We know, for example, that both least-squares estimation

and two-stage least-squares estimates are sensitive to the

choice of normalization rule. There are several dimensions of

I

“the topic to'bé.exglored. First, we have to consider Frisch's

L

rejection of asymmetri;'@odeks,that’aré contrary tp the Walrasian
ideal. This con£;asts with Tinbergen's récursive models and
points-to'ﬁﬁé conflict between,équiiibrium a%d disequilibrium
bases for skructu;;l analysis, Sepond,-tﬁere are‘the,probleds
of intérpreting eq&ation érro;s. Moéé‘écvomic models are

deterministic so errors have to be introduced at inappropriate

stages dnd have uncertain circumstances. Haavelmo's advocacy

“ -

v . .
L
L.

-t

o
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,
.for the probabilistic framework leaves the nature of the
o ’ equation errars unsettled. This means that the choice of reg-
ression line (a problem Knouwn since the pioneeriné days ¢f

K. Pearson and Yule) is difficult to resolve. Wold has tried

to demonstrate, with cause-effect arguments, the irreversibility

of equations which yould make normalization a ﬁartnof the stru= |

ctural specification from economic theory but he failed to be

ﬁgi;x;ponuiﬂging. B ‘ .

a
o

The Peneral.objectives in rais%ng<these seven topics and
citing aast‘debageélare ta clarify the use of structural esti-
hation.and to emphasize the‘intrusion of soft elements within
econometric practite. When wé have finished our account; we
can deal uwith the fundamental guestion that .is implied in_our

titlg.

The Partition of Variableé

~

Altough econometricians often comment on the potential
statistical properties of particular estimators, we should
- not eiaggerate the extent of general interest in these proper-

ties among economists. Any review of our professional litera-

ture will reveal that many economists ma?g elementary mistakes R
- i \

. _ ; .
when they describe the statistical inteépretation of models
that have been fitted to data. A common feature of "applied"
econometrics involves the use of familiar methods even when

/ ' .
they are unsuitable in the context being explored. Similar

myopia can be found in appraisals of empirical results that .

AN

*

2J
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stem froﬁ,the research activities of other economists. There

the focus }5‘usu3119 placed ontthe interpretation of particdlar
numerical values rather than 6n the ‘potential statistical
characteristics of the procedures that generated these values.
At least two explanations of this situation can be put forward.
It may be duge tc incompléte advocacy by econometricians or it
could stem froﬁ views held amﬁng economists that the econometric
perspective is itself excessive since this fails to recéénize
the difficulties df extending probabilistic notions to economic

phenoq@na. Whatever explanantion is accepted, the situation is

‘an uncomfortable one.

Any demonsttration of the statistical‘ propettie; of esti-
mators requires the specification of a probabilistic framework.
‘in econtmetric textbooks, this requirement is expressed in the
accounts of "ideal" models, such as the clagsicél linear model
or the SEM. The brope}ties of esfimators muét depend on which
ideal model is closest to tH; economic context being exploréd
Softness #rises to the extent that the use of an 1deal model
distorts this context. We shall argue that the only clear
definition of an exogenous variable is one stressing its sto;
c;;stic character'(as part of a given probébilistic‘frahework),
which involves either‘lack“of correlation or independence with
respect to equation e;roré. We shall also assert that, as our
épility to find adequate prior justification Fof‘invoking such)
properties aor to teét for their occurrénce is inevitably limited,

there must occur significant room.for softness to be present

.for both estimation and interpretation of their empirical results
~m—

G
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by economists. To establish

we should begln by p01nt1ng

nelty and estlmatlon and by

source of almost all of the.
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the-ualidity of these opinions,
out the connection .between gkoge-
remémbering the deterministic

equations that are considered by"

-

ecconomists. First, the statiéticql consequences of any method

of estimation*will always depend on thq’probabilistic frame-

work. With exogeneity defined in the statistical sense, this

gan be restated. The statistical consequendes of ‘any ‘method

of estimation will always depend on the presence or absence

of exogeneity of variables involved ih appiying the method.

Second, the primary contribution of economic theory takes the

form of equations that are derived from mathematical manipu-

lations of deterministic models.

r

impose hypothetlcaifyonstraints so that, for the purpose at

hand, certain varidbles are

“wr”

These constraints are quite different from those of exogeneity

in the statistical sense. Indeed the deterﬁinistic models pro-

vide no guidance for partitioning variables in their stochastic

+

treated as "given" or "fixed".

I

counterparts if this partition is intended to motivate the

choice of estimation Eechnique and to permit the use of statis-

tical inference.

This confusion of mathematical fixity and stochastic

D

L4

exogeneity is found much too often in economic literature

(and even in econometric textbooks as we shall reveal below).

"To facilitate discussion of tHis issue,

comments on partitions of variables.in Table One. The choice

Such manipulations'Frequently

we have assembled some
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of contributors to this list’is easy to justify. Most aof them

¥

have enjoyed distinguished careers in econometrics. Some guota-

tions are extracted from sigﬁificant papers that have affected

-

S . - . ‘e :
the evolution of économetrics, while others are repregsentative

of a host of 'similar views:“we have carefully avoided Gifing

persans gn the f}inge of the subject so that' it is fair comment

to claim that the apparent ﬁeteroéeneity of views can be taken

as an accurate reflectfqn of the mainstream's confusion. Clark
(1947, p. 77f made a plea for imbroved communicabilit;’between
mathematical economists and othegs.‘"In manipuiafion, ébstragt
sympogs can pe made:to do things foreign to tﬁe‘nature of "the

economic realities they represent; hence symbols Bq not auto-

)

_ matically eliminate loose thinking." The relevance of ‘this

comment for econometrics will be established.as we look at

the contents of the table. We like to interpret the nature of

_economic realities as involving, in part,, the probabilistic

. characteristics of economic variables and their interactions.

Turning to the table, we see 1t is arranged in six sections
“that extend from the beginning of the modern era to the present.

 The first two sections cover fhe period during which Koopmans

challenged non-statistical definitiohé of exogeneity and, in

our view at least, established the primacy of.one definition

for econometricians, These are followed by a coilection of”

extracts from econometric textbooks that were published over

a decade after Koopman's challemge. Next, in Sections 0 and E,

we illustrate reappraisal of research methods due to computational

t

\
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TABLE ONE

THE PARTITION OF VARIABLES: EXOGENEITY AND ENDOGENEITY

(A) Early Days

Exogenous variables (often identified with non-economic vari-

ables, like temperature, rainfall) influence the (economic)

endogenous variables, but not vice versa. Accordingly the equa-

tion system is constructed to 'explain' only the endogenous variables.
. , @

. Koopmans (1945, p. 463)

For the ecaonomy as a whole, endggerous variables can be roughly
“+identified with what is often called 'economic variables'.
‘These are usually the guantities (stock or flows) and prices
of goods and services, or thelr aggregates and averages, such
as national income, total investment, price level, and so oan.
The exogenous variables and the structural parameters are
roughly, 'noneconaomic variables' (also called 'data' in the
economic literature) and may include weather and technological,
psychological, and sociological conditions as well as legal rules
and political decisions. Byt the boundary is movable. Should
political science ever succeed in explaining political situa-
tions (and hence legislation itself) by economic causes, insti-
tutional variables like tax rates would have to be counted as
endogenous. )

Whenever we use meekiy or even quarterly instead of annual
time-series, we must be wary of predictions that use lagged
endogenous variables as though they uwere exogenous.

" Marschak (1953, pp. 10, 23)

The first task in the development aof a system of relationships
involving the variables that appear in the social accounting
scheme is to decide upon the limits of cur theory. We.must
decide, iIm a rough sense, upon those variables that are to.

to be explained by the theory or the model, to use another
expression....[The] model tries to explain the endogenous
variables in terms of the.exogenous variables. In the endo-
genous category we shall place all those variables that belong
wholly to economics and in the exogenous category those vari-
ables that are wholly explained by other disciplines. Naturally,
we want to go as far as possible in placing variables in the
endogenous category. '

Klein (1953, p. 70)

éb
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Which variables are endogenous- and which are exogenous.will
depend upon the theoretical assumptions underlying the economic
model. In a short-run model we wil'l, for instance, treat fixed
capital as an exogenous variable. But fixed capital will.be)
an endpgenous variable in a long-run economic model. ‘

1

Tintner (1852, p. 156)

In principle, [the specification of the variables chaosen as
exogenous] should be based, in my opinion, on a priori rather
than on statistical considerations. Generally speaking the
exogenous variables are either non-economic or outside the
market system studied. It is true that it is only by hypothesis
" that these variables do influence the endogenous variables
- without being themselves influenced by them; and it should
be admitted that the testing of this hypothesis is useful and
) &, . .
necessary. It is also true that in recent econometric and
economic analysis certain variables are somewhat too easily
assumed to be exogenous.

Tinbergen (1952, p. 205)

The main problem of building models is rather that of making
them complete from the point of view of both economic theaory
and statistics. If this criterian is followed, the group of
exogenous variables cannot be arbitrarily set, neither can the
subgroup of controllable exogenous variables be so set. In
each particular case they are determinmed by the structure of
the problem under study. And this is why the same variable
must be endogencus in one case, and exogenous in another.

Georgescu-Roegen (1852, p. 208)

(B) Exogeneity in the Statistical Sense

[The] assertion that certain variables entering into a certain
complete (sub-) model are exogenous can be substantiated only

by information about the form of eguations outside that (sub-)
model-'form' meaning here both the set of variables entering

in and the policies impinging on these additional equatiohs. /

Assurance that a given variable is exocgenous can only be obtained
by qualitative knowledge of thevariables causally involved in
its generation. If the model can be extended by additional
gquations describing the gemeratiom of the presumably exogenous
variables, the needed information is of the same type as that
required for identifiability: lists of variables occurring in
the additional eqguations that make the model self-contained.
Where the variables in question are often non-economic in
character, the required knowledge may not at present be attainable
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by expé}cit extension of the model to cover a wider range of
phanom\ha.... The cost gf ‘misjudgement is obvious.

1\‘ py
Koopmans (1952, p. 203)
Despite the fact that policy implications of the obtained
econometric models depend critically on which variables are
considered exogenous and which endogenous, econometricians
fhhave not introduced evidence supporting their choices, although
it could hardly be maintained that the variables chosen as
exogenous are obviously not affected by movements of those
variables chosen as endogenous.

Orcutt (1952, p. 198)

In determining which variables are set aside as exogenous,

two main principles are implicitly or explicitly applied in
economic literature.... The departmental -principle treats

as expgenous those variables which are wholly or partly outside
the scope of economics, like weather and climate, earthquakes,
population, technological change, political events, The causal
pringiple... regards as exogenous those variables which influence
the remaining (endogenous) variables’ but are not influenced
thereby. + ’

[For) purpose of statistical estimétion the concept of exogenous
variables must be defined more strictly and narrowly than for
some purposes of economic theory.

Both the distinction between exogenous and endogenous variables
and that between predetermined and dependent variables are
based on a subdivisiaon of the complete.set of equations
'explaining' the formation of all variables into subsets of
equations. In both cases it is necessary to stipulate... that
the disturbances affecting gquestions thereby placed into
different subsets should be independently distributed.

Koopmans (18503 pp. 393-394, 399, 405)

{

(C) From Consolidation to Presegk

The model tries to explain how certain of the guantities
considered are determined. The quantities, and the variables
which represent them, can be arranged in two distinct groups
according to whether they are or are not explained by the
model., The former called endogencus, are considered to be’
determined by the phenomena expressed in the model. The latter,
called exogenous, occur in the equations that are considered

to be determined independently.’
O

——
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In a general way we can state that a model represents the
determination of endogenous variables on the basis of exogenous
variables...The importance of the assumption that the exogenous vari-
ables are determined independently of the phencmenan represented
must be emphasized... In’practical applications we must always
ask ourselves if the assumption is admissible. It will often

be allowed only’as a first approximation. 4

Malinvaud (1966, p. 56-57)

.Endogenous variables are eccnomic variables whose interaction
determines the economic system; for example, guantities sold

and bought, interest rates, and so on. The number of endoge-
nous variables must normally be equal to the number of eguations
in the system in question. In addition, there are the predeter-
mined variables - variables which influence the system but are
not influenced by it (exogenous variables like the weather "and
lagged values of the endogenous variables like past prices).

Tintner (1968, p. 76)

Endogenous variables are those whose values are determined by °
the structure, given the values of the exogenous variables.
The exogenous variables are predetermined, and their values
are given for the study.

Exogenous variables are known and affect determination of ~
the endogenous variables, but they' themselues are assumed fot
to beé affected by the endogenous variables. That is, there is
a flow of influence from the exogenous to the endogenous
variables but not vice versa.

A variable is exogenous and predetermined if it is independent
of. the disturbance term in a stochastic equation. In practice
the choice is often arbitrary.

[Fwe] can state 'that a variable is predetermined with respect
to the k-th equation if only if it is uncorrelated in the
probability limit with the disturbance of the k-th equation.

Dutta (1975, p. 11, 279)

[Exogenous variables) are the variables whose values are deter-
‘mined by forces external to our model. Somewhat more formally,
the values of the exogenous variables are assumed to depend

- on variables that are not related in any way to the endogenous
variables, or to the disturbance termsy of our model. In a
sense these variables are 'beyond' the scope of our analysis.
We simply take their values as given without attempting to

explain them.

Kelejian and Oates (1974, p. 236)
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The objective of an eguation system is to describe some of

its variables, the endogenous variables, in terms of the other
nvariables, the exogenous variables, The latter variables are
determined .'from outside', i.e. independently of the process
described by the equation system. The former (endogenous) variables
are simultanecusly determined by the exogenous variables and the
disturbances in the way prescribed by the equations of the system.

. For estimation purposes it is necessary to specify what exoge-
/ nous ('determined from the outside') means in statistical terms.
! This specification amounts to the assumption that the values

taken by the exogenous variables are stochastically indepen-
dent of the disturbances of the system.

Theil (1978, pp. 320-321)
Typically, the exogenous variables are left as just that because
they are too hard or impossible to forecast or because they
are too much influenced by factors outside the purview of
economistss that is, they cannot be predicted by the variables
-used by economists. .

.

Thurow (1983, p. 111)

(D) Simulative Perspective

~

An exogenous variable is a datum that is predetermined in
the sense that its value must be specified before the model
is solved and its value is not altered by the solution process.

An interesting additional subdivision can be made by dividing
exogenous variables into policy and nonpolicy variables. Exoge-
nous policy variables generally include the fiscal monetary
parameters that are assumed to be under the control of govern-
ment agencies and authorities. ... Nonpolicy exogenous variahles
include many items that can be treated mechanically, such as

\ seasonal indicators... and time tremds, but they also encompass
data which must be tremted with the 'same care and sophistica-
tion as policy variables when forecasting.

Klein and Young (1980, p. 15)

[One] is confronted with the problem of choosing a point at
which variables which clearly are going to be affected by Vvari-
ables that are endogenous to the system are exogenized because
an adequate explanation of their behavior would go beyond the
bounds of resource availability. A glaring example present in
most U.S5. macraeconometric mgdels is the assumption that the
world economy is exogenous to behavior of the U.5. economy,

/ .
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[The] forecaster must himself develop feedback from the fore-
cast to what might be termed semiexogenous variables. If the
U.S, economy is expected to exhibit slow growth, for example,
it is unlikely that world trade will achieve high levels of
activity, and assumptions must reflect this.

!
— g

’ 'Klein and Young (1980, pp. 57-58)

(E) Tests for Exogeneity

The interest of econometricians has been too much precoccupied
with estimating interrelations in the economic system to the
almost complete neglect of 'testing hypotheses about which
variables are%tholly or partially exogenous to the econaomic

system. % +

\ Orcutt (1952, p. 197)
[It] would be very important to have a test of exogeneity in
the stochastic sense, a test that has some power of discrimi-
nation. Unfortunately, if I may venture a caonjecture, it does
not seem to me that the chances are good for such a test to
be really informative, if applied to actual data. The difficulty
lies in the necessity, in all statistical testing, to specify
a set of maintained (unguestioned) hypotheses.

If no promising tests of exogeneity are found, the task remains
of assessing the limits of error inherent in policy conclusions
drawn in a state of uncertainty.with regard to the excgenous
character of certain variables. ...If doubt remains about a
basic specification not subject to conclusive test, the only
remaining line of defense is a study of the effect on policy
conclusions of presumably possible deqrees of departure from
the specification in question,

Koopmans (1952, pp. 204-205)

.

- (F) Unsettled Times

The classification of variables into exogenous and endogenous
was...done on the basis of prior considerations. In general,
variables were classed as endogenous uhich were, as a matter

of institutional fact, determined largely by the actions of C .
'priuate agents (like cansumption or private investment expen-
ditures). Exogenous variables were those under government

control (like tax rates or the supply of money). This diuision
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was intended to reflect the ordinary meénings of the words

endogenous-'determined by the [economic] systém' - and
exogenous - 'affecting the [economic] system but not affected
by 'it‘ .

Lucas and Sargent (1978, p. 300)

The a priori setting of variables into exogenous and endggenous
variables is unjustified on statistical grounds. The hypo-
thesis of statistical exogeneity can be tested.

miller (1978, p. 583)

.Rejecting the exogeneity hypothesis of certain variables

does not bring any useful inforation if the result has been
obtained inside a specification that omits a large proportion
of variables with an economic importance.

Rejecting the exogeneity of a variable shows that the esti-
mation shoyld take feedbacks affecting this variable into

- accounts but this obviously does not mean that this uarlable

a
Il —

*is not a good instrument of economic policy.

Malinvaud (1981, p. 1373)
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deances and with the pergeived feasibility of testiﬁg for
exogeneity. Finally we illustrate the unsettled times that
followed the integration of Sims' test for exogeneity\in an
attack by proponents of the "rational-expectations" perspec-
tive on what they called Keynesian macroeconometric models.
This attack is not directed against Koopmans' treatment of
exogeneity buf rather at the presumption that 4ts application
must Ee based on an a priori pattition of vagiables instead

of on a statistical test. Befo;; considering the contributions
to each section, it is appropriate to recall the recent tech2

nical issues thHat were identified earlier. These are summarized

again in Table Tuwo.

Structural instability can affect both a prieri and test

[

approaches to exggeneity in the statistical sense. There is
liftle in either mathematical or statistical models to preclude
changes in regimes and'corresponding changes in the exogem;;;;
of individual variables. Indeed the introductivn of policy
rules to govern levels of controlled exogenous variablés by

-

reference to the experiencés of endogenoﬁg variables could
change the statistical stat;s of the controlled wvariables ana
make them endsgenbus. Since policy rules may be amended duriﬂg

’
‘a period under review, this implies that a variable can be
both exogenous and endogenous withia a giv?n sample ! For the
technical issue of non-structural ﬁurpdﬁes, the relevance of
exogeneity is uncledr. Exogeneity in the statistical senseé is .
associated with unbiased or asymptotically unbiased and consistent

.
,
’ N ) /"‘\
) N
.

- e N



» 142

estimates. Such properties may be significant in structhrél
analysis but their importance is not readily. extended to other
objectives such as prediction. Looking at the guotations in
Table One, uwe sha}l have to stress the distinctions betuween
control (which may be valuable in prediction) and such notions
as correlation, sta}isﬁical indegehdence, influence, explana-
tion and determipation (which may not be valuablé unless their

7 . v ap
meaning is° either stretched or clarified).

Sequential analysis is involved in at least two parts

of.the historical’ debates on exogeqeity”thqt the quotations

M 4

illustrate. As uwe have already noted, it arises in the deter--

mination of dfe-tést complications of fitting statistical

‘equations after the use of Sims' test for exogeneity. It is

.

also present when there is uncertainty concerning the size

of models (for example, the number of equations involved in

s

tﬁéﬁ) and several alterpatives ,are explored. We shall also

"find the impact of simulative eiperiments‘aqd questions of -

robustness as indiViQuq;'quotations are appralsed. . .

Section A.of Table One begins with a comment by Koopmans

v

(1945) that mafkedly’differé from the important position that ;///

‘he was to tékﬁ.five yéars latefl It fits with the observations’

of Marschak ard Klein that exogeneity is to refer either to

£

7 P

non-economic variaﬁles'or fo'variqbles that the economic
researcher did not yish to explain. Clearly this yiew is concerned
with the écobe of models rather’ than with the statistical charac-

teristics of the estimated parameters of these models. Neither

1

i . -
¢ + .
«
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RECONCILIATi&N OF PAST‘AND BRESENT

b

-

Recent Technical Issues

Historical Topics

(A1) Structural fnstability (B1) Pértitiﬁn of Variables

(A2) Non-Structural Purposes (B2) Primacy of Probability Approabﬁ

(A3) Statistical Constraints -(B3) Interaction Among Variables

(Aa) Sequential Analysis (B4) False Constraints

(A5) Simulative Exﬁerimenté' (BS)'Proximity:

(A6) Robustness (BB) Purpose . o
(B7) Normalization and Asymmetry

o .

ko4

» .

influence nor explanation implies correlation or statistical

dependence.kln the absence of explicifﬁspecifiéations linkinQ

exogenous variables (in this non-statistical sense) and equation

errors, it is really not determined how exogenous variables

will influence endagenous anges. For example, an individual

o

exogenous variable might'affect endogepous variables

both directlyy,and through its interaction with the equation

errors, which in turn have a direct impact on endogenous

wariables. The arrows in Figure One trace such influences.

(Such'arnqp scheme were introduced to economists by Tinbergen

and Wright In the 1930s). Let y, z and e denote endogenous

variables, exogenous variables and errors. Then the two diagrams

in the figure are consistent w@chthe non-statistical approach

to exogeneity. If & is-an unknowp parameter, we can interpret
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FIGURE ONE
IMPRECISE INFLUENCE

&

/ z &—(other) ' »
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e&—(other)
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FIGURE TWO

NON-UNIQUENESS OF REPRESENTATIONS
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.

the diagrams as having y linearly influenced by both z and e
and as having e affected by z.tob, Such represeﬁtations are
nan-unique so the language of "influence™ involves some impre-
cision. The two diagrams of Figure Two capture thé linkages

4
of a slightly more-complicated model and reveal the hazards

"of identifying arrows with directions of influence. Both repre-

LT,

sentations can be used to explain the endogenous variables., If
the interaction among the three errors is omitted, we might

—

not recognize the equivalence of the representations.

Thelmobility of the boundary between exogenous'and enda -
genous variables is found in the elaboration of the arrpuws of
influence affecting z« The only restriction of exogeneity is
that there would be no arrow indicating a connection from vy
to z (either directly or through a loop invblving‘intermedﬁries%
Both Klein and Marschak seem to pgefer large models with many
endogenous variables but this preference has little to do with
the_defin}tion of exogeneity, except ;n the statistical sense.

Must all emddgenous variables be explicable? How many equ;tions

should be used to explain these variables? Such‘questions of

size arise with non-statistical definitioﬁs. As with the prefe-
rences of Klein and Marschak, the response to these guestions
is left tol;ndiviaual choice. We shall return to the fssde of
size when we discuss the primacy of the probability apbroach

to econometrics.

Tintner and Marschak have also provided comments on

exogenéi%y that involve-time. It is tlear that Tintner has
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an' economic framemork_in mind and his distinction between
long-tun and short-run is essentially based on the "fixity"
of capital rather than on its statistical characteristics.
Indeed his comment might have taken directly out of an eleman-
tary economics textbook with no-consideration of estimationﬂ
Marschak;s worry~about predictions based on data from diffe-
rent sampling intervals has a statistical basis. The choice
of intervals’will aFfect,the‘specification of econometricmd
models both with réspect to explicit stock-flow considerations
and to the potential correlation of equalion errors. some
econometricians have argued that the smaller the sampling
interval; the more likely will be autocorrelated errors. Thus,
it is suggested, lagqed endogencus variaples might not be
predetermined in a statistical seﬁse when small time intervals
are‘used. There is a further igsue concerning the generation
aof forecasﬁé‘uhen lagged endogenous variables are present.

e shall deal with this when we explore the views of Klein

@

and Young as recorded in Section D.

N ~ b,‘:
The final contributors to Section are Tinbergen and

Georgescu-Roegen. Although their views were initially printed
as responses to a paper by Orcutt which is part of the€ focus
of Sectipn 8, they fit with the views that we have already
cited. Tinbergen was never able to TESOlVE'hiS\DQ§itiOﬂ on

-

exogéneity. He seems to embody both non-statisticaland statis-

tical elements in his treatment of exogeneity. Georgescu<Roegen
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is more interested in -size. His view T ts the early attitude
_of the Cowles-Commission researchers that estimation muéE‘EE‘;\\~\\\\\\‘

based on a complete system. Thi; attitude was algea&yﬂbeing
Jneermined by the efforts of Wald (1950) and Andergon and
Rubin (1943, 1950), uhfté saw the derivation of the limited-
information maximum likelipqod\estimator. The assertion that
a variable can béiboth ég ogenous énd exogenous depending on
con£ext is sensible and’qpite consistent wiﬁh different defi-

nitions of exogeneity.
!

Klein released his first textbook on econometrics in

1953, Arrow (1954) revieued this for the Journal of- the American

Statistical Associatior. "B aps the gfeatest weakness is the
,cursory handling of £he istji?kiqn betwéen e%ogenous and
endogénéus variables. The special role of exogenous variables

}s absolutely essential in m ‘taﬁeous equations estimatiaong
but Klein gives'no explicit definition in terms of the probability
distributions and only a vague verbal definition." He suggested
'that the "only really satisfacﬁory treatment" is provided by
Koopmans (19?0). This perhaps illustrates the sfgnificant =
- impact of Koopmans' clarification of exogeneity. Desbite later
ob usqa£iqn due~to~the use of non-technical lanquage, Koopmans'
defini¥ions hawa.persisted as the fundamental basig for statis- .
tical treatments of exogeneity. Arrow's review is itself
interesting. We have been unable to find any later revieus

of econometric textbooks that stress the ;entral role of

exogeneity and point out the deficiencies of partjicular defi=

niticns. Yet, as the entries in Section C reveal, ‘the treatment

—_—
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- of exogeneity is often imprecise, incorrect and bewildering.

’

Koopmans (1950) posed a fundamental question: ifnwe wish
to study the statistical implications of the fact Fhét econamic
data are governed by a system of simultaneous equations, houw
shouid we define exogeneity and endogeneity? His response 1is
straightforward, We should adopt definitions that permit us
.to assess the consistency and asymptotical unbiasedness of
the‘esgimated parameters for the economic relations. This
principle leads to the definition of exogeneity in statistical
sense, which is stricter and narrower than the approaches found
in economic theory (and illustrated above). In the SEM, use of
this principle is simple: There are a number of equationsa
containing errors and measured uariabies. The latter are parti-
tioned into éndogenous and predetermined variables according

-

to their statistical independence (dependence) of the

o

concomitant errors. Predetermined variables are then further

-

partitioned according to statistical independence of all errors.
There is nothing here of explanation, influence or determination.

Such notions involve additions to this simple statement,

To elaborate this partition, Koopmans (1950, 1852) and ) :
Siman (1953) developed a block-recursive format in which the

P

initial set of economic equations 1s aygmented to form a larger
system. Then a priori zé;o constraints on certain parameters
of this large system (for both its signal portion and the

contemporaneous dispersion matrix of equation errors) will

suffice as indicators of predetermination in the initial system.
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Since zero constraints are equivalent to omissions of variables,
Koopmans cites the need for "qualitative" information but this

is misleading. It neglects the probabilistic constraints on

the two blocks of equation errors in the augmented system.

Thus exogeneity is not simply a matter ofhiists of variables
as suggested by Koopmans (1952, p. 203) for he ignore; his

own statement of-a necessary condition in Koopmans (1950, p. 405)
that involves the statistical independence of the initial

equation errors and those of the augmentation,

This structure is technically elegant but it has rarely
*

been used in practicaﬁ situations outside some tentative
attempts by the builders of large economy-wide econometric
models'to sub-divide their reseafgh efforts'inéo feasible
éompanents. The definition of exogeneity in the statistical
sense is quite consistent with individual equatigns and need
not be involved with the full complexity of the SEM. For a
given equation, knowledge of the statistical interactions Gf'
all its measured variables uwith the equation error is thé
essential ingredient in the use of this concept of exogeneity
and, hence, for the determination of statistical properties.
of estimated parameters. To the extent that such knowledge
is uncertain, we have inherent softness in this determiﬁation
of statistical prapertifé:>The development of tests of exoge-
neity shouid be seen as attempts to elimimate this softness.,
Advotacy of such tests usuallyrinvolves criticism of the

imposition of prior zero constraints on the augmented system

used by Koopmans and Simon.
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Orcutt (1952) provides a major contribution fo the early
debate om exogeneity., His complaint that econometribians have
not introduced eQidence supportiqg the placing of particular
variables into c&%ﬁ%%?ies is as important now asfit‘was when
he wrote. Even if we accept the statistical approach to exoge-
neity, we should not simply "assume aﬁay" difficulties either
explicitly by imposing cbnuenient exogeneity constraints
(without attempting a justification for their imposition) or
implicitly by ignoring them. It Qould be interesting.to také
the content of twenty or so leading journals for 1973'§nd to
explore;the incidence of adequate discussians of exogeheity.

Of course, we can already predict the outéome of such an
exﬁloration. It is likely to be deeply embarrassing~for’%mplieﬂ‘
econometrics. The departmental approachito exogeneity_inpracucé
may have been repiaced by a myopic alternative based on con-
venience and leading to misleading statistical inference.,
Koopmans (1952) sugﬁests that the cost of misjudgement in

the partition of variables is "obvious" but it is not cléar
that this cost is récognized gven now; The accepfability of the
statigtical approach to exogeneity loses mucH of its practical
appeal if we do ﬁot use it to appraise applied research and

to guide the rejection of pa;ticul?r values that have been
hrodhced as es#imates without complete specification‘of‘economié

models.

r

In Section C of Table One, we have collected comments on .

.

the partition of variables from major textbooks that were
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published after the end of tﬁe historical period téat is
serving as our principal framework for discussion. The contents
of this section reveal the assimilation of Koopmans' efforts
and the persistence of the departmental approach that he
condemned. They also reveal the complacency of this era of
consolidation in the history of econometrics. There is distress-
ing absence of adeéuate discussion of the concept of exogeneity’
itselFland of the demands for further clarification by Orcutt.
Malinvaud's textbook is excellent in manybfespect. We have
reproduced the only treatments of exogengity and endogeneity
that are Cit%? in the indexes of ité twa editions. Although
he invariably uses exogepeity in tHé statistical sense when
he discusses estimation, this is not givenaexpressionkin the
-two quotations that we have reproduced. There he has resorted
to determination and explanation rather than statistical

) %

independence and lack of correlation.

Tintner's definition is very similar to those that he
provided a decade and a half earlier. Agaln it is devoid of
probabilistic notions. The contributions of Dutta, Kelejian
and Jates, and Theii represent the textbooks of a later generation.
Dutta manages té combine different approaches to the partition
of variables without attempting to reconcile them. Lack of
,"correiation in the p;;bgbility limit is obviously not the same
as statistical independence so, .even when hé has a single concept

of exogeneity in mind, the ambivalence of his account emerges.

The notion that values of exogenous variables are fixed is

either a reversal to the characteristic of mathematicgl modelling
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or én”implicit reference to a device used for convenienc; at
.the Cowles Commission to derive maximum-likelihood estimates.
It is unnecessary in fact and eliminates the ease of movement
from a superior treatment of exogeneity to the augmented model
of Koopmans and Simon"and to the pleas for tests of exogeneity
by Orcutt and, later, by Sims (1972a, b). The contribution of
Ke;ejiqn and Oates is equally defective. Its treatment of some
variabies as beyond the scope of analysis and unexplained is
unacceptable. The role of additional variables that themselves
affect exogenous variables is a strange innovation. Finally,
among textbooks we see that Theil gives a\correct statement

of exogeneity in the statistical sense after a preamble that ~
touches on the deparfmental approach but quickl] drops this.
We have also included a comment by Thurow even though he is
not providing a ﬁextbook. His statement shows the bewilderment
that stems from the treatmeqts of exogeneity. Taken at face
value, his statement provides yet another definition of the
concept, one that seems to involve difficulties in predicta-
bility and dependence on non;economic factors. We have been

unable to link this treatment with definitions .in the main-

stream of econometric history,

\
3

THe overall impressioﬁ to be drawp from Section Cxis that
ogur textbooks o%ten provide deficiemt accounts of exogeneity
which may be a factor in the disappointing features of appliedi
research. They usually tre;t econometrics in a static?non-

experimental framework and fail to deal with the c¢hallenges
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to this framework that come from computatidnal advances. In

Section D, -we illustrate a new perspective'thép stems froem

the evolution of a series of large econometric maodels and the
use of simulative experiéénts. With computational déuelopménﬁs,\
the feasibility.of simulation was enhanced -and its-use has
become a standard tool in modelling. Klein and Young reuggl

a marked adjustmerit in their treatmentloé éxoge&eity, This
represents for Klein\the culmination of a sfeady,moyement from
the position of his youth as asqociéte of the Dﬁwles Comhission
to the pragmatic position of his recént\past with its heavy

-

involvement in the management of large commercial models. This
movement is é%sociated with a shift in stance from the theoretical
focus of the -Cowles Commission on estimation to the practical

demands of economic applicatian.

£

The background of simulative éxperiments is different
from thase aof strﬁctural confirmation and structural search.
Each experiment, except in systemld;namic models, begins with
an\estimated strdcture.hThis is ugually amended until a nglution"v
of the approximatihg structuré; with endogepous variables
assumed to respond to given time paths for é}ogenous variables,
éonuérges,in an acceptable fashion. There is), the}efore, a
ydiscarding of structural content and the introdﬁction of ngn—
statiséical criteria for acceptability., The ,"tracking'L of the
paths‘of endogenous variable§ by the predictiaons of the app-

roximating structure is a common indicator of satisfactory.

. convergence of a soiutian. Clearly this is a shift away from
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,the static properxieé of estimating procedures and toward

dynamic replication. It is not surprising, then, if we might
want to use a different concept of exageneity. Simulation -

usually involves taking the solutien as a starting point and

"either amending the paths of exogenous variable‘(away from o

historical experience) or the structural equétions as part

of hypothetical experiments. whén the historical paths of
exagenous variables are replaced, it is assumed that the struc-
tural equ§tions would not have been affected by this replacement
had it actually occurred. Th;s would seem to constrain the
extent of changes of values that might be considered. When
individual gtructqral equations are replaced, it is assum@d;}k‘
that oéher equations will remain pertinent. We are faced tben
by a combination ef.counterfactual adjustments and assumed
stability, This is al'so a pressumptien in many experiments that
qértain variables are control}able so that the expériments can

reveal the implications of controlled changes in their values.

LR
w

Klein and Young term such variablgs"policy v§;lables" and
consider them exogenous., This is é‘difficulti as the values
imposed on them might bg consistenE with changin% an exogenous
variable to an‘endogenous one, as for example in feedback N

policy rules.

" Simulations need not bé& based on the whole of a fitted

structurel;whether,cbnstrained by tHe level of research fund-

ing or by commercial viability, resource availability is a

significant factor in determining the size of approximating

o
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Strudtyrgs.'ﬁléfh\apd Young'give Ane "glaring example".hut‘
“ : there’are many other féstances of reducéd structures. Conver-
gence of. the initial solution and of_Ebe hypothetical’a¢erimaWS
is af fected Qy,the~sizetof mo?é&s as well as their form. Indeed
cosé,may be as significant a fagtor.és siructurél'accuracy.
Freduently %heée aré at'tempts uwhen choos;ng revised values of
exaogenous vagi%bleé and of constant terms toloompensate for
’ omitted Structural comporents. We da% see the Klein-Young
apprdach as taking eridogencus variables and “exogeniz;ng" them
but then introducing concgmiiant adjustments to reauée ihe
" x impact of this treatment. The overall impression is of»g
F\\ mérkedly different'attitude’to structure, partiti&;s of varia-

[}

bles,\and to the purposes of modelling. There .is no standard
’methoh for simulation if 'we mean by that oﬁjective rules for
the steps that are taken uwhen experihehts are undertaken,
Caontrast this‘with the objectivity ideal of Klein (1947) that
Qe cited earlier. We are simply in a soft context without hard

and fast rules of behaviour, other than the nqed for some record

of the adjustments’made and decisions taken,

To-leave simulative experiments for tests of exogeneity
is to leave an area where subjectivity is open and softness
is apparent for a second area whgre,there is Eercei&ed objécti-
vity and non-softness. Section E of Table One contains contri-
butions by 0Orcutt, Koopmans and‘Sims. As we have ﬁoted, Orcutt

was very concerned about the treatment of exogeneity by economi-

/ ‘ sts. Hisplea for evidence, perhaps in the form of test results,

-
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went u.answered“until éimé-prociaiﬁéd.phe appropriateness of
.h;s/gjiticular fgfting procedure. Uxfortunately, the. Sims

test suffers from a number of def%géencies. For example, it
':Equires a;l Mea;u;;d yariablés/yé be covariance stationary

and errdrs to be normally distr'buféa. Its use beyond simple

- two-aquation systems is-not readily discernible./}he unrecog-

e €
nized complications of this uwse is foreshadowed in the comments

of Koopmané (1952), m?o notes thiuprobaem of establishing
maintained hypotheses. Whep Sims ;;ves’From a mathematical
theorem concerﬁing thebép racterization of a theoretica} regre-
ssion line_ to a "practigal" test, he must introduceua host of
supplemental assumptiorns toﬂserve as maint;ined hypofheses.

His failure to questipn the acceptability of these assumptions
or the sensitivit; of his findings to their potential imaccuracy"
means that he has simply pushed imprecision and unce%tainty |
into a less visibl areé. They have not been eliminated, merely
disalaced and for otten:-Thﬁs is discussed in Rowley and Jain
(195&): Koopmansy while doubt}pg the feasibility of Finding
an informative test of exogegéity, makes a valuable suggestion

concerning how we might proceed when no conclusive test is

available. He points to what would now be called sensitivity
|
analysis or ralustness. We have been unable to locate explora-

n 3 .
mpact on the Sims test when the intertemporal

tions ‘of the
partitioning into exogeneity“émd'endogeneity changes within
a given samp e, Sims' own accounts seem to take the strqctuial

format jas free from stfuctufal instability of this type or of

any other kijnd. We are thus left with a situation in which the
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a priori constraints for exogeneity in'the Koopmans-Simon
augmented system éﬁF justifiably criticized while the testing

alternative is neither lely developed nor compreﬁenéive.

We are i unsettled times. Lucas and ‘Sargent (1979) have

been major advocates for the Sims' test. There are many econo-

:_mists, such -as MilléT, who assume that the well-established

treatment of exogeneity by Koopmans has been ;emoved from its
central positionzin econometrics: The net outcome of currént,
disturbance must await the provision of.a full response go/
advocates of the alterpatipe testing procedure. We suspect
that elements of both approaches will persist in soft versions.

Tests and pricr constralnts are both capab{g of generatlng

<

statistical inferences conditional on their assumptions. Combine

this situation with the -ease pf'tonducting robustness or sensi-
; : ) ]

tivify analysis and we have a basis for compromise. Whatever

happens, we have softness in our methodology due to the need
to partitionrvariables for estimation, simulation agﬁyzther
activities. Even if thare were pot seftness in*tpig-respect,
it would still arise For purposes of guiding economic pOllCY
\ dec151on;. As Mallnvaud (1981) reminds us, the linkage between

[

exogeneity and policyb;nstruments is uncertain.

L

f

J

“

The Primacy of the Pregability Approach

&
" i3

Uhen) klein suggested 1943-1944 as the time of birth of ..
modern econometrics, he cited the‘ef?orts of Haavelmo (1943a, b3

1944) and Mann and Wald (1943 -1944), These established the
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probability approach to econometriés, the acceptability of
asymptotic criteria for determining éhe optﬂ.ality of eétimﬂmrs,
gnd the feasibility of an order cglculus for statistical vari-
ables that was analogous ta the familiar limit calculus of
ma?hematical variables. Obviously indiuidual papers did not'
proauce a revolution, They had to be taken up and their signi-
ficance proclaim%d by proponents of a "new" approach. The Cowle§
Commission serv;; as the focus for these proponents! activitiess
Indeed the publicatipn:of the two conference reporfs edited by‘

Koopmans (1950) and by Hood and Koopmans (1953) were major‘

events in the history of econometrics.

Klein (1982, pp. 111-112) has described the activities
of thevCommission in the 1940s from the perspective of someone
who was a participant. "This academic researqg group.l. concen-
trated on applicétion of the methods of modern statistical
inference to the estimation and testing of models. Considerable
emphasis was devoted as well to problems of identification and
specification. At this time, the rooting of ‘model specifiéétion
in received economic doctrine was firmly established." While
leaving thé final sentence for later commen£, we must acknow-
ledge the role of Cowles Commission in determining the primacy
- .
of’ the probability approach during the 1940s and 1850s. This
approach, as we indicated eariier, has dominated economeﬁric
thought and practice-for four decades. However, the nature of

this dominance has not been constant, We feel that the probabi-

listic focus peaked at about the end of the period under review
N ,

&
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as the practical demands of the management of large economy-

" wide models begin to exert other pressures. This peak can

/

again éa illustrated by qguoting klein (1969, P. S5}k, "The
me&hod of full inFormation—maximum-likelihood‘(FIML) occupies
a role in econometric analysis much like that of éompetitive
equilibrium in economic analysis. It is an idealized goal
touvards which we strive and reach only approximately or not

at all." The FIML method was the ultimate expre§sion of the
probability approagh to ecomoﬁétrics; This ideal does nog pro—h

vide the same motivation today. Althaugh the SEM framework for

'

the Cowles Commission continues as the primary format for

statistical amalysis, its probabilistic origins_are generally
less visible. We would, for example,uexpect to see systemg
estimated much more often by the three-stage least squares
(35LS) method than by the FIML method (which involves a more

comprehensive specification of the probability density function

of the equation erroré).

Our purpose in conside;?:B the probability approach is
served if we can use‘it to explore three important aspects‘of
the approach. The first of these involves the identific§tion
of structural equations, the}r indistinguishability or the
problems of confluence. The second one deals with the concept
of completeness and i%s role incmtermiﬁing the size of fitted
models whereas the final aspect is centredt on the key concepts
of autonomy and relative instability sof altérnative represen-

tations of systems of equations. This consideration 'is hbest

A
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1

- begun by lBokihg at sgme parts of Haavelmo's justly famous

[

supplement to Econometrica in 1844, The connections with the

current technical issues that we described earlier will emerge

as opur consideration proceeds.

THe basic pfopo;ition‘of the probabilitx approach is that
estimation problems are essentially the need to study the jéiﬁt
p£obability distributioh of random observable variables bound.
together in a stochastic equation system. Haavelmo alyays
starts @ith the joint probability distribution of eqqétion
errors and the transformation of this to the distribution of
a group of endogenous measured variables. To the extent that
the Jacobdan of this transformation is not a fixed constant,
maximum likelihood éstimate;*of systems with normal er;ors
will differ from the‘least-squarés estimates that head been
used by Tinbergen and other early econometricians. There are
also differences in.regression liﬁés (conditi;nal expectations)
£haf stem from the joint occurrence of a system_qﬁ equations

&

as contrasted with a single£§solated equation. Discussion of

. such regression lines\can be delayed until we consider Wold's

advocacy of recursive Systems and eo ipso predictors in conne-
ction with a later topic.‘Nold has élso pfovided a useful.
qualification to counter the more extreme expressions of the
probabilfstic approach. He indicated situations in which the °®

jacobian of transformation was a fixed constant so that least

squares estimates and maximum likelihood estimates could be

o M
equivalent. , .
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Some statements of the basic proposition of the probability
approach are reproduced in Table Three. Those attributed to
. {

Haavelmo and Koopmans already contain an insistent éone as if
only oné approach was correct in econometric analyses. The
most extreme version of this single-mindednegs is provided

by Girshick and Haavelmo (19&?),:uho seem to set an impaossible
task for specification but who in fact failed to meet their
Dmn‘stanaard by using excessively‘simplerstructures for their
own illustrative examples. The comment by Kiein and Young is
added as a counterbalance to show that advocacy of=a single
method for estimation fails wben we move away grom the purpose
of a descriptive structure to a manipulated omeuas in fore-
casting. Haavelmo, Koopﬁang and Cirshick appear tuo suggest

that the choice of estimatiJn method is independent of the

rd A
ks

purpose of estimation, independent of. criteria other Ehan‘
statistical ones (such as might be linked to sampling schemes),
and has to be based on awareness of some charactéristicg of all
equations in a system de§cribing the "Férmation" of gconomic
variables. Klein,ﬁnd Young indicate that such views are unuwork-
able in the forecasting models with which‘they have been hmmived
so that, in the context.of these models, the praobabilistic ’
basis is piscarded. This caonclusion is disturbing since, as

we shall shdw, the whole edifice of the SEM as developed at
the Cowles Commission from the probabilistic basis of{Haaueimo

was justified in terms of a specific type of hypothetical pre-

dictions of structured responsgs to policy changes.
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TABLE THREE

THE PROBABILITY APPROACH TO ECONOMETRICS

(R) Basic Proposition

o

.

[If] one assumes that the ecbnomic variables considered satisfy,
simultaneously, several stochastic relations, it is wusually not
a satisfactory method to try to determine each of the variables
separately from the data, witheut regard to the restrictions

. which the other equations might impose upon the same variables.

‘

Haavelﬁo (1943a, p. 2)

It is...clear that the joint probabilityAlaw of all the obser-
vable random variables in an economic system is the only general
basis for estimating the unknown parameters of the system.

‘ Haavelmo (1944, p.88)
The meaning of Haavelmo's work is that economic statistics has
now caught up with economic theory. It has nou become clear
that methods of statistical estimation, even of a single equation
of economic behavior, must in some way take account of the fact
that the variables entering that equation are part of the wider
set of releévant economic variables which are determined by a
complete system of simultaneous equations.

Koopmans (1945, p. 462)

Any statistical method of estimation derives its meaning and

area of applicability from the concept of a well-defined sampling
model. ...The conditions under which a sample is obtained have
always received close attention from statisticians in interpreting
the information gained from the sample., Application of that
principle to economic statistics naturally leads to the regquire-
ment that statistical methods of fitting take into account the
formation of economic variables through a complete system of
equations., :

Koopmans (1945, p. 448,462)

[It] is impossible to derive statistically the demand functions
from market data withaout specification of the supply fdnctions
involved. More generally, if we wish to estimate any particular
economic relationship on the basis of market data we are forced
to consider, simultanegusly, the whole system of economic
relations that together represent the mechanism that produces
the data we observe in the market.

‘
TN

~

Girshick and Haavelmo (1947, p.83)

< .
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Given” the properties of the OLS estimates, that is, that they
can be expected to be inconsistent and biased, the typical
methods used for validating models are examination of simulation
properties, multiplier analysis, and forecasting results.

The, major point to be recognized in validating forecasting models
is that there are no generally recognized methods of statistical
inference. available. ...The validation methods are quantitative
., and descriptive, but they are not generally based on probability
calculations from established distributions.

Klein and Young (1980, pp. 60-61)

Theoretical econometricians have interpreted scientific objectivity
to mean that an economist must identify exactly the variables

in the model, the functional form, and the distribution of the
errors. Given these assumptions, and given a data set, the ecano-
metric method produces an objective inference from the data set,
unencumbered by the subjective opinions of the researcher. This
advice could be treated as ludicrous, except that it fills all

the econometric textbooks. Fortunately it is ignered by applied
econometricians., .

» , ' Leamer (1983, p. 36)

(B) Indistinquishability and Identification

Clearly no more complete description of the interconndections
between a certain number of random varliables can be given than
that which is contained in their Jjoint probability law. If,
therefore, two different formulations of an economic theory
lead to identically the same joint probability law of the
observable random variables involved, we can not distinguish
betueen them on the basis of observatians.

If two stochastical e&uation systems lead to the same joint
probability law of the observable random variables, they are
indistinguishable (on the basis of abservations).

\ Haavelmo (1944, P, 88,91)

The identification problem in general arises from the fact that .
a given system of eguations, in the mathematical sense aof a set
of restrictions on the movements of a numbér of variables, can

be written in many ways. For instance, if the.equations are
"linear, they can be replaced by any set of independent linear
$coﬁb1natlons of them. But there is only one (possibly unknown)
way of writing the system such that a specified economic meanlng
attaches to each equation.

Koopmans. (1945, pp.450-451)

I
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[The] identification problem is concerned with the unambiguous
definition of the parameters that are to be estimated— a logical
problem that precedes estimation. It is therefore not..a. problem
in statistical inference, but a prior problem arising I'h the
specification and interpretation of the probability distribution
of the variables. As such it deserves separate classification.

Koopmans,; Rubin and Leipnik (1950, p.70)

[The] simultaneous equations method can always be applied in

such a form that it will preserve, and give effect to, a priori
information as to which'variables’enter into which equations. ’
This is a strong point of the method, since it has often been
peinted out that such information is truly indispensable to

give economic significance to the statistical measurement of
economic relations.

a

Koopmans (1945, p- 459)

As a substitute for experimental control, the non-experimental
researcher is obligated to include in the regression equation
all variables that might have an important effect. ...Though
the number of observations of any phenomenon is clearly limited,
the number of explanatory variables is logically unlimited.

[No] model with a finite number of parameters is actually
believed, whether the data are experimental or non-experimental.

Leamer (1983, pp. 34-36)

A priori information is not rich enough to provide us with
complete specification. ...The precise nature of the lag
structures, nonlinearities, the degree of aggregation, and the
selection of exogenous variables are not fixed a priori.

\

Howrey, Klein and McCarthy (1974, p.367)

Prior identifying information of the Cowles Commission variety,
that is, mainly exclusion restrickions, plays a much smaller
role in dynamic equilibrium models) Nonlinear craoss-equation
restrictions implied by dynamic thgory are used extensively.
This shift involves important mgdffications of past ways of
thinking about identification nd estimation. -

i .

\ Sargent (1981, p. 217)

Alternatives to the structural models have been sought because
of ;foéasingly compelling suspicions that the a priori
restrictiaons used in existing structural models are not implied
by good dynamic economic theory and that the interpretations

and policy cgnclusion based on those faulty a priori restrlctlons
are worth little.

Sims (1979, p. 8)
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For practicing econometricians, extracting propositions from
existing economic theory that are usable for specifying and
identifying estimable equations is an excruciating difficult
task., I believe that this is partly because most of economic
theory consists of comparative slatic propositionsy, while
historical data are generated by & dynamic econoemy and does
not directly bear evidence on comparative static propositions
aof econamic theory.

Ando (19B1, p. 329)

In practice, ...when a 'moderate'! — size econometric model of
400 or so equations is specified, it is beyond the scope of
current macroeconomic theory. The theory is hardly capable of
spetifying all of these equations in any kind of detail; at
"most it may dindicate potentially relevant variables for inclusion
in each equation. Frequently the theory is little more than a
plausible story, and only rarely does the theory being applied
help to specify the lag structure of the variables.

Granger (1981, p. 124)

The true economy is a compllcated Walrasian type model..... But
if we drop the Walrasian .objective and content ourselves with

" an aggregative system, where shall we draw limits on size? There
is no unique aggregative representation of an economy. Many
alternative versions provide different approximations. to the
'true! system. This-is, indeed, one of the sources of error in
the stochastic specification of models.

Klein (1971a, p. 136)

(C) Autonomy and Instability

Theory always means reducing things to constancy. ...Complicated
theories will establish the constdncy in a complicated way, but
will, in the enmd, also look for something constant. Describing
phenomena without any sort of regularity or constancy behind
"'them is no longer theory. An duthor who does not bind himself

to some 'laws!' 'is able to 'prove' anything at any moment he
likes. But then he is telling stories, not making theory.

Tinbergen (1940, 1951, p. 71)

In trying to establish relations with high degree of autonomy
we take into consideration various changes-in the economic
structure which might upset our relaticns, we try to dig down
to such relatibnships as actually might be expected to have a
great deal of invariance with respect to certain changes in
structure that are 'reasonable'

.8 Haavelmo (1944, p.29)
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[It] would be natural to require.that the equations of the
system should -be autonomous; i.e., if the patterns of

behavior described by one equation were assumed to change,

this change should not affect the other patterns., This
requirement is of importance if the system is used for studylng
the effect of 'structural changes'.

Wold (19489a, p. 15)

The economic units of the model should be autonomous in the
sense that any unit may change. or modify its behavioyr pattern
(as'described by one or more- causal relations), without the
changing 1nfluenc1ng the behaviour pattern of the other econom;c
uriits of the model.

Wold (1354, pp. 473-174)

The economist is often required to estimate the effects of a
vgiven (intended or expected) change in the 'economic structure!,
i.e., in the very mechanism that produces his data.....The
economist can do this if his past observations suffice to estlmate
the, relevant 'structural parameters' prevailing before the change.
Having estimated .the past structure, the economist can estimate
the effects of varying it. He can thus help to choose those
variations of structure that would progduce -~ from a given

pdint of view — the most desirable results. That 1s, he can
advise on policies (of a government or a firm).

Marschak (1948, p. 53)

For purposes of conditional forecasting..., one needs to knouw
the structural parameters (for example, those describing the
past behavior of the policy variables themselves) and therefore
affects the reduced form parameters in a highly complex uay. )

..Unless one knows which structural parameters remain invariant
as policy changes and which change (and has), an econometric
model is of no_ value in assessing alternative policies.

[

[We] see no reason to believe that these models have isolated
structures which will remain ipvariant across the class of
interventions that figure in contemporary discussions of economic
policy.

Lucas and Sargent (1973, p. 298, 302)

[Included] in a promiment way among the 'structural equations' »
have been eguations describing the rules of choice for private
agents. Consumptlon functions, investment schedules, demand ’
functions for assets, and agricultural supply fupctions are all °
"examples of such rules of choice. In dynamic settings, regarding

* the parameters of the rules of choice as structural or invariant
under interventions violates our simple principle from economic

theory. 4?2

==

“=

Sargent (1981, p. 214)
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[A] successful theoretical analysis required understanding the
way in which optimizing agents make their decision rules depend
on' the dynamic environment in general and government policy
rules in particular. The econometric ideal of discovering objects
that are structural, in the sense that they are invariant with
respect to the class of policy interventions to be analyzed,
imposes that criterion for success. .. '

» : Sargent (1982, p. 383)

{ .

Changes in the environment - including not only government ’
policy but many other conditioning factors, demographic, techno--
logical, institutional, international, cultural — are bound to
alter structural behavioral equations. Thus models become obsolete
‘and must be revised or replaced. The gquest for timeless and
permanent Teqularities in social science is important. But any
'laws' thus discovered, other than identities, are likely to
be gualitative and general, of, little value in forecasting and
policy evaluation,

Tobin (1981, p. 392)

The a priori setting of coefficients to zero in econometric

models cdntradicts some basic tenets of general equilibrium

theory. General egquilibrium models imply that individuals'

excess demand functions should all depend on the same arguments.
.No consistent model would ever 1mply these variable exclusion
strictions.

Miller (1978, pp. 582-583)

It is common practice in constructing economet®ic equations
and madels to try several different theoretically plausible
forms of each equation. ...As far .as I know everyone who

estimates equations does some of this sort of experimenting.

Christ (1956, 1966, p. 325)

The underlying Walrasian model motivating or justifying large °
scale econometric modelling offers... no resting place or

natural fix polint for the analysis. It is, if we insist on

its existence, an entity drifting over time according to an
unknown stochastic process. ‘But this impllcation destroys any
real significance of an encompassing Walrasian model operating

as a convergence limit with respect to actual model constructions
guided by measures of goodness of fit.

Brunner (1981, p. 132)
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Earlier we cited the stress attached to an objectivity

+

.ideal for ecanometrics by Klein in 1347. The pronounced change

in stance represented by the confenps of the Klein-Young book
on forecasting with macroeconometric mode}s‘is clear. This
change fits with our stress on thefinherent'softness of prac-
tical econometric modelling. It is‘temptiég to conclude that -
the experiences of déveloping gconomy-wide models and of
demonstrating their potential uses to a steadily widening
audiénce(have made Klein ‘aware of the inadequacies of some
views that he expressed in the fi;sﬁ decade of the modern era.
To conclude the gfoup pf quotétioﬁs thét we have chosen to
illustrate the basic propositipn‘of the probability apﬁroach,
we have added a severe judgemerit Ey“an outstanding economet-
rician of a newer génerat%on. Leamer rejects-the probability
appfoéch of Héévelmo, Koopﬁans and the early Klein. The infof:
mational ;eqﬁirements of this approach are Soaexe ssive as to
make the objectivity ideal of this "hard" rep:esejéation of
économetri;s unworkable. Leamer has abandoned structural coﬁfi-
rmation of the SEW for "specification searches" and a quite-
different perspective on the role of probabiliétic notions

in econometrics.

€, . A . ] . .
Whether the probability approach to econametrics is

~

accepted or rejected, the importance of the three concepts

of identification (or distinguishability), cqmpletené?% and

autonomy cannot be deﬂ%eé—fq_théwhistofy of the subject. The . =

present character of econometric research cannot be understood

N
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@ithout them. We intend to look at each in tu;n. In Section B

of Table Three, some views on identification, prior restricthrm,_
and the interaction betuween the structural f%Qm 6f the SEM and
economic‘theory are reproduced. The clear uisi;ns pf the Cowles-
Commission researchers in 1344-13950 are in markea contrast wiéh

~ the unsettling features of the later opinions that are cited,

‘There are three major }ines of development for the concepf
of identification if we ignore 'non-structural (timé-series)
modélé and‘Kalman;pre mpdelg. One began in demand analysis
as data ‘on prices"and quantities of some commodities became
available. This was- initiated b; Moore ogér sixty years ago
and is linked‘to the present through Working (1927), Schult:z
(1938) and the first textbook by Klein on econometrics. It .is

.still common in recent textbooks. Déta provide the inifial t
focus. Identification‘is treated gs the assessment of what
Hmyzreveal for demand and supply schedyles. Each Qata point:
is considered the outcomé‘oﬂ equilibrium ZthéAintersqctiod
bf demand and sypply egquations). There are three major ‘el.ementso
ip this line of development., These are the assumptions of , .
moving eqﬁilibrium thch‘gene¥ate dif%efent sémple observat--
iongt'the need for a stable environment for :economic agentsh
Jhich is required for structurgl stability of the equatiaons
inbolved, ané'the stress on single equaéions (for example,

. ﬁeménd’forla particular commodity) despite the recognition of

'“KEEEir eﬁbeddedness in a system. There is'little discuséion Ef

randomness, Shifts are primarily atf%ibuted to chanées\in

TN
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known explané%ory variables. Softness arises.from a number
. , L

of sources. Disequilibrium implies that not all of the déta

are informat}ve for each equation. It may be revealed in

- "switching" of regdimes (equatio%é) for the data points no
longer represent the intersection of demand'and suppiy sc?e—
dules. éoftness comes also F;om the instability of these
schedules. Econpmic tgéory based ‘on individual preferences N
and constrained,situations'ié mafkedly de%icient as a source

o% iptartemporal stability..Indeed this shortfall is a severe
hgndi;;p for any.structural estimation. The.perceived primacy
of the probability approach is considefébily weakened if stru-

#

ctural instability implies a growing number of structural

i

parameters as sample guration increases. In the extpeme, maximum

likelihood estimation would be inapplicablewﬂwithin the moving-
equilibrium format; exclusion of variables (zero restrictions
on structural parémeters) is commonly justified by introspective

~reflection on the determinants of supply and demand.

:The second' line of development makes much more use of
dynamic modélling and'recursiue behaviour. Prime exaﬁples are.
the efforts of Tinbergen and Wold to develop economy-wide

,econometric models and to clarify the use of causality in inter-
‘pretation .and specification of such models. Here zero restrictions

P

on parameters arise naturally &as the representation of delayed
responée of particular "economi¢ variables to. changes in other

eoonqmic Variables. This delay could stem from institutional
) - ¢ =

characteristicsZ\.£uch as. the inevitable lapse for construction

o " ' .

w?
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o
of equipment and structures in investment equations or for

LY

the provisions of appropriate levels of funding, and from
behavioural responses to "permanent" changes in determining

factors }ather than fransitory ones. The eonsequenCe of this

delay, especially if it yields recursivity, is to remové prob-

lems of indistinguishability and to demonstrate a bae&:aswmwtry,

4

in economic%equations~which we shall later consider. Although

-

this line of developnent of?en involves the assumption of zero

4

correlations, it does not require the same degree of prior

specification %s‘that\e;hibited in' the probability -approach.

The final line of develdpment’fdr the concept of idehti-.

ficatidn (and‘the one generally associated with the probability

’

approach) stems From an unpudllshed ‘memorandum that was’ prepared

'
‘. by Frlsch in 1938 For a conference deallng with Tinbergen's

L= models for the League of Nations. Frlsch's discussion was

Iy

taken up' by his student Haavelmo and given a partlcular flavour]

v

in the treatment by Koopmans, Rubin and Leipnik (1950), whp
. . u ¢ ,

derive’ the now familiar rank and order conditions for identi-
N = t

»

fiability with exclusion constraints.

The first four entries in Section B.of Table Three illus-r

0

trate the role of probability netions in this line of develop-
., . s v *

ment. Haavelmo (194§b,/p. 18) indicates a straightforuward

{, R Y N T 4

difficulty. "Theories with different economic meaning might

lead to exactly the same probability law of its observable
“Uvariables, just as different pairs of supply and demand curves

might have the same intersection point." Thus theories are

-

o he M \ \ @ ; o
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a

indistinguishable as far as their observable effects are
concerned. Koopmans et al. argue that this makes identifica-~ -
tion an aspect of estimation. They prefer to treat it .as a .
problem distinct from estimation and logically pri&r to it.

If a system of equations is not identified, they would argue
that structural parameters are not unambiguously defined.

Does this matter? There are two rival responses to this ques-

tion. One accepts identification as a major conbern.va'th

[
.« o

primary purpose of' stru tural estimation is to permit discdssion

v 7

.of HYDofHetical experimentys ‘involving knomnochanges in strgesural

parameters (as a contribdtion to "policy" determination), the
identification of all structural parameters ispdesirable.

Clearly. structural estimation has then an impartant role in as
policy formation. The alternative response is less favourable

to the concept. Since the rank eondition for identifiability

is expressed in terms of unknown reduced form parameters, we

‘can, never know that a system of equations is identified. The

order condition does , indicate situations in which thé>

.system is not identified (but not necessarily all\ of them);
However it is sensitive to the choice of prior resthictions
and to a host of complications that are seldom raised ‘in the
statement of the order theorem. The remaining contributions
to Section B iilusérate this softness and, qonsequlntly, £ e
meakeniné of support for estimation of the sgructural Fdr%-

j
of the SEM.

The sources of these contributions are mixed. They iqclude

4 b
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both prominent Keynesians gnd proponents of %he newaclassical
schooi; All. inveolve criticism of identification as a guide

for econometric research. Séme'aréue that economic theory 1is
insufficient to provide an adquate basis for the firm speci-
fication of structural equations, as required for"radk and ‘ -
order conditiéns.‘Uthers argue the econoniic £heoryayields

>

constraints on parameters that are not of the exclusion variety.

L)

There is a fundamental problem here. Structural equations are

Fspupposed to represent economic theory even though most_theory
jtﬁg

ualitative, deterministic and“noh-dynamic. Exclusions and
mwdetquﬂation of variables are also supposed to ‘be generated from
this economic basis. Frisch was clearly affected by Walrasian
models and his influence pérsistéd at the Cowles Commission.
Yet gany of the models developed in the last four decades have
a Keynesian flavour._Indeed, since the Lucas critique of these
models, they are frequently termed Keynesian‘maéroeconometric
models. When Koopmans (1945, p., 459) suggests that it has
oftent been po}nted out that exclusion information "is truly
.indispensable to give economic significance", he does not indi-
cate how this information'stems from economic thegry. This
linkage is not a trivial matter. It is clear from our choice

of contributions that there is widespread rejection of the

view that exclusions represent economic theory in practical

—~

_situations. When we add dynamic dimensions (Sargent, Sims, Ando),

-

aggregation (Howrey et al., Klein), non-linearities (Howrey etal.,

Sargent), and experimentation (Christ), the contributTon to

structural forms of the SEM from economic theory is obfuscated.
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The primacy of the probability approach to econometrics is .
effectively s;atteféd by thig softness in the applicability

of itéxform of the identification concept. The final word

might be left to Koopmans. "[The] economic literature does

not offer us anything-like a s&stematic dynaﬁic theory to

work mith{ but rather a variety of incidental idéas, as yet
full of gaés and ambiguities. THis was precisely the difficulty
~of the econometricians who looked toward theory as a framework
of.reference from which to intefpret systematic observationi.

They often had to supplement or even produce theories in order

to advance in the direction th;; tdok."

The probability approach also, involves the concept of
completeness. For many purposes, a structural approach requires
explicit modelling of ;ll equations in a system. With hypothe-
tical experiments involving structural change, the impact of
such change is appraised from an amended reduced form of the
- SEM with a multiplicity of changes affecting the reduced-form
parameters. To obtain estimates of thése secondagy chénges,

a complete system of structural equations mu§t be examined.

“In the absence of a decomposable‘structural system, the esti-
mates of changes in reduced-form parameters cannot be based

on an incomplete specification of structural equations. The
probability approach has to be derived from the joint distribu-
tion o% equatioﬁ errors so it must begin with a specification
of the number of such errors. Thus size and completeness are

essential ingredients of this approach. Wle can use "size" to

)
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represent the number oﬁ equation errors (or the number of
endogenous variables if this is different) and "compl;teness"
to indicate the equality&of ghe number of equations and the
number of’endogenous Qariables. fﬁe choice of size is arbitrary,
it seems, from the entries of Table Four. These are derived
from a survey by Kelejian and Vavrichek (1981).\The range of
‘specification for size is considerable. lere these choices
based on completeness? We were unable to locate a.sinale justi-
fication of size on this basis. It is highly likely that some
variables described as "exogenous" or "predetermined" in these
models were ﬁotentially correlated with contemporaneous equation

errors. Thus the-concept of completeness does not motivate

model specification in practice.

3

The final use of'cﬁmplgténess~in the SEM (in addition to
the hypothetical experiments and size already noted) i;mmncamwd
with estimation. All treatments in our ,textbooks of estimators,
other than leést-squares esfimators, take the number of pre-
Lthermined variables in a system as given. This requires the
spgcification of all equations in a complete system to be set, '
Mathematical expressions of the two-stage least-squares esti-
mqt&n, for example, will include a symbol to represent a matrix
of observations on all predetermined variables. These treatments
are dated since the development of an instrumental-variable
facus has ;eﬁoved the\need for completeness in this respect.
The derivation of the limited-information maximum-likelihood

estimator by Anderson and Rubin (1949, 1850) and the consideratiaon

AN



I

e u 176

TABLE FOUR

INDICATORS OF MODEL SIZE

3

Number of Equations:

Model Total Stochastic
) BEA | 196 108
Chase’ - 350 150
Data Regé&ﬁces 831 350
" Michigan 81 47
‘ ' . Wharton 6395 289
Fair g7 28
‘St. Louis 'V7 - 5

Number of Variables:

Exogenous Predetermined

s P
150 : 249
150 350
178 528
76 105
242 | 6577
83 N 139

5 7

t

_Source; Kelejiam.rand Vavrichek (1981),

A\

p. 111.
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of incomplete systems.by Wald (1950),; both at the Cowles

Commission, were the first stgps to the weakening of the comp-

leteness requirement for estimation. It should be clear that the

{
s \

‘greater the dependence on prior spécification, the more soft

will be the bases for estimates in, practice. Malinvaud (1981)
provides a qualification for thié‘étatement vhen false cons-’
traints éré deliberately iﬁbosed to improve eff%cienc& 6F
estimates at the expense o% additional bias. Such béhaviop; '
is qui£e'at odds with the emphasis by the Couwles-Commission

group on asymptotic unbiasedness and consistency. It is thus

not surprising to find Malinvaud!s comments in a revieuw of

. Sims' ‘advocacy of non-structural VAR models. 73 T

The final concept of the probability apgroach that. we
Tinbergen (1939, p. 14) described this as a ‘requirement that

wish to explore is that of autdnomy, which i% due to Frisch.

models involve "relationships whicH are as little as possible

.affected by sttuctural changes in departments of econqmib-life

v -

other the one they belong to" while Arrow (1960), more succin- -
ctly, refers to "invariance under conceivable changes in the

rest of the system". The concept is thus associated, in older

8

terminology, with the degree of permanence of economic laws

(Haavelmao, 1944, ch. I) and, in more recent language, with _

“instability of structural equations. Section C of Table Three

‘

illustrates views. on autonomy. Those of Tinbergén, Wold and

N}

Haavelmo set the scene for the béginning of the modern era

in econometrics. Marsbhak, although he does not explicitly

[y
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cite autoqomy, describes the'hypothetical experiment to which
we have already made refereqée,lHis descripfion needs to be
sdpplemented. Proponents of structural-form estimation, such

as Marschak, feel that the equations of the structural form

of the SEM are much more autonomous than those of reduced form.
They are, therefore, less prone to instability and provide a
suitable basis on which to frame hypothetical experiments.

If the structural form did not exhibit a high degree of.auto-
nomy, its parameters could not be adequately estimated so as

to provide the necessdry input to Marschak's policy advisor.

We have to ask whether the assumed autonomy of structural
estimates is justified. Sargent (1981, 1982) and Lucas and

Sargernt (1978) made a strong case for rejecting autonomy. Their

"rational expectations™" perspective yields cross-equatiaon
constraints that were seldom discussed in the early days of

the Couwles Commission.lTheir ;mpact én the autonomy of the

SEM can be illustrated with a simple example. Suppose we consider

five variables linked by a pair of structural equations

Here y1t’énd yét are ‘measured endogenous variablgs, 21t and

Zét are measured exogenous variables, and €1t and e2t are
random errors with zero means, free from autocorrelation and

heterosggdasticity. The fifth variable y%t is an "anticipated"
":u‘ ,:’;;' '

("expecﬁed") one, that ,needs further specification. The terms

>
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involving a and b are fixed parameters of the equations. The

"variable y§t~i5'generated by the third equation

©

, . _ ) ,
(3) v§y = eqyapq *toep¥y
This equation is exact, having noberror,~and its fixed éara-
Iy

meters ¢y and c, are assumed to be determined by the time,

‘series characteristics of a measured variable ysp SO that

(4) ygt = E(Y3t/>’3t_1:)’3t_2,..f

The set of equations (1), (2) and (3) illustrate specifi-
cations that are common in ‘the history of’econometrics. They

are conVentiqhally combined to form a ("de;ived"l structural

[y

form with two equations. '

(5) - yyy + 81¥o¢ * 8329y * By4Y3p_q Y 3gY3p.p T G4

end (6) Yop.* BoZop * byYap g * bsyap-z T

where the "new" parameters (aa,as,ba,bs) are ctonnected to the

" original parameters (a23b1,c1,c2) by the reconcilingconstraints:

- ' -

. a = 8201 3 ‘ . 85‘ = - 82[:2 ‘
(1) - - o .
by = by bg = Dbyc,

These constraints for reconciliation have often been ignored,

They can be expressed in an alternative form - involving cross-

equation restrictions. It is apparent that they imply

(8) ’ 85/34 z b5/b4 .= A

where X is a constant given by the raéio of c, to Cy

)
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The derived structural form is typical of modFls involv-
" ing distfibuted—lag response. "Rationality" is assumed "to

;ﬁply that (4) is an appropriate specification for both (1)
and (2). The constraint KS) follows directly from the assump-
tions of rationality and the particular time-series model

.underlying equation (3). This model is a Yule process

+ e

S T e E YOI PSS TP 3t

where the error eSt has a zero mean and is free from auto-
[

correlation and heteroscedasticify. The anticipation variable

y¥ 1s exogenocus when e is independent of both €1t and Eoe

3t 3t
The standard simultaneous-equations model would be formed by -
(5) and (6) as its "structural form". It would omit the implicit

3

4cdn§traint (8). There a}e‘two major conclusions to be drawn )
from.this éxample. First, hypothetical experiments with struc-
tural -parameters (as may be involved in predictions of policy
changes) assume they are "free" in the sense that any can be
changed uithoup affecting others. The cross-equétion constraint
in&ipafes that the parameters aa,aSJbaand bS are not "free" so
hypdtﬁeticallexperiments (predictions) must take their connecte-
dngss into account; Thus the equations are not auto&omous.
Second, if the time-series characteristics of Yzt change,
perhaps due toc policy changes or to alterations in exogenous
variables, then the requirement (4) of ygt as a conditional

!

expectation implies changes 1in op and Coe The parameters

0

aa,as,ba and b5 will change. Thus any sequence of intertemporal

influences that changes the time series characteristics of Y3t

will make the SEM structural form unstabile.

-~
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~These are severe criticisms aof the SEM, Iﬁ the extreme,
they support Brunner's view of perpetual instability. The view
of Tobin is less exfreme but it is equally disconcerting for
the probability approach. There are also difficulties for
methods of . anglysis that do not stress’the structural form
or the réduced form. Tinbergen's analysis of his acodomy-wide
models included the derivation of a fimal equation of thesg
models, essentially‘a time-series form. Wold's exploration of
causality led to his advocacy of a recursive faorm. Both of
these derivations can be extended. In cne attempted extension,ﬂ?/~
Sims has stressed the moving-average representation of statio-
nary economig variables, With Sargent, he has also axplo}ed
the autoregressive characterization of thesé ya;iables and -
their embodiment in index models. These MAR and. VAR approaches,
although responses ﬁo the perceived lack of autonomy of the
structural form, have uncertain properties. It is difficult
to see why they ;hould be less unstable than their more cgmmon

rival.

Interactions Among Variables

%

The probabylity approach to econpmetrics obviously stresses
the interactions among measured variables as well astW% probability
density fyncﬁion of equation errors. However the treatment of
interactions is not comprehensive. This stems froﬁ the use of
"complete' systems of equations, where the transformation of

densities is focused only on endogenous variables, rather than

"self-contained"” systems. The structural form and the reduced

/ .

{
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form of the SEM are based on the probability density function

Ay
AN

of the endogenous variables conditiornal on values of the

«

exogenous or predetermined variables. This conditionality is
imbé¥témt. It may be a major factor in the insufficiency of
"most treatments of exogenous variables and, especia}ly in,

the almost total lack of discussion of interactions among the
exogenous variables themselves. The statistical definition of
exogeneitv can be used without full specification of the inter-
“actions. In many sigaations, therefore, consistent estimatiaon
,0f model parametérs is possible without fyurther exploration

of exogenous variables. There are a number of hidden complica-
tions, houwever, that should be considered. These affect the
derivation of multipliers from structural models, control and
.policy prescriptions, simulative experiments and certain other
aspects of the use and interpretation of Fitted models (not
least of which involves the connection between the SEM and
‘time-series models). It is appropriate to begin our discussion
of these complications b? rediscovering the important paper

of Orcutt (1952). We shall consider %is comments in conjunc-
Efon with the treatment of causal ordering aﬁd identifiability
by Simon (1953), which is often cited as the principal basis
for the conditionality treatment of ex?geneity in the SEM,

It will also be interesting to note thé adjustments that
Tiqbergen made to replace é%ogenous variables and obtain his
final form from his fitted equations. We shall link his

approach with more recent attempts to find the "typical" spectral

. shape of economic variables.
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Simon's formulation begins with a self-contained system
of equations.linking measured variables. This can be illus-
trated with a ‘linear specification such as

(10) Ax = u

t t

Here A is square matrix of fixed parameters, X4 is a vector

of observations that are observed in a given time period and

u, is a vector of equation errors. (We ‘tan ignore non-exogenous

predetermined variables without any loss of generality for our
. [ s
account.) The triplé of elements, in this system of equatiaon

(A, Xy ut) is assumed to be affected by zero canstraints and

Ll

re-expressed in the form

{11a) ‘A11yt + A122t Usg
u

(110) sy Pepy 2t . \~\

. where Yt and z, are two parts of Xy Thé initial vector of

equation errors has been sblit into Ugg and Usys which are

¢

assumed to be uncorrelated. This 're-expressed specification

¥
v

has, for A1 square, the familiar complete SEM in (11a) and

1

a supplemental collection of interactions among the variables

-

in zy in (11b). Using the statistical definition of exogeneity,

z, 1is exogenous and y, endogenous.

t
A common practice in economic research is to ignore (11b)
and tao estimate the parameters in A11 and A12 after imposing

a normalization rule. Multipliers are then based on the

-1

estimated A11

A12. Simulated experiments are an additional

exercise with this estimated structure augmented by prescribed

§

\
.

Y
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paths for exogenous va%iabies, possiblq amendments of estimated

structural paﬁameters and; sometimes, random perturbations to

-répresent the errors' 1mpact. This behaviour is little affected

1f we replate the elements in ﬁ by polynomlal in the lag operator
b
ulth leeﬁ coeff1c1ents. For the hypothetlcal pollcy;experlments

v

'of early proponents Df the probablllty approach- at the Cowles

¥

Comm1331on to be meanlngful in thlS context, several condi-

ﬁlOns must hold. Thelr ﬁu@?llment L% not simply a quegtion

3

~of mathematical convenience. It is .rather & matter of matching
ass@mptioﬁs mighwthé real Eontéxﬁ. We should note four of the

conditions.
b

First, the basis fQ; Qartitioning measured variab%es intagt.

D

polar types must be appropriate. If A11 is too "small" in size
(as mhen too fem endogenaus uarlables are acknomledged) nat

. only are estimated barameters potentially inconsistent and
1 ' . .
asymptotically biased but also interactions among endogenous

o
) i

variables are mis-stated:'The whole procéduré of calculating
muffiplﬁers and simulating'reséonses is cbmpromised. This

. was stressed: by Orcutt who, as ue p01nted out ea;ller,crﬁuclzed

i

. the arbitrariness ©f most partltlons of wvariables and advocated

the development of appropriate tests for exogeneity. Two

decades passed before Sims (1@728,b0, Wu (1973), and Revankar

q

and Hartley (1973) revived interest in such tests.

\
H

The second condition requires the prescribed paths for .
exogenous variables to be consistent with the omitted equa-
tions (11b), which cthstrain the independent movement of

|
|
!
|
1
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exogenous variables, unless -these are unstable. Even with
N

i

instabﬁlity, these variables are constrained by the successors q

o% (11b)» Since little attention is deliberately given to
these {gteractive constraints in practice, it is difficult

y ,to believe that this cgndition will ever be satisfied. Indeed
'it is highly iiﬁely that prescribed values for exogenous
variables will be mitually incnnsistené. Orcutt (p.a1gé) puté
t%is proﬁlem in simple terms. "The real difficulty‘is that
with existing econometric models no claiﬁ is made or evidence
presented that the included exogengus variables are uninflue-
nced by each other, nor is any information proﬁided of " the ‘

-

way their movements are related.‘Clearly, if when one exoge-
n0u§ variable is moved another exaogenous vari;ble in'aﬁy paft
of "the model alsoVsystematicélly mMovVes, Fﬁen its movements
Dmust be taken into ‘account in order to predict from thé model
% _/the effect of the acf}on." There is another complication of
these interactions that affects tests for exogeneity and does
not %ee; to have received much attention. How dq we test for
. exogeneity when there are interéctians among'potenfial exoge-
nous vardiables and when these are no£ explicitly mgdelled?
The slow progreés in extending Sims!' test to mDIE'than two-

vapiéble pairs of eguations is hardly .an optimistic sign

for ~the Feasibilit; of a constructive answer to this question.

~

of econdmic variables and can be linked to the'criticisms of

standard simulative practice from-those who accept rational

i &

4

5

The next condition involves the time-series characteristics
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. . R . 1
‘expectations. Mishkin (18789) describes some of these criticisms.

Jhe conditiﬂn requires that changes ﬁlanned)or anticipated
for exogenous variables, so as to affect the temporal behaviour
of these variables, must not lead to parametric changes in

A

reflects the presumption that this model is conéistent with
LN

the time-series behaviour of one or more exogenous variable.
¢ .

¥

the strugtural form. Suppose part of the auxiliary model (11by
\ .

AN

.Now suppose this behabiour is assumed-to change as part of a

simulative experimént or of a hypothetical one. Then the

parameters %n A22 will change and; hence from the rational- ®

expectations perspective, so will the parameters of A51 anJ
AH; be expectéd to change. For f simulative experimen%, this
implies that the "control simulation" (uhiﬁh is generated by
setting exogenous v;rfébles at their\historicél Jalues)‘is an
1nadequate path with whlfﬁ to compare the predicted paths asso-
ciated wyith experiments. Differences between paths mlll not
feflgcf the changed structure and may give a markedlyjdistorted
impre;sion of the impact of a poficy chaﬁge or of a truly exo-

4

genous event, o

The final condition that we shall indicate is again
concerned with instability of the auxiliary equations (11b)
but now in- a passive way rather than through the assumption .

of rational expectaﬁions. Orcutt writes of a condition of

«(ﬂﬁontinuity ofo-non-controlled varigbles. If research 1is focused

on the consequéﬁ&es of the manipulation of controlled exocgenous

variables,-.it' must recognize the inherent delay in responses
a~

% ) //

A}

~

-
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1

to such manigulation. However, the presence aof delay means

‘that )redicted responses presume the continuity of other

variables from the initial step of hanipulation and through-
out the total period covering both délay and the working aut

of the final cumqlati&e response, Orcutet (p. 1968) suggests

th;t more study of thé continuity properties of economic time
series is_"needed as a basis for specifyimg what kinds of lags
can be tolerated in the impact oﬁ‘th% control instruments™ but .
there is little evidenée that his suggestion has generated
sufficient att;wtioﬁ.-This is ;urﬁrising'since a lack of conti-

nuity was detected in the first' attempts at simulative experi-

ments -with time series by Slutsky almost sixty years ago.

Given the probable non-fulfilment of these and other

conditions in practice, it seems appropriate to consider the

¥

origins of a part}curar procedure that is often used to gene-

v

~rate values of exogenous variables for post-sample simulations.

W _
This stems from Tinbergen's derivation of a final form which

indicated a common time-series character for many economic
varies that’are bound together in a compiete SEM. The reduced
form of (11a) is obtained by multiplication with the inverse

of A An intermediate form is obtaihed by multiplying instead

11°
by the adjoint of this matrix. This yields

(12) | A + (adj A

11091 ¢

which is a non-homogeneous difference equation in Yy if the

7 oan

elements of A11 are pqunomial in the.lag operator. The same *

’,

“scalar IA11I is associated with eacﬁ endogenous variable,

!
&
ViE

VR,
~%
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‘while Koopmans (1941, p. 134) points to the eliminatian

\
o . o

~

Tinbergen-(1939, p. 130; 1940, p. 68) uses estimates of Ay

to discuss the homogeneous component cof this equation,. namely
(13) Al = O

for the i-th endogenous variable. He describes this as the

"natural tendency" of the system while its source (12) has

6iuen a variety of pames-including the "igparated form" |

(Marschak, 1950), tgéi"transfer equations" (Pellner and Pald,

1874) as well as Tinbergen's choice ?f "finai-form". Dhrymes

(1971) suggested "the autoreqressive final form" to stress
- B

the AR characteristics of |A114.

Qur pﬁrposes in describing (12, 13) are to reveal again
a link between the SEM and time-series/quels and to find
softness in this linkage. The existencp of the connéction
between models is the Focué,of the SEMTSA‘framework of
Zellner and Palm., Softness arises both from an inadequat;
treatment of exogenous variables and from a build-up of’
potential inadequacy in the elimiqaticn process (that is,
in the computational equivalent of multiplying by the adj-
oint). We can illustrate the former using Orcutt (1948)
'
hazard. We shall consider these references befope turning
to the treatment of the exogenous variables in post-sample ,
siﬁulation. Faced with (12), Orcutt (1948, p. 7) .argues
that "for a short series, it might not be unreasonable to

hope that the exaogenous variables might be represented as a

constant plus a random component, and, therefore, we might

I .
' j’l
S
.
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a

entertain the further hope that the economic series themse-

lves might be drawings from a population of linear stochastic ~—

series, all having the same underlying autoregressive,structure",
L3

’

This is surprising expression of hope in view of the stress

on interéctiqns among exogenous variables in Orcutt (1952),

which- de have already noted. Both Tinbergen and the early

Orcutt seem to be prepared to ignore the rihht hand side of
(N2), its non-homogeneity, in favour of the myopic autoreg-

ression. Their estimated final equations are

OE 2 3 ' 4 .
(14) (1 - 0.398%~+ 0.2200 - 0.130 - 0.0270 )y, =v,_ (Tinbergen)

i

¥ 2 g
¢ (1 - 1.30 4+ 0.30 Dy, = v (Orcutt)

t t

using the same U.S. data. Tinbergen's result was derived by
4 . R -~

eliminati'‘on after his structure was estimated by the lsast-

squares method while Orcutt used a time-series approach based

‘on the common presence of [A11| for all endogenous variables.

Taken together, their efforts integrate the SEM and time-series
approach provided the exogenous variables are passive and

‘ o *

provided we do not mis-specify the error in the attendant

%
time-series model. This complication-with the error can be
illustrated with a simple model of Hurwfcz (1944, p. 118). v "

Suppose Xt and Yy are two individual endogqnbus variables

bound together by the pair of equations

(152) yy = ayy g + Byxp g ¥ BpXgp + ugy
(15b) Xg = CYi g * Uyy |
i
where u1t and u2t are assumed to be free from autcdcorrelation,
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Elimination yields’the final form

(16a) + -+ d + d = B

i 1761 27t-2 37t-3 t
where €g1, dss d3) depend on the structural parameters
(a, b1y b2,‘c) and e£ is a co%posite error given by

(18b) ey = Uy + b1u2t_1 + bouyy

Clearly this compésite erraor is\ggf\é purelx random component.
It is autocorrelated so (16a) is an.ARMA process rather than
the simpler AR one selected by Orcutt. "That this phengmenon °
has not been given attention is prpobably due to the fact that
the Eriginal set of difference equations is usually treated

as a homogeneous ane and the 'disturbance' is introduced as

a deus ex machina only after the reduction process has been

completed.”" This is an Lnfortunate oversight in the history

of econometrics that was embedded in research practice for

over three decades in the form of Orcutt-Cochran autoregressive
"corrections". These presume equation}Frrors are linear combi-
nations of omitted factors, all with the common time-series

characteristics given by |A11l. .

Turning to the passivity of exogenous variables, it 1is
A
clear that this assumption places strong restrictions on the

auiniary equations (11b). It is difficult to accept that

_1u
222t

More generally this should be substituted for z, in (12) so

A is simply the sum of 2 constant and a random component,

that the eguation is re-expressed as

. 1 . .
07 Ry = -(edd Agy) Ay oRopuny + (@dd Ryg) U
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which obviously has a complicated composite error that has

seldom been acknowledged in time-series models. This error's

; s
) . .
generating process will depend on the ‘interactions among exog~

enous uariablgs through the presence of A;; . It will also
depend on strucéural pérameters anq, consequently, is subjecti
to the instabilities that we have'alreadf considered. Such /
complications must also affect our interp¥etation of the atte-~
mpts by.Granger (18966), Nerloie (1972), Nerlove et al. (1979,
ch. 9) and Dubbelman et al. k1g78) and others to establish a
typical spectral shape for economic time séries. These attempts
are the straightforward counterpart in tHe frequency domain

of Orcutt's efforts using autocorrelations. We can surely find

equivalent sources of softness.

o, The problem with eliminatior to find the final form can
now be addressed., Koopmins (1944J)-pointed out that the use of
distributed lags in dynamic economics is hampered by the rigid-
ities of sampling intervals as Fhey affect the mathematical’
Fepresentations of models. Lagged responses are usually taken
at integral .values of such:interuals. For example, in a model
ofi;nvestmént, this variable will be specified as dependent
on successive annual changes of output if the data for estima-
tion are collected for ann;al sampling intervals. Different
specifications would be made for use with quarterly or semi-
annual data. In any structural form, we can see that it is

likely that some inaccuracies will arise because economic

behaviour is based on nonintegral timing while.the equations.

¢
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contain lag structure themselves.

the period covered by the experiment. Although the auxiliary

192
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fepresent'integral lags, Wheén the estimated strdcture is mani=
pulated to obtain reduced or final’forms, it is possible that
there will occur a "graQUal£midening of lag distributions in
the process Bf elimination, due to the repeated reﬁfacement

of terms with nonintegral timing by a linear cgmbination of
two terms with the nearest thegers as timing indices" so that
the implied dynamic pattern ﬂp these secondary\forms is mis-
leading. The large; the strﬁcture and the sampl%né interval,
the more severe may be the prablem. If we do not ignore the
autocorrelation of the érfors in the final form, the extent

of the problem as it affects the ARMA process will be affected

by interactions among gxogenous variables especially if they

voax

Theotreatment of exogenous variables in preparations for
simulative experiments will depend on whether they are consi-
dered to be controlled or uncontrolled. fFor the latter, the
most common procedu;e is to fit a time-series model, usually
an AR version, tc the sample observations for a particular

»

variable and then to extrapolate this-fitted model throughout

!
equations (11b) could be used to project values of exogenous
variables as generated by a vector ARMA process, this is‘
seldom done. Usuwally separate time-series models are fitted
to the variables ignoring their interactions. Changes in controls

are taken to leave other exogenous variables unaffected.

Interactions among variables are markedly diffegent in
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*the newer business-cycle models of Lucas and others. Their

focus 6n co-movements is revealed by Lucas (13877, p.9). "

A
-

"Technicaliy, movements about trend in gtfoss national prodﬁém%u_
in any country can be well desgribed by a sﬁochastically
disturbed difference eauation of very low order. These move-
ments do not exhibit uniformity of either period or amplitude

ees-s Those regularities which are observed are in the

co-movements among dif ferent time series." As translated into

qconometric models, this concern has stimulated much more

interest in the co-movements of exogenous variables. In a <

vital sense, these have become centre of attention either as

unrestricted VAR or in the index models of Sargent and Sims
Y4

(1977), which add arbitrary restrictions on dimensionality. .

n

Sims (1981) and Sargent (1979) discuss this focus. Their acc-
ounts reveal a radical ‘reappraisal of structural estimations.
Sargent (p. 8) illustrates thig when he asserts that Mthe idea

is to estimate vector autoregressions with many free parame-

o

ters and to introduce restrictiomns not directly motivated by =

economic theory but rather aimed at forecasting better, that
is, delivering estimators with small mean squared efrors".|
The index models may be linked to an intuition of Mitchell
(1951) that movements in many macroegonomfc variables can be
viewed as reflecting one underlying index. This yields the

canformity or coherence of their time-series data.

S0 far we have considered the neglect of interactions

[

among exogenous variables., A complete appraisal reguires an

{
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account of methods that have been developed to deal with .
these interactions when the impact of one varia?le on anaother
is of special interest., The'path models of Wright provide a
suitable framewark for this account. These were used by UWright
to @explore agricultural deman; and supply relations as early
as 1925, Present ﬂéchniques.are little different from those
that he used. Suppose we consider the.three cases indicated
in Figure Three. In (A), a variable y is affected by variables
Z, and\zz. A simple estimate of the impact of these influeﬁcés
cQuld be obtainea from fitfed regressian coef%icieats for a
singié equationduith zT‘and z, as carriers, InQ(B), the var-

iable z, has a two-fold impact on y, one direct and one indirect

2

through its influence on Zg- We can, for example, see education .
affecting income both directly and through its impact on occu-
pational choice. Path models would attach regression coefficients

to all soufces of influence with the correlation between z4

and<¥§ added as a multiplicative: rfactor f&r the indirect

. influence.’This addition serves as an alternative to the exp-

licit modelling of the déterninants of z,, including z,. A
complication arises when there ,is reciprocal influence as in
case (C). We can extend the income example to allow educdtion
to‘incluae both formal échooling and on-the-joh training. }he -
latter mighf be affectediby occupa£ional choice. The impact -
05.22 (education) on y (income) is then difficult to determine

within this path-model framework. It is clear that the arrouw

scheme of Wright anq Tinberden does aid the ~gualitatiue
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N FIGURE_THREE .
CAUSALs INFLUENCE: THREE CASES
(A) y & z, ’
Z2
. M °
(8). . y & - - Z (occupation)
(income) o )
;2 (education)
1 } ‘
(C) y & ——— 2z, foccupation)
(income) '
- . - z, (formal education and
: - ; on-the-job training)

o
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interprekation of causal relationships. Unfortunately, as
must be clear, the use of correlations’'as weights in measures
of indirect egffects is diffic;lt to justi?y except on grounds
of simplicity. It might be argyed thgt the use of the corre-
lations may be less harmful than the tétal neglect of (11b)
in the StM. Hpuever, the only satisfactory treatment must
surely involve giving more attention to the explicit modell-"
iqg of linkageg among ex0ogenous variables, or determining
factors. If we éongideg more recent expositions of path models,
such as Heise (19755 and Kenny (1979), we find little to
undermine such demands for explicit treatment of auxiliary

equations.

Wold's advocacy of eo ipso predictors and causal chains
provide a final illustration of sof tness dJé to the imprecise
recognition of interactions and of the attendant difficulties
in the specification of structural eqguations. He argues that
* instead of the structural form of the SEM, we should use a
system in which each equation can be ifterpreted as based on
the conditional expectatibq of one endogenous variable given
values of all other includea variab}es. The resulting system
is the recursive form of the SEM and can be seen as a direct
extension of the classicai statistical models developed byt
Karl’Pearsop and Yule. Wold (1964c) gives a simple statement
of his position, "in stochastic model building it is an obvious

requirement that rfelations intended for use in forecasting

should be designed as conditional expectations subgect to
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residual disturbance, or as we shall say, as eo ipso predictors.”
)

fwithin this framework, Wold finds no need to set the joint
Q

distribution of variables so that the recursivity imposes

constraints on parameters for endogenous variables while

leaving the interactions among exaogenous variables unspecified.

Strotz and Wold (1960, p. 427) compare this framework with

o °

that of the Cowles Commission, which they term "interdebendent",

and provide an important element for the use of economic theory
"in specification. "If a causal interpretation of an interdepe-
ndent system is pos;ible it is to be proviﬁed in terms of a
Tecursive system.'The interdependent system is then eitHer

an approximation to the recursive system or a description of
its equilibrium state." In a disequilibrium model, the inter-
actions among exogenous variables will be dynamic and they

may be based in part on the actual time-series characteristics

P
4

of these variables. Thé situation for traditional equilibrium
models is less clear. Comparatiue-stat;c equilibria involve
fixed values .of gfogenousiuariables and leave dynamic motions
gither unrecognized‘Br ‘qualitative. Can equilibrium theory

provide a specification for the auxiliary equations (11b)‘0f

the SEM if these are part of an equilibrium framework?

The new classical approaches of Lucas and others, who -
stress "equilibrium business-cycle theory", are radically
dlfferen; since they cast out the traditional use of equilib-

rlum and provide an alternative that is not only dydamlc but,

in fact, markedly dependent on the joint intertemporal movements
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of exogenous vaﬁiables. Clea;ly such approaches, in their

use af rational expectations, also b;;;bw wold}s focus an
condit?onal expectat;ons. However they differ in significant
ways. In the rational-gxpectations framework, the interactions
among exogenous variables are passive and not linked to control.
They can be observed in t;Te-series data. wold.would; on the
other hand, base them on d%sequilibrium‘theory and allow them
to be amended by controls, -Their specification would\%hen need
tp be‘Linked to ggbkomic theory. In practice, we can see the
direct use of time-series criterié for identification (such

as ihose of Akaike and Schwarz ) in choosing structural

specification for the new equilibrium models while these are

secondary to economic theory' in Wold's models.

False Constraints

’

~ -

Although econometricians are now familiar with the deli-
berate use of constraints (possibly false) to provide estimators -

with lower mean square errors,this was not much in evidence
]

during the period  from 1940 to 1960. The stress on asymptotic

"pias and consistency and. the severe attack on least-squares

bias took the avoidancé of bias’as a majof objective. Constraints
arose in.the -discussion-of identification and exogenéityl Thegse
also arose in the.choicé'of estimators.and.in appraisals of ~ .
fhe,relative‘ésxmptpticiefficiehcy. However their potential
falsity was not made‘explicit until Liu (1é55, 1960) raised:

the isgue. We can contrast his comments with the .defensive

ones of Klein (1960a,b): Despite the contents of mostecémmmtric
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" teéxtbooks, it 'is clear.<tfrat much of ;ecent research has

accepted some of Liu's bbjecticns- to the excessive use of
constraints. Chow (1981, p;437) provides a typifal view.,
"fAn] ecopemetrician might wish to estimate not the trie model

«

but an abﬁ;pximate model because the sémple fs finifet One
realizes that the conditions stated by Kpopmdns for defining
the exogenous and/or Eredetermined variables aré never~met,

? that the coefficients of many endogenous and exagenous varia-
bles in a structural equation are not zefo as’Liu has, pointed

;Eut, and that the true model is not stric;ly‘;ecursive'in the

sense of Waold.... Ddé is seldom in a positior to estimate

«

the parameters of the true model because the number of avail-
N ‘ 3 N .

able observations is often smaller thén~the number of its

E 0 : , .

parameters.” : . o : .

Liu's criticism of the SEM and the approach to structural C
estimation stemming from the Coules bcmmis§ion has several ’
impartant ingredients. It builds on two fundamental positions.

First, structural equations'are' ynderidentified. "The comp-
~\\iexity.of modern econom'c/sociéty makes it much more likely
that the true strucg Qral relationships are Lnderidemtified

rather tHan‘ou

identified. ‘That- the existing empirical struc-

tural riéationships are overidentified may, very well be the

/

resulf/éf unconscious b%ﬁ determined ,efforts toc obtain 'significant!',

structural estimates." (Liu, 1960, p. BS56) Second, the presence

of multicollinearity in economic data should be acknowledged '
[/
and then utilized in making forecasts,

-
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Taken together, underidentification and multisollinéarity
imply that "no reliable estimates can be made of the coeffi-
cientg in the structural relationships" (Liu, 1955) so we -
should go‘beyond the SEM to see if alternative Forecastiné‘
procedu;és can be developed. Liu introduced both a pseudo- )
st{uctural form and a pseudo-reduced form, which are explora-

i

tory and not sEructure-gon?irming. These are impogtan£ in the;
process of choosing variables and in forecasting. The exploratory
structure is fitted far alternative lists of included variabies

by the least-sguares method. Its purpose is not to find

"structure” but rather to prquide a manageable number of - %
predetermined variables for use in the pseudo-reduced form

or forecasting equations, The estimated values of structural
"céefficients are not used in making forecasts. Variables that

are retained for forecasting equations are representative of - E
a host of variables due to -multicollinearity. This softness

in the precision of structq;al estimates 1s a source of strength

for unconditional forecasting bf the type envisioned by Liu.

"[We] are dependent upon these collinearity tendencies to

'catch' the important forces acting upon a‘giyen endogenous

vfriable so that forecast}ng may be successful." This is similaf

t tﬁe recent use of principal ;omponents in regression mddels'
affected 'by collinearity anq, also, to the basic ;otions of

o
index models,

>

Klein's defence .against these criticisms is not one of

strong support for structural estimatiom. He concedes that it
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is misleading to look at individual structural parameters
(even though these are at the heart of Ehe hypothetical
experiment that was used to generate support for the struc-
tural fo;m,‘ds for example by Marschak). By 1960, he had
already shifégd his interest to the solutibn of the SEM for.
givenlcoﬁdiﬁions. He stresses the needs for am overall summ-
ary statistic with which to compare afternative methods of
estimation, while méintaining that "I pelieve that the general

~

rule in realistic econometric models is heavy overidentifi-
o N

cation", and for the use of the reduced form in forecasting.

. Klein's response is also interesting for its acknowledgement

that smali changes in estimated structural equations often
*lead to pronounced changes in the implied reduced forms that
are derived from-them. Thus forecasts may be Qery sensitive
ta stguctural estimates, which is particularly unfortunate
if combined with- the problem of multicollinearity that was
hoted by Liu. Klein also pointed to the limited potential
for improvement tp forecasts from changes in statistical
methods. This contrasts with the improvements that he expec-

ted in 1960 tosstem from better data and better knowledge

of economic institutions, areas of softness that deserve

attention.

Q
L]

_Liu (1960, pp. 858-860) looks at the principal charac-

teristics of the actual behaviour of econometricians in the
4 I

1950s. They seem remarkably similar to those that generally

o

prevail today. "The habit of fitting even more ovefsimplified

i

[}
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relationships has been so,deeﬁly and firmly fmp}anted‘in us
that we gay consider even six variables to be a; extraordi-
narily large number." His account of the criterion use? by ’
Klein and Goldberger to choose uariablgs is just as relevant

©

for appraising the structural content of later economy-wide
econometric models. 3uch content may indeed be indeterminate
because of the-environment in which we work and because of

the procedures we use. He deserves the last words on the

b
- [

imposition of false constraints. "[N¢] econometrician can_ .
be an anti-structural estimationist. Our ultimate aim is
naturallyhto estimate etonomié structures, but it is not our
job to derive :structural' relationships by artificially
overlapping the stfucture and thereby getting around data

limitations." (Liu,.1960, p. B60)

JProxi;itz : )

Given that struct;ral equations will se mis-specified,
the robustness of estimation procedures beco%e a major consi-
deration, WGld;°with his concern for the properties of the
least-squares estimators outside the clasgical linear model,
is the first econometrician fe make sensitivity and robustness
a primary focus in determining the properties of fitted stru-
ctural equations. *Three yéars after Haavelmo pointed to the
"least-squares bias" in interdependent (SEM) systems, Bentzel

and Wold (1948) demonstrated the equivaience of maximum-

likelihood and least-squares estimators and the absence of

>
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this bias when the SEM was recgrsive. Theyraléo began the
exploration of gemporal aggregation, defining as “UE'Mqlmqvist
bias"™ the impact on estimators of an inadequate sampling
interval. This latter interest foreshadowed the efforts of
Engle and Liu (1972) and others to explore the impact of
temporal aggregation on the pgopemties of particular estimators
and on appropriate specifications. It also motivated later
discussions of distributed-lag models as discrete approxima-
tions to con;inuéus differential-equation stochastic models.
These were significant %n the history of econometrics as
temporal aggregation may remove the recursivity of causal
chains and may introduce autocorrelated errors, which que

given inadequate attention in the structural analyses of

1940-1960.
\ \
Wold (1948; 194%a, b) initiated the search for proximity

theorems by econometrigians. His efforts brought forth prac-
tical considerations of robustness and began the approach

that led to the sterile interest in such thecorems that we

have used to characterize the turning point in about 13960.
Prpoximity theorems begin with a presumption of mis- o
specification are within acéeptable bounds. Sterility arises

en the conditions cannot be linked to real situations facing

econometricians. Wold (1953) and Wold and Faxér (13857) deve-
loped his earlier idea;. The latter[define specification

error as the error that "arises if the population is not

correctly described in the assumptions that form the basis
4
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of “the Q§timatioﬁ method" which can be contrasted with sampl-

ing error.

L.}

The simplest prox;mity thegrem of Wold can be illustrated
with a model in which an endoge%ous variable y is linked to
another variable x and a random equation error e. The asymp-
totic bias of the least-équares estimate for the coefficient
of x will depend aon the correlation of x and e, on the variance
of x and the variance of e. whenuthe last factor is small,
the asymptotic bias may be’negligible even if x and e are
cbrrelatea. Wold also'explored the impact of autocorrelated
errors on least-squares estimates and looked at residual
correlations férhmA and AR processes. Indeed. his procedure
(1949b, p. 7) for residual analysis is precisely the one nouw
followed by econometric s;udentirin using the ACF of least-

squares residuals. This is str%cture-searching rather than,

structure-confirming.

Clearly the activities of Wold and Liu, as described
in the last section, make visible the softness of structural
estimation. Both indicate practicél procgdures that emphasize
this softness. It is therefore reasonable to ask why econo-
metricians continued, for at least two decades, to give insuf-
ficient attention to specification error. Perhaps we can find
an answer to this question if we consider Fisher (1961) as
representative of the mainstream response to the efforts of

Wold and Liu at the end of our reference period. He recognizes

several elements in Liu's critical comments and invokes Wold's
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use of proximity theorems and block recursive models as a
defensive framework from which to address the critical comments.
Somehow the strength of. thys defence rembved the initial.caUse
of concern from active consideration until the flood of criti-

cism revived with the rational-expectations revolution,

Suépose we begin with Fisher's account of Liuls objecthms.n
First, structural equations are underidentified since economic
thebry does not provide the zero tonstraints that are conven-
tionally imposed to yield fitted "overidentified" structures.
Seédnd, the number of endogenous variables is generally under-
staged so both the strucfﬁral form and the reduced form are
mis-gpeggfied. Clearly the identifiability criteria are.
misleading when variables are misclassified and when incomp-

v

lete systems are treated as complete. These would seem to be
devastating to the probapility approach in partiéuiar andfid
structural estimation in general. Fisher (1961, pp. 34-35)
turns to approximation ras a means of weakening their impact.
Thus the proper question is not, in his view; wvhether para-
meters are zero in fatt but rather whether they are "in same
sense sufficiently small" so the zero approximation is accept-
able. Further the discontinuous choice between identified

and underidentifizd specifications is misleading. The problem
is rather "one of diminishing estimation inconsistehcy as

the restrictions are better and better approximations”. The

solution in a large system is to use approximately correct

restrictions “and break this system into a black recursive pattern.
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Then Liu's ériticism,qfvigsufficient size is weakened.
"Structural estimatién is seen to be entirely possible in
general, so that discussion and criticism musﬁ‘be directed
toyard the goodness ﬁr badness of the approximaté assumptions

’ -

fh a particular case and not toward the truth or falsity

’

= ——

thereof." The'rivaldeg%imating methods for structural para-

meters will be inconsistent but, provided approximations are
"good enough', such inconsistencies éra‘negligible. Although
many approximations may indeed not be good énough, this "must

-~ . 3 i i
be decided on a case by case basis and no general a priori

argument Qin be made to this &ffect™".

Where dgés this argument leavé structural estimation?
There is a ffemendous temptation for anm individual researcher
to concede the geéeral~thrustaof Liu's comments yet to assume
thét, for his particular situation, approiimations are suffi-
ciently good. Fisher failed to provide guidance for aetermhﬁng(

the appropriateness of approximations or for measuring degrees

of inconsistency. Although the large Brookings econometric

model for the U,S. economy made ;eference to block recursivity,
this notion is not a prominent feature of subsequent models.
fhe blocks in these modgls have been determined by their
manageability and by the availability of data rather than

by a careful review of the approximation being empléyed. It

is extremeiy difficult to find any discussion of specification
error due to false constraints in the mainstream of applied

econometrics within the last two decades. Givefi computational
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advances, there is reall§ little excuse for the neglect of
sensitivity experiments and other explorations of robustness.

A

In sum, only part of Fisher's position has been assimilated.
e have failed to providé the case-by-case assessment that

is essential for the acceptability of proximity arguments in
practical research. While Wold's inv;stigation of sbecifica-%
tion error yields the routine inspection of Fﬁe ACF for resi-
duals, Fisher's arguments fail to stimulate equivalent concern
for direct testing procedures. The final shortfall that we

should note is present in our textbooks. How many of them
[/

described any methods of checking for the appropriateness

,of exclusion constraints? How many of them even raise the

issue except as a curious historical events?

EHEEEEE'
weuhaue élready touched an the difficulty in interpreta-‘
tion of individual estimated parameters. Th%s may not matter
if such estimates are not of direct interest and we should
turn to the general issue of how the purpose of a research
praject interacts with the specification of structural effects
and the choice of estimating_method. me have already seen
how the use of a hypothetical experiment was used to justify
the estimation of the SEM's structural form as a backggound
for conditional forecasting. We have also seen Klein's recog-

nition of the sensitivity of-reduced form parameters to small

changes in estimated structural parameters so. that forecasts
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might better be based on .the ggﬁuced form itself. Cleérly
. \ .

if instability is a common attribute of these forms, there

E) ¢ ¥

is difficulty in accepting either as an appropriate basis -

for forecasts, conditional or otheruwise. Forty years ago, it

o

was often_expressed that the goal of econometrics was to ach-

\ -

_ieve "reliable predictionsﬁ, generally with a view to guidance
of policy decisions. The gommon failure of this goal provided

the ferti;syground on which fell the seeds of the Lucas critiqgue

-

"with its fogus on structural instability. Surprisingly, uwe

NN

«can still find evidence of the confusion between estimation
hY

o
a

and prediction. If éhe goal is prediction, why should asymptotic
properties pf estimates such as consistency and asymptotic
efficiency have any relevance? There is no obvious link between
these criteria and predictive success. Clearly there is a

4

pressing need for seconometricians to clarify their objectives,

~

their research methodsy and the connections between them.

In the reference period 1940-1960, there was discussian
of "purpose" but this was limited and often obscured by other
concerns. Waugh 11961) provides a refreshing break in this
picture when he raises the question of 'what do we want to
e6timate?' and suggests that’the answer may not be the para-
methrs of theoretical economic structures, "So far, the main
interest in the various methods of structural analysis seems
to be in estimating the 'true theoretical relations', - for

example, the 'true demand curve' for some commodity. This

is legitimate, of course .... But econometrics should mot
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limit its interest to pure theory. The econometricians should
help the economist and the statistician to find practical

answers to real economic problems." The background for Waugh's

o

plea is a@ainlthe probability épproach to econometrics. Suppose -

4

we consider the following pair qf equations .

Y1 = @Yo * €
(18) :

Yor =

1t
= @Y * OBy

where I and e, are indepehdentiy-distributéd qormal vari-
ables, Haavelmo and other members of the group af’ﬁﬁe Céwles
Commission put foruard several simple structu;es of this type
.to show that each equation could not be interpreted as a
’ conditional expectation in the sense Faat, for example, the
expected value pf Y1t given Yot is not 84Yop e They concluded
from this that least-squares estimates would be biased for

( I

a, and CPY the parameters of econamic theory. These estimates

may, however, be useful %h‘illuminating E(y1t/y2t) as Waugh
Hotes. The critical guestion is, as we already cited, one of

the purpose for estimation. Haavelmo (1943a, p. 11) seems to
have dccepted this statement. "For prediction purposes the
original equationsuof the ;ystem have no prgctical significance,
they play only the role of theqretical toals by which to derive
the prediction equations." Clearly there.,are many situations

in which t?g parameters of the original (structural) equations

A
have little value for the purpose at hand.

The original equations, themselves, are also a matter an
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choice. Strotz and Wold (1960, p. 417), in their comparison
of recursive and nonrecursive systems, make this clear. "The
first thing to consider when constructing an economic model
is its purpose, that is, how it is to be applied in dealing
with economic facts." There is no necessity to begin with the
structural form of the SEM. That this should still need to

be stated is a strong indictment of‘the evolution of econome-
trics dufing the last four decades. Perhaps we can detect a
portmanteau attitude to econometric models. Given the availa-
bili&y 6f appropriate data and software, a model is constructed
without any particular purpose in mind but with the awareness

that, when fitted toc the data, it may be used for a number

. of different purposes (some of which may not be evident prior

to the completion of both specification and estimation stages).
The structural form of the SEM is taken as a provisional basis

8

since it is habitual to do so!

T%ig portmanteau approach has been eroded as simulation
became standard. The radical treatment of exogeneiéy b; Klein
and You%g, which we noted earlier, is matched by £evisions
to criteria of acceptability and purpos; in many macroecono-
mepric models. Imtially these arose as éart of historical
verificatiaon mherebywthe validity of a model was taken to
depend on its ability to track the behaviour of thé actual
economic system during the period for which data are available.

To enhance tracking gualities, individual estimates are often

altered irrespective of their asymptotic properties. Naylor



(1971, p. 223) illustrates the background for these adjusf-
ments. "Econgqetric models which have been estimatedbpropérly
and are based on sound economic theory may yield simulation
results which are nonsensical. That is, the simulatio;s may
'explode', and inherently positive variables may turn negative,
leading to results uwhich are in tomplete conflict with reality."
"The desire to provide a tracking performance 1s clearly the

{r A
purpose of the adjustments. |

This shift in emphasis can be taken further. We can
introduce a qualitative ¢riterion for the choice of estima-
tion procedure and for specification. Optimality may then be
definea as the choice by which the qualitative attributes of
variables are replicated or simulatiQe properties enhanced.
This seems little different from the motives expressed in
systems-dynamic modelling by Forrester ana his associates.
Their adjustment of tuning constants is the counterpart of
con-adjustments and "tender loving care" as found in more
conventional economy-wide econometric models. Perhaps SD models

are econometric after all.

, Normalization and -Asymmetry

Much AF econoﬁic theory is non-stochastic. This deter-
ministic character creates difficulties for the intérpre&ﬁion
of errors in econometric models. Since errors are generally
not present in economic theory, there is ample room for aLte}-

[~

native opinions concerning their nature. This uncertainty as
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to how stochasticity should be treated was expressed in several
wayé during the early phase of econometric history. {(For example,
Frisch advocated "orthogonal mean regression'" and Schultz

regularly calculated two estimates of demand elasticities By

fitting dual regression equations.) The uncertainty persists

today in the issue of normalization aHd in the conFusidn
between regressioﬁgand structural equations. On a‘préé%ical
level, it arises in economic rese;rbh at an intermediate stage
between mathematical modelling and fitting. At the first stage,
the functional relations of mathematical anaiysis are manipu-
latee éé obtain equations that will be taken structural./The
parameters of these ,equations are estimated in a finaljstage
but only after a metamorphgsis occurs. Somehow errors appear

AN

and .their interact%on with measured variables (determining
o .

exogeneity and endogeneity) is fixed. Some mathematical expre-

'ssions are seldom unique, there is potential for alternative

and mutually inconsistent specifications of statistical pro-

perties as errors are introduced. The possibility of alternative

+
. .0 . . . -
choices, not necessarily explicated by, economic theory, 15(%
N e TRarL

M ™~
‘major source of softness in econometrics and it geverely.

P

\

impactsvon the interpretation of structural estimation. In
- . -

"this final topic, we shall illustrate some problem’s by looking

at the attempts of molé.and Frisch to overcome them. This

topig is often described as the choice of regression or choice
\

of /"dependent" variable.

Frisch (1929) was clearly influenced by the mathematical '

o
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~asymmetric and irreversible In contggst with 'the symmetry
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%
symmetry of the Walrasian *system of equgtions. Within this
framework, there is no basis for cHoosing a particular vari-

able in an equation as its dependent one. The least-squares

principle for estimation minimizes the sum of squared

.residuals taken in a particuler direction so some variables

must be chiosen prior to the use of this prindiple. Thus, withiﬂ

the Walrasian system, there is an inherent contradiction for

" such estimations. Frisch opted for "orthogonal mean regression"

as a compromise choice but this, while not picking a‘aependént
variable, is sensitive to measuremenf scales. it is just as
arbitrary as the choices that it avoids. Ulti@ately.\Frigchﬂs
suggestion can be traced tﬁrough_the efforts of his~stbden§ '

Haavelmp to the probability approach to econometrics and the

&

advocacy of maximum likelihood estimates that .may not be affected

by the choice of normalization rule.

Wold took a different line of approach. Instead-of bégi- ,

4

nning with the equilibrium of the Walrasian system, he sought

to combine cause-effect notions and coeditional expectation

as the bases for econometric modellings. These are essentially

a4 S -

-

"

stressed by Frisch. They may aiso involve disequilib;iud

12

rather than equilibrium se that causal influences could be

. t " . . .o K
more easily explicated. Finally the treatment of equation

errors is differemt - with symmetric and asymhmetric perspectives.

o

With the former, errors could represent the collective impqct* ‘

of omitted factors and they are not identified with a gependent

~ r

- .
\\\ ’ B ]
.



= 214

variable in a specifX fashion. On the other hand, in the
asymmetric variant, errors have a specific link with parti-
cular endogenous variables in the sense that the dependent

variable in any‘given equation is fixed and thus identified

&

with the error for that equation.

With an eqdation~linking stochastic variables, there

are many alternative regression forms that are amended as
1 -

notes the general, awareness of this "duality problem" by

g

statisticians. "From the very beginning, in the pioneering

) works'qf Galton, K. Pearson and Yule, this plurality has béen

r
stressed as a cha

H

racteristic feature of regression analysis
h A s

‘.:
5

in Eontrapiction to the functional relations of mathematical
analysis." WQlé ;rgues that the symmetry among a%%ernative
regréssion lines is merely forﬁal gince the causal interpre-
tat%on of regression in both experimeﬁtal and non-experimenta
situations singles out tHe yariéble that should be taken as
dependent. Sometimes this perspective can be extended to mode
involving instantaneous equilibrium aégthe following example
illustrates. Suppose d, s and p denocte demand, supply and
price. of some agricultural commodity. Ip equilibrium, d and

s will be equal. Let their equilibrium value be denoted by q.

These economic variable’s may be assuhmed to be conngcted by th
‘ ! T,

has

system: _
‘ ; gt‘= ag + a1Py * ey (deman%)
Sg = 82 v 83Ppqt St (supply)
© 9y = sy = A | (qulllbrlum)

.their chosen dependent uariaEle is changed. UWold (5952,~Ch.2).

1

1ls

o)
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Since Py and e, are generally correlated, we can infer that |

E(qt/pt)qis not (aD + a1pt) as we discussed earlier. However

the system could be expressed with

= * *
dt a; + a,pPf + el
* [ * - ¢ .
whgre p¥ 1is E(pt/pt-1) and e¥,  is the corresponding error.

Then the conditional expectation E(qt/pﬁ) is (aU + a1p§)..
This example, due to Wold (1964a), is a little forced but

it shows the feasibility of an asymmetric approach based on

,conditional expectation.

In'this examﬁle, the revfseg error is obviously uncorre-
latedwith p%. This error is defined only by reference to
the~chésen dependent variable dt‘ It clearly differs from
the initial error which could be consistent with the symmetric
tEeatment of price and guantity. UWe 6%2} therefore, conclude _
that a given structure is compatible with differént views of
errorsfand with different vieus of measured variables. These
lead to different optimal estimation procedures. The essentiél
prggiém is that economic theory needs to be supplemented

before we can choose among alternatives.

Some Concluding Comments . -

We have struggled through this long account of sensitive
issues, revealing elements of softness in structural estimation.
4
This preoccupation does not yield an unmequivocal questian to

our implicit question concerning the demise of structural \

gstimation. It is clear that our procedures may indeed preclude



v 216

structural estimatioﬁ due ta the use of Félse\constraints,
tﬁe insuffici?ncy of econemic theory as a source of structural
- informatibn, and the general difficulty of developing stat--
istical-models from deterministic ones. On'the other hand,
,eEonomists seem to want structural frameworks that can be linked,
however tentatively,kwith the formal expressions of mathematical
economics. We can say thatwthe primacy of thé probability |
approach has been weakened botﬁ by the routine behaviour and
model builders (involving iterative search, simdlation, and
tendertiouing-care adjustments) and by the developments that
have ocgurred in statistical theory (such as the interest in
robustness, the(regognition of conditional specification,
the move away from asymptotic criteria to finite-sample theory
J énd a host of others). We hope that our use of historical

references permits & better undgrstanding of the present

debates on structural estimation.’

I

-
&

TR
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CHAPTER FOUR

FALLIBLE INDICATORS

o

Over a hundred years ago, Francis A. Walker suggested
that "[The] country i; hungry for information; evefything
of a statistical character, or even of a'statistical appear-
ance is taken up'wi}ﬁ an eagerness that is almost patheticy
the community have not yet learned to.--be half skeptical and
critical enpuéh in rﬁspect to such statements"., This comment
is clearly as relevant now.as it was in 1873. Consider recent
‘?evelopments in the U;S. and Canada. During the last few vyears,
the U.S. census for- 1980 has been acknowledged to undercount
1.3 million blacks (actually a substantigl:improvement over

o

its performance a(éecade earlier), the C.D. Howe Research

IﬁstiFute has accused Statistics Canada of consistently under-
estimating the rate qf grouwth and thus caused the:-Federal
Deﬁartment of Finance to develop inaccurate projections, the
Chairman of the Jﬁint Economic Cammittee of the‘U.S. Cdngress
has pointed to é "potential calamiiy for the Eederal Statistical
System" due to budget cuts that will undermine data gquality
(with'delaYS‘in data colleétion, reductions in sample sizes )
:and elimiéaéion of séme vital sources), and a study for the
. DN .

Eéonomic Council of Canada has'argued that the conventional

definiéion of“productiviﬁy should be discarded even though

~ the Council has been a leading advocate of this definition

for about two decades. In addition, we can identify major

D
e \,0~B . .

’
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changes in the focus and measurement of both monetary agg-

regates and labour-market variables following influential -

+reports by the Bach Advisory Committee on- Monetary Statistics

and the National Commissfbn on Employment and Unemployment
Statistics in the U.S. With this backdrop, we would exﬁect

a marked change from the situation described'by Walker, Yet
despipe the existence of substantial grounds for severe
scep¥icism concerning the accuracy and interpretation of many
economic indicators, we see the monthly+releases of data
treated as major news items without clear statements of appro-
priate duaiifications. Even substantial revisions of published
data from go&ernmental agencies have failed to shatter Fhe
persistent habit of treating economic indicators és infallible.
This acceptance occurs despite the transformétion of economic
theory to include new concepts associated with qualifying
names suéh as "natural", "underlying" and "permanen£". éach
new concept involves, in princ}ple{amendments to conventional

definitions of economic indicators.

The overall impression is of a curious mixture of compla-
cency and potential change due to collection failures, shifts
in theoretical emphases and political pressures. The impact
of fallible indicators for econometrics is multi-dimensional
affecting specification, blases, generalizability of fitted
regression lines, influential statistics, structural instabi-
}ities and a host of other complications. These imply a

considerable degree of inherent softness in econometrics both

- -

4
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beoause of this awkward environment and because of the fail-
ures of econometricians to give adequate attention to 1ssues

of measurement.

Clearly the extent of such issues is too cOmprehen51qe
for us to cover all of them. We settle for some 51gnlflcant
ones in the seven sections of this chapter that follow. We
begin with the simple requirement that the origins of many

economic indicators in sample surveys have to be explicitly

recognized. so that their stochastic consequences can be dealt

)

"with in estimation, prediction and interpretation of ‘empirical

Pad

fits. The second section focuses attention on environmental

- N
transformations due to financial innovation and labour:maﬁket
developments. We touch béigfly on adjustments to monetary
aggregapps and reweighted unemployment rates as wefl‘as on
the recent debates concerning the instability of fitteq money-
demand relationships. The third section looks“aé éata prepa-~
ration and prior adjuslments giving attention to the §ule-

Slutsky effect (which is‘linking to our earlier discussion of

spectral approaches to'long waves in economic activity), seasonal

n ¢

adjustment, and data as an intermediate good. This is followed
by a brief sectiopn on the issue of revisions in measurements
with monetary targets and seasonal adjustment as particular

illustrations.

The remaining three sections consider temporal intervals
and aggregation, the search for data on duration in economic

states (such as dnemployment), and the softness of economic

\
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conceptg themselves as bases for measurement. The -first

of these focuses attention on the major difficulty that

stems from the failure pf economists to establish the funda-

mental time intervals for discrete models. We can have little \\\\\
conFidance in the assumptién.that sampling intervals for data

will b:Tapprobriate ones for theoretical economic quels. |

Tempora% aggregation is a major form of measurement error

and can;be linked to blased estimation, autocorrelated errors

»

in regression models, and even sign reversals for parameters.

0 brief trea?ment of duration data is included btoth
as a reminder that the common preoccupation'with flows is
unduly restrictive and as a means of indicating how suppleméntal
probabilistic models have been introduced to assist modifi-
cations .to "dynamic" indicators based on e€ross-section data

4

(such as\éze obtained from the Canadian Labour Force Survey).
The final section, dealing with‘soft concepts in economics,
picks up some of the issues raised in othezdséctions. It
attémpts to show how much of the softness in econometrics .
stems from the insufficieny attention given by ecoﬁ%miéts=
to making their theoretical ngtions operational. In part,
this is due to the vagueness of thesé notions and to the
dgterministic and individualistic format of many theoreti-

cal models. The chapter ends with a few concluding comments

linking measurement and soft econometrics.

‘“(\
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N

-

230

Indicators as Statistics

We have often stressed the problem of reconeiling\the
mathematical expfé%sions of economic theor; with an appro-
priate %tatiétical framework., The choice of measuremepts orT
indicators to represent theoretical variables is a major
problem facing economists in this process of reconciliation.
Sociclogists, psychologists and some other social scientists
have at least addressed the distinction betuween indicatori
and theoretical constructs in a systematic way, Economists,
howexer, have until recently been much less atténtiue to it.Q
They have also neélected to recognize the straightforvard
oriéins of measurements for major variables (such as prices,h
unemployment and incomes, for example) in sample surveys. le
intend to begin our treatment of fallible indicators by briefly
looﬁ;ng at some aspecté of this source for measurements a%d

by considerfng the consequences for econometricians who use

reqgression,

Most courses in econometrics within our universities
irivelve a series of ideal models. These include the classical
linear model, the generalized linmear model due to Aitken, the .

simultaneous-equations model of the Cowles Commission, time-

— -

series models, and spme variants with distributed lags and
unknown autoregressive parameters. This list might be supple-
mented with stochastic pafameters, nested errors and similar

modifications. None of these items, however, recognize measure-

ment errors or consider the intrinsic characteristics of indicators,
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In fact, many students in econometrics can graduate without
ever meeting problems of measurement. Others will only meet
measurement error in the context of Friedman's use of perma-
nent income in consumption furnctions or in the context of
principal components, Even then the error will be attributed
with white noise propefties or with normality because of the
tractability of such assumptions. The character of error will
not be linked with the origin af measurements, There are two,l
major dimensions of this neglect. Firét, the convenrntion of
treating explanatory variables in regressiﬁpaas fixed or »
exogenous without significant meaéurement erfor is continued
even when the quality of data is_podr, the theoretical comnstruct
is imprecise, and the level of aggregation is unsuitable.
Secdhd, economists have!become accustomed to making "instru-
mental assumptions'" rather than realistic ones that could

stem from an explicit investigation of the potential source,
form and correlative properties of measdrement érrors. These
deficiencies affect the softness af applied econometric
m@delling even if they remain undef-recognized. They have
visible consequences in éhe erratic shifts o% refitted tegre-

ssion lines, incorrect signs or magnitudes for estimated .

‘parameters, and unacceptable features in residuals that appear

during the stage of criticism.,

To look at aspects of the sample sources for measurement,

we can consider the Labour force Survey {(LFS) and some elements

in the production of data for the consumer price index and for

r—
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summaries of the size distribution of ipcome. These illus-
trations will be focused here oﬁ the "smail area" problem,
" the issues of rﬁtation bias and'reéponse adjuéime7ts, as well
as the Feasibi}ity of applying "super-population" theory. Such

D

matters are frequenfly raised by governmental statisticians

but their journals, such as Survey Methodology which is produced
H . B
by Statistics Camada, attract only a narrow audience and are

hardly noticed by most econometricians.

The small-area pfoblem arises when eétimates (data)
are required from sample surveys for domains whose boundaries
do not coincide with those of design strata. Several types of
domains have been identified. "Planned" domains are those for
which separate samples have béen planned, designed and selected.
‘"Characteristic" AOmains 'cut across sample units as with a
age-sex, éccupationifnd industry domains. Fipally, "unplanned"
domains are those that are not distinguished at the time of
the samble design. These could‘include federal electoral
districts, census divisions or manpower planning regions rather
than Canada as a whole_or provinces. When measurements to be

used in fitted regression line are derived from a particular

sufvey, these inherent domains affect thé "domain of applicability"

e

-

1 .
for the regression line. They must be acknowledged in determin-

ing the range of conclusions, predictions and general uses of
empirical evidence. Constraints stem from the data extremes

for explanatorf variables and from the survey domains.

Unemployment rates and measures of labour force participation

»
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based on responses ta the‘LéS are valid replicates of popula-
tion rates and measures provided théy correspond to accurately
planned domains or to characteristic damains with sufficient
coverage in the sample, They are generally invalid éor non-
plénned QOmains. Thus we ought to be sceptical of disaggre-
gated unemployment rates, for ex;mple, for sub-~populations

that were not explicitly recognized in the design strata.

Their sample properties may be inappropriate. . -

Consideration of the domain of measurements is also relevant
in another situation; namely, that sometimes associated with
"contextual variables". Suppose the dependent variable in
a wage equation is based on wage caontracts or on familiar series
for earnings. Then, within the conventional ‘choices for the \
Phillips curve, there is a tendency to include a measure of
unemployment as an explanatory variable. This measure will stem
from the LFS but its reference population will be different
from that of the dependent variable, which is not derived from
the LFS. Thus the unemployment rate Fo£ an overall group or
for pfime-age males in the labour force might be associated
with wage rates for part of the unionized labour force. When
the reference population for the meésureﬁ;nts of én explana-
tgfy variable is more comprehensive than that fﬁr the dependent
variable, the former is termed a contextual variable. The hazards
of this situatiol seem clear (affecting 'measures for prices
and productivity as well as ‘for .unemployment) when described

in this way. Unfortunately such descriptions are notably absent

°© ~
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from the wage-equation literature, which suggests that many
empirical findings may be affected by some variant of small-

area bias,
& a

Turning to the %econd ilqutration, we focus an rptation
bias and response adjustments. These depend upon a revolviné
series of samples and upon differential responses between waves
in these samples or between sub-populations. Again the LFé
provides a suitable example. A second example can be draun
from the Surveys of Consumer Finances (SCF), which are our
primary source of information on family incomes outside the
censuses. The LFS sample follows a rotation scheme that permlts
replacement of one-sixth of the households in the sample each/
month Any panel or wave remains in the sample for six conge-

/
cutive months. It is well known among survey statisti;jeﬁs

that rotation designs may lead to the estimates (data) from
different rotation groups having different expected/values.
Bailar (1975) and Ghangurde (1é82) pfpvide a more comprehensive
account of this phenomenon. Several factors can be identifieq:
for Fhe attendant "rotatioe group bias". For the LFS, non-
response rates for households vary with their time within the
sample. Further, non-respondent households have different

e

average characteristics as compared to respondent households.
(an-respondents have markedly higher levels of employment,
for example.) Thus the reconciliation of sample statistics

with population characteristics might involve .adjustments with

variable scaling factors. Deficiencies in adjustments leave



' ‘ 235

erTors that’are far froh white noise and that are linked

with the characteristics of households so as to cause poten-
tial inconsistencies for. parametric estimates in regression
models using data from the LFS. There are hidden interactions

among variables.

The incidence of scaling adjustmengs,for differential
responses and differing group characteristics is often limited.
In the SCF,vfor examﬁle, scales permit cverall totals for
various components of income to be cheéked with data from
National Accounts. The scales are also applied at intermediate
levels but the SCF samples remain advefsefy affected by poorer
responses on investment income and transfers than on earnings.
Measurement error is therefore dependent on the comaoéition
of %hcome. This means that quantile regression models and
equétions linking Gini-coefficients with gualitative charac-
teristics of families are both susceptible to problems of
measuremept due to the form of samplé responses. It is surp-
rising that this séftness has not received the same attention
as that accbrded to the impact of grouping data with the use

of approximating formulae in calculating indices.

The final illustration is concerﬁéd with attempts to
find better means of describing the staEistical properties
of aggregate indicators from sample origins. Wilkerson (195?[
argued for treating the U.S5. price index as a sample statistic
affected by the design and response patterns of its originafing

survey., However, his suggestion received little attention.

&
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Recently, it was revived by Kott (1984) who surveyed similar
(theoretical) gttempts to determine sampling biases for price
indices from the viewpoint of the superpopulation approach
due to Godambe (1§55). Price trends (and many other economic
variables) are not ra;dom elements thatocan be interpreted as
stemming from a fixed and stationary population. Kott (p. 89)
concedes that "they a;; a finite group of variables dependent
on a,variety of economic factors that do not affect all units
uniformly" but suggests the feasibility and desirability of
developing statistical properties of economic indices from
supérﬁbpulation theory and collections of reasonable assumptions.
It is premature to expect much from this methodology but at
least its existence will remind us that economic indicators
have statistical properties affecting their use and implying

softness in the interpretation of regression lines that have

., been fitted to data from sample survey sources.

Environmental Transformations

In the discussion of‘long waves in Chapter Two, we npted
the stress attached to financial innovation and crises by
Minsky. This is one aspect of environmental transformations
that modify the structural frameworks with which economic
behavicur can be described. We hope to use financial innovation
and unemployment as two illustrative areas to clarify the impact
of environmental transformations on measurement. Within finan-

-
cial innovation, .we shall touch upon the changing nature of
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monetary aggregates, the instability of money-demand rela-
tionships as as well as thé literature associated with Minsky's
discussions of financial fragility in the U.S5. economy. With‘
respect to unemployment, we lodk at attempts to maintain
intertemporal comparability of unemployment rates when pro-
nounced structural changes have modified the labour market,
These changes are associated with increased labour-force
participation of married women, baby booms of earlier years,
and the rise of part-time employment. They have been 1linked

to advocacy of uweighted rates. We could also have focused
attention on the structural shifts identifiea with changes

in governmental policies (such as in the unemployment insurance
programmes) but eventually ue chose’tg‘ignore these. They would
not have introducedxany new problems of saftness that ar; naot
already present in the socio-economic and demographic changes
that we shall actually consider. Our discussion is reasonably
brief with some arguments concerning measurement of maonetary
aggregates and unemployment left to our later section dealing

with soft concepts. K //

Fi%anciar innovations create many problems at the macro-
econaomic level. Ma;er (1982), for example, notes two of these.
They create confusion about the measurement of money during
the periods in uwhich the innovations occur. They also create

the possibility that money stock will be destabilizing. Before

discussing the question of confusion of measurement, the second

problem might be considered since it is closer to Minsky's
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concerns with crises and fragility. This "loose cargo" argument
for destabilization is based on the presumption that Finapcial
innovétions, often responses to requlatory efforts, increase
liquidity by creating financial assets with near-money proper-
ties and thus accommodate spending. The availapility ;f credit
is transformed, transaction costs of switching, among near-
monies is reduced, and the buerall level of monédy is more
difficult to cdntrol as a governmental policy. There occurs a
curious ' mixture of increased efficiency, guicker adjustments
and incipient instability. As a uhole, as Mayer points out, éhe
loose-cargo argument may be insufficient to justify restricting
financial innovation. It needs to be enhanced with cregit
crunches before financial crises can arise to provide a potential
for the pronounced decline of the iong-wave collapse from its
cyclicai (or S-cu}ve) peak..Such crunches in recent U.S. history
have been described by Minsky and by Wojnilower (1980). In !
their view, institutional changes are part of a process that
has greatly intensified the propensity of the U.S. economy to
excessive credit expansion and that may lead to more serious
crises of endogenocus bankruptcy. For econometrics, the financial-
imstabhility hypotheses of Minsky and Wojnilower imply pronounced
structural breaks following significant innovations. The time-
series character of some economic indicators might, thergefore,
be better represented by the interrupted model of interventibn
analysis or by threshold autoregressions rather than the conven-

tional models which assume stationarity or orderly movement

between successive regimes.
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Even if crises are an exaggeration, it jis clear thaf
financial innovations affect both monetary controls and
targetting. Hester (1981, 1982) and Judd and Scadding (1982)
clarify dev;lopments in this respect while Simpson (1984)
anticipates future impacts with recent events treated as
part of a period of transition. many,of the issues here go
much beyond our immediate concern with softness in econometrics
so we shall not pursue them. However, there are some dir;ct
connections with econometrics since the operation of controls
and the choice of targets are generally based on what are
considered to be stable empirical relaﬁionships. Thus the
recent failure to find money-demand equations with sufficient
intertempo?al stability is di;turbing. The impact of éhis
failure is enhanced by the search for revisions of monetary
aggregates that led to th; establishment of the Bach Advisory
Committee by the Board of Governors of the Federal Reserve
Sygtem in 1974 and has continued without any sufficient dimi-
nuition of effort to:the presentl‘Of somewhat less relevance
are the attendant modifications to econometric components
in models for designing optimal monetary controls. Hester
’(1981) demonstrates "some of these. They include stochastic

parameters (perhaps with endogenous drift), vector difference

gquations and rational expectations. ' -

Returning tao measurement i@self, financial innovation has
made a wider class of indicators available for use. The defini-~
/ ‘

tions accepted by the Federal Reserve System have generally

stayed within simple sums of conventional aggregates when
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: . introducing MilA and M-1B measures in 1876 and when discarding
- kK :

‘ . them for replacements two years later. This hag‘ﬁot precluded

1
®

‘ interest in more complex modifications, most notably as
-Divisia 5r~5uperlative aggrggates. Cockerline and Murray ’
B (1981a, b) compare these alternatives for Canada while the
special studies pépers of the Divisiop of Research and Statistics
{ at the Federal Reserve Board are a major source of comparisons
oo and gther information for the U.S. (Our list of references
- cites some of these and gives appropriate access to the efforts
of Barnett and Spindt.) The essgntial difference in calculations
- _of Divisia and conventional simpié-sum indicators is the use
of weights for‘sub-aggregates, Divisié‘bomponents are multi-
plied ;;Em835ure§ of "moneyness", usually based on differences
* between iﬁterest rates., Since we Baue only vague %biions-of
‘hdm “méneyness" should be measured, the resulting aggregate
“indicators are essentially soft; Econometri; models that embody
them are, éheref&re, to be subjéét to careful interpretation.

P'S

Errors of measurement are inevitable,énd, if they stem from

@

‘inaccurate weights, must depend upon the relative size aof

¢
P

/ ' . "~ components. They'cannot be assumed white noise. Excellent

*

accounts of Divisia weights are provided by ééfnett (1983a, b;

1984) and in the references'that he gives. From these, it is
- P

clear that the choice ofan "incorrect" mongtary indicator-in
a reqression model cannaot be adequately offset by adjustments
to constants or to estimated slope parameters. This awkward

( - situation prevails whether innovation procedes smoothly or is

= - o clustered, Biases are pervasive. These might be revealed by

o - 13 /

P
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poor tracking properties of fitted regression lines and‘by
the instability of estimated parameters whenm fitted to diffe-

rent time periods. Thus the problém of measuring aggregate

. monetary indicators is not distinct from that associated with

unstable honey-demand equationstf

This ins}pability issue is summarized by Judd and Scadding

(1882):and by Tinsley, Garrett and Friar (1978). An international

perspective is provided by Blundell-Wignall et al. (1984). The

fundamental need for stable money-demand relationships in

¢

advacacy of monetarist policies is clear. It was, therefore,
very wméttling for monetarists when empirical evidence for
these relationgﬁips.revealed dramatic instability just as
monetarist perspectives became fashionable. Several responses

to this situation were possible. The instability could be

attributed to the excessive_ restrictions of the classical

linear model (implying need for stochastic parameters or

switches in regression regimes fixed by changes in external

N’

influences) or to inadeguate-measurement of aggregate monetary

indicators (and, hence, experimentation with alternative

measures until stability is_found). The latter response provides

a new approach in econometrics and, perhaps, a disturbing one

for conventional inferential procedures. Instead of confirming

an existing relationship for known variables, we are being

asked to believe in its stability and to determine the choice

of an indicator by the stability of equations within which’'it

is to be embedded. Softness arises fraom the choice of criteria

to assess a reasonable degree of stability and, also, frpm

@
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dbuﬁf‘toncerning the initial belief in stability itself.

. Turning to our second area of.illustration, -we find

similar questions arising. Thus we can locate demands for

reweighted unemploymenf rates and insistent claims that the

instability of fitted Phillips' curves. should be attributed

to incorrect choices of measures for unemployment. The former

reflect concerns that the transformations of the labour market
(due to changes in the relative supplies of different "qualities"
éf labour) mean that the estimated unemploymeﬁt rates for
different time periaas are not comparable. We are, therefore,
required to find suitable adjustments by which we can determine
current equigalents for earlier values of unemployment rates.
The weights for the adjustmerts.might be based on demographic
infqrmation so that a time-series is linked with variable
corrections. Alternatively, we can sgéndardize recent rates ¢€
to hypothetical equivalents assuming non-changing popuL@tions
since an initial period. Attempts to deal with such matters

are provided by Perry (1870, 1971), Flaim (1979), Cain (1979)
and Antos et al. (1979), while a variant stressing the impact .
governmental policies rather than demographic shifts is revealed
in Clarkson and Meiners (1977, 1979). The consequences of

these environmental transformations‘for gconometrics are
essentially the same as we have noted for financial innovatian,

Softness is associated with criteria for choice, methoaslogical

stances and specification of statistical frameworks.

/

’
«
<£

q‘/—_‘\\\;
\ ! "‘5&:

| L
/‘



243

Data Preparation and Prior Adjustment .

So far we have drawn attention to the problems of
measurement stemming from the origins of data in sample

surveys and from environmental transformatidms. In most

_éfiggpts, fhe users of economic data find these ptoblems

unavoidable although they may ignofe them or misunderstood

-and mis-represent them. Data preparation and prior adjustment,

on the other hand, are frequently the consequénces of explicit

Lhoices by researchers. They involve conscious decisions to

smooth data with graduation formulae or seasonal adjustment

[2

software such as X11-ARIMA to remove certain "uninteresting"
frequencies in the spectral domain, to obscure individual
responses to survey questionnaires and maintain both confi-

dentiality and credibility, and to anticipate the compromise

%

among alternative uses of data. We intend to illustrate some

~-
of these considerations by describing the Yule-Slutsky effect

25 it appears in studies of long waves, by mentioning part

of the radical reappraisal of seasonal adjustment that is
currently underwyay, and by looking at the treatment of data

as an intermediate good.

Clearly these three topics do not exhaust the area of
data prepargt%bn. We shall ignoreJthe choice of transformations
such as*in the Box-Cox approach, differencing, "pre-whitening"
and Orcutt-Cochrane adjustments for stationarity and freedom
from autocorrelation, and trend removal. The generalized

Box-Cox procedure, in which optimal transformations are estimated
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for both depehdent and explanatory variables, is highly
non-linear so its use eliminates many of the standard measures
of estimated standard error in finite samples. Differencing,
with integral powers or the fractibnal ones considered by ’
Granger, requires criter}a for determining which pouwer of'
difference to choose sao an element of subjective judgement
arises in its use. Similar intrusions of softness can be

identified for Orcutt-Cochrane adjustments, pre-whitening and

. trend removal. Data preparation should be treated as a specific

ES !

stage in modelling so research becomes a multi-stage process,
which generally means that softness is present ., The Frisch-
Waugh theorem indicates a few cases where the softpess is

manageable bu are quite rare. This interaction of

softness and/multi-stage methods is increasingly evident as

the literature on diagnostics and criticism grouws.

The Yule-Slutsk ef%ect was mentioned in Chapter Two
where spectral approaches to long waves were cited. It is
essentially a variant of the fundamental theorem of linear
filtering. Suppose aSB) is a polynomial in the lag operator B,
then the impact.of a linear filter on a given time series X
3?n be representgd as a(B)xt, or y, say. Then, if fy(A) and

fx(A) are the spectral density functions of y and x, they are

connected by the relationship

(1) 00 = fatePhT e .

The §pectral density of the adjusted series will depend upon

that of the initial series and, also, on another factor
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determined by the %orm of adjustment. Here the symbols e and i
represenf an exponential function with a complex argument,
Suppose, in addition, the initial series can\bg written inn\
terms of white noise as b(B)nt, where b(B) is anothér poly-
nomial in the lag operator. Then there is a poteétial for
forgetting the impact of prior adjustm?nt so as to confuse
Ib(ei}‘)[2 with [a(e%k)b(eix)[f We .obtain "false" signals from
the presence of the second filter. The enlargement of the

factors in the spectral density function is the Yule-Slutsky

effect.
/

Time domain representations of this effect have been
recognized since linear gradpation and smoothing of series
became common. Moulton (1938), Wald (1939) and Dodd (1833,1941),
are typi¢cal illustrations of this historical recognition.
Fishman (1969, pp. ;5-49), Granger (1964, pp. 41-42) and
Harvey (1981, pp.81-83) provide more recent illustrations in
the spectral domain. The problem for long-wave research has
been put succinctly by Bird et al. (1965, p. 239). "We héve shouwn
that the use of both a fixed averaging pegiod of a variable
averagiH§ period may yield a long cycle in the transformed
data, therefore, if long cycles have been found in ecgnomic

data after using either transformétion{ it can mean that

léng cycles actually exist, or that they were created by theé

transformation." Since linear filters have been used to smooth ~

data in long-wave resesarch for oveér half century, we face a

significant problem for secondary analysis of existing studies

— é:g

4
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in determining whether inferences concerning the existing of

"long waves and their interactions are robust to data preparation.

AR second example of the Yule-Slutsky effect occurs in
simulative experiments with large economy-wide econometric
models. When a fitted model is linearized to facilitate
stochastic simulation, the paths generated by endogenous
variables reflect the behaviour assumed for exogenous variables

and the implicit filtering (inversion of the fitted linear

.structure) of* stochastic perturbations. The major implication

of such simulations is that the filtering of model error can
generate cyclical phenomena so that the signal part of the
structure need not be forced to include specifications with

dynamic characteristics for cycles. The analysis of the

Kleiﬁ-Goldberger model by Adelman‘;nd Adelman (1959) is the
best-known illustration of this locational .analysis for .
particu%a; cyclical frequencies. Their c:nclusionsvreveal the
softness of linkages between specification, qgtimation and
simulation. Howeuéf, they are not associated with the fallibility

of indicators and thus lie outside our immediate caoncern in

this chapter.

The fundamental theorem of linear filtering is also
relevant in seasonal adjustment of data. Both long-wave and
seasonal preparation of economic series seek to enhance the

visibility of certain frequencies by "smoothing" out other
frequggcies.§g§e difficulty represented by Yule-Slutsky effect
P ,

is that this epération may induce false signals rather than

T e
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suppressing uninteresting ones. Often the suitability of

particular seasonal adjustments is explored by representing

them as exact or approximate linear filters and, then, consi-
dering the implications for spectrai densities. An excellent
example is provided by Dagum (1983), who considers the proper-

ties of the X11-ARIMA procedure.

]

Decomposition of a given economic indicator into four
components, one of which is a seasonal, was bopularized by
Pergons sixty five years aqo. By the mid-1930s, according to
Bell and Hillmer in a recent survey, seasonal adjhstment was
characteriied by four major ideas. These are assoc{ated with
"changiég seasonality", nonstationarity of trends and certain
cycles, unsuitability of explicit mathematical functions 0%
time as representations of either seasonals and trends, and
the need to deal with outliers. All of these involve softness,
which was not dispelled when computational developments trans-
formed seasonal adjustments and the statistical theory of
stochastic processes widened the scope of decomposition to
spectral analysis of bands of freguencies. Indeed these changes
added other difficulties. Although more series could be treated,
less time was spent on the appraisal of each series' cyclical
characteristics. Also there was a pronounced shift of ;esponj
sibility for prior adjustment from amalyzers of data,to their
publishers, Many researchers now leave seasonal adjustment to

government statisticians or routinely use dummy-variable and X11

procedures.
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The present crisis of seasonal ad justment arises from
this soft situation. It is far from insignificant since most
'of the economic indicators that are h%ghly controversial
(money supply, unemployment levels) have been adjusted prior
to theii’rehmse. The crisis has.several dimensions: the choice
of seasonals at annual intervals or concurrently as pioneered
at Statistics Canada by Dagu%; asymmetric versus symmetric
filters; and the feasibility of model-based seasonal adjustment.
Eventually our difficulties in determining appropriately adjusted
data or schemes for their generation éarry err into regression
models that use the data. Adjustments change correlative pro-
perties both within the seriél chéracter of individual vari;bles‘
and between those of several series. Thus checks for exogeneity

and causal ordering, for example, are adversely affected.

Dur fimal illustration of fallible indicators sfems from
the concept of data-as an intermediat%e product. Deville and
Malinvaud (1983) raise a number of interesting issues in this
context. Their discussion (p. 337) reflects experiences at the
Institute Naﬁﬂnaﬂ de la Stat%stique et des Etudes Epoaomiques_
in Paris. "The same data-set often interests different groups
of peaople, who look at it for answers to different questions,
some of whiéh are directly related to various concerns, others
raised by specific research projects. Typically data analysis
made by official statisticians is not addressed only to one

" particular type of use but to a more or less wide range &f

uses, Data analysis may then be viewed as praoviding an
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intermediate product, ready for further processing by égecia- )

" lists dealing with particular questions." Since data must:

o

satisfy many purposes, its eventuél preparation will never be
entirely satisfactory. Mis-matches between preparation and
diverse uses can be reduced by concerns for efficiency, robust-
ness and standardization, as Deville and Malinvaud point out,
but they will persist as contributors to soft econoﬁetrics.The“
concepE of intermediate product could, in fact, transform
gconometric models, especially those that acknouwledge measure-
ment error or the latency of underlying economic variables.

If taken up by ceéntral statistical agencies, it wouid revive
the detailed appraisal of individual time series by non-
governmental researchefs and improve the interaction of data
producers ana users., The likelihood of this occuring is,
however, small in the present environment of budget constraint

for these agencies.

Revisions

In earlier sections, we have discussed same stochastic
sources of measurement error,;shifting populations 6ue to
changes in economic environments, and relativel& static issues
in 'data preparation and priorlgdjustment. We have so far ignored
the fact that dgta are often modified in sequences of releases.
These«"revisions" of data may be substantial., It is possible to«
point to several recent instances when revisions were suffi-

cient to change perceptions of the state of economic recovery
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or groth.IThey occur usually in data for whicq‘preliminary
estimates are based on convehtional rules before more complete
records are availadble. Surprisingly, preliminéry or first

stage estimates typically reﬁeive much more attention than
final estimates. The latter are generally released in cons;li-
dated tabulations after considerable delay so they lack +
immediac;. Howevery given the magnitude of particular revisions,
some weakening of iéterest in the earlier figures or suitable
qualifications of them might have been expected. Their absence
reveals how widespread is the unsophisticated knowledge of

data sources and of their fallibility: This picturé exactly
matches the climate revealed %n tpe quotation with which we
began this chapter. Economic indicators, however erroneous and
subject to revision, are part of the political fabric and thus
receive ephemeral but dramatic attentio; when first their
values are released. Loeys (1984, p. 39) indicates a typical

attitude. "The highlight of the week. for any true 'Fed Watcher!

is the Thursday afternoon announcement of the Federal Reserve's

most recent estimates of the monetary aggregates. In recent

years, financial markets throughout the world have reacted
strongly to these announcements." The reactions-have been so
extreme that arguments have been presenteéd by the Chairman of

Fede}al Réserve for ending the weekly announcements. These

.arguments gain tentative support whenever dramatic errors in

money supply figures occur but such support guickly subsides.,

What are conseqguences for econometrics of revisions? Loeys

¢
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ignores them and, assuﬁing fundameptal irrationality.among

1

money-market participants, attempts to model the impact gf—
"announcements", The instability of his empirical Zults

(as found in shifts for October 197§, January 1982 and December

-1982) may, however, stem from awareness among participants

9

that data would be revised énd their erratic élements smoothed.
It is also connected to the reappraisal of the)choipe of monetary
aggregates that we have already noted7 Further\detail is provided
by Loeys and in the papers that he cites. Instability may alsa

o

be attached to seasonal adjustment techniques as we shall

discuss below.

In the wider context of revisions, the traditional response

. by econometricians was to search for factors in determining the

magnitude of revisions. Attempts to link changes from provi-
sional estimatés of national income and expenditure with
"explanatory™" variabf??‘us&ﬁgxgegression techniques are common-
place. There are, houwever , other aspects of regisions which
are less evident but more interesting, especially if connected
to the formulation and implementation of economic policies or
to the substantial instability of estimated economy-wide
econometric models. Here choices of estimating technique may
indeed exacerbate the impact of revisions. We shall illustrate
this by considering the.use of the Almon-lag procegdure in
construction of successive yersions éf RDX and CANDIDE econo=~

metric models for the Canadian econamy.
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, Suppose we begin our illustrations for revisions by
coﬁsidéring revisions of seasonal filters. Dagum (1982, p.173)
establishes the connection with economic policy. "The current
éeasonal adjustment of economic time series is very important
fqr policy making at any level of the economic.activity. The
seasoﬁally adjusted data are mainly usefpyl to assess the ﬂmgeé
of the business cycle at which the ecggﬁgy stands. Because of
this, current seasonally adjusted series subject to frequent
;nd high revisions are disliked by policy makér!, particularly,
if the revisions show a change in the direction oF'thg'cyclical
movement." Two of'her findings reveal the potential Féédback
from revisions %0 the choice of seasonal adjustmént techniques

and, thus, to choice of data. First, for the series that she

considers, revisions of concurrent and forecasting filters of

&g 11- ARIMA are from 30 to 50 percent smaller thad those of

X 11 . Second, revisions for concurrent seasonal filters are
nearly a half of those for forecasting filters of both m;thods.
Thus the. incidence of significant revisions is highly dependent
on choices of prior adjustment. Econometticians should pot,
thermhre,‘consider the use of seésonally-adjusted economic

indicators in fitting structural models without exploring the

impact of different choices for the adjusted data.

Estimation is not the only interest here. Fhe Report of
the Committee of Experts on Seasonal Adjustment Technigues
for the Federal Reserve, which is summarized by Pierce (1983),

reveals other concerns which involve revisions. The chief
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among these link revisions directly with mﬁnetéry targets and
controls. Maravall and Pierce (1983, 1984) and Cook (1984)
discuss suggestions that Eargets be fixed in terms of seasonally
ad justed data and explore the presence of noise both in préli-
minéry money supply figures and in subsequent revisions.

Cléarly naise can be éssociaﬁed with false signals and with

1

difficulties %p interpreting breaches of the tolerance range

"set by the Federal Open Market Committee for growth rates of

monetary indicators. Maravall and Pierce (1984) determined a

high frequency of misleadiqﬁ.preliminary figures (about 40 per
cent) in the decade of the {1970s, uwith seasonal revisions

-

identified as the primary c tse of wrong signals.

nd instability of fitted' models,

Turning to revisions
we see the Almon lag as a/means of apparently reducing dimen-
. i
sionality in the classical linear model. Suppose we have, in

familiar notation,
19

(2) y = Xb + e

where y and X record observations for variables, b is an

unknown parametric vedtor and e represents the error. The

Almon-lag procedure . Trequires b to be replaced by Ac where A

i
is a known matrix and c is an unknown vector of shorter length

than b. Then, if v is fthe discrepancy between b and Ac,

v

(3) ty = XAc + (e+Xu).

<
7

Least-squares estimates are obtained for ¢ ignoring the combaéit@\\

character of the error in (3). When multiplied by A, these
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/yie{q‘implicit estimates of E; This procedure is used in many
economf—wide econometric models, most notably in the RDX and
.CANDIDE models for Canada and in their U.S. counterparts; For
almost twg decades, ahese modgls have reveafzd instability of
épecification when refitted to revised data f;r Natigﬁal Income -
I and Expenditure after initiallyﬁkeing fitted to data including

preliminary values. Tﬁ&s\occurs at about two-year interuais

ig Canada as revisions are gmbodied in consolidated tables. Ue
;uggest that the combiﬁatidn'éf revisions and the use 9f<the
Almon lag can explain this instability of f&tted relationshf::T\

‘ If the error .2 and the specification (2) satisfy the assumptions
of. the classical liﬁear model,. then the Almon estimate for b is
biéseg with the bias being dependent on X, R and b itself. Thus, S
if revisions change Xy the bias wiil chahge and estimates will
) be‘unstab}e evén if the underlying relationship isﬂnot.kThe

.7 methods of estimation (with its false constraints) .and data
B @1‘));‘

‘revisions combifie to yield an unsatisfactory situation.

“w
A

It is obvious from these illustrations ‘that révi§ions of
data can be a major companent in sofit econometrics and in the
acceptability, interpretation and tolerance regions of monetary

targets as well as many issues &ffecting seasonal adjustment,

- 12

.Témporal Intervals and Aggregation

The fifth area of fallibility of measurement that we

> “Ayant to discuss is markedly different from those citedgabove.

It iﬁvblves, in a. fundamental way, the distinction bBetween

B
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stocks and flows among economic variablés and stems from
imprecise treatment of temporal intervals by economists.
Although references to "long-run! and "short-run" are common,
their definition in terms of time f!kher than of the flexibility
of change is rare. The sho?t—rum period is not a fixed number

of days or months aﬁﬂ is ;ertainly unrelated to the sampling
intervals adopted by statisticiamns in the production of data.
As a consequence, the intervals assumed in economic theory
(uﬁ&cH are relatively imprecise and not necessarily of constant
width) are.not those underlying data. Thus fitted models must
involve some temppral imbalance. Does this Basic mis-matching
matter? We shall argue that it is a Tajon problem affecting
both ,specification and the deteTmination of statistical pro-
perties for esti&ates of model parameters. To support our.
arguments, we shall draw. on a framewprL described by Rouwley
and Trivedi (1875). This simplifies the real situation by
assuming sampling intervals are integral sums of theoretical

intervals. For example, we can think of annual data uwhen

theory is appropriate for quarterly intervals. This simplifi-

.cation is a significant restriction but it yields some results

that afe, perhaps, surprising for many ecdnomists and econo-
metricians. Rowley and Trivedi cite the princiéal users. of
this framework. At the end of this section, uwe shail briefly
indicate complications that it obscures. Most notable of these

is a:problem of irregular spacing which was first discussed

by Quenouille.
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"Before beginning our discussion ‘of temporal aggregation,
;t seems appropriatecfo notice a éheorem of aggregation for
ﬁime-series elements. This does not inualve temporal aggre-
gétion. Rather it reveals a problem for specifying the error
in a structural model when this error is assumed, to be a linear
combination of omitted factors. Following Orcutt, these
omissions ‘might be assumedﬁto be generaéed individually by
time-series processes. Suppose Z14 and z,, are two elements
detefmined by ARMA (p1,q1) and AHwA (p2,q2) processes. Fhen®
their sum (Z1t+Z2t) is determined by an ARMA (p*,g*) process,
where p* is the sum (p1+p2) and g* is the maximum of (p1+52)
and (p2+q1). For example, if z.) ;and zZt'are~de£ermined by two
Markov processes AR(1), then their sum (which is a simplifica-
tion for the error in a structural model) is determined by
an ARMA (2,1) process. This theorem suggests that it is VETY
unlikely that errors in structural $odels have the simple
properties that are conventionally associated with them. ‘
It is especially clear that, even if error combonents are
Markov, their sum 1is not. This‘seems to invalidate routine
use of autoregressive transformations. The theorem introduces
Ewo elements that w; shall also find in temporal aggregation.
First, the process generating an aggregate variable can be
found from those generating its components but it generally
differs from them. Secand, aggregatioh seems to imply the
cammon presence of moving-average features. These MA features
are awkwa;d to deal with in estimation and have been widely

overlooked both in econometric research. and in our textbooks.

A
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' We shall explore four illustrative cases for temporal

aggregation. The first and second cases deal with the reduc-

tion of autocorrelation among errors. These are followed by

cases involving lagged dependent variables and exogenous

variables. We shall consider three-specifications of an’

inherent model that is based on economic theory:

(4) Yy, = a + eg ,» (Cases A,B)
(5) Yp = by _q +a+ e, (Case C)
(8) Yg = BYgq *dxp * ey (Case D) .

Here Y is a variable of interest, Xt is an exogenous factor,

t is an error and the other symbols represent parameters to
s, “

be estimated.

.

e

Similarly we have three specifications for the process

generating the error:

(7) 8, = Ny + cny (Case A)

- (8) cey_ 4 +t Ny , (Case. B) .

(9) e, = Ny

where c is

less than unity in absolute value.

-

The fitted model will depend on the choice of sampling

interval; that is, on the degree of aggregation. In Case A,

the fitted model is - ) :

(10)‘ Y = ha + Et For t=h,2h,3h,...

(Cases C and D),
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where h, an integer, is the number of "theoretical time units" y;l
in a sampling interval. Yt is the h-interval aggregate and | '

Et i§ the corresponding easror. It is reasonably straightforward

to establish that Et is generated by an MA process with lower
autocorrelations than those for - For example, with 4-period

aggregates, the autocova;iénces of the two errors are §\\

2 2
[1+ (14c) +c1,c,0,...

2 2
[1+3(14+c) +c )y cCc 4045040

P
.e

if we suppress the scale factor for the variance of the white-

-

noise input.

In Case B, the fitted model is again (10) but the error

genérating process differs. The aggregate grrors are no longer

‘generated by a Markov process. Although autoregressive trans-

A

formations mighﬁ\be appropriate for the theoretical modél,
they are unsuitable for the Fitte; models since aggregation
has affected ﬁha_error-generatdng process., Taken together,
the$1w0 cases ghow that the §ize of the constant varies with *
the degree of aggregation, moving-average features persist

or are introduced, while autoreggessiue elements are compou-
nded with MA ones} Finally, even if economic theory or some
other sources could identify a time-series structure for the
theoretical model, the eventual error'will be equally depen-
dent on aggregation.\The failure of economic theorists to

fix intervals for theoretical models implies that wewan never

t

be sure what degree of aggregation has occurred. Consequently
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we have difficulty in the ipterpretation of the size of the
constant and in choosing an appropriate prior specification

of the error. Softness is inevitable.

Turning to Case C, which involves (5) and white noise
for the error, additional complications arise. The fitted

model for 2-period aggregates is

2 .
FDI‘ t= 2,4,6,0--,

(11) Yy =0 Y, 5 +A+E
where A depends on both a and b and Et also depends on b, as
given bye .
R =2 (a + ab) )
(12) . -

§t= N, * (1+b)nt + by,

The aggregate error has autocovariances that indicate a MA
process. Further this error is correlated uJJ'.tl'x‘Y,c_2 so least-

2
sguares estimates of b will be inconsistent and asymptotically
i \ i

bigéeq. To summarize, the parameters of the fitted model are
markediy different from those of the initial theoretical
model and the error (solely as a consequence of aggregation)
has very  unfortunate properties. Notice the sign of b2 can
be different from tﬁat of b so rejection of model with the

"yrong" sign could be due entirely to agaregation.
s
When the constant is replaced by the exogenous element

dx, as in the move from Case C to Case D, the "fitted" model

t
is also changed to

| 2 * .
(13) Yt = b Yt_2 + dXt + Et for t=2,4,6...
+*

where X~ is given by

) i Q\V
.
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€14) ' X, = x, + (1+b)x + bx

t t"1’ t"2.

Now the approp;iéte explanatory variable cannot be used unless
\

b is known. Measurement érror is inevitable and & significant

L

non-linearity has been introduced.

All of these difficulties stem from the single deficiency

-

of theory‘to proyide an adequaﬁe basis for specification by

econometricians. Indicators are fallible be&ause we are
uncertain c9nsidering their temporal span, their correlation
with errors, and their accuracy. Aggregation, even of the
simple kind discussed here, introduces complexity, biases and
nonlinea;ities. When data.are collected at irregular intervals
or economic decisions (the theoretical components) occur at
irreqular intervals, the situation for estimation becomes

even more difficult. Dunsﬁuir and Robinson (1981) discuss
timé-series estimation when ébservations are missing. Their
approach might indicate one means of dealing with irregular-
ities in data collection or sampling intervals but this has
yet to be determinéd. Rowley and Wilton (1971) explore the
combin#tion ofgirregular decisions and stable sampling
intervals with information from wage contracts. Their work

is pessimistic since it implies that we could only"eliminaté_'
the consequences of temporal aggregation by collection ‘of ;

substantial body of micro-data. The problem of irregular

'spacing is clearly in need of much more attention., Unfortu-

natelyy it is not clear how the simple framework that we

3

Y
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States and Duration

Much of modern economics'is preoccupied with‘flowé. The
stock-flow distinction is erflooked or blurred by convenient
theoretical devices. 0ften, when stocks are involved in economic
madels (such as, for example, equations for the derived demand
for productive factors), they are transformed into flous usi&g
a notion of implicit "services" associated with‘the stocks. ‘
Thus multiplicative scaling factors, with a time dimension,
permit capitgi stock and labour supply to be treated as if they
were capital éervices and labour services, respectiveély, espe-
cially in neéclassical formulations. In many efonometric
explorations using data for stocks in linear models, this flow
dimension is implicit in their estimated é;rametérs and may
af%ect pheir intertemporal stability. It is genérally hidden
from Qiew. Quite apart from ?he issues raised by the potential
instability of gstimates andthe imprecision of the services
concept itself, the use of ‘data for stocks has been linked
to some major difficulties in interpretation and specification'
for econametricians. The difficulties are not simply technical
ones of limited interestkﬁj?ey are impoiiant ingredients in -
controvergies among economiét§ and policy-makérs. We shall use
recent discussions of unempyéyment to illustrate significant
issues of stocks as they impact on economic and political
controversy and on econoﬁ;tric softness. Dur Frameworklis

eséentially that provided by reactions to the "new view" of

unemplbymenf, which is often -attributed to Feldstein. For
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econom?sts, £his view stresses "voluﬁtary" unemplayment of
short duration, It“has"stimulated a reappraisal of ﬁaémployhent
statistics and of potential methods for augmenting them so as
to establish the principal dynamic %ea?ures of emplaymeﬁt,

unemployment and labour-force participation in relation to the

J

/

/
This reappraisal has generated a host of papers and inter-

national attention. Examples for the U.K., the U.S. and Australia
include Akerl;f and Main (1980, 1981, 1983), Bower§-(1980),
Bowers and Horvath (1984), Clark and Summers (1879,1980,1882a,b),
Frank (1978), Hall (1982), Kaitz(1970), Lancaster (13879), Main
(1981, 1982a, b), Nickell (1973a, b; 1988), Salant (1977) and
Trivedi and Baker (1982a, b,c). Canadian %xamples are provided
by' Beach and Kaliski (1983), Fienberg and Stasny (1983), Hasan .-
and de Broucker (1982a, b, c) and }he stdﬁ%es they cite.
Associated with this literature, we can detect a shift from
the concentration on uﬁemployment rates to new interests in
tqrnover, the incidence of unemployment, frequency and duration
of u;empldyment spells, probabilities of re~-employment, énd
interrupted spells.
\ .

The neﬁ view of unemployment,nas‘descfibad{ for examplé,
by Feldstein (1973, 1976), suégests that its nature has changed
fundamentally. It has been affected by an environmental trans-
formation so that thé unemplaoyment rate, as conventiaonally
measured, is no longer a stable indicator of closeness to

capacity or of economic hardship. This criticism of the indicator
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is distinct from demographic traﬁsformation that we noted in
an earlier seétion of khis chapter and the techniques stemming
from it differ from the re-weighting schemes that we cited
there. Rather attention has shifted to means of modelling
"gross Fious" in the labour market. With a basic list of
"states" (in the labour force, unemployed, employed part-time,
emplo;ed full-time), these flows are persistence in or move-
ment between successive states. A "speil" is a persistent stay
within a given stgte so much of labour-market dynamics can be
expressed in'terws of states and spells, Unfortungtely, just

as we saw a mis-matching af theoretical horizons and sampling
intervals fpr time-series in the las% section, we can now '
distinguish Between the time-frames for data from periodic
cgoss-sectional (or rotation-group) samples and the irregular
intervals between changes in state actually experienced: This
mis-matching is not likely to be resolved by adding retrospective
questions to surveys since responses on duration in spells are
often inaccurate. In support of this, Bowers and Horvath (p. 148)
indicate considerable inconsistency in longitudinal microdata
from the Current Pépulét%on Survey (CPS) concerning duration

of individual unemployment. They conclude that itlis " inescapable
that reported unemployment duration is greater, on gverage, than
one would expect. This‘falliGility is additional teo that
associated withvsample selectivity, éruncated samples or

0
rotation bias.

f
-

If unemployment is largely vsluntary, turnover may be high
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and spells of unemployment brief. Bather than looking at
uneﬁployment rates, we might prefer to look at'alternative
indicators such as the average duration of unemﬁloyment.
Validation of this new view clearly requires detailed explo-
ration of labour-market dynamics beyond those commonly considered
prior to the emergence of this view. Given the economic and
political significance of unemployment rates as indicators

of the need for corrective actions, alternative interpretations.
of the relative magnitude of the rates must receive adequate
attention. This may explain the magnitude of the response to

the advocacy of Feldftein and others, as revealed by the coqtri-_
butions in the list that we have provided. Cain (1880, p. 7)
summarizes the situation. "It may... be said that if the concept
of unemployment were to lose its status as an.operationally ‘
valid méasures of labor market conditions, then the teaching

ana application of macroeconomic theory, econometric estimation
of macroecoromic models, and a large part of labour ecoﬁomics

~

would need to undergo major revisions."

?
s

Three elements of labour-market dynamics are indicated
. in an explanatory pamphlet issued by the U.S. Bureau bf'Labor
Statistics in 19ﬁ3. These involve turnover, duration and
unemployment experience }n the year rather than the shorter
sample interval (that determiﬁeg the unemployment rate). First,
"the large degree of turnoVér’is revealed by the fact that, in
non-recessionary periods, about half of the U.S. unemployed
in a given manth are n&t'unemployeq in\the following monfh

‘according to CPS responses. Second, the time sequenceﬁof
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estiﬁated average duration df unemployménp is not stable. It
was about 10 Qeeks in periods of economic prosperity but rose
to about’ 18 weeks during the 1981-19682 U.S. recess;on. Finally,
the number of persons who are estimated to experience some ‘
unemployment in a year is Between 2% to 3%— times the number
revealed by monﬁhly statistics., Clearly afl of these affect
our interpretation of the appropriateness of gbe (monthly)
unemployment rate as an inaicétor of economic hardship or as

an indicator of labour-market conditions ("tightness", closeness

to capacity, or similar notion).

Since our primary interest here concerns the ecoéometrics
of gross flows rather than the substantial issues of economic
policy, we leave discussion of th; latter to Hasan and de Broucker
“and turn to technical issues raised by the use of data far
spells and duration. The intrusion of quasi-structural and
supplém.ental probabilistic models can b illusotl.;ated with the
treatment by Nickell of unemployment injxgence and expe;ted
duration for members of particular groups. Then a non-stationarity
probiem for hazard-function apﬁroaches to modelling can be
identified using the comments of Beach and Kaliski and of
-Trivedi,and Baker. Both of these components in our demonstration
of the softness of econometrics stem from attempts to overcome

y
l

the absence of appropriate information By using instrumental

assumptians.,

Nickell uses a logit model for estimating the probability
of unemployment. If an individual is characterizgd/Ey a number

X and so on, the probability

of recorded attributes x

17 72 e
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of being unemployed may be assumed given by tHe.quasi-structural

relations

(15) . p(x) = 1/ (1+e™™)

b, + b,x, + b,x

(16) m g %9 * boXy teie.

where bD’ bﬁ’ b2 represent unknown weights. If a random sample

°

of J unemployed and K emplaoyed persons is collected, its

likelihood function is given by

S

.

I | (17) L(b) = gp(éj) 1l1-p(x )]

-

where Zj and X represent recorded attributes. Estimation of

k
.the unknown weights from this likelihood yields both the esti-

mated incidence and group unemployment rates (for average values
of attributes). A similar technigue can be used to deterhiqe
estimates of duration in unemployment. Suppose s measures an
indiyidual's ﬁresentvduration so far, then we could specify

the conditional probability of his leaying unemployment .in a

given period as a function of s and other personal attributes:

(18) alx,s) = 1/(1+e”")

2
(19) n = ag + a;s + a,s + Z by X3 .

The expected duration for an individual or group with attribute

levels x, is then estimated by

0
N o ~ s-1 N
, _ ‘ 2y
(20) d(xD) = ] sq (xD,S)H[‘I q\xD,V)]-
. : S=1 v=0

This form of model is quite common. Its acceptability stems

from simplicity and the absence of more direct evidence.

! » ~
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However the results are .essentially éoft because of t%e absence

.

of any inherent justifica’tion for the structural sﬁecifications.

for (15), (16), (18) and (18) either at a given“per%od or

'through successive periods. We obtain estimates of interesting

dynamicafeatures but the qualities of these estimates cannot

be determined outside the narrow framework of a conditional
"truth" of the specifications, This is clearly an ‘area of
exploratory econometrics rather than oné of cqnfirmazion.
Excellent accounts of alternative specifications for estimating
duratfﬁn are provided by Trivedi and Baker. ﬁll share the

arbitraripess of Nickell's simple model, its structural soft-

ness and exploratory form.

Given the’variapility of actual duration that ue have
already cited for the U.S.‘(and pré§ent ¢lsewhere, offcourSe),
theJassumption of constant weights in these specifications
is difficult to accept without qualification. @onstationarigy,
invariance and parametric instability seem inevitable. This
is recognized by Beach and Kaliski (p. 258) when they ‘conclude
that "one %anot get rid of all assumptions of invariance
over time simply by changing from assuming a constant escape
Tate to estimating a 'hazard function'! relating escape proba-
research is that its models may reflect crude approximations -~
to steady-state formulations even if these are being explic;tly

discounted by individual authors. Appendix 2 of Trivedi and

Baker (1982c) explorgs the relationship between some methods

A
“

————— -
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of estimation and steady state models,‘including those of

’

Main, Salant, Kaitz and Frank. The overall picturé is one of

confusing complexity and, perhaﬁﬁf the major conclusion that

LY

‘emerges is that all procedures are soft both as theoretical
formulations and as generatoré of .empirical evidence on-the

features of spells and duration. Thus the fallibility of our’

[N

data resocurces has not been overcome by recourse ;0 supple-

ﬁental modelring technigues. Many of the problems of dealing

4

with chaﬁges in states, or changes in stocks with aggregation,

persisé to confuse interpretation of empirical findings.

\S b . ]

Soft Concepts ’ .

a

In a major ;dd;esé to the ﬁmefiean Economic Association,
Leéntief (f§;1,‘pp. 1-3)\took aim at some undesirable features
of economic theory and empirical resegrcﬁ as he perceived thém.
‘He pointed to the."uncritical enthusiasm" for mathematical

Férmulation that Mtends often to conceal the ephemeral subs-

tartive content of the argument behind the formidable front

-0f algebrai¢ signs" and was severe on the failures of economists

to. consider the empirical validity of their assumptlons ~The
impracticality of the'ha551ve and sophlstlcated" statlstlcal
machlnery of econometrlcs was noted and the preoccupatlon of
économi§ts with imaginary or hypothetical variables given
suitable'approbation: "In too many instances sophisticated

statistical analysis is performed on a set of data whose exact

meaning and validity are unknown to the author." A major hazard

& u
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for linking the specification of econometric models to economic
theory is explicit in tﬁis criticism. Soft theorétiéal concepts,
so easy to introduce, need to be augmented before they imply
particular measurements or before they Ean be embedded in -

any of the ideal models used for statistical analysis. Leontief’
is simply rep;ating the views expressed by Clark (1947) in

the quotation cited in Chapter Three. Abstract symbols do not )
autqmatically~eliminate loose thinking. Often they fail to
attract the clérifiéatiqn negded *for them to be compatible
withJ@nx@systﬁm-6¥w;;asurement.'

-

‘Economic theory contains a host of concepts associated
with terms such as potential, expected; normal, natural,
underlying, permanent'and so on. The occurrence of these quali-
fiers is almost always a 'sign of imprecigion as'regards measurement.,
Nor does the use of these- terms exhaust areas of softpess in‘
. theoretical concepts. One feature of a vibrant discipline is
the transformation '‘and evolution of its concepts: Thus it
should not be surprising if economists choose to work with "fuzzy"
conCEpfs before they receive suitable definition. On the other
hand, it may be surprising to find persisting softness in the
determination of major economic variables such as the user cast
of durable assets, unemployment, liguidity, capacity, labour- )
market slack and income or of economic turning points as in

4
the stages of business cycles in economic activity. Indeed

1

economists might even reveal a predilection for using soft

Eoncepts in excess of that found in some of the older disciplines.
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Qleariy imprecision in the ‘basic elements of theory will have
an impact on the speciﬁXEétion, interpretation and a;praisal
of ‘econometric models. It also affects the consideration of
economic policy formulation, which can involve the sofg concepts
too. We have already noted the difficulties experienced in the
~choice dﬂ/u.s. monetary aggregates for fargetting ranges, the
reappraisal of productivity indicators (and hence of capacity
or potential concept)at the Economic Council of Canada, the
&farch for appropriate weights with which tG make measures of
unemployment more comﬁatible with intertempofal compérisons,
and many more policy-related illustrations can be found. For
example, the Department of Finance of the Federal Government

began using the "underlying" rate of inflation in the 1881

issue of its Economic Review (ch. 3).

The relationship between concepts aﬁd actions may be

guite complex especially when %easgrements for particular

concepts reach "unacceptable" levels. The exchange between

Taylor and Boreham in ‘the discussion of the paper by Deville

and Malinvaud 21983, pp. 354-355) provide an interesting

illustration. When the U.K. government chase to change its

definition of measured unemployment, its action created a

disturbing caontroversy in whiech issues of measurement and
/&political expediency became intermingled. Were the data

amended because of flaws in their meaéurement, the availability

of superior administrative methods, or because the values

actually recorded were embarassing? This controversy could
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only arise when the unqerlying concept is soft although
/

obviously ather conditions are also' relevant,
— .

Tﬁq ;hplications of soft concepts for econometricians
seem clear. Qe shall draw on developments in three areas of
economics to clarify some of them, Our discussion involves the

‘
periodization for business cycles, prices and unemployment,

The first area was conventionally treated with NBER methods

\

and ad hoc rules until Mintz (1969-1974) and Bry and Boschan
(1971) developed computer-based approaches to partially replace
the earlier anes indicated in Burns and Mitchell (1846). The
apparent conflict between NBER approaches and structdral )
econometric models meant that there were twoﬁdistinct attitudes
to data and their processingﬂ Since the diffusion indices and
similar measurements are primarily dependent on directions of

change and not on interval scales, they may be more robust to

conceptual uncertainties and shifts than measurements used in

econometric equations. The softness of traditional NBER methods

for dating cycles is evident while%%ﬁat of structural methods
is not. Rather the inadequate recognition of the fallibility
of measured indicators obscures ;Hfé softgess. Indeed consi-
deration of robustness might raise. the relative status of the

traditional methods. It is also worth recalling the discussion

et

s

by Burns and Mitchell (pp. 3-5) of the definition of the "Bisiness

cycle. They list a series of issues raised by the definition
and argue that each clause in their tentative choice "suggests
hard questions, some of which raise doubts about the validity

of the concept itself". This softness inevitably leads to
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empirical difficulties ;rrespectiue of what method is adopted
for determining the changefboints‘in cycles. which-indicatdrs
should we look at? How should we "prepare" them? How should
we combiae them? How do we establish siénificanf change?

Responses to such questions probably fail any simple tests

of objectivity.

Apart from Mintz}s efforts, we ‘should note two other
econometric developments which are affected by soft concepts.
The use of clustering algorithms and ;hernoff's faces (as by
Meye£ at the NBER) to date cycles is a straightforward exten-

sion of the traditionggvpéthods. It shares their evident softness
Ll .

especially as the choice”of facial configurations and clustering
metrics 1is known to be highly subjective. The second dévilcp—
ment ;s associated with the new eauilibrium business-cygcle
theories of Lucas and others. it stresses the use of stochastic
difference equations and the commonality of some cyclical
freguencies. Sargent (1979,P%B. 254-256) provides an excellent
description of how eccnometric models can be used in this

line of development. He illustrates pairwise coherence among )
the uHemploymént rate, real GNP and output per manhour at léw

business-cycle frequencies for example. The presence of soft

concepts means that these calculations are distorted by noise.

Turning to prices, we can find a variety of major problems.
The consumer price index provides the most common framework for
their discussion and syéégésive BLS Commissioners in the U.S.

have felt compelled to speak out and to issue reports on the
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challenges and potential amendments of the CPI, A typical

report is Problems in Meésuring Consumer Prices (BLS-697r1983)

while standard issues involve the treatment qf prices for durables
(especially for owner-occupied housing and automobiles), taxes,
differential experiences for population groups, substitution,
seaéonality, guality controls due :to response patt%?ns and
sample size, and the comparability with other price indices.
Nor is discussion restricted to governmental bureaucrats,
statisticians and.academics, In May 1982, for example, tHe
President of the Canadian Banker; Association told a committee
of the Canadian'Senate that the prevailing rate of the CPI at
12 percent was quite incompatible with the corresponding rates
for other economic indicators, which were in the range of &;
about 7 or B8 per cent. A few months earlier, the P}esident

‘of the Treasury Board had issued a similar warning about the

c

possible shortcomings of the Canadian CPI,

1

Some aspects of attendant problems are revealed by

Blanciforti and Galvin (1984), Cagan anhd Moore (1981), Callahan
(1981), Gillingham (1983), Gillingham and Lane (1982), Lane
and Sommers (1984), Mitchell (1980), Rymes (19739) and Triplett
(1980, 1981) and in many other papers. Blanciforti and Galvin
consider new approaches of driving a user cost for automobile
services for inclusion iP the overa%l index. (The qgér-cost
framework had already been thoroughly explored for homeowner-

ship by Gallingham so that the BLS has bequn a process of

amending the homecuwnership component in the U.S. CPI.) One of

¢
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their conclusions is worth repeaging. "[Estimated] user cost
functions are extremely volatile, reflecting Qeaknesses in

the determination of changes in the market value of a durable
gver time, specifically with respect to‘depreciation and
capital‘gains." The issues connected with housing are also
prominent in the other pagpers citéd. Triplett (1981) considers
Ehe reconciliation of the C?I and the implicit price deflator
for personal consumer expegditures from National Income and
Produét Accounts so that he must address the issue of substi-

tution and its impact on the interpretation of fixed-uweight

indices. Callahan (p. 12), on the other hand, compares different

measures of the rate of underlying in@}ation. Again one of

" his comments is worth repeating. "The widespread usage of the

term Lnderlying rate of inflatien would imply a consensus of
understanding. It is cited so often with;ut any explanation
that we dare not ask what it .means for fear .of showing our
ignorance. ;m truth, the presumption that th? meaning of.
underlying rate of inflation Has became common kndwiedge is
only lef correct..:.. Ue Hom-go from the world of conceptual
unanimity to widespread disagreement on the appropriate measu-

s

rement of the rate. There is almost a one-to-one correspondence

between the number of economists who have addressed this topic

and the number of different measures proposed." With this

backdrop, it is difficult to see how we can avoid the placing

of complex qualifications on any fitted relationship that
includes the CPI or an alternative price index as a measure

of an explanatory factor.
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s
. The situgtion is no better with labour-force statistics.
In 1862, the President's Committee to Appraise Employment
and UnemploymentlSta?istics (the Gordon Committee) suggested
that the CPS include special efforts to identify " discouraged"
mo£keEs although it recommended the unemployment rate ought
not to include them. By March 1884, the Metro%olitan Toronto
Social Planning Council was able to report unemployment rates
of 16,1 per cent, about QD per cent higher than those stemming
from Statistics Canada. The difference was due to the dis-
parities in treatments of aiscouraged workers. Even the
practical definition of discouragement“is contentious. The
choice of the Gordon Committee was, for examdle, reje??Eﬁ”by
the report of the more recent National Commission, which -indi-
cated a preference far a narrowe¥ definition, but much more
will be heard‘on"this question before the matter is settled.
Until then, the problem of "hidden" unemployment due to dis-
couragement will continue to damagé‘the integrity of published

unemplayment rates. )

Similar disparities arise when we consider partitions
of existing rates, as when attempting to identify "voluntary"
or "structural" components in different decompositions. For

employment, we can point ta the definitional softness for

"marginal attachment™, "full employment® and "subemployment™,
~,

Further information is provided in Chiswick (1980), Clogg (1873),
Fellner (1978), Fortin and Newton (1982), Stein (1980),

Thirlwall (1983), and Trivedi and Baker (1982d). One consequence

ol
"‘g\b,\'r

i/ . . . . . .
of thi¥ imprecision is experimentation with different measures
Q -
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for given econometric equations, Fortin and Newton (p. 262)

provide a simple illystration for modifications of the unemp-

A}

~ loyment rate to approximate labour market tightness. With

variants of a basic equation fo; wage-determination, they
include’or exclude a number of qifferent modified rates
(sometimes singly, sometimes collectively) and judge theif
correspanding fits in terms of whatothey term t-statiétics
and standard errors for the equations. This amounts to repeated
use of confirmatory procedures in an exploratory situation.

The impossibility of deriving accurate inferential statistics
for their method is a consequence of the’ softness, All of

their diagnostics have invalid‘probabilistic bases. That this
type of experimentation is common does not remove its adequacies.

Only a refinement of the theoretical constructs to imclude

specification of their measurement will suffice.

In summary, there are nao apparent means of avoidiﬁg the
complications of soft theoretical concepts for econometric
modelling that requires interval scales and given structures.
The complications are generally far from being trivial because
alternative measures (associated with different treatments of
a single theoretical concept) are often quite different in

level and dynamic movements.

‘tFinal Comment

We began with the suggestion that the fallibility of

economic indicators was an, important element of soft econo-

metrics even though this fallibility is often ignored or not
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generally realized. The substance of the sections that ue

have provided is far removed from the cgptents of most
econometric textbooks and of a large body of research papers
produced by econoMists.’In"many'ways, the procedures adopted
in practice shou;d be seen as inadequate responses to the .
problems of fallible'indicatqrs. Instabilities in fitfed |
equations and their sensitivity to sample coberage, modelling
imhrecisionstdue to temporal aggregation; experiﬁentation

with different measurements due to softness of theoretical
constructs are major features of applied econometrics., However,
as we have amply demonstrated; issues of measurement are %ar
more extensive than even this list suggests. It seems appro-
‘priate £o conclude “that the consequences of fallibility would

be much better dealt with if more attention were given to

measurement as such. It is a vital aspect of econometrics.
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CHAPTER FIVE = - .

THE WIDER VISION

<

©
3

r

Econometrics 1s a mixture of economics, mathematics,

statistics, computing and other elements, The relative - -

contributions of these components vary.,as we shift from one

research situation to another. However no single component

. /

can predominate without the nature of econometrics being -

_unhuly restricted. In earlier’ chapters, we have cited tuwo

Ed

-

alternative views. One view associated with Frisch, was put

forward as Econometrica was launched a half-century ago. It

stressed balance and the interaction of diverse interests.
The second view emerged as the associates af the Cowles
Commission sought to establish the primacy of a particular
probability approach to structural estimation in econometrics.,
As expressed by Klein in 1971, this méde’the subject of econo-
metrics "a special branch of mathematical statistics". Other
components were not wholly dismissed bit their significance
.uas feduceq as statisticél inference became the major pre-
occupation., Yet gpe practical: demands of real circumstances
~brought forth‘iéco;patibilities between this narrow view and
the proceddres actuafﬁ@ adopted by econometricians. There ‘
occurred a pronounced discrepancy between Lhat econometricians
did and the theoretical frameworks that weré cited in support

of their activities. Eventually this gap was the stimulus

' for discussiofis of robustness, sequential modelling, "criticism"

-

' 4
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;nd modéfvaiagnostics which reflected exploratory themes
;ather than the coﬁﬁ}rmatory theme of‘ecénometrics as a -
branch of mathematical statistics. Extrapolation of such
discussions seems to point to the re-emergence of the earlier
view with its wider dimensions. It shobld be clear th?t our
three essays assume the wider vision 1is the appropriate choice.
Then much of the richness of econometric analyses caﬁ be iden-

<

tified with elements f¥om outside the narrow confinés of ‘ ;
matheﬁatical st;ti$tics. In addition, these confines have

themselves been weakened by feedbgck from practical problems R ';<°
.to theoretical modelling. Obvious examples are the ‘revived

interest in pre-test -biases and the development of theories

for dealing with the restricted domain of- economic variables.

N

'Such shifts.in focus and discrepancies between theory
and practice are not, of course, limited to econometrics.
The parallel developments in statistics are evident in the

>

presidential address of Cox (1981) to the Royél Statifti;al
Society and in Mo;er's response to this addrgess. ;hey found
a distinction betweén "hard" ;nd "soft" essential in explain-
ing the diversity of statisticians' activities. These quali%iers
have also been used, as by Brouwer and Nijkamp (1982), in dis-
tinguishing among cardinal, ordinal aﬁd other scales for
measurgment. In our three essays, we have attempted to shpw
their usefulness in econometrics toa. Suppose the subject-
matter of the narrow view of %conometrics as a branch of mathe- "~

matical statistics is tetrmed "hard". Then the additional

4
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‘might be termed "soft". Hard econometrics is' characterized ¢
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, .
subject-matter that is included as we move to the wider view %~

2 . »

qby the:Firmness of its proppsitions while soft econometrics

inyolves imprecision, subjegtiwity, flexibility and complexity. -
~ Q{\ -

\Soft econometrics might even include awareness that particular

problems cannot be resclved. Tkis realism enhances econ;mefriés.1
It does not diminish econometrics éven though criticism; mgsent(
and diversity are more likely than the consensus found with
hard mathemagical propositiohs. | -

The three essays may appear critical of econometrics in .
some respects. SUch criticism should not he mi§3nterpnetea.

“

As in the research programmes of Box and others, which are

[
now becoming common in the newer textbooks, criticism is not

to be interpreted negatively. It is forwérd—lopk}ng_and the-
means of idqntifying feasible directions for reducing impre-
cisiop or resalving shortcom;ngs. In many places, we have
found softness. This identification indicates where we might
search for progress. There is na intention of using softness
as an excuse for rejecting econ;metrics. To the contrary,

i

softness means that econometrics becomes more intergsting, N
more tho;ght—provcking and more realistic.,’ Flaus are easy to

find and many will pg;sist becauée we presently have no idea o =
of how they could be elimina£ed. If their presence were suffi;
cient for rejecting econometrics, we would have not bqtperéd

to write our three essays. The large number of referencés“ -

that are given throughout our discussion also suggests that
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many researchers are attempfing to focus attentipn on soft

elements in practical situations. Their efforts are not

‘wholly successful but this is hardly surprisingunless we ignore

the "inherent softness and fail to maintain the wider visioh.

The comﬁlexity of this view of econaometrics has impli-
cations for'the qualities of persons involved with it. In

1948, Frisch outlined the responsibility of econometricians.,

"fconometrics'is a powerful tool, but also a dangerous one.’
There are so many chancgs of abusing it; of dbing more harm/s
than goodxwith it, that it should oély be put into the - -
hands of-really first-rate men. Dthgrs should be absolutely

discouraged from taking up econometrics.”" The wider view and

- ’

softness require conside;able knowledge. Econometric literacy.,

ceases to be just an awareness of some ideal statistical models
5 :

and basic manipulative techniques. Our ‘comments in\Chapter

Two and Four reveal the neeﬂ for institutional knowledge and

-

for intefaction with the providers of data. The essential T

3

familiarity with economic theory and computational methods
should also be apparent. Clearly these demands limit the
tranks of econometricians. Softness may not imply a restriction

to first-rate men, as found in Frisch's comment, but it does

¢ i

require more than is involved with hard econometrics.

To illustrate the diversity of soft econometrics, three

different topics were chosen as the bases for our three essays'.

L

These were the revival of the long wave, the demise of stru-
{

ctural estimation ard fallible indicators. In choosing ‘the

>
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3

long wave, we were searching for an area in which the value

6f  econometric analyses might appear slight. We found that

such analyses have a limited role but a non-negligible one.

<

Conventibnal regression methods may be used to explare parti- -

cular tdpicsibut they need supplementing with less familiar

procedures such as simulation and cluster determination,
[s4
o

The efforts of Fgrrester, Nelson and Winter and others

(including, somewhat surprisingly, Rostow) to simulate

3 " "

cyclical phenomena or to explore evolutionary models reveal

the dramatic impact of computational advances on econometric

N N °

practice.NGlusterihg algorithms are valuable in finding

significant groupings in time of inventions or innovations
e .

1

as reflécted in weak data that are subject to considerable
inaccuracies. Spectral analyses, the explorations of time,
series ;n the frequehcy domain, are handicapped by the long
Qeriodicity but they have been found effective in Clariéying
(pe - ps tentatively) the presence of waves and the cyclical

. L . ; . . . .
interaction of different economic variables, Our overuhelming

impression 1is that there is, in fact, considerable scope

 for econometrics in long-wave research provided it is nat

testricted to.hard elements.

04

‘ )
-

The second -topic was chosen because of its closeness to

hard econometrics. Thus, at its heart, we find the structural

notions of the simhltaneous—équation model aéd the relate&
S . ' . ’ ’
concepts popularized by aSSDCi?EFS of the Cowles Commission.,

Takirrg th'is conventional framework, we detected many soft
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elements and argue that an historical perspective is a valuable

- & - .
means of understanding some current crises in econometric

\

modelling. Forsexample, the atheoretical VAR approach and

the challenge of rational expectations are best considered
in the light of earlier discussions. of theoretical concepts
such as exogeneity and autonomy. They should also be connected

with the choice among diFférent‘representations of economic

systems and the co-movements found in econofiic time series.’

- Again valuable insights on these matters may be obtained from

¢

early papers of fingergen, Orcutt and others. A significant

aspec£ of this historical literature is their acceptance of

o
7

our wider vision of econometrics rather than the narrower

&
alternative. ' ! ‘

,

. ¥ .
Other facets of the issues rai'sed in this second essay

are copcerned with experimentation and the,.interaction of
time-series analyses and structural methods as in the SEM
framework. We argued that, from the wider vision, it is sensible

to treat the two distinct schools of experimentation’ (as repre-

°
3

sented by Forrester and Naylor on the one side and by Smith
and Day on the other) as part of econometrics rather than
as alternatives to it. This argument taken to an extreme

. . ) .

would permit econometrics to include activities from which
X

statistical inference is absent and data are far removed

Ed

from cardinal indices. We =also argue that time-series ‘analyses

can&enhance structural séecificat}on so that they are comple-

mentary to the so-called structural methods. Theg critical

7
1

o

3
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comparison of the two approaches may then be seen as mis-

directed.

'In the final essay, we recall that practical research
is denerally based on data sog that softness in the measurement

[

of economic iédicaﬁorg must surely lead to softness in the
econometric methods with their use. Theoretical "default" is )
apparent _in the treatment of time ;ntervals, prior adjustment
and inoperational definitions of theoretical concepts. We
identify particular difficulties such as, for exampleﬂ the
source of indicators in sample surveys. Identification of
thes; difficulties is essential if we are to aim for the deve-
lopment of better methods. Finding and elaborating the nature
of important flaws is a first step in progress. It is guite
inapproprzéte to overlook them and to resort to instrumental
assumptions, sqch as those invoking white noise and other
correlative properties, which are convenient for deriving
mathematical propositiogs but severelyldistort the character
of existing data. The problems of measurement can also beé
linked to a host of ad hoc procedures that have become popular ,
in~applied gconometrics althoLgh incompatible with the bases

of ctonventional statistical criteria they empgloy. An excellent

gxample of this is given by the search for stable fitted B

[ - - - . P . .
regression lines over alternatives invelving different measures

agf the same broaq economic concept.

Finally, itLis appropriate to ask wheree this apparent

softness, leaves econometrics, Our personal view is that the

’ a3
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‘immediate future looks exciting as we come to terms with '

v
the reappraisal of familiar copcepts and models and as we

begin to address some of the troublesome details that we
have indicated in the three essaysi\The broadening of interest

1)

from a preoccupation with mathematical statistics alone (uhile o

g

retaining a pronounced statistical contribution) is a major

improvement,
. ! . ’
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