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ABSTRACT 1 
• 1 

, 
Research practices of econometricians evolve rapidly. ' . . 

They havè changed as much in the last two decades as they 
"-

did in the preceding two decades whaD' the primacy of the 

slmultaneous-equation mo~~l;w~s established. Much of what 
d tfi 

o 

econometricians do now does nat fit into the framework ihdi-

·cated by a preoccupation wlth st~tisticall Inference. Given . , 

this ba'ikg~ound, it is c0.nvenient ta di~t}nguish. soft ·ec~no

metrics 'from its hard counterpart, which stresses 'mathematical 

statistics. This distinction is d~rived from a parallel in 

Cox's discussion of the behaviaur of statisticians and of 

the nature of data. To clarify the, substance of soft ecano-

metrïcs and to reveal its occurrence, three essays are provided • 

One essay considers the potentiàll use of econometrics in long-

wave research. A second essay look~ at the impact of changing , 
,./ 

~ 1. -' 

vie w son the con cep t of, st r u ct 0 r e, ru h il eth e fin ale s s a y de âl s 

with the interaction of soft econometrics and significant issues 

M of ·measurement. The concluding comments emphasi ~e the complexi ty . 
1 

and var i e t y ,'0 f m 0 der nec 0 nom et r i cs. . 
<> 
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, ' RESlJ1VlE 

.' 
.. ,', 

Les pratï~ues de recherche , , , 

\ft rapidêment. Elle"s' se sont modifiées autant au COUDS des ,.. . ~ "'," ~ 

deux de~niètes d-éc~nnies' que' durant les deux déèennies 
" " . ",' . 

':'préc~dentes lorsque (ut ~tabli la· primauté du modè,Ie 

d'equation simul tarîée. Une grande part de ce que font 
... ... 

"aujourd"hui les éCGnom'étriciens. ne s'intèqre pas daQs le 
• f ".. -, • • ç, 

cadre de ':.trivail décou.lapYt de l'import'ance accordée à' , . , 

\ ' 

l'dnféience stétis~ique. Compte tsnû de ces consid~~ations, 

',il, convief.1t de distinguer l'écond'métrie douce de sa 

contrepartie plus rigide, laquelfe met l'accent sur les 
, , 

staDtistiq~es mathématiques. Cette distinc'tion provient' 
• ~ < ' 

d'un parallèle qu'expose ~Cox entrB le comportement des 

s ta tis ti c le'ns et" la na ture des données. Dans le bu t de 

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

démontl'er la pertinence, ·trois essais sont p~ésentés. 

Un essai porte sur l' uspge potentiel 'de l'économétrie , 

dans le recherche sur les grandes ondes. Le second - essai 

examine L'impact du chanqement de perspective sur le 

,con.,cept d~ structure alors que l'essai final traite 'de 

. ~'interaction de l'économétrie douce avec les questions 

de mesure importantes. Les remarques de la conclusion 

mettent l'emphase sur la complexité et la divel"sité de 

, .1 , 

l f econometrie moderne. 
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'l • ~ ~ 

material has been disc,ussed at various 'con(erences and 

.. "', ~ ... 

\ ... 

seminars in Leeds.;, Ma'ntreal, Princeton artd PHUadelphia a'nd 
tJ ~ • \ 

q, ~. 1 

amended in the light o~ sul;Jsequent disc:ussi"D~s. A. Kleinknecht 
•• 
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, L 
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, . 
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CHAPTER ONE 

'INTROIJUCTION: "SDFT" ECONOMETRICS 

/ 

v 

The Econometrie Society was established about a half century 

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

of earlie.r empirical reseérch by economists and to :Combine the 

e-xtension of such research with concomi tant developments in 
~ 1 

economic theory, mathematics, and'lthe new discipline of statistics. 
" -' 

Frisçh (1933)," who is usually accepteo as the first user of the 

ter m " e con 0 met r i c S,II, pro v ide d a ~çj e fin i t ion i n h i s e dit 0 :t i a l for 
,/ 

the fi r s·t i s sue 0 f the jOli r na l Eco nom e tri ca: '~ Exp e ; i e n c ~ ha s ~ 

shawn that each'IDf these tbree viewpoints, that of statistics, 
i ~ 

e con 0 mi c the tJ r y, and ma, the rT1 a t) e~, i san e ces s a r y, but no t 6 y 
(} , 

itself a sufficient, condition" fo"r ",a real l,Inderstanding of the 

qLlantita'tive.relation:s in modern Economie life. It is the 

" 

uni fic a t ion a f a ~ -1 th r e ê th a't i s po w'e r f u 1. And His th i sun i -' 

fication that cOl]s\itutes econometrics". Subsequent restatements 
: L ~ r 

and adjustments tD 'this definition during the early'phase of 

econometr iC51 ar,e summarized in T intner (1953). E.ven toda y it 

is widely agre~d that the subject draws From -a' diversity of 

so.ur~es •. Mizon (1979), 'for example; expresses the cqmmon view: 

"The eeonometrician requ~ires,! knowledge of ~ and experUse; in, 

Economie theory, mathematics, statistic~l theory, economic 

s-tatistics, eccï'nomic history, a~d computational methods". 

" What ~eems tp have been lost in the last hal-F: çentury is :'the, 

stress provïded by Fr isch and the other 

: D 

, , , 

Î 

", 
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2 '. 

uni f i ç a t i..o n • 
-':J 

Suppose we had collected a sample of recent 5tatements 

Ganèerning the nature.of econometrics from textbaoks now used 

in econometric5 courses in British and American universities. <, 

,> 1 . 
Then we would undoubtedly f.i:nd thaf, while some note 1.S often 

g'iven to Frisch's definition, there is clear movement away from 
, ' 

h i 5 œ ven tr e atm en t Ô f the su b j e ct' s cr 0 m p 0 n e n t san d the i r coo m b i-

nation and toward an unbalanG:ed 'stress on statistical estimation 

and infererice at t'he expense of other componefits. This shift is 

even maTe striking when the contents of the textbooks are 

appraised. These contents seldom do justice to the definitions 

of econometrics presented there unless the latter are preoccupied 

wi th statistical.issues. Many topies of deep concern ta 

econometrieians in past years are,wholly ignored and there 

5eems ta be develop-:i-n.g a clear separation between econometric 
, 

theory (with an emphasis on the theoretieal properties Gf the, 

estim.ators and the nature of confidence statements) and applied 

econometrics (which covers everything else). This spli t is 

harmful and unnecessary. We feel that we shbuld adopt t~-
distinctions within the subject that agree with common praetice 

in other related subjects. 

interaction"'of 5tatistical 

and the use of qualifiers 

~n parliCUlar, we might note the 

theory and practical considerations 

"hard fl and "soft" that appear in 

Cox's (1981) presidential to the Royal Statistical Society 

and in Mosei' 5 response to the 

The r e se e m 5 t 0 b e som e val u e i n. u sin 9 the ter m "h a rd Il t a 

des cri b eth e 0 r e ti cal pro a f sin st a t i s tic a l a est i ni a t ion and 

-
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inference. Thus "hard econometrics" would refer to firm resul ts 
, 

that cannot be challenged, such as BLUE 'properties of the 

least-squares estimators in9 the CIGIssical Linear Model or the 

formula for the asymptatic dispersion matrix of the two-stage 

le a s t - s qua r e ses t i mat 0 l' in the 5 i m'u lt a n e 0 u :Ii - E qua ti 0 n Mo d e 1 (5 E M ) 

of the Cow1es Fo~ndation. The term "soft" might be used ta cavf!r 

situations in WhjiCh simple firm statements are difficult to 
J 

justify. It wou~d cover many areas of imprecision and the practica1 
1 

factors that us a11y domina te empirieal research. Thus it might 

be associated W th choice of measures or economic indicators'as 

1 ~ 
affected by econo(11ic theory, sampling" frames, c'osts of collection, 

,mathematical.c nsist~ncy, and intended use. It could also be 

applied ta two areas of statistical and computational interest 

that ,are currently popular; namely, Monte-Carlo or simulative 

experiments a d Tukey-style data analyses" Both contain subjective 

élements open to
o 

question and leave final decisions with tentative 

cha,racter. Simulative exper iments could, for example, be markedly 

affected by a restricted choice of hypothetiea1 models and by 

te c h nie al que s t i ans su ch as the 9 e ne rat ion 0 f a p pro p ria te 

perturbation!;; • 

, This dissertation is concerned wi th some of the ~softer areas 

of eeonometrics. It takes three topies and considers their 
" 

present status in relation ta researct( in earlier times or to 

pressing current problems. They illustrate areas of empirical. 
, l ,- . 

research that' have stimulated c1nsiderable \~iScusSion and are 
- \ 

chasen, in ?art, far jtheir lasting significancE!'. The first topie 

ste ms f rom r e c e n t f e ars 0 f w 0)1 d ~ w ide e e a nom i c de pre s s ion. 

J 
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1. 4 

tJ,.,. 

The second'- takes up the dissatisfaction wi th large-sc'è-le 

eeonomy-wide econ~me~ric models and the increasing preference 

for {1me-series approaches. The final to~ic addresses the 
"ù 

present crises affecting the aceeptability of Economie indi-

ca to~s. A Il invo l ve aspee ts of soft, eeonome t~cs. Treatment 

of the: tapies is is~olàted in the sense that the three essays 

!. 

can be read separately and, in any arder. The Under~g 

conn~ction, essentially th~ characterization and illustration 

. 

of soft Econometries, is'often muted. Where~a topie_reveals ~ 
si'gnificant issues primarily of interest ta the ~'eeonomists 4) .' 
rather than the econometriëian (as for example in the consi

deration of long-wave the~~ies) we did nDt f~el're$trictèd 

t~ forego discussion. This ls~ of discipline does not come 

from acceptance of Mizon's assertion that "Economies is but 
,r f ' 

a ~art·of econometrics". Rather it stems from the recognition 

o 
that the line of demarcation in ~ur discipline is sometimes 

~ 

di f fie u l t t 0 fi x and is an u FI nec e s,s a r y bar rie r i f the i s sue s 

that arise have multiple dimensions. 

Chapter Two cop'fains an account ef QI revival of the 
., 

1 ong-wave. Since Kond~atiev first b:r:ought the- notion of cyelical .' , . 

f lue tua t ion s w i t h Ion 9 p e r i éî die i t Y t 0 a ~ 1:d e r" a ~ die n cel n th li . , \. -~ r> 
decade beforë 1935, the-" long wave~~ or Il long .cy~J:ell has 1nJo:e.d. 

a cheekered career. Variants of i t ha'Ve been diseussed whe"never 
. .' 

advers-e economic
D 

conditions occurred and have bee-rr -ignored.:at. ~ - ~"" ,.. .. 
• < ... ' 

• #f" .. ,~ • 

.f1lost other times. 50metimes the p.roponef'}ts Of.,wa-ve'~,hegties" 

have been dismissed as eranks \I1hile'; 'â-1:. ·o·"t;'n.e'r-' ti'm'e's an-d- tîy , .. , " 

. " 

.. 
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. , 
" 

othe l'' economis. ts, "tney ,appear.e d per spica c,ious •. Since, the a ns et 
.. .....~. . _ '.0 ' ." A... • .. D """. 

of the Qil.~crïsis, and' in conjurict.ion' wi th declin~es in produ-' 

ctivi ty, inv:estment and. ~réiwth-.and incre'ases in' inflation, 
" . . 

unemployment and' ra-dio-al 'economic ad-justments!' th€ire has 'been 

a "revival of ir.tterest' in the fong ,wave,~: We ch~se t~is. 't'evival 

as. the basis':- fo"r OJJr ,first ~ssay. 'It ,is as .far removed from nard " 
.. • .... ' .... 1 ~ t .. ' 

economet'rics pS ore ·ca.!l.mo~e' with.Ou't comple"tely l~avi'ng data:' 
.. ~ 1 b ~ , 

processing., Our aë'éount of. 're·cent criscussions' omits al'most 
. 

aIl of the debates that preceeded 1970 including the research 
;' ... ;9_ '. 

~" ". 

that first explored the feasibilî'ty of spectral methdds -ta 

determine the exi-?tence of.1JJavës~ We, have arrànged the c.hapter 
" , 

in a number of sections, each of which deals with"some.parti~ 

cul~r 'corner of reeent li tera-ture. 'Thus, . for e,xample, Forrester 

,~ and Rostow have\deve+oped vie~s' çon~idered in two of these 
" 

sect"ions. We feel that Forrester's' technique of s'ys:te'm-dynamics 
- .. • 1. ",;: 

models can best be ~ré~t,Çl'd' a~ pa'f"t of sof't aconometr'ics r~ther 

than as a rival ta "eco-nom'etric est{mation". The lOl}g wave is 

. Çin idea1, a,rea f.or determining' the merit:s and problems' associated 
:-

with: 'th'is C techniq~e,. MO,st of' :th'e sé'ctions ~n this chapter involve 

econometric j,ss~es ,'suctl a~' in~tabi.1,-i tYJ' ell..o~utionary mOd-ell,i.ng, 
.. , . \ , -

inade~.u~:te d'~t~,'.l pfld the fî~8'~,aT~S o.f ~ata adjLJs~ment~'l,hey '"also,' 

havS striking-signlficanc~ fer e~onomists •. 

The' content. aL Chaptè'r Three i's' influ~nced' b,y a feeling 
, ' 

that eçano,metricians frequ.eri~ly 'lack awareness ,'of their own 
" ~--; " 

ea t lll? r lit era tu r e. the y o.fte ri fai 1 ta, place 'ango ing , 1: e seàr c h . \ 

" . 
in ·thè cOflte'xt' of a· long p~rsp,ecti'!.e. ,This., is reveal'ed by 

" 

, ( 

. , 
~, 

. • 

. . 
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our'explorat~on'of d period of two de~ades, ioug~ly 1940 to 
, , ! 

,1960, durinC) which the SEM was introduced and bec'ame th!3 

pr imary fiamework wi thi n 'whie~ ~spec ts of ha rd 'eeono~e tr ies' 

wer~ established. More speeifically, we assess,the decli~é 

and pote,ntial demise o'f 'structural estimation' as 'repr'esented 

i~ the ddscussion~ among ecbnom~tricians during this r~férence 
• fI f' 

per.iod and, 'also) ",~ore ,recently' as part ofolthe ongoing- reapp-
, 

raisal of current ec~nometric methodology. Sorne attention is 

~iven ~o'the conc~pts o~ autonomy, identifi~a iqn and exoQeneity 

'and,their impllc.atiohs. The organization of t e ch,apter again 

1n~01ves distinct sections. We begin with ~ccounf cif sorne 
~ . 

PI.ese~·t' diffi.cultif3s, pel'i!odization, and particu~ar historical 

issuei before giving special att~~tion ta s~ven sub-topics. 

Thes'e are the partition,oof' variables into el}dogenous an,d exog~nous 
~ 

categories; the primacy' of the probability appr'oach; interaictions 
.JI' - • , f, 

among variables (af'fecting int~r'p'retation: of estlmated, multipliers, 
J' .. ' \ 

for example); fal$e' ,~onstraints as in'dicated ,by Liu; proxiqti'~y; 
JI i ) , 

purpose; and' normalization and asymmetr.y.' Witnin fhis,.list, we 

. cao' locate, major sources of "softne'ss., . 

Our' n.ext' chap.ter de~als wi th the thlrd major di,m~nsion 

of value in c.larify·in:g t'h~ i~cidenee an.d nature cif soft econo- 1 

metric's. The' fa'11ibl1i ty' of :ecbnom'ic in"dicators' ïs insuffïéiently . . , 

_'_, _-_ reC~nite,d, ~nd,h'aS Înaiw ~ïgni f i~an~ impu'ca t~ns 'fot speci fi~_ 
~~ cati~ estimâtion and~interpr€tatibn,of fitted ~égresslo~ 

J", , 

mode ls. In part, th i's 1 a'Ck ,of rl'!cogn"i tion ~ s due' ta the ex i s t ence 
.' , .. ,~ • ~ __ 'r ___ --.. ' 

, 'of a gap. betwee~ "the,.p.roviders and users of data ,but ther~ e,re 
, .. " . .. ~ . 

, , 

·~ther,~actors invp10ed .too. After som~ ~re~imina~~ sb~ments on 
, , . " 

, , 

" 

\ 
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the public appeiite:fbr key'eco~omi; indlcators, we look at 
. " , ' 

the ~small area~ problem and rotàt!on or respo~se ~iases for 
< • 

econamic measJr~ments deriv~d fto~ sample surveys before 

turning t~ the ~ramati~ structural impacts of environmental 

transfo~mations~ The5e latter ~re illustrat~d by financlal 

innovation and the impact of socia-economie and demographie 
\ 

~~if~s on the l~bour market. The search for new moneta~y . ' 

aggregates, the concern for appaf~nt instability being expa-
. ,_ r 

. .' / 

rie n c e d w i. th" en 0 ne y - d e ni and 'r e l a t' ra n shi p san d th fi a d v o·c a cy Q f 

re-we~ghted une~plQyment rates' are the more visible features 

.of t'hese trans fprmatioCls wi thin eCDnome trlcs. 
" 

Many of ~h~ problems identified in thfr'early section of 

the chapter are 'unavoidal;Jle. HDw~ve'r, those fDund when we 

cDnsider data pieparation and prior adjustment are often the 

consequence of explicit choices. Thé Yule-Slutsky effect in-... , , ~ 

/
/ 

long-wave researeh, some as~ects of, seasanal adjustment, and 

the view of data as an intermediate good are used as' Hlustratior:s 

to explore potehtial sources of softness. ~hen we look at revisions . 

to 9a~ernmental 5tatistics with attention given tG the campau-. 
a , , 

nding influence ,of estim~3tiân techniques., The A,lmon lag i5 an. 
, 1 

·excellent sourc'e of model se.nsitivity to revisions, in national 

, in c a. m e~ and exp end l t ure d'a ta, e ven t'h 0 u 9 li 0 i t . rs w ~ de!' >1" use d in· 
.. 

,cafculating the RQX and CANDIDE eC9nomy-wide Econometrie models 
. --_.:-- - ---~ -' --~ - . . -." - ) 

for Canada. Th~ final sections of Chapter Four deal with temporal 
r • ~ 1 1 

interva~s an~.~ggreciati~n,·th~" ~se d( qu~s~-~tructuial models 
• 

to supplefTl'e'nt.· the lncDmple,te provisi'~n of data on .states and 
" . 

" t ' 1 

, -

" 1 
1 
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Quration in the dynamic represéntation of'·labour marKets, and 

wi th the soft concept~ that· arIse in economic theory and laèk 

operational firmness. AlI contr ibut~ to the genetal ~·Il).~(ion· 
,1 . ' 

t~at empirieal fe§earch involves ~ueh more than the:f6rmal 

theories Df pur ,te"xtbooks. 

[The final chapter collects views that·are exp~essed in 

.ea.rl~eJ;' qnes. It summarizes some of our discussions and ends 

'on an optimistiè note with the assertion that softness does . 
not mean that econometrics i5 irrelevant. Rather softness 

.means that the sub~ect-matter,of 2conometrics is wider and 
,-

P more'complex but also consistent with maturity after a half 

ce~tury of eJolution tram the ~stablishment of the Econometrie 

Society. 

6 

, 

, 
1 

1 

, 1 
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CHAPTER TûlO 

i 

THE REVIVAL OF THE LONG WAVE , 
i 

The economic e nvironment ~i~ ~a'ny countries has been extra-

ordinarily disturbed since the onset of the ail crisis~v~r a 
. 

decade ago., Bath professional 'litera turè and the popular press hàve' . " • . 
been full of-references ta crises in productivity, inflation, 

unemployment" ir1ternational flows of trade and funds, and other ", 
• 

, \ 
areas of economic and social ~oncern. In recent years" the term 

~depression« has ~e~n taken out of the drawer into whfch it was 
" ~ 

placed out of sight, after the apparent success of economic 

stabilization policies in the peri ad 'fàllowing the end of WOl'ld 
, , 

War II. U;se 6f the ferm is increasingly evident' a.nd i t" has ceased 
~ 

,ta be dismissed outright as a sign of unrealistic eccentricity. 

As might be expected ~n tbe light of ~cbnomic~developmenis, a 

substantial lo~s of ,confiden~e in particular economic polic~es 

and.their theoretical bases can be seen. The emergence d(:the 

"~ew" classical m~croeconomics, essentially a revival and trans-
. 

formation of earlisr business-cycle the~rV in associatioh with 
(J ,1 • 

,developments in .ecanometric models of multiple time serie's 'ancj 

in comput@r software, was made possibl& 'by th~ downt0rn in' 
.c 

econom'ic activi'ty and, especially, by th,e long delay that occurred 

prio~ to substanlid1 recovery. ~ 

. . ' .. 
If we look at economic ,literature during the 1970s, there ., 

is a clear drift ta more radical attitudes. T~e oil crisis and 

). 
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. 
the problems in international ,adjl;Jstments -e'hat accompaQied ;{ t 

~ 

o III e',r e f i r s t 5 e e n as t ~ i t ~ r y ph e nom en a. 5 u ch c: a n f i d en c e h à d 
". 1 

b~en built up in the 'two decades before t'he onset of the c;rîsis 

that i tillas asswmed' the economy of the Uni ted States (and; 
, -' ... _ 0 

'con,sequently, ,the econom'~'es of othe'r developed, c6unt,ries) would 

rec~ver qu~ckly from a single;a~d sud~e; trJnsf~r oi rea~ ihcom~1 
and u p \il a r d pus h top rie es.' T h-e, d e,c 1 i ne of p +,6 duc t i vit Y in the 

, ,,1) , " r ' 

,U.5. brought forward..:-debact'es that are teminiscent of the contro-
, , 

versle~ surrounf(jing' the "climacteri~" '~f Brit~sh prdd~ctivity 
.... -,' 

a t the é-n' d 0 f the n i r: ete e n the e n t u'r y as r e cor d e d i n P he 1 p s - B r 0 lJJ n 

and Handfield-Jones (1952), Lewis ,and O'Leary (1965), and 

Coppoek (1956). The problems of An ."àging ee~nomy" and it5, 1055 

of econ'omie and, polittical hegemony wèrè no longer :associat~d 

solely ~ithkt~e British aeclihe and became linked with ~urrent 
, , 

de ve 1 0 pme n t siri the li .. 8". Th i ~ r e v ive d' the p e ,a r chf or' h i s t or i cal 

analogies and' the, "periodization}1I ô·f 'econbmic expei,ienc'e. 
, ' . 

, , 

The inevitable consequences of this search'for historieal 
.f'I ~ .,' ... ,.. • . ..' • 

mod'els d(ù:'ing a period of"mar'kedly retluced growth in economic 
.... ~ ~ l.' <'. • .,...: - , , ' 

, . '" .. , 
ac'tivit"y in manPy developed ~~:H..Intries we~e apparent.: They involveo 

, , 

'bath more' interest in the Grea,t Depres,sion of th~ 1930s and mo'rso, ': 
, , 

cr~iticar appraisal' of e,cènomic ï~dicàtors .. ': ThE(former 15 illus-
," , ' 

tr~ated by Wilson ('1980" .Capie anq :ColJ:ins (1977), and Phelps-
, , 

Brown f1972) while the' la.tter is clea"1" in Mayer (1979). More 
, 

r e f'8'r e ne es' are p,r a v ide d in an" a P p e ~ dix. Kin dl e ber 9 e r, Ël a log h 

and others' raised,fargotten issues'concer~ing tAe failure of 
, " f 

le~d~rs~ip for the woild'economYI hot mo~sy flci~s and the 

'. , , 1 

,-

, - . 
, 

. , ,f l "t..... 1 
.• '" %!t": ~'" 
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-
transfer prablem using the experiençe of 19306 and 19405 to 

,can'side'r the" .changing envirar:1m~'nt .01" the 19705. Wi th -respect 

" ta, economic indicators, the conce}r:\ was two':'fald. It dealt ti"rst, 
"t , '" . 

:,)wi~h the .ac:çuracy of me,a·sur,ern.ent f,ifty year's,lag~ and then with 

"evidence in' favor of 'Keynè~iart stabilization policies" as the 

basis for successful. p'erformance Gf the ,U.S. ec!?nqmy in 1950-1â70 • 

. 
The most sUDprising event in this unsettl~d ~tage was the 

, 
r~viual of inte~est in the ,long wabe. It"must be clear from 

1 the deve'loping concern wi th the' tWQ depressions we have cited . 

that sorne contac~ with long ~ave literature was inevitable. 
1 • 11 Il (>. 

Howe~r, the .amount of 'attention,accorded ta .the ,theories of 
, , 

..... '. 
long ,wa v es fa r e xceede-d, what m.i ght ha ve bee n e xpec teq. The énd 

,) ~ " 

of decade of the 1960s had seen the àcceptability of a homog~-
, 

neous process generating.economic 8evelopme~t in the long'term 
, ' 

at a verY,low ebb. As we 'indicat.e below, the us~ of spectral 

a n a lys î s ta exp l ore 't h i 5 . pro ~ e s' s wa s "d r i f tin 9 w i th 0 u t mu c h Q 

en,èo~r~ge~en,~ to~ard a ~eg~tive ~·erdict. The change in position 
, ~----' 

re v ëa lêa-by Abramov i t z (1961, 1 9,6.§) 'isthe mos t promi ne nt exp r-
~ ! ~~ , 1 

ession qf this 'decline in. ac'ceptabili ty al'though he uses the 
" 

2 

shorter ~uz~ets cycl~ a~ his'fiame'of refer~nc~. The outeome 
\. . ~ ~ 

is also plafn in Gottlieb .(-1976), liJhe.re th'e ;fb.onds of historieal 

context" ~re take~ ta ~~tw~igh the similarities~hat might 
1 

~nd~rlie "sorne aver~ge type or rePt~sentative'~~ng swing"~ 

Gottlieb, from the ~perspective of his' 1nterest in the U.S. 

1 const'J;uctlon industry, ind'icates a prevalent view: "On ,.balançe 
, .. . ' .. \ 

our judgement reached early in the,sixties held that the 
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" 
ç-

feedbaek process bet~een construction and the total e~6no~y 
" , 

and between rèsidential building and real estate markets had 
\ 

altered i~ sa many fundamental respects that; given our purp~e 
~ \ -~-; 

of isolatinç;J and' illuminating t~is feedbaek proces~, i t, seemeq 

worthwhil ta dr6p out Df review the thirty years after the 
, ' . 

Great Depression trough (1933) ••• " Given the immense current 
" , 

" 
int~rest in the'Long wave, as reflected in the many entries to. 

~he bibilogr phy that we provide~ at the end of this chapter, 
( " 

it is clear t at ther~ has indeed been a pronounced revivai of 

the long l,IJave. 

There are t 0 basic traditions in the long-wave literature. 

One of thesB' stays within the time frame initially providèd by. 
, 

Kondra t iev while the o.ther pre fe rs the short.er intervàl t hat 

l,tJ a s fil' S t a d v 0 c a t e d b Y Ku zn e t s. We h'a v eus e d' the Kan d rat i e li ' bas i s . ' 

since mar\}' of the recent çontributors t'a diseuss"lan ~n tf:lis'area 

have mentioned this basis x~lic~tly. This choice perm~ts easier 

classification of th~S: cont~ibt:Jtors a~cor:ing' t~ the ,iS:U~, \, ' 

'. S tressed by them. l t also fac~ tates the use 0 f thi'Ei li terature ,. -., , ." 
, ~. ta clar i f Y the' theme àf' 11 sàft'" 'e1;onometr ies' tha t we seek ta (~ , 

~xplore arid which i~ the primar~ [oeus of our discussioQ. 

" ,.. " 

Kandratie~ haB been described as "a mediocTe technician 

with a lurid imagin'at{on" (Inter-na,tional'-Çurren~y Review, 1979, 

'.p;: 28). Until res.e~ntIy, the primary accounts. in' En-gl,ish of his 

resèarch ,are his two pa,p):Hs (1925,,- 1935), the,'s'urvey ~nd ccimmen-' 

'tary of .Garv~ (1943) ~nd ihe icterestihg pistorical account of 

Q,ay (1981.). ,Garvy and Day'discuss the conflict withirf the community 
.. \ ." 

( c 

.' 

1 .. 

! 
I~ 
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'of R.ussian eè,o.nomist-s and the IiJwtr ~ gh't rejection of his views 

r:. • \ ., ~" •• ~ , 

" p*,ior ... to his ',exp.uision 'l'rom Eur·qp~. S'uf(lma~iès of the chat'àcte--

~istic~ of partibularly relevant recent·;chools Qf thought~on 

·th~ e~istence a0d ~atute of long waves are provided by Eklund, . ' 
" 

(1~SO), Freemal'l ~t à 1.: (19s;a), Kâ,hn (1979)~ van Ouijn ''C19'S3,) 

and Wal1erstein (1979) but the best w~~_to approach this bo~y-

of literature remains Garvy's paper.'This cantains ,më;lny ele,melnts 

that were picked up bi later ~riters. 

The presence .of Rastow 'amo[,Jg: th~se writers that we shall, 

~ite ls hardly·surprising. He is reactily assoèiated with the ~. 
, ..., ~.' .. 

dating and pe~iodization Gf gro'wth patterns' wi thin indiv1.dl!~'l 

countries, the' search for ~ommon ti~ ~taggered)patteins a~ong 
, .. 

... - ~ 

r groups of coun'tries, a~q t'he de't'ailed examiflstior'l of ,tire British 

h i s tOI' i cal exp e rie ne e. He a'h d Le w i s ,t 0 0 k., the p rie e 5 i den Q f the 

or iginal Kol'ldratiev. farmuïati'on and n,:!cast i t in ter~s of 
. , , 

rel a t ive p r i ces. Th i s w a 5 cam b io(:l e d w i t h a t r è n s lat ion à f '. the 
- .' ... c 

earlier discuss'ibns' of diryferential 8~ver.opmelJt5 in :agri~ulture 
~ " 

and industry ta inteDnafional t~ad~ flaws betill~en develo~ed 

" ' , 
capitalist counf~ies ,and develoRing countries. Rostow has also 

" 

use d ttie long wa ve as a f r amewot'-k for 855 es sing , the di f fic ul 'ties' ,. 
, " 

in extending economic theory ta an evo~ving, dynamie environment. 

He, as Kondratiev (1925) and some '·af" tne Russiéf) co4!me~tator-s 

c~ted ~y GarvYJ sought ta interpret and refine-~oncepts of 

long-xun ~~uifibria-as disiinct from trend and cy~lical·mavements 
, \ 

, \, 

in econam~c, time ,series. We 'have attempted in the" next seo-tion 
,- J 

t'a describe RO,st6w's èffarts t'a use the long wave. It i5 
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sig'nifi,cant that', in his most recent ,actfvi.ty~ he ha!? left 

b e h i n d -t h è'" sim pIe ta b' u lat ion s a f a 9 9 reg a t e i n d i c a t ors th a t 
" " , 

1:3 

.characterized earller years, Insteau he has moved toward compu-
r .. ' 1'ér~, 

ter,mod~ll~ng and sim~la~ivè.e~peri~entatron. He has suc~um~ed 
'\ 

ta the attractions of soft econometr'ic' approachE;!s. . . . 

:Many critics have claimed thq.t Kondratiev did not provide ,J 

'~?y theoretlcal basis for 19n9 w~ves~,Garvy's survey shows that 

this is no,t '"true: A basis was offered by Kondra.tlev and qNickly 

'rejecte,d by most of r~adèT~. "This 'oasis has several strand's, 

o'f 'which two are given ·spe.cial significance. Kondratiev took 
" 

from Marx the reinve$,tment ,cycle in capital expenditures and 

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

Baranowsky' s' th'eory of free 10anable fùnds as the other major 
~ 

Element in his theory. The st~ess on investment has been given 
• • ....J 

fresh li~e by the persistent efforts of Forrester and his 

associ~tes, primarily at the Massachuset~s Institute of Technolog~ 

,ta use syst~m-dynamic techniques to develop their "National 

MaD el",' T h.i s b 0 d Y of r e c e n t r es e arc h i,s con S ide r e d in our sec and 

'section" l t rsflect's Kondratiev' s v iews in two other areas, both 

~f whicb are contentiaus among econometricians. 

The 1':. i r ~ t are ais are j e at ion 0 f the ,e m p h a tic use 0 f e x 0 -

genous variables in the, Cowles Commission' s simul taneous-

equa~ions model. Forrester prefers tD follow Kondratiev's lead~ 

with Integration of fBW e~ogenous elements. His advocacy of 

mu l t ~ e fe e db a c k l 00 psi ,s' a l som a r k e d l Y d i f fer e n t f rom the 

conventional treatment of lagged endogenous vatiables in the 

SEM context ~owever his approach can be treated as a straight-

~ , 
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forward extensio0 of econometric developments that so~ght ta 

explore the non-linear growth models of Goodwin. These dBvelop~ 
... \ ~ ~ ~ 

f1)ents abandoned' the search for analytical solutions that had 
, \ 

peen associat~ with linear models whether deterministic or 

stochastic. They turned instead to the,computer and sought 

( analog alternativ~s. The s~nthesis of dyna~ic behaviour for 

non - lin e a r' e con 0 m i c ph é nom e na wa.s the i r p r i ma r y con c: e r n wh i le' 

the slow development of computation~l·software was their prin

cipal constraint~ A typical ex~mple of this earlier effort is 

provided by strotz, McAnul ty and Naines ~,f953) • 
~ 

. / 
~.-

The second area in which propone~ts of the system-dynamic 

approach mirror Kondratiev's views lies in the stress thàt they 

attach ta qualitative Jeatures'rather than t? determinate 

quantitative farecasts. I~ this respe~t, tuning constants are 

manipulated ta yield cyclical patterns that· can be. interpreted. 

This method is thus quite çontrary ta conventional econometric .. 
• a 

"methads which em~hasize parametric estimaticin ~nd which have 

substantial d?ta requirements. It should be recognized as one 
, 

r e s p 0 n se. t 0 ,t h e i n t e 9 rat ion 0 f the c 0 m put e r i n t 0 e con 0 met r i c 5 

with an attendant disturbance ta many past patterns of thought 
" . , 

and . r e-s e arc h te c h n i que s <' We 0 u 9 h t top 0 i n t 0 u t t hl a t the If ne ,w " 

classical macroeconomists seem to srare bath sorne of this, 

qualitative emphasis and the refuctance ta accedt 'ih~ possibly 
~ Il • 

'D D 

excess reliance on exogenous (external) fdrces. 

Our third section takes up' the discussion of technology 

in the determination of long waves. Technolqgical change has 

.. 
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long been acknowledged as a major source of structural i n·s ta-

bility and growth. It would seem especially difficult ta 
1 

(in~any way) identi fy systematic technological change ,Or inn,b-

vation with regular long cycles of fixed periodicity. Nevertheles9" 
1 

1 
this was one aspect of Kondratiev's d~scussion that Schumpeter / 

1 . 
(1939) sought to magnify with the use of his notion of creative . 
dest~uction implicit in the evolution of capitalist economies. 

He provided a strong impetus to direct studies of innovative 
1 

,investment, their clustkring within particular time p.eriods 

and industries, and the diffusion of their influence from an 

historical perspective. Without any doubt, he established the 

practic.è of' periodization for long-wave. chronologies and the 

fami1iar linkage of each long wave with particular innovations 

or rapid transforma~ions in specifie "lead~ng" sectors of 

industrial activity. Recent neo-Schumpet~rian approaches ta 

long waves fall into two broad classes, both~of which we shall 
.. 

cite in this sèction. 

One class embraces simulative methods rather than simple 

statistical analyses or data tabulations. Here the approaches 

owe much' ta the efforts of Nelson, Wi~ter and their Bssociates 

tb shift static economi~ th~ory toward evolutionary growth 

models for individual .industries or firms in the tradition of /'cf' 

Schumpeter but with the gen~ral use of computer experiments. 

,hle shaIl note the particular attempt of Hartman and Wheeler 
G 

ta extend this potential framewark for long waves to include 
, 

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

'} 
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..... 
in relative prices and éttenda~t -têr~s.of trade; a~~thi well-

~. ' . . , 

known fluctuations in migration ~na p~p~lation characterlstlcs~ ~ 
'. 

Thé second class has narrolIre,r emphases on inTlGV,éi-tion, inventiàns 

and J~ndamental S"curves of economi,c d~vef~pment .{JJ"i th resea,rc_her·s. 

using standard regression techniques~and clustering algorithms. 
, 

Major contributors within this class' include F~e~man~ ~en~ch, 
• l " 

and Kleinknecht wh~ deal wit~ 'politlcal !mpLicafioris:of this 

Schumpeterian view of eco,no",!1lic change as weIl as wi th technié-al 
1 1 - ~ 

~ . . 
issues. We should also recognize Ki~dleb~r~er's ~onsideration 

• !: 

of" agin 9 e conomi es" - an-d~ R.Qs tow 's t r e a-tmen t 
1 . ., , ~ 

~ . 
of th.§! imminent 

'--
decline of the U.S. automobile- indu'stry and tts sat~llite 

industries. 80th involve 5chumpet~rian &lements. 

The fourth section below returns to KOAdrati~v'~ cancer -

with'loanable funds and, more generally, 

of credit crunches, ease of cr~dit availability, 

tional adjustments i~ the credit industry. As-w~ 

. . 
in a later ,chapter, the transformatloFl of paylT)ents ,.systems and 

. J 
the possible ch~nge in systemic uncertainty have d,ramatic· ( . 

" . ( 
... t ~ impacts on the acceptability of ecbnomlC measureme~ts and their 

. 
involvement' in eC,onomic models. W,insky has been a promineQt 

voi~e in the debate on financial fragili~y with sp~cial concern 
, 6 

for its potential_ 'consequen8es for the eC.Ç?nol1Jic 1lJelL-be'lng bf 
.,-

the U. 5~. ecenomy" Our discussion' of Minsky' s themes and :two 
1 \ ' -, , 

il Ii:~cént accounts of H~ster an'd Wojnilow~r l.Ifhiéh deal 
1 •• .. 

wi th similar .. ', . . -
matters is r~~tric:ted ta a lang-wave Interpretation linking 

(Ji ;O(.~ ~,.'.... l " 

depression with financia~ fragility. This connection can be 

• 

-

• 1 



\ . 

1,9 

.,., traced back ta the treatment of, deb.t depressiQns by ]rving' 
, " 

Fisher. ,We could have, supplement,ed thi,s disc'ussion by. considera-.',.. .' , 
tian of 8alogh's t~eatment of the saf~ty net and the tr~nsfar 

problem or Kindl~~erger's persistent attempt ta cl~rify the 

raIe of international lende~ of last resort but this wqul~ take 

us ~, far awa y fro,m bath 10r:l9 wa ves anq soft econométr ics_. 

Minsky ,bega,n· hls fight for recogni tioh of th,e developing 

financial fragili ty in the un{té'd 5tate~ bef.ore the onset of 

the 0 il cri sis. The a t t e n t ion 9 ive n t 0 hi s vie w s,on l Y,' gr e w 

'appreciably after ec~nomic perfor~anée w6rsened. Their Jmplica-
j 

tions f,or ecan~,metrics have yet ,ta be fully expressed. 

.. - f ~ • 

R!::turn,ing to Garvy's survey, -Lt is clear that Kondratiev"s 

view~ were rejected. by an overwhelming majority of 'Russian, 
, . 

. , 
economists. 'It is, thus" worth noting that the long- wave h'as 

eXÇ!erienced as 'large ,a resurgence among researchers on' the 18ft 
, . 

of -the political spectrum as it has ,elsewherei ,There"are ,at 
: ' 

least·three distinc~ "schools" o~ thought among re~e~rcher~' 
- .' • 1 J 

with a pefspectiùe from 'th~ left.~To isolate the ptincipà~ , 
.~ ,', 

featutes of the three schools, we n~te ~ep~rable vi~ws of Mandel,~ 
. -

- Gordon, and'Wal~erstein in .the ,fifth seotion 'of this chapter. 
'. ,. , 

All o~ these writers seek'to combine the ideas of Kondratiev 

~ith those of his criti~s in the light of developments both 

after the period 'consïdered -by Kôndratiev 'and before it. Mandel 
• tf". ~ ~ < .. 

pe"l'sj,sts wi.th the emphasis' on ,inve~trl)eÎ1t although he modifies' 
-... . . 

it to deal with certain adverse.comments by Trotsky. ~e st7Bsse~ 
, . , 

dve~-pioduction and a falling rate of profit as ~utual~y 

, , 

,. 
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accommodats ob-vïous fs~tur,es of 'post-'Worl.~ War .lI expsriencs, 
" -

~e d~als with cyclical reinforce~ent of the ~a~gaining 'position 
• ~ ( <~ , ~, 

JI •• '" 

o fla b 0 u r.- P e r ha pst h e -gr e a tes t de fic i e n c yin h i s, W 0 r k i shi 5 

excesses in tiyi0Q ta expla~n tao many of recent deve19pments 
, , 

within 'his simple, framework. He makes n'o qttempt "to use econo-

met,ri,cs in any of his papers on', this ,top'ic. , ( . 
i' 

. 
Gprdcn seems-to combin~ f~atures drawn From a variety of 

, 
sources. He qvoids some of tMe~ apparen,t weakness of the re-

J ' 

, . 
j,nvestment theory by distinguishing differerrt _classes Gf fixed • 

. ' 
,capital and by downplaying the ~rominence of the ,impact of 

• • 0 

lump'ed 'investment except as might accompany waves of infrast-
~ 

rue tur a 1 i nnov a ti cfn'- Two. impo rtan t area 5 of s p-e c ia1 s 19ni fic an'c e 
l) ~.. ~.J • 1 • • 

- , ' ".' 
i·n his formulation of long-wave developments are 'a superior 

t- " , 

treatment of t~e labo'ur fT!arket (t:aking account oft a less rigid 

v ~ e w 0 f ~ he exp loi ta t i D n D fla b è3 ur) and a e: 1 e a;1' "s t a t e men t 0 f 
,. 

t.~e irreversible ad.just,msfI,ts that fo11ow each major crisis in 

the trough. of 'the Cre~t Dep'réssions. In this latter ~tea, he 
~. . 

" 

mir r 0 r s the c Q m men t s 0 f 0 n e 0 f K q 1'-' d rat ïe v 's cri tic s, ;S t ü den s k y 

(1930, cite~ in Garvy) who asserted " .•• eac h new wave of tech

~ical change results in the s~ifting o~ the Economie system to 

a 'new, qu-àlitat'ively different" stage of organizatipn and 
, -

" 

tecnr;1ique, with a. res~lting number of important, 60.Ci"0-eco:~..:y: 

changes. " 

In t'he t,h'"ird .view from the left, Wal"lerstein 'and his 
, 

assoei'ates have 1aunched 0.[1 imposing progrpmme ta describe the. 
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, .. 
~ vol vin 9 for m 0 f the "w 0 r IdE cd nom y". K 0 n-d t a t i e v ha d 5 t r e s s e d 

th e-' in t er n~ t inn~l charac ter of long Ill§! ves a nd hi 5 lis t'of the ir 

em'pir,ical,characteristics included both economic features and 
'. . , 

soc i'a l u p h e a vals suc h a S III a r, san d r e vol u t ion s. W ên le r ste in,' 

takin,g' a much lOr.lger perspective that 'includes historica'l shi fts 

sinee 1450,. developed a framework giving special attention to 

the changjng i.nteractions .between the core of the ~api talist 

economy and' the periphery of re50urce-based 'regions. The geQ-· 
" , 

graphical spread and evolving foeus of the)world eCClnomy implies 

t ha t ea p i talism shou Id not be i denti'f i ed wi th ind i v idua l coun tr ies 

50 natiof1al data may not be the appropriate level of aggr8gatl~n 

for eeonomie ïnformation. FL!rther, Wallerstein and his assoéiates 

identify the roles of joint economic and poli tical power with 

t-h e con G e p t a f li he 9 e mon y " III hic h ! i s 0 p p 0 5 è d . t a a n aIt e r n a ti v e of 

rivàlry. We', only to~ch briefly ~~e' 'percei~ed f-e'~tu'res of the 

wo'rld system. Following in part' a hint by- Chase-Dunn" Ille are 

more interested in the fe'asibili ~y of çjevelopirig appropr~ate 

econometric procedures for 'the analy~is of. th~s system~ 

In the fin ai :d e s cri p ~ ive, 5 e c. t ion, we. h a ve look e d a tee 0 n 0 -

m,etrie elements in the remaining litera·ture on long waves. It 
.-

should r:'0t be 'su.rpri,sin'g if we give a~te,ntion to pe;-sistent 
f , ' '" ~ 

attempts, by s~me. ,researchers, ta apply spectr-al ana)ysis ta Iong-
'. 

wave ~heories.' T,hese ,occur ~déspite tb~ outcome of .studies 
, \ 

undertaken i'n the 1 960s 'and the general awat'enes:s ll of the hazards 

of indue ed wa v.es -that coul d stE;!m From th~ u~e o'f moving~verage 
, 

tra-nsformations ta pmooth erratic obse'rvations in t.ime· series. 
(J 
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Ont h i 5 Y ul e - 5 1 u t 5 k Y . e f f e ct, Ga r v y '5 5 U r vey i 5 a gai n a use fuI 

b~ckdrop although the stan~ard treatment in long-wave th~ory 

i5 d,ue to Howrey. After this fi~al' section is complete, we 
, 

offer sorne modest conclusions and take a brief second look at 

the "soft" econometrics involvaQ. in each of the earHer sectiqns. 

Details on q~ferences are contained in two appendices.' One of 

these lists paper;s and books published d~~ing t,he, 1.9795 an,d,_ 
~. 

1980s as part of the revivàl of the long waV9. The .oth'er a'ppend'ix' ) 

ci tes 'r e"f e r en ces 0 f hi s t 0 rie aIs i g nif t c a np e 0 r 0 f rel e van cet 0 , 

the issues that we raise. 

Ro,s t,'oUl 

, -• • J 

~ondratlev be1ieved that J:;he_ movéinent of' capi ta1ist~c 

economies ent 9 iled two' cycles. On'e ?f these repèa.-t,ed ,in ~bo.u-w.· 

ten years whlle the 10nge/ wave h~d a ·pe,t'iod' of a,bou't fi fty 

years. Th~se waves were compo.nents -in a broad .p~tte.rn of ~istodca1 
-

con tinui t y, a." systemic mov in9' e qu ilibr i UIJI, w!:1-ich was 'contrary ta 
, -

~ \ ~ . 

the, notion~ of systemic disintegration he1d. by some Marxi'sts ~ 

Rostow, as a prominent opponent of such hotions," might., theh be' 

favourably inclined' t-él"donsider the views of Kondratiev le His 
, 

work con tains many element? derived from Schumpeter's treat~ent 

of economic change al thoug.h, recently, he writes of ·the "Marshallian 
~' 

Long Period" as his theoretica1 framework with ptic~ as its ~ajor 

foeus. More s~ecifica11y, this p~riod a110ws for "very.gradual 

'or secular movemen.ts of normal priee, caused by the graduai 

growth of 'knowledge, of population and of 'capital, and the ehang-

ing -Gondi tions of demand and SU\?pl'y from one generation- to anothsr" 

! 

.' ,-

i 
, 

1· . 
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[ Mar s hall, cite d b Y ··R 0 5 t 0 w (1 9 BOb), p. xiii]. R 0 5 t 0 W ,5 U 9 g est 5 

that the proc~ss of economic growth,can be conceived as 

ua 'moving equilfbrium', embracing Irreversible changes in , " 

technology, th'e suppl y of basic commodi ties, population, tastes, 

and the qualÙy of Bntrepreneurship". (Rostow, 198Gb, p. xiv). 

This radie al p"e rspec ti ve Ls rflarked l y di f fere n t from both main

stream Keynesian .and neo-classical theory., Indeed he ,places 

himself, using the anal,ogy of. 'Young and Clapham" in 9 separate. . l 
l • • \ 

category. "(The] nDt quite empty ,box l occupy shOl;lld be de'signa'ted 

Keynesian-Monetarism 2Plus. The plus 1s' n'o. m.ore or le?s than the.. 
• 0 , •• ' 

linking of macro-analysis to th~ sy~tematic.treatm~~t of .the 

Marsh~lÜan long' period, incre.àsirig returns and aIl. fi' Tl1is is 

elaborated in Rostow (1982}.'.-

In therMarshallian long period, many of the restrictive . ' 

assumption~ that inhibit economic a~justmènts in shorter inter

vals are relaxed. 'This provides a .distinctive 'and novel represen

ta t ion '0 f, 5 U P ply C'o n di tians . w i th' som e in ter est i n 9 Fe:! a t ure s. F i ~ st, 

increasin~ r~~~rns 2an be·1Lnked to technblogical innovation as 

.i m pol e ment e d ln par tic u l a r in dus tri al, cOI) fig bI rat ion 5 .. ,Se c a f"l d , 

the S-curves of ecanomlc d'~velopment ~ay 'be assàciated \IIi th the) 

incidence of such in~ovatîb~ in leading sectors or cou~tries 
. . 

(early-corners) and with the diffusion of new techniques "to other 

sec:tors qr countries (late-comers) pri~r t'o the onset of, a slow

down of growth with matu~ation. This bdiffusi-on pfocess is explored 
o'. ' ~ 1 

. , 

by Rosto\IJ and Fordyce (1978) using bath aggregate, indicator s, 
. . 

such as growth rates in per capita real incarne, and the stag'es-, . 

of-gr~wth methodology that was 'introduéed a. qua~ter centllry ago. 

" • 

" , , 

~ - , . 
! 
j 

j 
! J; 
l 
1 
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by Rostow. Third,· suppJy in the long term is affected by large 

dis con tin u i t i e s ,e s p e c i a ~ h 1 n the fla W S 0 f a gr i cult ur a l pro duc t s 
,< 

and raw ma'terials. F,fnally" tbe intertemporal transformation of 

t,astes- hnplies that de,mand and supply are nôt independent' while 

both are subject to irreversible chang,es. 

These featur,es are in marked contrast t'~' those ge~rallY 
foun'd in conventional econometric models, of, say, agri,cultural 

supply. ,In such models, the "long run" emerges from the estimated r 

. -~ 

comparativi~static responses that may be der1ved from distributed-
, ' 

lag formulations •. The estimates presume the acc~ptability of a 
, , 

host of 'statistica'l assumptions incl'uding stationari ty, s,tability, 

conti nuit y, homogeneity of p'opulation and param-et~j-c fix.ity. None 
, 

of these fi t thé .Marshallian long period a.s envisaged by Rostow. 
, , , 

Tt 1s therefore not !5urprising ,te find him unable to use standard 

regression proced~res i~,his analysis and unwilling to ac~ept the 
• 1) 

empi~ical estimates for elasticities and dynamic responses that 

are ç:ommon in our professional literature. T!Jo often such estimates 
, .. 

are ba'sed 011 sho'rt -term ecoromic models (wi th their implici t res- " 

tricti \le assumptions forgQtten) .. or on ad hoc adjustments ta such 
, 

mOd,els' (.that may ~ntroduce fundamenta~ inconsistencies, .. ~_uch as 
, , ' \~\ 

static expectations). The contribution of economic thea~y\'to the 

structural ospecificatian,of!stable econometric modals 1s obviausly 
( '- " . 

, ,,' '~" 

deficient for the complex dynamic' world that Rostow seeks ~a 
.' 

handle. Tt i5 PQssi~le ta conclude from this dèficl'eney 'that 

• e~~~o'nietric estimation has, n~î!e '1:0 play in the exploration, of 

Ion 9 wa v es.' Th i sis, in 0 u r vie w, ex ces s ive as we h o'p e 't 0 

. ; 
" 

" 

j 1 . 
l-
I 

1 
i , 
l 

1 

j" 
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dsmonstrate. Si9nificantly Rostow rejects oniy "high powered 
~ Î ~ • 

'J , • , 

e conom~ tr i,e techniques" in thi 5 c'onfe x t. His .re j ection 1s qui te , 
" . 

consistent' wi.th a poslÎtive contributio'n fro0 the application' of 
~z, 

soft eeonometrics.' We shall ret~rn,to ~~i"!3 shortly. 

Aecordirig tO,~Gar,vy, Kondratiev first arrived at.fhe hypo":'":," 
.... ~ . 

thesis of long wave! by sJudy.ing 'priee move'ments ,and 'leter 

endeavoured to supp~ement his r~a'tisti~al ev.i:d~n8e b~ ,va,lue and 

production series. His basic approach was\ to inspect patterns , 
" 

in th'8se data a.fter scaling'them wit.h measures of populahÙon atld, 
. 

,removal of a secular tren'd. Deviations from this tr.e'nd were also 
" 

smoothed with a mov i ng ... 8 vêrage f ilter to el imina te the shorte r 

cycle that we cite.d earliar as part of" his turo-cycle , . ' . - . 
'. . -

sch~Îne. 

[ The con 5 e que n ces 0 f th i s pre p a r.a t ion 0 f Cl a ta, wh i c h was infllJenèed , 

by Pe~sons (1~19-1920) and,the.'q~antï~atiye- sahool'at Harvar, 
" . . . 

Unive'rsi ty, are diseussed by reference to th'e Yule-Slutsky effect 
r ".. 

in "~ur s.i,~th' section.] C!early visual i~speetion of transformed 

series permi ts a considerabl,e degree of subject.ive judgement 
'; : .. 

especially,in the tim~ng of' dire'c~id.nal changes in economic 

activity. 
" 

Kan dra ti e v use d twent y -f ive time series from a number of 

co~ntries ~nd found three\cycles in his tentative period,ization. 

His con c 1 u s ions in' c l u d e d bot h p r i ces a n' d r e a l. v' a Fia b i es. ' 
.' ~ ~ Op .,. 

l' • 

,"Regarded .as a whole, economic reality represents a non-rever-sible' 
. , 

proces~, in ,which"'f.r'ogress. i8 aecomplisheq by stages. Bu~ the 
, 

inqividual economié:: elemènts, while they are thus subject, as 

par t s 0 f the who le, t 0 a 'n D Cl. - r è ver si b lep r ace S S 0 f var i a t i Q,n , 

" 
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", 

in s q mec a ~ e s de v e l 0 P e d, wh e n ca n s ide r e d sep a rat e l y, th r a u gh 
, 

a revers~ible process. A considerable gro'up of ecànomie ~elements, 
, , 

,such as, on the one hand, priees, rates of inter'est, and lJ.Iages, 
1 

and, on the oth.er hand, pereentages of unemp,loyment and business 

Jailures, ~xhib~·t proc;esses of reversibIe, wave-l.ike variations" 

(Kondra,tiev, 1925, p. 583). Several of' his ea~ly Russial'l crit-ics , ' 

weI;'e.prepared .to acc:ept long lIIave~ as r,eveaied in the mÇ>vement 

'of' priees an~ interest ra'tes but they rejected their pr:esence 
, , 

in real v ar iab.l~s., Ro's'tow belie ves tha t Kondratie v cyel e 5 are' . 
# ~ • l , 

.' 

real p'hen.omeJ;la but' their pEriodi zation is ta be f ixed ~y, ~shifts 
" 

1. n p rie e i n d'~ c a t ors. 
.' 

R 0 st Cl w and L e ~ i s (1 978,' 1 9 à 0) po i nt t 0 the cha n 9 e sin . 
re ~a ti ve ~ pr iee 5 o·f ma jar c'om(adi ties t hat ar e induced' b Y real 

,changes. In developing this' ~a'r_ed approach, they treabed ,l'(Ioney 

s,upply as passive with velocity flexible~ This p):'ovoked a 

'monetarist reaction as illustr.ated by Bardo' and Schwartz (,19~O), 

who disput'E:! the ;appropriateness of the' Rostow-Lewis' hypotheses 

for the period of 'Briti~ climac'beric at the türn of the century. 
! ' . .. ' ~ , . ' 

The criticism by the mo'netarists invo'lved ecooomEtries in Hs 

softest forme Ignoring the ne~d t~ appraisa.the adequacy of 

their s'impIe statistical 'frameworK, they fitted the pr:ice,s of .. 
>'. 

agr,ieultural commodities' in thè United S.tate.~ as depen'dent a,n .~~ 
" 1 ( 

cons~ant, the'ratio of mo~ey 'sto'ck ta real net ~ati.ona·l produ'ct . 
and residual from a 5U~Plemental ~quat~o.n. f~r v~oJ.oc~t~ .< i tS7 
lif.1k'ed\o reai per cap~ta net nat~ànai product and the ra;t àn 

commercial. paper·,). This iIIustrates, however po~ly eonducted ... 

\ . 
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iri this case by Bordo and .Schwartz, one feasible use of econ,o-

metric methods.,. They can be applied ta explore ttie c'onsistency 

. of, part.icular companents of long-wave theories. with developments . ' ..... -
" 

in certain historieal periods ôf sR'eeial. sigOificance'. A'll we 
"\.. 

have te remember here is the inheren~ softness that arises from . 
incomplete theory and fallible data and that must be express,ed 

in the questioning of statistical assumptions a'~d in the 

"sùt;Jsequent .implications for statistieal' inference •. 

Another interestif)g aspect of Rostow 1 s work is the stress 

that he attaches ·to 'disaggregation. Although, at various times, 

he combines data at ·the rational lev el with data ,at lower levels 

of aggreg?tion, i t is quite clear that his theC!retical framework 

envisages, in a fundamental way, heterogeneity both intertemporally 

and spatially fol' cauntries,. sector's, industries and' f'irms. This .. 
implies the présence of a difficulty in the definition of the 

~ 1 t ' . /' 
populations hom which data may be treatèd as samples. When he 

suggests that hil?' framework ~'doe,s' not lend, itself easily' ta 
, ...., fi 

high-pawsred etonometric exercises" 'tRostow, 1978a, p. xlii), he . . , 
, ' . , 

qUlckly attribl.lte'd part of .this problem, to the fact that '''data 

are not a va i lable in, a'pprop r i~.t~. fOTins t~ •• ' .This p'roblem of l inking 

data ta probabilistic populations is imp.licitly rec'ognized '. , 

when h~ ci tes the cômponental' areas of hi,s theoretic'al ap~roach 

where ec'onometric:: methods' might' pr~~e frui tful. "I do balieve 

" ~ that'-a 'good many' of the. issues raised her~ ~an be isolated 
" l ' 

and, pursued with ~ore ri'gorous statisti'cal methods; -'for, ex~mple', 

to_e relative role in trend-period phenomena of .i~puls"es from " 

, ; 
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, , 

relative priees, leading sector retardation, and mfgration; the 
~ , 

comparat1ve aggregate and sectoral analysis of pairs of eountries 

at simiIa~ stages 'of economic growth" (Rosto~, 1 978a,' p.' xlii). 

. The i sol a t ion i s t 0 b e s e e n a sas e'a r e h for man age a b i l it Y and 

homogene~ t Y •. 
,'-" t' 

It seems app ropr ~ a te ta dela y further cons idera tion a f 

most other aspects of Rôstow' s trèatment of long waves ta o,-!r 

~ater sections. This is particularly sa fo; SChumpeterlan \ 
, , 

elements and periodization. However WB should note, in passing, . ' , . 
that. Rostow's.,use' of priee indicators to guide periodization \' 

yields- a markedly different chrqnolagy in the I?ost World War il , 
, . 

era as comparS'd to those "accepted by, other contributors. This 

is apparent in Table One, which is presented and described in 

our third section. The SChumpeterlan elements fi t conveniently 

in thé' general discussion of ~nnovation,. inv.e-nt,ton and evolu~ionary 

aspec ts wÎüch 'are also descr ibed in that s.ection. Our final· 

pre sen tin ter est 1 i n Ros t 0 W 's W 0 r k i s the shi f. t t 0 W a r d s 5 y nt h e s Ls 
, ' 

and computer simulations; This is best represented, in RQstow , 
and Kennedy (1'979), where a ;two-sector neo-classicaL growth 

model is extended ta 'capture sorne of the elements of the 

Marshallian long I=;leriod. The us'e of com'puter modelling is an 

important chang!= in Rostow's "lethods, a:lthough his l:eeord· i5 
, v 

con'sistently'favourable ta data analysis and sorne statistical 
• • a • ... 

.manipulati9ns, e0er sinç,e his' early work on, cycles 'wl th 

Schwartz over thrrty years abo. His new tool retains sorne' of 
" . 

th,e flexibïll.ty that might be lost with standard regression 

analy~is., 

,', 
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, 

" 
.. 

The' use or a n{3o-classical ',~~ow,th model by Rostow re'quires 

, further expl~na,tion. It âppear,s 'to be inconsistent wi th h'is 
~ .' ..,.' 1 

, frequent ,dis'mis~al of su'c~ modèls as' being unsui table bases 

for the representation of historical exper,ience. Indeed a , , 

concomitant 0 f his advocacy' of the Marsh p Il ian long period is 

the provision of a 1~5t' of perlieived deficiencies in gr~wth models 

due ta their excessive, apstraetion from actual historiea'l complexity. 

Res 1:1 lut ion 0 f the i n con 5 i ste ne y. i s fou n d i n the am big u 0 U s n 0 t ion 

Qf trend. Mitcheil (.1927, 'Pp. 212-213) .characteri-zed the' unsatis-, ' .... 

/ 

. factory t~eatmènt of trend by economists. ·"Se.cular trends of' -., . 
t i mes e rie s h a v e b e e! n c 0 m ~ LI t e d m ~ i n l y b y' . men w',h.o we r e e 0 ne e r n e cl 

to get rid o~ of them. Just as econamic theO'rist 'have paid slight 
" . 

attent~on to \he 'other th~ngs' in their pr~ble'ms whieh they 

suppose to ,'remain the' s~me' 50' the' eeonomic' statisticians 'have 
, , 

, , 
paid slight attention to their trends beyoncf converting them 

i nt 0 h 0 riz 0 n ta 1 li ne s. He rel i t tl e i sye t~ k n O'W ri ab' 0 u t th El . t r e n I;:l s 

t hemse l v es, 'the ir e harae teris tics, ~'imilar.i t les, and di ffere n ces. It-

Li'ttle 
. ; , 

has changed ~Il the last s-ixty years to cause this view 
, 0 • 

tq 'b/e' am'ended. Trends 'are almost never explaine-d ,w,hile deviations' 
l ' 

from them genera'lly form the focus of an'alysis. In sorne recent 
, . 

Idng-wave théories, the trend is, separated from the Kondratiev ~ 

wave and treated as .8 'snro'oth curv~ to be associated wi th 

"e qui 1 i br ium If, "no rmâl capaci t y" ,or a simi l aI' v·ague c 6 ncept • 

. 
',R05to,w and Kennedy use the neo-classical g'rowth model to 

, . 
, gener~te a trend against which the long wave is revealed. 

RCilstow (1978'a, p. xl) presents his view of this slJccinctly. 

" 

" 

t 
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• "What we observe ... are dynamic, interac ting nationa l econ.o-mies ~ 

trying rat~~r clumsily to approximate optimal sectôral equili

brium paths, tending successively ta undershoot and oversho'Ot 

those p,atterns." These deviations by their seriaI correlation 

identi fy the long wave or "trend periods l1 • The basis for 

reference or the starqng point in'this treatmel1t ls adynamie' 

equilibrium path in a closed ec,anomy with neither sectoral 

imbalances nor mlsallocation of investment. It is an "abstract, 

disaggrega"ted, moving equilibrium". This view finds a parallel. 
. . 

expression in the, com'ments of Oparin, an early Russian cri'tic , , 
, 

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

measur e swings in e c onomi c li'fe, i t is nec e ssar y ta es tabli sh 

a sch~me proper ta the phenemenon, Swings in econbmic lire can 

be scientifically analyzed only as departures From the schematic 

~,equilibrium. Consequ,~ntly, sW,ings in .economic life 'must':be 

mëasured, no t in re l ation to a I=lr8V i àus time'per iod; bu t ta an 

established equilibrium system". 

The choice q,f trend line is not a trivial matter either 

theoretically or empirically. Diffe.rent decompositions ofecof")omic 
. . 

time series frequ'ently indicate-~lternative patterns. Thus, if 

we have - an insufficient basis for choosing' a particular trènd, 
. , 
ther,e occurs consid e rabl e softnes~ in nume r ical estima t es an d 

the pat t e ron s t ha t t fl e y con ta in. 

Th'is softness enhanc,!3s the acceptabili ty of computer 

experiments and simulation, relative to conventional regression 

'approaches, since they perm~t flexibility in specification and 

i 
i 
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.. ,",,' 

,facilitate comparisons rather·than simple elaboratian of a 

giv~en;mod€l: Rastow and Kenn~dy set the values of the parameters 

in the:ir -nea-.c rass ica 1 grow t Q tr en:d wi t h out us inQ a ny sta t isti c al 
.. • ,. • J 

,t .. ". 

p~~ocedure. TJ:îen- they introduce a series of disequi.1ibratir)9 

.. ;complications that represBnt'~ individua1 elements Ln Rostow's 

, '" .. t h e 0 r y suc h . as (i)' Il> 11 ru m p y " Cc lus ter e d ) i ne rem e n t s i!1 the c a'pa c i t Y 

of one secto"r ~~~var.ious 1ag5 in recognitfon, exp1oïtati6n 

and gestatl~n;~ (i~) c~:r:ges in 'the average rate of technical 

Pt'o'gress ta represent ::technologicaf innov,ation; (ii i) war effects; 
,,~. .~. 

'(LV.) stagf~latiôn .due tp frictions in money supply and wagesj and 
• p • 

(\'1) restrictions "O,.n t-h~ availabi1ity of 'raw, materLa-ls as fou'nd . '" 

in the debate an limi tS' to growth. 1 

A 11: h 0 IJ 9 h :r e ;5 t rai n e d in 0 seo p e, th i s e f for t' i san ex ce Il e nt' 

illu~tration. of soft' econometrics as ex'presse,d in experimental . . ' 

or simu'lative f~rm. l10staw and Kennedy· (p. 3'3) deserve the last 

lU 0 r d he r e '. \ Il It i s qui tep 0 s 5 i b let ose t u p , ma deI s t ha t cap tu r e 
r • 

elements ~n t'he trend behavich of the world ecoriomy over the 

·past bilo' cefïfü:r;·iés: these ~odels .can illuminate lucidly proces es 
. , 

.flot fully devel.oped in eith 7r conventional economfc history, 
. ' . 

or cont'emporai'y economic theory .••• But they fall considerab y 

, 

? h G) r ~~ of r e - cre a tin 9 e c 0 ~ 0 mie h ~ s ta r y. A 11 d lU e ta k e i t th a t i t 

i 5 the. dut y 0 f m 0 deI b u i Ide r s t 0 bec 0 n sei a u S 0 f lU h a t the i r 

fabrications fail to embrace as the y are of the piece of reali y 

t, he y • cap ~ u r ~ ". By t r end 'b e h a v i 0 ur, the y ~ e an. the lU a v e - li k e 

patteJ;ns around the equilibrium growth trend rather than this 

trend aione • 

, " " 

b 

. ' 

.t ~ .......... " ........ "' ..... _- ~.,.. ~'> ... ' 
, 1 

. ~.1" 

. . 
--~ - " -\ ~~ - .... --.--.~ -- -...,.~ -~- ~ 

," . " 

, 
l ' 

l 
\ 

" l , 
\', ' 

. , . 
" , 
t 



, 

'. 
.. 

\. 

~ ") , 
32 

\ 
, " 

Forrester 
~:~>~ ,'~ , . 

The shi ft toward comput~r ~xp~rimenta and simul~tive 

approaches in'volves â radical"challenge to, the working practices 

of many econometr~ciane. We face a disturbed situation in which 

large-scale e~onomy-wide models are often first estimated by 

conventional methods and 'the~ simu'lated a~ of a process 

invol~ing validation and ver1~lcation. Many model builders 

~eem to ignore t~e apparent defic,e~cies of individual equations 

pro v ide d the' i r 'c 0 m p1 El tes y ste m s y i e 1 d sa t i 5 fa c t 0 r y d Y n ami c . 
, 

simulations. This atti tude is' consistent wi th the widespread .,. 
.~ . 

occurrence of ,ad hoc, adjust"ments that override iriitial estimates 

for fitted ·~q.uations~ The, relètive~' stress on estimation and 0 
" , 

~ ~ { . 
sifllulatiol}' véri~s cons,ide~ablY betl!J!;len researchers and creates 

heated debates amongst them. A typical criticism of "equation 
• ~ .sr ~ 

negleci n is proJided b; Ando's response to the moder of Evans 

ln ~eye r - ('l ~8 i ) " -_ Th,~s r"'spon s\ i s Quite re strai ned b"y compa r i

son lJfit~ the general difficulty experFenced in reconciling 

Forres'ter ,·s system-~dynamics approach,. which stresses simulation 
).' . 

and 'dismi~ses -th~ traditional focu"s on estim'a'tion, with the 
, . ' .' 0 

a lt e r n a t ive f'o r m u 1 a t ion s th a t are fou n d i ri m 0 ste con 0 met r i c 

textbooks.'This difficulty is a primar.)! foeus of our treatl'tlent 
. -. 

of ForFester's explar~tians of long waves. We return to it . - - . .-
after 'considering some "of the signi ficant eléments ,of h,is . ' 
effor:ts, beginning uli th. the interaction of· .. c'ompu~ïng and' n'on-

. '. 
linear sys~ems of equations not~d earller. Recognition of this 

~ , 
linkage places ForresX~i'1:' r s research in the mains,tream· o~ ecoflomic 

'. ,',-
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theory, the lineal descendent of a substantial body of attampts 

. to explore' non-lil1e~r growth models" rathe'r thar,J ~n the eccentric 
, -

frint;}8s of this the~ry. His,own style of ~re5enfation and t,hat 

of his opponents 01ten obscur~ this pl~ce. 

.. ," \ \ 

Koopmans. (1957,' p.; 215') i>,eve'als the t,mportance of earlier , 

uses,' of .anaîôg' -and, dïgital computers' in this "Cont.ext. "These 

studiea constit~t~ a rehabilitation of the nJmerical example 
',' 

as a tool of analysis ~~ sjtuati~ns wh~re general mathematicél 
, 

analysis is eîthe~ too diffic~lt, or shows the outcome ta be 

highly dependent on th.e numerical "alues of, the model." Their 
, " 

most recent analogies are found in the "experiments reported 

by Day (1982) which involve mathematical theories of chbos and 

revea.l the ha,zards of m~kïng predictions. In ,one experiment 

wi th 'a neq-èlassical', model of"capi tal accumulatio,!," for example, 

Day founa that "wh~n ~ufficierit noniinear{ties and a ~roduct~o~ 

lag are J:lre,sent, the .inte,râct,ion' aione of th,e pro~ensity ta 

save "'ana the p'roducti'vi ty of capi tal can lead ta growth cycles' , ., , 
-

th;t 'exhibÙ .a wande:cing,' sawtooth patter'n n'ot wnlike those' ,', .. '. 
" 

'observad in ~ealityri; Such fluctuations may be ~uasi-periodic 
,- ' 

but are 'not. necé~sarlly ~C! •• lhey are intersperse? with ~erratic 
b. 

, 1 

or cha~tio tr~jes~oriesnwhich ~ff~ct ~rediction and ,are; them-
• " "J> 

. selves; 'influenced b'y t;heir sensitivity to smaU changes in 
\ . . .. 

. the I spec i f ic,a't ion D f bath in i ti a l co ndi tian s à~d model p'ara;-
" . ," ~ , 

J • ~ J ... 

meters (tuning constants) '. , 

~", , 

,With this bacK9rap, Forrester developed his system-dynami~s 

ap~roach in t~e 1950~ and has continued ta ext~nd its adop~ion 

, , 

" .' 
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in analyses of industries, urban regions, an~ national economies 

from the inception ta the present~ His ~iew, excellently 
, 1 

descr'ibed by Meadow (1'980), 'embr:aces ide<as fram control., 

engineering (such as- the concepts of feedback and system 
.' 

self-reguiation)~ cybernetic~ (the nature of informatio~ and 

i ts rçle in 'co~tral systems'} and or_9ani,zat'ional th,eory wi thin . . ' 

represen'tations of complex, n_onlinear ,and mulÙloop fe"edback . , 

systems. O The 'spread of this per.spective ,w'~s subst.antially 

enhanced 'by the development of the DYNAMO, software package, , -

which per~its easy computational manipuiation of systems with 

nonlinearities and time delays despite the!r mathematièal' 

intractability. 

of· a 

The manipulative 'eàse is a 'consequence of the" imMian 

clased boun~ary far the sy'stem, eS,sential-l)' ,the c~JA.t.er-
pa~t of res'tricting exogenèd:ty. ALI mean'ingful i~teractions 

. 
are assumed ta occur within this baundary. Forresier'(1969, p.171 

, . 
ma~es this ~xplicit. "The cau~e'and effect reiatidnship'between 

8nviroment and system are uni-'dirE?ctiona1, whéie'qs the' intern"al 

Elements are structured into feedback loaps t~a~ ,cause the 
, 0, 

internaI elements t~ interact. Th~ environment can affett the 

s'ystem, but the sysb~m d9ês nat' sigr'lificantlY affect the, 

enviranment." Here ,th'e rnternal element's are essentia-lly e.nda-, 
. . 

genous in th'a- causal s"ense (.rather thari, by the statl~ti~al 
- f • 

definition discussed in. éhapter Thr'ee and aften found in 
'. 

simultaneoLLS-eQuat,ion models) .while the envl.r.onment i5 a collec-
, ' , 

tive 'term far excig'eneous factors. The l.Flter are treated as 

'. 

; , 
J , , 
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random perturbations that "do not" tohemselv,:e$" give the system 

its in~rinsic g~owth aqd stability characteristics" arid, h~~ce, 

appear contrary to the Wick~ell-Slutsky-F~is~h-Kalecki view 

(Howrey, 1972) whei~ erratic'shocks {nd~ce persistent cyclical 

osciilations even ~n stable models. 

F: 0 r r est e:r; , (1 9 8 0, p. 53 3) ha s r e c e n t1 y c La r i fie d h,i 5 t r e a t -
, '. 

ment, of ex.og'enbus, ~nfluences a~d the4.r raIe ,in ,changing cyclical . . , 

pat terFls in .. eéonp~ié de'velopme-nt ~ ,The system.:'dynamlcs approach 

. 9 e ne r ~ 11 y s ta r t' s w i t 1} the l d 8 ~ tif i c a t i ~ n . a 1'1 d ,8 'x ami, na t ion Q f , . 
• 1 

the ."determinist·ic.c.e,nt'!al st:r;uctur,e" of the' system, 'i~s .endo,-

genous com'ponént. This ii suppose'd ta improve. our' understanding 

of the dynamic lJe,ha,Viodr implici~ i'~, this compor:lent.··IntrodLJctio~ 
• '. ).(:;:"""-~"'''''''''ol"-

of exo'genous randomn~ss m'a y . irrdeed activate ..ciamped. élsc.illa'tary. 
t _ ' _... ~ ." 

moqe 15 s uch as bus i oe s's· c yc le s· and. C ons:t:;ruc tio ~ c yc les .,C In 
' .. 

Porrester's Na~iona1 ~o~~l~ ~hi~ randomness from ~odes~ ~xogenou~ 

·ShO.CkS ~î ~V8'~ f'eep .thr'o~~~ t,~ change, the succ'essi ve phapes. 

.and periodicit~es'of. rang wave'''. H'owever system dynamics; as 
.. _. r 0 

with other ~ethpds 9f dealing 'with nonlinepri~ies and m~xed' 
• l ' ... 1 

· diff'e~ence-di f'ferenti~'l ~eq~ations',' loses' much of 'i ts· appeal 
, ' 

whe~ ~o~e extensive exogeneity,is present. lhis use of ~ clos~d. 

bOLlndary' is cOl1sistent :'with Kondr,ati'ev' s 'insistence that' long, 
r ~ ~ ~ t ~ .' • . " 

'wàve,s aIl'8 end~g.'ena'u5'. "In asserting the existence aJ 'lon'9' wav'es" 
, . , ~ .. 

· and in de.nying ,that they arise· O\-lt of ,ra~çlorn causes",'we a~e 

· als'~ a f the opin ion tha t' the ·long wa ves ar ise à~t o~ cause~: -. . . . 
whic:h are inherent in' the essence ô-f the capi talistic ecbnomy. Il 

, -
, ; 

(Kondtatiev, 1935, p. 42) Ca~ual extra-econamlc circumètances 

. ' 
. . 

\ . 
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and euents (such as change~ in technique~ wars and revolutions, 

/ 
which are ~isted ~y Kohdratiev fit into Forresterrs cancipt 

1) ". ... 

o'f ,the enviranment., Th:,y are thus outside the closed boundary 

: of the National Moc;iel. They'.are unnecesséfry fo'r the expla!1ation" 

,~f the long wave~ 

Un l ike the t yp ~ cal repar ts' on s lmul tane 0 U 5 - equa t i on } 

madels; those of' Fo~rester and his ass~ciates 'seldom ,list the 

.eq~~tions that form thei! st~uct~re. Instead they illust~ate 

liCJkages between -e'l11dogenous elemen~s wi th, stylized' chal;'ts. 

Otagrams repres~nting çircular loops of' influenc~ have long 

,been 'use'd: 'in 'ec'o,nomics. Patinkin (1973) presents some early 
, , 

examples while se,veral g'enerations ot: economists have been 
, '1 

introduced ta su6h loo~s iri ele~entary textboaks such as that 
. . 

of Samuelson (1948),. Farrester and his as?ocia~es are 'perhaps 

unique for the central posit~on in which they plaèe circular 

'loops. Thelr ~heoretical stan~e i5 dominated by them. Within 

the'closed baundary of the system, feédback laaps,contain 

alternating levèls ànd tâtes. T~e loops may be self-reinforcing 

and amplify disturbances or they may tiampen them. System. 

dxnamicists combine such'positive and hegati~e feedback to 

< const~uct their models. Thus, 'for example" oscillatory behaviour 

ls connecte~ wit~ the pr~sencè of a negative feedback loap 
~ , • ,1 

, , 

inv'olving, a time delay ,while, S-curve,s of econamic develapment' 
, D 

stem (~om the nonlinear interact ion of' both types of feedback 
-

without time d~lay~~ 

, 
J ! 

, . 

,1 
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6efore, considering the pa~ticular 'chart wi th 'which 

For~ester fr~quently explains the long w~ve, it is appropriate 

to cO~Jider ~h~ implied l~Ck ~f simultanei~y in the syst~m of 

loops fo~ his approach. This lack of simultanelty is a major 

factor in the computational ~ase of DYNAMO software a~d, ~h~s, 

1: s a $,i gni f ican t e lemen t in the practi cal use Cl f h 1's approach. 
• • olt 

.In its .conceptual fcrm, 'a system-dynamics model is a set of 

Integral equations in continueus 'time. This nÇ!eds to be converteï:l . . ~. . 

__ ilJtb a dis.crete approximat.~~n for compûting. The g'~neral habi t 

of.~conometricians would be to use a quar~erly (oi monthly) 
• 0 

time interval to fit the sampling frame of existing data. This - , . . 

±s d,escribed by Rowley and Trivedi" (1975, 3ecti'on 3,.6). Forrester 

advocates the use of a much smaller interval. This, when 

~ombinedlwith the alternation of leveis and rates, yields a' 

framework quite ~~stinct 'from the conventional' one~ Rates are 

only psrmittea ,ta depend on lhe Integration of rates and ~ot . ... . ' 

oh simpie rate~ aione so that a system-dynamics' model 15 

serially recursive rather than' sif1'lultan~~us. Sil}lulatio'n is: 
, . 

developed by updating each equation se~ue~ti~ll~ rather·~han 
, . 

solving aIl 'equations simultaneously, a. considerable ad'vantage 

fDr "exploring nonlinear dynamic systems. 

" 

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

tion. Many,economic models use differential calculus and assumÇ! , ' . 
- ' . 

both continui ty a'nd di fferehtiability at moments in time-. The ~ 
.--

period of decision is seldom specified in thg theoretiça1 models 
, ", , . ~, 

50 a major source of softn~ss aris~~ when they are ta be 

. , 

. i 

i, 
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, -

converted into forms for either estimation or simulation. We" 

ha0e no basis fai assuming tha~ data will b~ colleeted at 

intervals which are suitable .fOT, mat.ch~ng wit~3eoretical 

models. Thus we h~v~ few grounds "for choosing be~ween the 

interval advocated by FO,rre'ster and that, fi:t<ed by eollé1'ction 
, , 

agencies~ Thè theoretical consequences ~f this shortfall in 

our 

for 

scientific ~~~h,OdS affect the t,rrtment of flows and s~cks 

eeonomic var LabIes, the, l'eliance on' Çlta-based 'approaches, 

aod the irferences deriv89 from par lcular formulations. It 

s hou 1 d n G-t~ __ ~'~t"l'P~~"',l.';~i:a.r;'n;:;-;g;:; -;~hh~e ,1' e for e, ; t 0 fin d th a t re sul t s TI' a m 

sy stem-d ynem~cs ,mode lling provide challenges to many populal' 

'ViSW5. CP8trib~tions io ~an8ers (1980) illustrate these 
. , 

'ctia~~Y1ges while ~he F~rrester,-Zellf:1er' exchange, that we' shall 

"----' d,i~cuss later, .re,ve,aIs the di fficu~ ty o.f f inding a ,sui,tabl'e 

format for cross-fertilizàtion of competing views. 

'. 

. , 

, 
i , 
\ 
> 

i' 

" ~igur~ One i l~ustrate s the t yp~cal ùse of diagrams con tain- ---- -_~ 

~ng cir~ular 19ops for f~edback. This partid~lar chart is fqund 
, ., 

in· niost of Forrester.' fi dïscuss'Ïons of long waves and rep:r:esents 

a t~o-sector ~trueture ~ith co~sumer tl~rable5 a~d capital equip-
" . ,. 

ment. With the linkages of the,chart ir mind, Forrester (1979, 
,-" • l " ( 

p. 94) p'rovides the followi~g argumen.t. "' "Recent computer; 
" 

simulations using partial assemblies'bf the' System Dynamics 
. ;.' ~.;' , 

Na eiona1 Madel s uggest' tha t along-pel' iQd cye lica'l beha v .lour 
, ' . '. 

,can arise from the physical' structu,re connecting consumer ggods 

~ sectors and the çapital ~ectoTs.,A sufficient cause fpr a 

50-year fluctuat~on lies i'n the:....movement of people between sectors, 
là 

, ' 

, ' '. 

, ~ 
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FIGURE: ONE 

Forr~ster's Two-Se~tor Modal For Consumer Durables ~nd 

Cipital Egurpmen~ , 

Delivery of 
Eapital 

.. Equipment' 

, ' 

. , 

labour' 

l 
Ca pi tal" 

Eguipment' 
.Orders loi: 
Capi tal' . 
Equipment 

. -- ----------------.- -----... ---'- ';' --'- - ------ ----------- --------

labour 

Oelivery of 
Capital 
Equipment· 

) 

Availability 

Consumer 
Durable . 

DEMAND 

Orders for' 
Capital 

\ Eqùipme:nt 

orders 

, ' 

," 

Sou;rce: F orres ter (1979), p. 95. ,. 

Not e: The 5 e c t ion ab 0 v eth e br 0 ken li n,e r e pre sen t sa" b 0 0 t 5 t r.a p " 
structure in the,capital sectar, which acts as a major anti
damping element and lengthens period of fluct~ation. 
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the long time-span t9 change Rroduction c~pacity of capital 

sectors, the way capital sectors provide, their own input 

ca~ital as a f,ctor of p~oduction, the need to develeR excess 

capàcity to catch up with deferred 'demand, and the psychologiesl 
1 " -< . 

and speculati~e forces of ex~eptations~ which ca~ cause over-, 
'0 

expansicin in eapit~l sectbrs." This repeats Kondratiev's focus 
• 'f 

on capit~l accu~ulation but is much more com~licated than the 

sfraig~tfor\llard reinvestm-ent hypothesis. 

Since our concern is pri~arily ~ith soft econometrics, 

ra,ther than with the finè detail of this arg'umerit, it'is appro-' . 
• / 1 \ 

priate to focus 'attentiofl on .the way i,n which the system-A:lynamics 
, 0 / 

/ 

modeL is used here. Forrester and his associates did not initially . / 

set out to find a Kondratiev~type wave or ta estab~~h its· 

determinants. ULhen their effo'rt began, reinvestmrtt ~as usually 

linked to stabilization and cy~les of greater ~equeney. They 
. , ! 

wahted to consider a host. of dvnami.c' phenomena extending from 

the business cycle ta the ",li fe' cycle of econ(Jmic development",' 

which might cover ,over tw~ hwndred' years. Mu.ltiple- simulations 

could be u~ed ta ex~lor~ whether differen~ mod~l components 
" 

t· • --= 
can be linked to particular cyclical dS.velop'ments. further 

simulations could reveal, the sensitivity o~ ,the~e perceiv~d 

link?ges to model enlargements, parametric changes ,and othe'r 

adjustments. The essential requirements f?T an expe~imenta) 
, \ 

method are flexibility of simulation and simplicity of attr~-

. ~uti~n.from causes to effects. This is quife at odds with the 

process of taking a .given structure and conf'irming- the numerical 
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range of param'eters.o ,Both approaches are /fallible sïnce we 

hdve little depth in gur ~erception of lorig-term economic 

developments. Forres~er cast out the false impression of. firm 

,structures and opted :or a m~thod in which' sO,ftness is blatant. 
o 

He reversed the Rormal order of model development which exagge-, , 

rates both the contribut~o~ of economic theory ta equation 

specification and the applicability of statisti~al procedure~. 

this choice 'makes him highly ~usceptible to critiçism and, 

p~rhaps, liable to excessive claims for his approach. System-

dynamics madelling should be viewed as an additiorial tool that 

freely permits the imaginative el!boration of theories. Its 

value is limite~ to are as of economics that are poorly developed 

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

Forrester's exp~riments, which are generally ~eil-docümented, 

ceueal how si~uiation strengt~ens impressions of causal linkages 

or dampen's them. In Forreste~ (.1979', pp. 94-97)" for examplef, 
1 

~e cons~ders the potential consequences for bhe long wave df 

amended models' which include the househ~ld ,(consumption) sectars, 
'!J 

the bankîng system., and the Federal Reserve System. His,' experi- --l 

ments thetefo~e may be indicative of hypotheses that sho~ld be 

pursued further as weIl as confirmatory in a soft sense fa~ 

,sorne no~ions wit~ current support. The creati~~ dimension of 
. . 

'system dynamics is also evident in 'Mass (1980), who stresses 

the nead to glue adequate attention to stocks as wel~-as'flow~ 
, 

an~~ dipe~ially, to the inter~ctions of stocks and flo~s in . 
,li 

, . ,5 i tua t i ons of. oy nami c di~e qu i't i br ium '. .' . 

" 

.. ' . 

! . -, , 
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1 

Our final observations on Forresterfs treatment of th~' 

long wave arise in the context sf h~s acrimo~ious debate with 
.:~ , , . 

more co\nventional econometricians' as found, for e xample, in, 

Forres~er (1980). Before presènting'these, it is appropriate 
- ~ 

ta briefly digress 'and cqnsider the char~cteristics of the new._ 
, 

equilibriu~ theories of business cycles as propounded bi Lucas 

and others. Although no~ concerned with, long waves, these 

theories do share som~ feature~ w~th system-dynamics· modelling 

o~ which the most notable are criticisms of the treatment of 

,1I;Ogeneity ~~d, their emphasis on qualitative aspects,of cyclical 

developments. There are also considerable differences not least 

in the recourse ta notions of equilibrium and in-the choiee of . . 
methdd. Lucas, Saigent, Sim~ and'others frequently stress tlm~-

series models that are far removed from the system-dynamics 

fr~mework. We cansider t~e problem of exogeneity in. thi ~ext 

chap~er. WitH respect~o qualitative conditions, Lucas (1977), 

for example, develops His equilibrium cycles in the,framework .. .., ~ . 
of co-movements in ~conomic time series.ard finds bath that 

business "frycles are qua1itative1y alike ~nd that they are not. 

necessarily associa~ed with accurate co~d;tidnal forecasts. 

He uses a criterian for model performanc~ that is very like' 

" tha t'of F orre5 te'r. "One e xh ibi ts unde r 5 tand in g 0 f bus i n ess 

cycles. by constructing a model in the. mo'st li terai sense: a fully , 0 

artificial economy whic~ behaves through time ~q as ~o i~i~ate 

c los e 1 y the -t i mes e rie 5 b 8 h a v i a r a f a c tua 1 e con ami es. If (L üé ~ S , 

1 977, p • 1 1) Th i sim i t a t i v·e b e h a v i 0 ur cou 1 d b e m 0 d e Il e d . e i the l' 
" 

.. ' 
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by time s~ries models with innovative errors and few exogeno~s 
'f 
1 

elemeriis or b; system-dynamics models! 80th are far removed 

from the familiar "structural" a.pproaches'. Lucas and his 

associates moue toward the~~earGh for invarianc~ and stability 

while Forrester emphasizes simulative convenience. Neithet is 

concerned with the problem of finding "good fits" since this 

criterion may not give adequate attention to qual~tative as~ects 

of economic development. 

The radical fèatures of system~dynamics models are listed 

by For~ester (1980). We have already pointed to non-linearities, 

exà.geneity, simu~ative~ ease, lack of simulta(1eity, tim~ intervals, 

forecasts, q~alitative criteria and the place,of economic theory 

as areas iil which his approayh di ffers from that of many other 
~/ ~ , 

/ econometticians. However, the primary facus a~ His dispute with 

canv~ntional econometrics is not fouhd in t~is liste It is found , 

in his strong rejection'of statistical Inference for the soft 

contexts that he'seeks ta explore. This Is made biear in 

Zèllner's comment on this paper. Zellner finds 50 me comman 

practical features', aIl of which we' woul'd argue -~re sources of 

?af.t eéonomet'rics. "Man)' econometr1c model builders have used 

tion experiments and tracking performance. Further, in arrivi~g 
.. 0 

at parimeters' value~ or asti~ation, many mad~l builders use 
, 1 

judgement as weIl as data, usually informall'y in arriving at 

: 
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their parameter values •••• One difference between Forrester's 
- , 

approach and those of others, howe~er, is that Forrester 

apparently does not make explicit use of formaI statistical 

Inference t'echniques, whereas other -model builders. attempt to 

do 50." [Zellner, after Fo~rester (1~~ci)~ p. 567] 

Zellner would pre fer Bayesian meth9ds of integrating this 

prior soft information and a forecastin9 test for validattng , 

. ·econometric mobels. Forrester rejects both as weIl a~ frequentist 
• .., 1 

alternatives. The latter can be" attacked, as' in Senge (1"977), 

for their sensitivity ta imp'e~fections in data and model speci-

~, fica,tian' ,but the funda'!lental di fference wi th, respe"ct ta. stat~stic~. 

'betwe~n system dynamics and conventional ap~r6aches is more 

,profound than' this criticisl"\. We can begin wi th a stochastie' 
, . 
~ormulation' in ~hich the model"characterizing cyclic~l dev~iop-

'-

ment5 i5 dominated by i~s probabilistic features (as in 
, . 

conventional econometries) or.~e dan ~dd random perturbation~ 
" . 

or innovations to a deterministic central struc€ure after ~ts 
, ~ 

dynamic implications have ,clearly been appraise9. (as in system. 
1 

dynamics). Choiee between these rival approaches "must depend . 

on the softness of the real-wàrld conte,xt.' Both may'b,/:! consider.ed 
, . 

, '!p 

par t of ec ,onometr i cs 50 t ha t the y a ppear- ctOmp lementary ra ther 
" 

tha'n.'antagonistic. This view 1s con51dexetl by' Mea:d~ws '(1989). 

Return1ng to the long wave itself, Forrester identifies 
. 

sequences in its èvolution primaril~ by reference to capital 

accumulation with a peak occurred about a decade ago. The l'owest 

po i nt of the depress iOF! has 5 l OUI gr owth in capi ~a"l sectors aq,d 

, 0, 

1 
- 1 
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gra dua l decay in ex Î!? ti!",g capi ta 1 stock un ti 1 rep la'cement ne ed s 
_:.t ,~,~. 

becom'e apparent in °thés.e sect9'r~. RecoverYr beg.Ï,ns wi th the 
." . 

reci~culation ~f the output of the capital sectors ta their own 
. ' -

inpluts, or "boot.strapping'!' a.s Forrester terms ,this process. 
,.r- _ 

Then wage increases and labOur sho~tages in consumer sectors 

provide fu~ther impeius. to piod~ction of capital equipmen~·in 
, 

excess of l'eplacement.~Oeferred needs stimulate overexpansiàn 
, ; 

of cap~tal sectoDs until their output cannot be fully>ab50rbed~ 

and unemployment arises i~ these sectsrs. Finally deficient , .. 
. . 

demand~ J.eads to r..apid col,lap~e of "the capital sector which 
... 

~ffects overall eoonomic b~oyanci and completes the cycle. The 

~Tole of cre'dit and liquidity i9 Imprecise here. Fo'rrester suggests , \ . 
that ignoring c6nstrai~ts on liquidity may fnadvertedly acCen~ . ~ 

..... ;',. , . 
tuate t/:te 10,ng wa ve i~ th e absence of cred i t crea t ion py ten tral 

banks (the Eedeia~ Reserve). Credit from this sourc~ is linked 
{ 

ta the overexpansion of 
, ' 

capit~l plant and hence ta "the Greatiah 

of the 
'. ,r 

long-wave lSmode". Such considerations l'equire further 

experiments that:H~ve ye~ ta be pu~lically r~leased. 

.. '/ 
, 'The onset of ,r,ecovery in the capi tal sector in this picture 

. ls obviously too simple. Similarly, then the translation ,.of exee·ss 

capacity in.to a cumulaJive decline needs refinement. These turn-

ing points and the dynamic processes linking them ~ere illuminated 

\<~y Schumpe~er i~ his tre~ment of long waves. It is ta the recent 

résearch in tne Schumpeterian tradition with clarification and 

assessment of his concepts 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. 
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Innovation and Evolution 
• p 

~ /,J , 
Inventions and changes in techniques were disG~sed by 

Kondratiev inohis account of long waves but his tr~atment of 

them was 5,lig Without much clarification of the so"urces of 

his insights, e produced two hypotheses that covered the 

and t~~ir integration in ~roductive 

pIoeesses. Fi~st, as on~ of his empirical characf~ristics, 

the clusterin~ of a large number of important discoveries and 

,inventiàns was placed in the recession phase of the wave. 
;J.,,'-. 

'Second, although stimulated by "the necessities of real time 

and of the preceding development of science and technique", 

inventions remain ineffective until economic conditions are 
,<> 

favourable for the!r 'application. Thus they eannot, be applied 

not the in1 tiating force fO,r the recov,ery al though thay may ._-v 

intensif y its pro~ress once begun. Kondratiev, as Forrester, 

stressed Leplace~ent demands in' the capital sectDr as th~ 

ini tia;ting force
o
• It s..eems appropr iate to dispose of the 

f 

p 

reinvestment theory (or ",echo prineiple") befàre we eonsider 

.the significant issues that emerge from the two hypothese~ on 

inventions that we have just cited. 
'1 

The reinvestment theory has a long his~ory that is best 

. described by Ein'arsen (1938a., b), who points to the efforts 

of Marx, Robertso~, Pigou, 5piethoff,'~ftalion and Clark to 

elaborate it as the generator,of either elastic or inelastic 

cycles. Einarsen (1938a, p. 11) rev>€jhls the two criti.ca~ 
" 

\ 

) 

'. 

, 
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f.eatures. "'[The'] r.einvestment ~heory will provide ,a satisfaetory 

-and probabl'e .explana,tion qf t.he busin~ss "':"eycles, as i ( is able 

to explain the tu~ning PDint~ both From depressior to the 

period of revival and from prosperity to recession and also 

ta explain the periodicity of the fluct~at~ons." Explanitions 
~ , 

of turnin-g points' and periodieity clearly are major demands on ... - .. 

long-wave theorists. The referènce ta business cycles in this 

quotatio'n stems from Marxl-s ,e:rrphasis or)' ten-y'ear pattern-s of 

r,eplacement that he use's. to cOMect -the average duration of 
. ,1 " 

, . 
capital lives and busines's-.cycJ.e ,waves. Periodieity is thws 

~ ... 
linked to the life exp~ctancy of large capital assets while 

1 

J 

the impetus to rec~very s~ems from the more or less ~imu~taneous 

wearing out and re-ordeiing of thea~.a~sets. Thé degree of elas

ticity in period must then depend"both on th~ rigidity,"or 
~. 

non-postponability, of replac~ment and on the historieal time 

path.of Gross in~e~~ment. 

Tinbe'rgen '(;"938) provides' a simple illustration, of an 
~ . , 

inelas tic formulatio~ tha t represBnt~ what he t eI'ms "1 i fe 
. -

fluctuations". Suppose we Kave l, Rand N ta denate, respective,ly, 

Gross investment, re'plaeemeA-t and net investment. Then the 

definitional identity 

( 1 ) + fit 

, ! . 
~an be combined with a simple hypothesis far repl~cement -, - ' , . 

t' 

whic·h assumes one-hoss-sh.é!y replacement wi t·h twa l,ives 

.. 

. , 

, 
" 

'1 
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"" (six years and eight years). The. mOdel can be completed by 

,ass'uming net investment i5 always propoI;'tiona1 to gross 

investment without any delay: 

48 

The final equation of the mQde~ i5 ?bviousiy found by substi

tution for N end R. It i5 a simple difference equ~tio~ for 

gross investment: 

( 4 ) = è( It_6 ' + . It_B ). 

Here c is a function of the proportionality factor b. For 

5 u i t a'b lev al u e s of b , the d if fer e n cee q ù a t ion will, 9 en e rat e 

"eeho" effects although not netessa~ily ~t int~rvals equal, 
'.. 1 • 

, 
to the two. assL,lmed aS5et lives. Accep,tance of' this rigid 

formulation implies that we need da'ta on the age dis~ributi~n, '. ' of physieal capital assets and on the inciden,ce 'o'f' rep-lacement 

'orders as distinct frqr ~xpans,ion orde;c:s. Such information' 

might then be used, t?exten.d th~ simple m.od~l and· to ~eterm.ine 

its dynamic·characte~istic~ There is a s~rprising absence of 

this information eve~ in developed economies; However, the 
• ~, .. 1 ~, 

components in the mode'l (one-hoss-shay 8ssumptions" passive 
\ 

net iovestment, limited 'number of 'livès, rigid re'place.ment) 

c lear ~ y i'llustra te the se v'ere re s tric tions 't hat must oe made . ' , 

in.arder for the re-investment ~heory to be.a·val~able expla~ 

natory ele'ment 'in long waves. It 15' difficul t ta see how we 

can continue ta accept the view .expressed: by Einarsèn,' Replacement 

.. ma y h'ave somethi.nQ to' do wi th turning points and duratfon of 

~ 

_. 
. 

. , 

1 

1 

/ 
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, 
long walres but preoccupa-tian wi th replacement is much tao 

fragile a basis for explaining major economic developments. 

Othér explânations have" to be'sought. Kondratiev's two hypo

th~ses provide 'a' starting point. 

SChumpet,er (1935) posed a fundamental "ques~ion that 
,> 

slightly modifies thes§! ~ypotheses. "Why should the ca,rrying 

into effect of innàvatio~s (as di?t~nguished From 'invention' 
~ 

o'r experiment"ation ••• ) cluster at certain times, and not be , 

distributed in 50 cClntinuous a way as tô be capable of being 
. " 

con t i nuousl y ab sorbed as th e curr e'n t i nc rease in th e suppl y 

of labo! is7" RespQnses, to this ~ue~tion ~rovide many instances 

of soft econometrics with interesting "issues of data, estimatiol) 

" ~ 
techniq-ue a"nd,interpretation of empirical evidence. Ufoe need, 

.however, ~ more comprehensi ve framework than that given by 

Kondratiev,. In'deed' most responses are properly described, a!;j 

neo:"Schumpeterian a'lthough they frequently involve pre-Schumpeter 

~nQti<?ns s'uch as the S- curve fo~ product or industry life cycle, 

as found in Kuzn-èts (1929). Before leaving Kondratiev ,~" i t.J..~ 

worth recalling that he wrote ,of "impo~taf1t" discoveries and 

dicf not get 'embroiled in the troublesome distinction between 
" 

inventions a~d inno~ations. 'Much- re'cent d.i:scÙss~~as pointed 
4~J'f>. 

to Ir basic" . inno\1at ions rath e r than .... t Q di~ cove"r ies. C lear 1 y 
.. ~ "', \ rf/ . '.. ~ 

qua.J.i fiers such as "important" or "basic" nee'd to be made' 

operational either by consideration. of prior notions or of 

empirical rulés. The' latter general,ly introduce econometric" 

msth'O ds. 
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We should also. re6all the proble~s of dating inventions . ~". 
and of demonstrating their clustering, bath of which were 

quickly ppinted out by the early critics qf Kandratiev as , , 

cited by Garvy. Econometrie efforts may be far more use fuI 
~! 

in exp l 0 r i n 9 the a è e u r r e ne e 0 f al u:,s ter s a fin ven t ion s (a r ' .. 

innovations) than in the dating of individual inventions. 

However, in bath areas, there are immense' difficulties in 

resolving data deficiencies. Our Immediate prablem is choos-
<. • , . , ' 

ing a starting point from which ta illustrate the 'raIe of 

soft econometrics in the elucidation of thes~ matters. It 

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

by proponElnts 0 theori~s for innovations and Forget 

that our pr ima i5 with the narrower tapic. Suppose 

we te mporar.i l y questions of data and facus. att.ention 

on elusters and hypot~ses that have been attached 
• 

ta th·em .. ' TFie lncampleteness of our account of i·mportant -ecanarnic' 

theor ies may be ey-minated by contact lI!i th ..the major sur~eys 

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

Mensch {1-979). 

Sorne' ques~ians immediately spring ta mind. Do clu~ters 

of in ven ti 0 n s o:r in no vat ion poe c ur? If the y ex i 5 t, are the y 

found in the recession o'f the long, wave, as Kondratiev suggested, 

or a 'r e t ~ e y ,a r t 0 f the r e I!_~ v.i n 9. i n f ~ u e n c e a t the ? n 5 ~ t 0 ~ the 

long reco,very~e clustèr5 to be iden·tified on,ly with parti

cular categories of innovati.ons? Can we look at their' rol.e in 

causali~y and, hence, determine whether they are exogenous or 

o' 

~ 

-; 
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endogenous? Are there important connections between clusters 

of 1nnovations and the uneven emergence of exaess capacity? 
, , ' 

Can the concept of innovation be enlarged.so as ~o dxplain 

the upper turning point -as weIl as ihe lower one? Do clusters , 
- 1 

affect the "shape" of the 'lbng w8ve? May they be used to name 
, , 

different waves 50 that eaoh can ~e i~entified wi~h ~p~cific 

industrial developments? What have clusters tà do with'the 

duration of ~aves and their quasi-periodicity? In the treatment 

of ciusters" should we use ~eriadizàtibns of the long walles 
'1"' t' • 

based o~ invest~ent, output~ prices or sorne other vari~ble 
,s~\ 

in d~termining cyc~ical phas~s1 Since econamic deveiopments 

and inventions are i~teinational in ~cop~, ~hich countries' 
<i 

exp e rie n ces 5 hou l d b eus e d in 0 r der toI i n k cl u-s ter san d ~ 

cyclical p'hases? .Clearly- there 15 adequate room 'far the use 
, 

ôf '8conometr ~c approache 5 in almost aIl of the areas that 

'underlié these que"stiorls. These generally involjl.et ~±mple 
, <!-. 

regressiort- -anal'yses dealin~ with tentative structures or, 

wh en consïsteFlt bodies, of data ar~"av'ailable, the application 

of ciustering a~gotithms: T~ey are,' haweJe~, 'not restricted 

to these forms. Sahàl' (1 geO, 1981 ),., 'far: example, has used 

s pectra land' Cl;' os,s :'spec ~r ~l te c hniq~e,s, wh il e'. Mar chet t i' (1980, 

1983) opts for thè- logist,ic curve.' 80th presented conclusions ~, 

, favourable 1:0 the oocurrence of long waves, in' relation ta 

,te~hno logical act i v if y, _ and touched o"n '~uch maft é:r;s as. exoge-
J" '\ 

ne ity an.d' pro duc t, versu s proce s s i nnov a t i -ons.' '. 
" ' 

\ 
\A~t~a~gh eco~cimetric approac~es could'~e u~ed h~re, ~he~' 

• , 
. , . 

" , -, / 
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are nOt cammon in practice with seme impal't'ant exc-eptions; The 

gelJeral picture is ,one of und~I"utllization' and of' exçessively: 

simple t:.ormulat~ans·. Kuczynski (1978, 198fJ) used clustering . ~ ..... , , -

algorithms ta deline'ate cy.dlical phases w~i~e,KJ:...s-inknecht,. 

Mensch and a few at-hers fi tted ti,me trends with linear regre-

ssion models and analyzed residuals. Freql,Jently, however, 

~esear,chè~9" se_em sa_tisf~ed_ with lists of innovations o~ inven-

Il 

, ' . 
tiàns~ prolon@ed disputes of' con,ceptual issues, simple tabulations 

• l 

o f the val u e 5 0 ( a g gr e 9 a tee con 0 m i c var i ab les, s t y 1 i z e d diagrqms 

of theoretical curves wi t'h S-shape and some graphs. for rèal 

da t? This si tuation is iiladequa te- and not fully explicable in 

termS'pf the inherent softne~s of data and concepts or the 

insufficient elaboration of theoretical structures. Perhaps 

th~ answel' lies in a mismatching of the ~illingness ta pursue 
, , , 

interest in long wàves wi th the mathemat.ical and stati·stical 
~: 

skills that are needed for use of soft econometric methods. ' 

This criticism is evidently less relevent when we consider 

the second basic stream of neo~Schumpeterian theories that ' , , 

focus 'attention on evolutionary theories of growth "l'ether than 

innovation. We look at ,the frui tful exeréise 'of simulation for 

this stream below but, before then, we should look al periodi

zatlon, and dur,ation of long WéH/es as explicated in the liter.ature 
, . 

stressing innol1ation.' Table One contains the periods indicated . . 

by a numbe-r o~tr ibutors. The choicés ha ve many commo,n 

featul'es and a few pronounced di spar i t ies such as Rostow r s' 
" '. r" ...... ; . , ' 

'p'remature 'recognition 'of a fif,th ,Korl'dratie.v wâve, Dupriez 's 

, . 

, p 
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, 'TABLE ONE' 

~ ~ .. . 
PERIOOIZATION: LONG-WAVE CHRONOLO~IES 

, 

First Wave Second Wave. Th,ird Wave Fourth Wave 
Lower Uppèr Lower Upp.er _. Lôwer Upper Lcwer Upper 

Kondratiev (1926) ca. 1790 1810-17 1844-51 1870-75 1890-96 1914 ... 20 .,. 

de Wolff (1929) 1825, 1849-50 1873-79 189~13 
Schumpeter (1939) 

l , 

1787 1813-14 1842-43 1869-70 1897-98 1924-25. 

Clark ,( 1 944') 1850 1 B.75 1900 ' 1929 . 
Dupriez (1B47" 197'8) 1789-92 1808-14 1846-51 1872-73 1895-96 1920 1 9-39-46 . 1974 

Rostow (197B) 1790 ., 1B15 1B4~ 1873 189.6 1920 1935_, 1951 

Mandel (1973)- 1826 1847 1873 .~ .. 1893' 1913 1939-48 1966 
, 

yan OuiJ~ (1983) 18lf5 1872 1892 1929 1'~48 1973 

. Amin (1 975) 1815 . 1840 1850 1870 1890 1914 1948 1967 

Research WorkinJ Group '(1979)'1798 1815 1850 1873 1897 1913-20 1945 1967 ... , 

.Kuczyn~ki (1981) .,. 1850 1866 1896 1913 ' 1951 -- 1969 

Source: Hopkins et al; (1979), Biësha?~ and Kleinknecht (1983), van Ouijn (1983). 
". 
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Il 

dèla y ttie upper turning point of the fourth wa·ve and the 

surprising dates of Amin for the first wave., Our list does 
, 

not inclwde attempts to push the ~otion of long wa~es to 

earlier periods that precede I<ondratiev's initial specifica.tion. , , 

These are briefly not'ed when we consider views From the left 

in a later section. 

The dating of cycles, or periadiiation, is generally based 

on, informaI methods that combine theoretical attitudes with 

consi61eration of both aggregate datà and the arrangement of 

inventions or innovations in time. ,Indeed the researcher who 

gives most attention to formaI economet,ric criteria, Kuczynski 
,'. 

indicates a date for the lower point of the fourth wave that 

is much too late relative ta other ohoices: Thé ove.rall pict,ure 

emerging fro-m the entries in the table confirms the·ov'erall 
, " 

duration indicated ;by Kondratiev even though the rows are 

often based., on ~(ferent I3vïdence~ It seems l!JortHwhile ta 

e'xpl.ain how some of the contributo'rs treat turning p'oints, . 
dùration and ~orres~di,ng issues • 

\ 

, Ros t 0 w ~ 1 9 7 8~ p. 2) s u 9 9 est s, for e x am pIe, th a ~ 't he' 
•• '. j \...{ 

çl u rat ion 0 f l 0 n' g' \lJ a v ès" 5 e e m s t 0 lie in the fa c t th a t the 
,,' 

opening up of new sources of food and raw' materials required 
, '~.' \ 

1 

substantial ped ~ds of time~ much mO,re time than it takes ota 
:.: 

build - a new factory\, or ho·use." This i5 markedly different 
14 'II' ~, 

'1 

, From exp]'anatio,ns based on capital lives or the mechanical . '-
-.. 

,:ap,plitation of t'h'e reinvestment theory. Clearly Rosta.'!l"s view 
Cf" ~ .. 

,~ t ~~ 

r,s no t ea.s.y, to t r a mihl t e in t 0 nume ri ca 1 c r,i ter i a for turning points. 

... 

, " ,'. , 
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He stresses priees' and looks for changes in their trends. Th.ùs 

periods when p~ices rose, rel~tively for agrlcul ture· are used 

to represènt 'the long upswing from the, lower turning ,point , 

to the upper one while the downswin'g is identified with relative 

d~clines in agricul tural p'rices. In a reeent elàboration', 

Rostow (1978a, pp. 109-110) describes three 'types 'of'period 
, 

including the upswing, the downswing and .the long-wave peak. 
, 

These may be illustrated by h,ys list of attributes for the 

downturn: "Periods when th,e trend of 'priees i,n 'general, agricul

tural and raw-materiql' pri~es "':Ï.n partieular, and interest rates 

are falling or low, relative to previous and sub-sequent periods; 
, . 

income distribution tends ta shift in favour of urban reÇil 

w age s, wh il e pro fit s . in in dus t r yan d a gr i cult ure are und e r 

pressure."'HisJacus on priees, even with the sUPP,lemental 

a ttr ibutes i denti f ied here, 1 eads to an awkw'ard treatment 0 f 

the per'idds -From 1951 'to 197,2 and f-rof11 1973 ·to -tfle' present _ 

but we should ,net be 'overly critical 'sinee many eeonor.nists 
..... , / 

have bee'n u'nable" to' fully accoun.t for pr.ice develepments in 
, ' , 

{reeent de~ades. Ràstow (1' 980~) reve,aIs his treatment of data 

and hi.s selection of indicators te support !"lis contrary'pers-

peetive ,which ineludes the earl.y specification of the fifth 

Kandratiev ups,wing. 

In this raeus ,.on priees, R ostow is fo Il owi ng the lead 

provided by Kondratiev who employed Englîsh, French, German 

,'and U.S. priee serie's. Schumpeter maintained,the,basic choices 

of Kondratiev, without much change. He radically altered the ... 
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approach to long wa'ves by focusing att.ent~on on innovation 

and li f e cycl'es as'> well as b~ prq,v idi ng ~ l iflk wi th -par ticular 

c,.o~p,lexes of prdducts and industries but'. he made no immediate 

.'i mpa'ct 0 n per,i oai ia t i clIn. Clark (1944) ~ on the, oth er hand " 

reprEtsents a major shift toward real rather than value i~dicators. 

He. cha 5 e~ to di 5 ting ui sh "capita l-hung r y" fr om ft cà pital- sa ted" . . 
phases according to the pace of. inv~s tmen~. Another dramatic 

shift i9 sug9.ested by van Duijn (1977, p.'561) who effectively 

develops some Schumpete:rian notions. "The perceptio~ of the 

long wave ..•• would entail a chronology i.n which the length 

of the dïfferent phases is co-determined' by the 'len~th o'f ,the 
, 

different $e~ments of ~he growth sect or life cycles." We have 

thus moved from cap~tal lives to sectoral lives but the step 
, , ' 

, , 

is not e ncouraged by the softness wi th which the latte r- can . o , 

be determined. "Our .knà~ledge of the length ~f these -industry 
. , ' 

li fe cycles, howe\ier, 1S very 'limited. I,n '~stablishing ~a fang 
( -

\ 

wave chrono~ogy we will' have J:o employ those scarc~ sour'cres., . 

of information that are available. This way, however, muc~ room 

\ 

, 1 

. is left for subjective interpretation." Duration' is. of .,èaurse, 

f ixed in this perspecti ve by' the growt,h- cur v es for sec toral 
-, 

'developments w~ th the 'upper tur nin.g p'o int ~5socia ted~ wi t-h, : 

maturation or the switch from 'one dominaR't se.ctor, to a newer 

rival one. Innovations are' assDciated, with each industry life 
~ 

c y'c le but are no tus e d b Y va fl Ô u i j n t 0 as sis t p e rio d i z a t ion. 

A m 0 r e d ire c tus e . ,0 fin nov a·t i 0 il s toc h -00 sec h r a n 0 log i es 

is handicapped by the obvious data deficien,cies but some examples 

" 
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may be' found'. An outstanding illustration is given by 
, . , 

K J.. e i n k nec h t (1 981 b ), who al 5 0 exp l 0 r e s t.h e " val u e 0 fin nova ti 0 n 
J '1 

intensity as indicator for appraising:band-wagon, conti nuit y 
'" - , 

and )nnovation-effect hypot,heses whi-éh caver the sectoral . 
a Il 0 c a t ion 01"' i n nova t ion s, the t+, te m pOl' ale lus ter in g, oe 0 r r e ,:,~ 

lations betwe!3n innovative activity and seetoral growth, and 

other iss~es. This st-udy show~. how spft· econometric teehnique!j 
~ ~ 

can enhanee QUI', understanding of long Ulaves eveh if we choose::, 

to formulate the çJynamic elements of D,ur expianations of these 
" ' 

wa v es in terms ~f imp'I' eci s e cone epts a r;'Id fa Il i ble data. 

K le inkne eht 'also: point's to the feasi'bi li t'y o'f .exploring caùsal .' ' 

l~nka~~s for neUi Schumpeterian industries. 

This list eould be extendeCJ but the image of ,picking , 
, A 

, , 
cr i tical dates by consider ing-' aggregate' indieators and se'lecti ve ~ 

use of regression anaLysis, chi-square statistics and other 

procedures persists. Econometries has a modest ro'le giving 

support for speci fic hypotheses rather then the more ambi tious 

modelling of competing views of the who le long-wave proeess. . . 
, 

rts softness is evident due t'o the softness of much ,data, ' the 

fundamentéfl cOlJlplexity of 'overall ~nd sectoral ec.onomic growth, 

and the general underdevelopment of theory. 

The life...:cycle view of 'firms, industr~es, products and 

sectars, ta which we now turn, is more compatible with simula-

tion tha,:, regre s"sion anal ys i5. The eyo 1 utionary per5pecti ve, ' 

intraduç:ed by' Schumpeter seems weIl-ma tched wi th the flexibHi ty 
. 

of simiJlative experiments. In many respects, evolutionary theories 
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1) 

are a d~rect challenge ta neoclassical appraaches for the . 

modelling of teêhnical- change and ecanomic- growth. They emphasize P .. . 

differences between firms and reject the nation of movinÇ;J , 

equilibrium with obvious implications for the inclusion of agg-

" 
regate e'conomic data and hOlJ'logene;i. ty assùl1)'Ptfons in regress,ion 

ana lys i s • Ne 1 son and Win ter <' 19 7 4 , p. 903) ',r ev e aIs 0 m e of t he 

underpi'nnings of the e\'/olutipnary approach. "The extent of the 

rewards and penal ties, and the rates of intIfductian and 

diffusion of nelll t!=chniques, depe.nds on a compla,x of environ-
, , . 

menta1, and insU tutional cànsiderations that d,.ïffers s.harply.', 

-from sector ta s'ector, country ta country, and p~riod' ta period. 
~ ... -... . ~ ., 

• ~'. [The] di,versi ty and c.haRge that pre suppr~ssed by~ aggr~gat~on 1 

~admisation and equilibriuni are not the epiphenomena of tech. 
.. j '" ~ " 1 •• 

_ni~af advance. They are th!= central phenomena." T-he emphases 
• ~ '~ ....' ~ i!I' -

. on diversity, institutional,.context, individual experiences, 

. non-maximisation and c;!isequilibrium affect the chèice Of rf!searcli 

method as weIl ~s our ability ta interpret present developments, 

pr~dict and gene:calize From past regulàri ties. One !:>r1i1bJem (or 
, 

/ 
-::stati,s.t.ical'" methods is "the fiction Qf drawinQ a saY'8le 'from 

. 1 

a hypothètica'l populat,ion wi th stable charact -sUcs. Thi's 
.:: "'~-, 

is hard to sustain for "the unstabLe en . onment t/:;Jat is" perceived 
1 \ ,~ 

by the evol,ut'ianary school onomists. CIe y' the' validi ty 

of th~ classical':~ ar mo~el and its' re complex extensions 

is capable of ve,r.y constrained 
" , "-

in the tes t a b i li t Y of bas i c pre mis e s' for e vol ut ion é;l. r y the o'r i es • 
• -- ,::t$fi> • 

Siml!la tion pr ovides a fran'lswork for check i ng the cOlls istenc y 
l , 

" .-
" 

- ' , 
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of assumpÙons and for elaborat.ing,.'t'he impl.ications of particular 

a ssumptiol")s sa evo lut-ion i5 é mi~t'ur~ of ê.x.p,eÙmentit i on and 
.. , \ 

theoretical ,reformulqtior-ls. There· are' many 'similarifi",es with . ' 

'~,ystein-dynamics methodologies aI,tho'ugh th'e Itagents" of' cnange 
b... .. ' ~ 

~ ~ ~- . 
are 'fno:r:e explicù in evoluqonaJY models 'and the quasti-ons-

, 

;aised ar;e more speçific to 'fnnovation, particular prod'ucts. 

al")d be.havioural 'mode l,s. Giv~n the$e :;?ïmilar;i ~ies, we do' not ne~d 

to repeat the econometric con~equence,s o{ the: shi ft in' emph~sis 

fr,om estimation tq slmulation'. ;We can look il')stead, qui te 
, , 

~ br i~fl y, at the potentia l 'roles of e velutionary theor i es in, 
, , ~ 

advancing our a~areness of long waves.' There, are essentially 

t hree positi ve role s. tir sto, the p~rsui t'of ev'olu ti~nar~" th~~~ ies , ,~ 

wi th simulative experiments permits small co~p,onents of 'l,ong-
, . 

'wave compiexes t0l?'\.be~validat~d. Many of the ~cef1;t pape~s of 

, Nelson, , Winte'r, .M'etcalf~,. Schuette and 'others fuI fil this 

'potential,and illuminate the p~ce and, s'tructu~,e of ch?nge' fOI 
j '" 

indivi'du~l enterprises.' Second, building on this mic'ro-levei 

information" we 'cQuld attempt ,;0 'expiere, th~ntegratïon of 
, 

the re\/eale~ structûres a,t" the' macro-:j,evel of aggregatian. 
l ' 

"Hart~a'n and Whee'ler (1979), 'for ~xamp le, 5 e ek ta use s uch 
a "1 I:l,.' 

, i ns fghts in a more aggregati vS' invest i gati on of the long wav.e.' 
., ... -' l' _ 

, 1 

Finally,. the evolutionary pcerspective can provide further 

: the 0 re tic a l c 0 ~ s t r u c t s, and no t i 0 n's, 5 Li Ch' as" te c h n 0 log i cal . 
r-. , 

.. mutation ll (Nelson and Wint.er, 197~), wi th which we can trans-
.' ~ 

. -
form our organization of -dynamic elements in lof'lg-wave theor i~s. 

'. 

-: ,\ . 

o 
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F inancial Fragility, 

tRastaw, Farrester and almast aIl of the proponent~ of 

nea-Schumpeterian appraaches stressing inna0atian and· evolu
~-

, • 1) 

tian ignore significant financial aspects o~ecanpmic change. 

Brief discussions of profit motivesoand incame distribution 

do nàt, generally develap into appraisals of credit and financia~ 
~ 

in§~i~utions. Marchetti (1980, pp. 280-281) is extreme in his 
1 . , 

view of ecanametric madels and the attit~des of econometricians 

t a the ir c omponent 'varitÏ.abl es'. His de va tian ta re? l magni tudes , . .,. . , 

as revealed in the follawing ·quatat.1.an, is camman among prapo-. 
n e n t s 0 f 10 n 9 - wa v eth e D,r i es. ~, T 0 a ph Y sic i 5 (/S/;;;~p r e sen t - d a y 

ecanometri~ models' still look m~ch 1ike to'diling and" "stutter~ng • . . , .- . '-
What- l thi-nk, most 'dangerous, ao.tf misleading is their blifJd 

devation ta manetary ~oncepts. All my. ànalysis of ecpnomlc< 
1 1. '""," 

svstems tends to sbow that manetary variables are the manifes-.' 
'. 1 . 
"tatian of a deeper strat~m 

, c· 

of phenamena~ whe~e the real mechanisms 

lie.;' The, ~è9l,~C~ oj credï t 'is surprisi~g s,ince bot? ~oncfTatiS'v ., 
• ! , l' 

and SC'humpeter sought to stre'ss i ts importance in relation 
; t . 

ta real câpi tal accu ... mu,latian and valu§tion o~ capital assetG. 

Kondratle~, follawing Tugan Baranowsky, pointed Dut 'that 

the material basis of lo~g w~v~~ is the replacement ~~a'increase 

of 'basic capital·goads which requires huge 'amounts'·ta loaf'Jable 

Ifunds. Major UPSWi~9S required., in. h'i~ vi!~~, ~i';hi9h pro~ensity 
• r 

ta sâve, a relatively l~rge suppfy af,10a(1 capital that is 
) . 

available at low rates ta e.ntrêprèneuriql and finantfial groups, 

and law ~r~ces. Loanable funds are thus'important for th~ 

,. 1 

" 1 
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, . " 

éxp,ansion J!.I.hich is' limi ted, in the end by-(ncrêases in interest 

rates 81}d a capîtai 'shortage: 'The upper turning point 1,5 

'exp~ained by Kondrati~v, ther~fore, iD terms of mo~etary over

investment. This n~ive trèatment of~~~ee loanable funds i~ .. 
clearly ~nsatisfa~tory bath for thi periods described by -. '- .. 

Kondrat~ev and for thé present. Since it also did not introduce 

any nov~l concepts, the nsglect of this particJlar treatment 

ls easy te expIain. We have more·difficulty in dealing with 

the negleet of, SChumpeter's comments 'on credit but it seems 

appropriate ta account for this with the briiJiance of his , ' 

·tre~tment b( other aspects of economic change and the attractive 
, ~ 

stimulus .o( his- new concepts there. Certainly 5chumpeté"t fel t 

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

ant part of the ~ong-~ave mechanism. 

The .suqseqL!ent neg~ect of these view!5 lJJas not totaL 

Dupii8'z (1947, 1978'), a.nd M-ensch, Coutinho and Kaasch'(19S1) 
" !) 

are, (or \Xampl:e" in~eresting exce~ ions. Dupr i,8Z, who' da't'es 

,the end of~urth Kond~atiev wave in 1974 primarili by 

refergnce to credit and price developm~nts, is forceful in 

hi s s tre's s on, mo~~ t'ary 'e lemen t s. He argues that Il swings in 
" . 

the rste and siza of credit expansion were a more basic and 

'~undamental element of lorig move~ents than variations in g~ods 

p~oduction." His account.bf the four th wave , as given in 

o u p rie ,z (1 9 7 8, pp. 2 0 2 - 2 0 3 ), i s 5 t rai 9 h t for \il a rd. ." ( T.i1 e ] . u p s win 9 
. 

in the ~ong phase started.wh~n recourse to credit was moderate 

in re la ti on to di sposab.le' fLl;nd sand when interes t ra te s were low 

." 

/' " 

! , , . . ~ 
1 , 
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They moved up as recourse ta credit grew. Oevelopments were such 

ta 1970 that the system ~~ked smoothly on the surface, not

withstandlng growing tensions. But the m6vement ended up in 

swift and intense increases in all typ~s of interest rates. 

This ha~pened precisely at th~ moment when th~ monet~ry system 

crashed, as a result of the growing tensions of the upswing." 

L~oking at monetary developments. Oupriez stress crisei in 
\ 

the monetary system. 1his is consistent with the treatment 

of the U.S. economy by Minsky which WB shall explore below. 

It i5 different from Kondratiev since the latter's use of 

waves was pârtially moti~ated by a rejection'~f the notion 
~ ~-b 

of di5continuous crises transforming capitalist ~conomies. 

(This is clear in his debates with early critics, as recotded 

by Garvy.) 

Oupriez (1978, p. 206) points to institutional transfor-

matieni with an international flavour. "MoQey has always baen 
f ' 

li invelved in the downturns of the long waves, very p~eriously 

indeed:.whereas the monetary system as it stood worked sm90thly 

in the upswings up ta a point where tensions developed,' the 

downturn stood in th~ center of monetary crises and r~forms. 

Indeed, ,the insti tutional setup 'of the monetary system was ' 

transformed at those very, mom~nts. The gold standard system 

was introduced in England in 1818r the gold-silver bimetallism 

crashed in 1874; a general upheaval of currency parties was 

introduced after, 1920." This inter'national aspect is deve~Qped /?' - . l 

by Kindleberger (1978) who widens the vision to include financial 
o 

o • 
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,rather than monetaTy crises. He also ,revives issues of the 

l'ole of lenders of last resort in 'the.,restraint of' financial 
, , 

panics and the internatio~al propagation of financia1 criSes. 

" , 
With respect to domestic considerations, the l~nder of 

last resort for a banking syst'em "stands ready, to hàlt a run 

out of real and illiquid financial' assets into money, by 
~ 

making more money available" without creati~g.a moral-haz8rd 
, 

problem of banking irrespdnsîbility. The international counter-

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

ing their domestic analogues. Rising interest rates can b~ 

traced to internatio~al competition for funds in addition 

to" the domestic demands ooat we have al,ready noted. This may 

b~réadily combinen with international extensions àf the 

concepts developed in the innovatLon literature. For exampl~, 
• 

the S-çurve of economic development for individual- products 

or industries can be amend~d as in the product cycle of Vernon, 

which deals with the international t~ansmission of technology 

and the geographic mobili~y of production. Diffusion of tech-. . 
nology from an lnitial source to late-comers may, as in recent 
~ . . ~, 

U.S. experience, be eventually associated with the shift From 
, 

a current-accaunt surplus to a deficit and thus ta pr~ssures 

on interest rate • Kindléberge~ has introduced the term 

"aging economy" cover this life cycle description. (It has 

'sorne similarities ith ~lements af'Wallerst~in's theori~s of 

hegemany to which we shall turn in the next 

section. 

.' 
1 
'J 
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One possible ,conse-qLlence of the financial crises, as 

viewed from ah iniernat~onal.~erspective, is the pheno~~na 

qf "hot money" flows which ar~ larg~ short-te~m-balances 

that are geographica~ly-mobile. Expansion ~f such balances 

\' 

crowds out the longér -term funds that are ne~essary for 

financing real cipital enlargement and, thus, adversely affects 

economic devel'()~isïng the cost of~ longer.-~erm funds ., 

arid creating capi tal shortages. Th~ simileri t'i'es of these 
) 

difficulties as they occur now and~as they occured in' the 

correspondi~g peniod in the last Kondratiev wave are found 

, in the analogies noted by 8alogh and Graham (~979) ~nd e1se-

wher~ by both Balogh and Kindleberger. The present world debt 

crises can theo_be compared with that of the last great 

depre~sion. Its invo~vement of thir~-world cowhtrie~ is quite 

con~istent wiih the geographical e~pansion of ~~pitalistLc 
" . 

produDtion: as env-isaged by Kondratiev. 

The second illustrative exception tO,the neglect of credit 

and financial issues by sorne schools of long~wave theorists is , 

pro v ide d b Y Men s ch, Cou tin h 0 ,a n d K a a s c h (1 981, p. . 283 ) ," who 

also differ from_Kondratiev on the continui~y to be found at 
c', 

the break of long-w?ve expansions. Mensch has proposed a 

"metamorphosis m6del"'which is c~~p~$ed of a tem~oral sequence 
... -~\ 

àf 5-curves rather than waves. He stresses the sharp dis conti-

nuiiies that occur between succ~ssive S-curves. A major element 

in this perspective is the contingency thèory of changes in 

capital values, whicn links these changes with· the prapensity 

- i - , - \ , 
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, " 

ta {,nnovaté. There is an important. moV'ement of e'inph~~î's frolT'f' 
, « -' ' 

capi tal sh'ortage 'tà' i ts valuation.'>wi thi'n this discontinui ty . 
, r • • 1 

, . 
approach. n[Under] cert,ain citcumst;.ances Cwhich,'we identify, 

, . ... ~ 

as ,typical of ~ither exp~nsioni,t?br reces~ion~l struptural 

~hange), entrepreneGr~ find that their stocks of fixed capital 
, " 

in plant'and equipment eiiher enjoy or suffer systematic up: 
. _ .\, 

'or' .d'oumgrading in aperative value (appreciation or deprec,iat{'on). 

These sh,i f(s in value of, p'arts 'of the capi tal stock. induce 
'. 
l , ~ 

capital bwners to either invest. their funds in more of the .. 
sam~ type of capital goods, or in9uce:thsm to invest in'alter-, 

f .. • , 

native types of capital goods." Treating ownership of c~pital 
.. 

ass~ts as financfal investrent, we ca~ explain the ~hift of 
~~ \ 

fun d s' i n ta, i n ter n a t ion a Ica p ~ ta l and m ~Jn e y 'm a r k e t sas rat es, 
1 

. of re turn in product i on dec l ine,' A cr i sis 'Oc c ut s wh'en this 

shift is' pronounced. 50 as ta cre~te' a surge, i~ shr~-term 

liq'uidi ty. When dem~n.d satiates at the long-wa,ve peak a,nc!l 

reinvest~ent in tradition~l lines of produD~ion bècomes un~ttr

~ctive, the fi~ancial managers af firms [~rg~e~ ~ensch (19?~, 

p~ 20)] "cannat resist th~ ~ovemen~,toward lucrative ~urrency 

specul?tion,and paper inv~stment budgeting euén if they would 

rather not particip~te in ~uch activitJes". This ls a conçomi-

tant af the technologrcal stalemat~ when thé matu~atlan of 

praduc~' life-cycl~s cannot be sti~ulated eve~ by pseudo-
~ 

in,nov a tians. The .c ar re sppndi ng sh i f.ts in ca~ ital va lLJ,€ s' le ad 

the drop tram ~he end of one upswing ~a the depre~sed state 
-

that prece~es the next up5wing ~hen the reviving demand a~fects 

" 

, ' 
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rates of returns _ on 'somè capi tal goods. This view is th us 

markedly more complex than the focus of K~ndratié~. However, , 
oit s~ares hi~ fail~re ~o ident~fy actual institutional ad just

ments -since discontinuities are not àssociated with c~anged 
, . 

. {nst ftutiona 1 arrang'ements.· 

T,he major ,contribl;Jt.ion tO.our understanding of institu-
;. . 

, tianal changes in financial markets following ~eriàdic crises 

'is by Minsk y. In contras...t to the research~rs that we have - ..... ~ 

already ci ted, he gives li ttle attention to techno1ogy, S-curves' 

and innovation. Hi's myopie focus is freQ4ently 'onl/;I;he U.S. 
, - , 

financial system. The ·connections between his vision of 

frègility within that sistem and Kondratiev-type waves is , . 
{<~ ~- ./' ... 

seldom ma,de explici t. 'However, his research f.i t's, neatly' in 

the Ion 9 - wa v'e f r am e w 0 r k w it h i t sin h e r e n j:; 'i n s .. t a b il i t i es, d 15 -

equilibria, long-terll) .horizons, evolv.ir:lg character,istics, 

institut lona l ,ad just ment s, qualitative changes and fundamental , . 

cH~lle~ges to th~ neoclassical view of' appropriate economic 

thèor i zing._ l t is no accide~t thà t . the increa~i ng at tention 

given ta Mis 'efforts is contempotaneous wi th the reviva1- of 

the long wave • .' 

, 

Th1f-,clos~st 1ink wi th long" wa,ves is evident. in Minsky' 

(1964), ~here he'argues that financia,l'p'anics-are e~dàgOenous 

, and systematic, events~rather than exoge~ous and episodic. 

Ind~~d he ~~es the stable generating mechanism for [ong waves 
, , 

as' centred around the cummulàtive chan'ge's in financial.variables 

within tMe long-wave,expansions and contractions. From the 

1 • 
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beginning, institutional changes have affected these devèlop-' 

ments and given them an evolving appear~nc~ sa' tha~ successi~e 
waves reveal structural amendme~ts. ~insky~\rgues that th~ 

, .. 
J. 

Û.S. financial system lac~s stabiJity and that standard 
, 

approaches of economLsts freq~ently 105e the~~ validity wherl 
, 

financial crises occur • "The n.eoclassi'c-al synth·esis .... does 
, , 

welf enough.in explaining the behavior of àur economy in àn 

age of ~inaocial tranquilitY'L' (~t] cannat prouide a relevant 

framework for our type of econ~my in the past decade." (Mins~y~ 
~ . 

1977b, p. 844) With respect to Keynes,' Minsky' (19.75c, p. 129) 

argues that "the missing step in the standard Keynesian tbeory 

was the explicit ccinsider~tion Df caprt~l finance within a 

cyclical and speculative context." 

This rejection stems fr,am the view ,t.hat lTiajo~ financipl 

crises in the U.S. are not temporary aberrations but part of 
. ': 

a pat ter n in die a tin 9 s y ste ma ti·c fin a n c i a 1 f r agi lit y. l n IYa r t i -

c~lar, he points ta the credit crunch and runoff ofcertificates 
• 1 , l 

of depo5i t in 1'966" the commercial paper cr~sis including the 

failure of ral'Railroad in 1970, ~he 1974-1975 finan~ 
, ~ 

failure of Franklin National Bank and 

estate investmen~~~usts, and th~ ., 

troubles of 1980 W lch inval~ed "the Hunt-Bache silv€r debacle, 
" 

C h Y s le r r e fin a n c i n 9 a n Ci di f fi ~ u' 1 t i e s of·: the 'F i r s t 8 a n k 0 f , , 

Pénnsylvannia. The nat,i.onalization o~ C,ontinental Ill~.nlJis 
National Bank in 1984 çan thus ta oe viewed as simp1y the 

. ~ost recent of a series of crises that· hpve 6ccurred over a 

L 
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d.ecade· ano a half of U.S. economic experience. 

"\, ~ 

Fr-a,gility i5 define~' as the charact'eristic wl-rereby ,n,ormal 
. " 

" 
fu~?tioning of a financial sy~te~ cary be di5ruptèd by some 

not unusual event ... .Essèntially i t -involves.8 lack of resilience 

to minor shôcks or - 'disp~aé!3ments 1 as "weIl 'as to mo~e )slJbstan-
" 

ti~l\ anes. T>his frag,ility. is said to b,e systematic if the 

susceptibility to dis~uibaDce ~s ~ot due to'e~ther accident~ ~ . . ~ " 

Çlr '.error s 0 f p'o 1 ~cy. Minsk y sug'ge 5 i~ tha t si tua tio'ns of f inar.1-
, " \ 

cial fragility reveal incoherent be1a,viour whele reactions 

'antidampen economic adjustment~. It fis important that thifo 
..... (). \ 

behavio,ur be reco,gniz>ed as an '~essent\al attri~ute ~~lism'.!' 

that is centred in the financ~ng of ~_rt~::~,~~r-ivi~:fd " 

,ownership .of the stock of capital assets. Al' ~~orward 

ac coun~ of the, anatomy of a t'ypical cr isis from the Mins~ y 

,perspective ls provlded by. Kindle,l;Jerger (19'78b., Ch. 2) wi th 
, 

credit and valu~tion elements~made clear. 
, . .. ... .. 

" 

A displacem-ent br ings for th 'opportûni ties :for proH t in 
,\ . 

, some new and existing lines whi~e ~losing but others. The 

consequent boom ls fed by an ex~an~ion qf bank credit which 
," , 

enlarges"money supply. "For ~ given banking s~~tem at a giuen 

time, ~onetary means of payment ~ay be exp~nded not 'only within 

the existing system of'bànks, but also by the formati~n of new 
, . 

banks, the development of new credit instruments~ and the expan-
1 ~ 

" , 

~io~ of personal credit ùutside of"baAks." (iindle~erger, p. 16) 
( , 

The speculative utge may ihen ~e ~r~nsmitted into effective 
.. , \ - \ , , t ~ 

demand for goo"ds or financial assets until. i t pre::}ses against 

,-
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existing capacity. We can see the'basis for a cumulative process 

of positive feedback, which Minsky calls'"euphoria". Eventu~lly 
, , 

(but not necessatily) overtrading may ~~cur with pure specula

tion for pricè rise, bverestimates of prospective returns or 

excessive g~aring through inadequate:margins. Kindleberger (p.18) 

shows how this development can be given an international flavour 

through the conduits of commodity price increases, internationalIy-

traded 'securities and speculation in exports, imports and foreign 

securities. The credit system is str~tched tighter as a specu

lative boom continues wi th increasing interest 'rates, veloci ty 

of circulation and pr~css. Then, after sorne hesitation, prices 

begin to level off and an uneasy period of "financial distress" 

may ensue with growing awareness of the possibility of a rush' 

taward liquidi ty. The projection of this' picture into one of 

critical proportions is thus clear with,eventual "revulsion" 

and "discredit". Throughout nit is finance t~at acts as the 

sometimes dam.pening, sometimes' amplifylng governor far inves't-
, 

ment" 50 that "finance sets the pace far the economy" (Minsky, 

1975c, p. 130). 

- • 
This radical view has elements that c;an be tr,aced to 

F iSh'er and Keynes. ,Kindleberger links i t wi th ear l y classiéal 
, . 

ideas of avertrading as expressed bX Smith, Mill, Wicksell and 

Fisher ~hile Minsky (1977a) attributes ta Keynes the important , . , 

resul t that "a capi tal-using capitalist ,eco.nomy wi th sophistic

ated financ~a,l practices (Le., the type of econamy we live ;,M) 
.. t .' 

is inherently unstable." ,His debt ta Keynes~s ,even mo;re ,explicit 

f 
l 
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.. 
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in Minsky (197,5c). Our a<cèount is inevi tably brief. Further 

details may, be found in the references ,ci ted in our first 

a p pen dix. F·o r the l 0 n 9 wa ve, Min s k y pro v ~ des' a pot e '1 t i a l 

explanation of the last part of tha,long upswing and of ~he 
1\ '. - . 

. ~ . J:ollapse. His stresses of endogenei ty ~nâ /crèdi t Il)atch those 

'~Of ~ondratiev but he provides m~~e institutional detail and 

-'-gives sig~-icant attention ta changes induced b)y critical, 
. 

financial developments. The impacts of his ideas and those 

of K.i n dlebe rg1er inde v e l opi n 9 not i ons of f ina:ri'cfial in stabi li t y 

and lenders'of last resort are revealed by c~ntri~utions ta 
1 

Kindleberger and Laffargue (1982). These range much b'eyond our 

present concerne 

Where does soft econometrics fit in the tOPi~ of credit 

and 'financial fragility in long waves? Mensch and his 'assàciates 

use regression technique~.and other simple methods to explore 
. . 

small components of his thèory. Random-walk phenomena,can bi 

used to assess the clustering of innovatrons, dis,Con.tinuities 

ma y be determined wi th ~ests 0 f struc;tural" change (wi thin l inear 

statistical models,' as Chow tests or residual an~lys'is) as well 

as with the intervention time-ssries methods of Box and others" , 

and the intesactions of real and financial investment'are 
, 

compatible w~th »arious econometric procedures. Instabilities 
• .! 

and discontinuities do not preclude the use of formal statistical 
~ , 

me~hods. Rather they reveal the neèd fo~ our shift from hard 

to soft interp~efative skills. Bath Kindleb~rger an~ Minsky 

have underutili~ed the se methods but their neglect ~s sas y to 
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" 
justify. They are'concerAed with "large" issues rather than 

the componental research where econbmetrics might be usefyl~ 

Changln9 the attitudes of the vast majority of prof~ssional 

economists, amending the operating chara0teristic~ of the 

Federal Reserve System (even of cap~talism as whole)~ trans-

forming prevalent political support for monetarist policies 

or for i n ter n a t ion a"l i sol a ei a n i 5 m are qui t e dis tin c t f rom ' the 

lJ10dest clairns for 50ft econometrics. ClE1arly the tasks of Minsky, 

Kirldleberger, and sqme other contr ibutors to this area are not, 
'!; 

2 
served by ci ting values' of R s, t-statistics and 50 on. 

" 

This does not mean that econometrics m~y trivialize long-

wave .theories invol v in,9 f inancial cr ises. There are important 

themes here that econometrit analyses may enhance. The prime 

example lies in financial innovation and the impact of such 

innovation on bath the Interpretation of moneta~y aggregates 

and their raIe es targets in policy rules. A 

is found with the issue of pr~dictabi,~~y i~ the 

second exemple 

face of evolving 
1 

, 1 

, financial structure and inherent instability. We recall that 

Minsky's theory envisages a process of irregular financial 

innovations, affecting credit ~vailability, as the unstable 

financial structure evolves. I~novations are an endogendus 

part of this chq~ge. They can àris~ a~ economic agents seek 
, 

ta maintain' levels, of credi t de:Spi te rr~gulêi'tory constr'aints 
'. . 

, , 

but they can also ar~se sp'ontaneously and independent of regulations. 

·It ts commonplace to a~~nowle"'dge the 'cànTusion that affects 

measurement of monetary e9gregates when financiel inry~vatiQnS 
- , 

. , • 
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occur. In Chapte~ f~ur, we disc~ss the perceived instability 

of money-demand relationships as determined by 'ch~nges in the 
~ . . .. . 

interpre ta ti~n -of mon eta~ry aggrega tes. This di scuss'ion' is 

directed to the period"stressed by Mfn!~y. The ~nnovatio~-
1 

regulation-control co~plex ïs ,e-l,aborated by' ~ester (1981\, 1982), 
~ , '''' " 

Wojnilo~et (1980) and May~r (1982). Wa.shall delay our treat~ 

men t 0 f th i s are a, and s p e c i a Il y the, i m pli ca t ion s for .. ~ 0 f t 

econoAl.e-tric,s, to the later chapter. Ttie second example," 

dealin~ with'predictability, i5 considered" by Sinai (19771 

"':1; '-':who ~s deeply involved wit~he DRI econometric model. Sinai 

(p. 1 ~,9), who suggests that Minsky douJnplays the role ,of 

--~conometrics in understanding ~he u.s. e~onomy, ins~sts that 
,. " 

'"the Minsky conception laeks the predictive content required 
~ 

for empirical testing. The structure of the theory does not .... \ 

lend itself ~o validation or tefutation. Nor can'the degree\ 

of f inanc Hi! fragill ty be measured ta dete.rmine how' near a 

crisis is." Eventually Sinai·tak'es a view that' is consistent 

with our earlier arguments. "Econometrie mo~eling and simula- . 

tion offer the most promising method for determining .the impact'" 

of the factors mentioned by Minsky on the evqlution of financial 
, . '~P' 

crise's." We can differ with Sifil<ei 'on the i5s.ue of predictability 

while finding substantial common g~ound in the actual use of 

econometrics • 

, .-
Views From ThB Left 

Koridrati~v's personal difficultie~ in th.e 1920s are destribed 
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" , 

by Day. They stemmed from the 1nabi1i ty ol ma.ny of :his cri tics 
.. 1 ~ , 

~to xeconcile lo,~g, ÙJ~aves, and espec:~ailY cycllcal recoveries, 

wit,h tj;le her1tage of Marx. Yet there are é.-l-ements in Marx"s >--
I::l ,~_...--

writings' that are comp~tib~e "w~th cycles even in a l,cinger-~erm 
~., \ , 

context. These are expli.t:,at:ed in modern ,,4.Pguage .. , by Bellamy 
"~ , 

(1976) and:It,oh (1980, Ch. 5)'. They are not 
~ , 

with sorne of the views ~hat we have already 
-' 

markedlyat'odçls 
! 

ci ted. -Jesp~ te!' 

the possibiiity of rec<?ncilation, the adv"erse reaction to, . 
t. 

Kondratievis efforts by his contemporaries was,~evere. More 

J:'ec.ent writer"s who would be placed on the .l.eft of the political 
. 

spectrüm have met' f~r less resistence ta their long-wa\ie theories. 
1 " , 

three major schooïs, of thought C,an be detected am·on'g , _ 
jl ". 

th,?s,e writers. We couple these ~'c~,,?olS lIIi th, Mandel, Gordon and~' 

Walierst~in as their major represent~tiNes. There are profound' 
'. 

'differences of. interest amèng ,the groups âs' ,~e shall reveal 

bel~w~' ~h~~e are, also, variations" in their ~~e' of ~mpirital 
~ . 

evidence and· in pot~nt'ial uses of econoO]etric rrrethods. Fur,ther\ 
, , 

, 

there are dispaiitles in periodization (eipecially w~th respect 

to -FJre -Kondr-a tiev chronologies), geographi c FOV erage, the shap'e 
" , " 

of in~ividual lIIaves, and thB'nature o~ di~continuities. 

Ma'nd~l suggests that the lIIaves a:r:e cau'sed by surges of 

• 
new technology and finds 'tw,o phas'es in 'each lIIave. The ffrst 0 

phase has rising profit rates as the new, technologie~_are 

de ve l 0 p e d III h i 1 eth e se _c 0 n d ph a 5 e con t a i n s f a Il i n g pro fit rat e's 

as the possibilities introduced by the technologies are exhausted. . . 
are, therefore, assotiated with the cre~t~on 

.', 

i 
L 
l' 
f 
t 
l' 

1 
, 1 

i 
1 

- ! 
! 
\ 
i . 



, 

"\ 

( 0 

'" 

, 
'" 

i 
î t 
~ 

-' ~ ..... ~~--- ,... 

74 

r 
of p~bduction sites and their de~line with rapid diffusion. 

His -b as i c po s i t ion i s sim ply s ta te d in Man deI (1 9 8 0, p. ·9 and 1 1 ). . .;. / 

"[Any] Mdrxist·theory of the long waves of capitalist develop

men t ca n '0 n l y ~b e' a n a ecu m u lat ion - 0 f - c a p,.i ta l the 0 r y ci r, i f 0 n e 

wants to ~xpreis' the same 1de~ i~ a different form, a rate-of-. -
pro fit th,e?r y • •• [Th~] es s entia l moveme nts, those that de termi ne 

the basic trend~-~f the system, remain thè fluctuations in the. 

average ra~e of ~roductiye ca~ital accumuiatio~." The ~umulative 
dl ~" 

,proces,s of tJ'(e' upswing, once ft has be,en ini tiated~ and the 

transitlon from this expansio~ to the period of stagnation are' 

botr \t::eat~d ~s 
< a - "technoloQicai 

endoge~ous. Each upswing is supposed ta encompass 
ç 

revolution " ' 
1 \ <-} 

in the capital goods sector of 
. .. 

,which the l~test is ~n& of "automation" (mechanical handli~g, 
. ' 

continuous pro~uction, and·electronic ~nd compute~ control), 

and, like Rostow,. Mandel aeeepts the notion of indus trial 
, -

ieading sectors. Innovations dd not, however, trigger the 

,upswings. ,They en'cGurage expansiOn once \this has started. 

,The upper turning' point 'is 'prima-rily determined by th.e 

",growth of capi tal ,Ültensi ty which eventually caus,.es average 
,r 1 • 1 _ 

rates of profits to deeline. This view associated w~th diffusion 

of teehnolog1 is very ~imil~r t~ tHose' from ~ neo-Schumpeterian' 
'- ~t • 

, . 
" p ers p e c t ive but III-i t han' ad dit i ô'n a l 5 t r e s son p r ~ fit s ; \ As 5 u eh, - , 

the anqJ.ysis seems forced sa that ~to~ (1.~,79) is perhaps correc~ 
., 

to 'eriti~cize Mandel for fundamentalism. The lower turning point : . 
"A ' ' 

is, on --t'he ottïêt,band, 'histori,ct;:llly con~ingent unlike' Kondratiev's \ 
~ . ,. ~ , ' . 

approa,?h. A hos t of ,exogef1clu~ il:1 f l uenee s or 5 ys te-m shocks are '. ) 

'. , - , 

'" ... 

\. 
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\ 
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essential ta the ini tiatian of 'cumulative grawth after a 

reserve fund of capital is established. "These radical changes 

in the averall social and geagraphical envi~onment in ~hich 
,/\ . 

.the capitalist mo_de of production opera tes in turn detona .. te, 

so ta speak, radical upheavals in the basic variables of 

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

a ver age rat e 0 f pro fit) ." ( Man d el, 1 980, p_p. 21 - 2 2 ) 

'there is 'samething unsatisfactory in treating thes~ 

economic shocks as the basis for waves with regular periodicity. 

The second school, associated with Gordon, Bowles, 

Weis5kopf, Edwards and Reich, ~akes much less use of fu~damen-

talist positrons and is more attentive to the character of 

labour markets. Like Itoh (1979,1980), they formulate theories 
..tl;:>o 

of capitalist development in stages along lines that they 

attribute ta the Japanese economist K5z6 Uno. The history of ~ 

long waves i5,' there-fore, treated as a history .of successive 

stages of capitalist accumulation with pronounc-ed ~ualitative 

adjustments accurring between successl~e stages. Agaln capital 

accumulation is assumed ta provide the major force·for change , ~ 
1 

in c~pitalist economies but such accumulation is now cans~dered 

to be highly dependent on ~he pe~cerved stability of in~titu

tians that facilitate the movement af.capital. The breakdowh ., , 

of one set of social institutions and its replac~m~n~ by a 

successar are th us tbe primarY,G~arac~eristic of both critical 
, , , 

periads and the onset of recovery. Capitalist economies; in 

,. ,this view, have moved through._ a seri'es -of unïversal crises 
t 

.. 
o .. 
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1 

1 
1 
l. 
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which are identified with transfarmàtians of the social struc-
0" 

tures of accumulation. 

Accumulation 'is affected by credit availability and 

solvent or effective demand but il ~is also influenced by the 
... 

"reliability" of the labour force, the hospitality and stability . 
of governments.in recipient cauntries as'geagraphical expansion 

in resource extraction and basic production occurs, and the 

supportiveness af domestic (home-country) government policiep. 

Five stages may be determined in each lon~ wave. The first 

stage in valves the establishment of an appropriate social 

s trl:.Jcture. This i5 followecf by a per iod of expanded repro duction 

and, then, by one of deceleration in the rate of accumulation. 

Acceleration of institutional ins~pbility marks the fourth 

stage. It~ is' fallowed by the unfoldi~g of "economic crisis. 

More comprehensive descriptions of these f.ive stpges are provided 

by,,\ordon (1980 a,b). 

~ generalization of the reinve5tment theory is used by 

Gordon ('1 980b, p ~ 27) 'to link' an endogenous cyc le with infra-
% 

structural investment. "The economy will receive a strong boost 
~ 

at the beginning of the stage of accumulation and will experi~nce· 

c-onsiderable. ec~nomic drag after the need for infrastructural 

~ inOestment has dried up. The economy would only ~~t anather 

comparablelJaost if and when new infrastructural investment 

.was needed and it became possible ta finance it.," He hypothesiz~s 

that this cyc~e lasts roughly a half century"because af the 

·relationship between the scale'of investment required at the 
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beginning of that cycle and supply af'potentially investible 

funds available ta finance that investment." This'hypothesis 

amends the traditi~n~l reinvestment the ory by focusing attenti6n 

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

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

Mandel acknawl~es the significance of labour elements 

when economic momentum i5 grawing. He points ta the memory of 

long-term unemployment fr~the recession (wl,th ati;endant 
",' , 

reductions ~n bargaining power and snaken self-confidence), 

the ùJage-lag ,in the initial pa.rt of the upswing and refative 

9J:'owth rates of real wages and ,labour praductivity",. Overall,. 

as demonstrated by Coombs (1983), his t~eatm~nt of labour 

processes is ·casual. A consequence of this is that his work 

suffers in comparisons with the t~eatments of Gordon et al. 

"and of Freeman et al. Gordon and his associates typically 

discuss social structure in terms that inclDde the moderation 

of class struggle by integratian ?nd par.tial cooperation, of 

'organized warkers with their~employers and by the segmentation 

of the labour force, which separa tes certain groups fr-om these 

organited warker&. They also stress th~ reproduction 'of labour 

force as channelled th~ough, education ~ labour, market :stabi~i ty 

'is, they would argue, ~aintained throu.gh' b~th cooperative 

collecti ve bargair'ling and segmentation. The eco'nomic system 

fal ters as this stability weakens t'rom endogenous strai,ns ' 

so we should "appreciate the critical importance of the 1ncreas-

ingly structural orientation of ecbnomic struggles as economic 

: "c ris i s de e P'El n Sil. 

., 
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Because of their greater attention to detail, this 
, 

sec 0 n d s ch 00 1 h a v e m ~ d e mue h mo r eus e 0 f st a,t i s tic a 1 a n a lys e s 

than Mandel., In contrast te his foc us of simple aggregate 

indicahrs SL1th as the rates of output grpwth. or sales growth, 

they frequen-cly use relational teOchnlques in' addition ta tabu'

lations of GDP, industrial p~oduction, gross domestic invéstmen,t 

in plant and equipment, real unit labour costs and unemploymënt . , 

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

able to advance particular hypotheses wit~ mathematical repre

sentations that yield suitable structur'al equations for reg,ression 
/\, . 

analysis. It is,significant Ufat\they try manyl alternative 

formulations and use robustness criteria as we miqht reasonably 

expect J~ appliciations of soft econometrics. 

The final school- that we shall consider is obased at the 

State University of New York at Binghamton, where Wallerstein 

and his associates have establish'ed an nuaI conferënces on the 

"Political Economy of the.World System». Wailerstein has taken 

up the notion of geographic expansion of the world capitalist 

economy ,from Kondratiev and he has stressed' the mobillty of 

control, or hegemony, fram the Dutch ta th~ English and, then, 

. 
ta the U. S ~ economy. The dis tinct i on between core ansk:-pe r i phe ~y . r , 
in this world system is an essential characteristic of his 

. 
vis ion of 100g waves while the mobil i t Y of the core has, b,een . 

u.sed both ta create -J'pairs" of long waves and to ex tend their 
< 

identification to eariier historical periods. Just as Forrester 

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

Wallerstein draws on the insight of historians ta identifv , 

o 
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l 
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"logistics", which have periodicit'ies in the range of 150 "to 

300 years. Clearly these logistics cannot be, astablished by 

any statistical pr..ocedure. 

Gordon (1980b) at tempts ta find cammon ground 'wi th this' 

approach. He fail~ because his ap~roach is dam~nated by U.S. 

economic experience whereas the Warld-System perspettive demands 

" an international base and challenges the use of national data. 
. , 

Gordon and his assdciates also have difficulty in accepting 

bath core-periphery framew~rks ,as al source of 10nlj:eJave pheno-, 
1; 
mena and the possibility of projetting waves backwards when 

con.~idering it, a feature of capital'istic development. The core

p~riphery distinction can closely paraI leI high wage-low wage 
. . 

contrasts between groups of countries 50 the efforts of Le~s 

and Ros taw' to base Ion 9 wav,e s on terms-o f -trade arguments could 
- , 

be expected ta link these researchers tao with the World-Sys~ern , , 

perspective. They do share concern with shifts in incorne distri-
1 

but ion between geographical areas but, otherwise, differences , 

prevail .• ' 

Wall ers t e in' s ma dei h li s t wa zone s,on e w i t h hi 9 h wa 9 e 5 (H W ) 
" " ~ 

and the other with low wages (LW). These are associated in turn 
\ . 

l, ' 
with HW and LW commodities. Hopl<~ns et al. (1979), the Researct} 

Working Group on Cyclical Rhythms and S~cular Trends, expla~n-

the interactions 0' zonal activitie9 that yie/d wavei in produc

tion. Atternpts ta r'educe éosts. b~ shifting the locus of production 

to lower 'wage zones ac~ur during periods of Ist~gnation. Recovery 
o • • 

:is then associated wi th .the incorporation of new 'producers into 

1 
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the wor1d econ~my from former frontiers, with greater depen

dence of 8ouséholds on wage labou~, and with the. utilization 

of technologieal advances in t'dynamie ~ sector5 of production. 

~iva1-ry between national states of the core. i5, -normal in this: 

process. Wallerstein points, wi thîn pairs of Konçlratiev waves 
\ -

1 

or lo'gistics., ta th~ pre-emin~nce or deèline of influenee' for 

particular natiànal 
,,-

stages. The intensi ty, rocus and geographical 
, ' 

spread of the éapi talist ~cono~y is thus' linked wi th econQmic, 

pol i tic a l q n d s a ~ l'a l . p fi e n o,m E~a • 

, , -
Clearly th~s peDspect~ve:dem~nds multidisciplina~y research 

and presents severe prôblslJ1s fo:ç-measurement and operational

ization. èhàse-Ounn t1978) Hsts sorne of ,these p'roblems which 
T-

~nclude 'bounding and' mapping' the sys~ern and its consti tuent 

zones; "~à"~idi ty and relfabi"lity of ec~nomic indicators over 

t i me; l imi ta tians of aggregati ng ,da ta on' na tiona l stat'e s to 

cr eate conte x tua l wor l<d - s y stem va,; iab les; sampI i ng lnte r vals; 

and noncO"l)tinuous sources of data. This ~s a considerabl~e 

challenge for eeonometrics. Two positive responses are possible. 

F irst, r synthetïc da,ta c'an be manipulated in' simulati ve exper li-
. , 

ments a 7 has proved useful in most areas of long-wave theory. 

Second, fallible data éan be recopciled. wi th formaI models 

that are designed with structural instabill ty and measurement 
. 1 

errors in mind; The soft ',context silllply w)~akens the st;ength 

of inference and implies the 'need ta search for robust~ approach~s 

wi th "condi tional or provisiona!.. infe;rence rep-lacing hard-

econometric alternatives. 

'. 
.. ' --~_..- --- -... - _. ----- - ~ . 
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A Multiplicit'y qf Waves 

," 

ïhis account of lo,ng .waves is i.ncomplebe. The. revivai 

of int.e re s t has sprea d ri3p i dl Y over the, las t de.ca de of 
.. '1\ ~ • • • il 

~1 

depressed economic candi tions. 5uch di f,f\,J'sion has accompanied 

a growing malaise in eGonomic theory' far shorter bu"siness ," 
Il 

~ - l 
C y e les. Hab e r 1er (1 94 1, p. 2 7 3 ) s u.g 9 est e, d, man y ye a r 5' a go, 

• 1 

'\ ,Iy/ 

.. • l ~~7::: 1~ • .)~I 
that priaI' analysis of short .waves wa~ necessary before we can 

hope ta unde'rstand langer ones. "I,t woulp seern that ••• ques

t ions about th~,.n"ature of the, long wayes ,can be' answered anly 

a fter a fairl y' full insight into"' the mechani sm of the" short " . , . - . 
cye.les has been attain,ed. Fo-r' the f~rè'es ~hieh ,~re _ sa{d, té 

produce the long waves do 'not wor~ ind~pendenJ;l'y of., and' 
, 

al ternatively to, those that produce t~e sMart, cycle. They 
..... ' . ...... ~ 

work through th'e latter ••• Untii ·the wO,I'king of the mechanism 

of the short cycle has been ~xp Iored J th~ na turè 0 f the lo'ng 

waves cannot be understoad. We are therefore compelled to 

attac~ first of aIL the problem of the businesj qycle.~·YT·h'~s 

vi'ew prevailed when first ,expressed but, per:haps surprisingly, 

1s not evident now. Instead short cycles' are increasingly. 

being seen as understandable only within the cOhtext of Ionger-

term Economie develoQments. Many theor,ists ,aljo feel li ttle 

compulsion to defend their use of a' long hor,izon. 

been 

~ 
"0 

The existen~aves with 

accepted/since Kondratiev' ~ 
f'" 

dir'ferent periodicitleis has 1 

effor,ts, reinforced the notiOIl" 

'rui~ 'waves as contra'sted ta. crises. These efforts ~er.e, of course, . 
~! , .. 
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.. 
'-.preceded by Ù~~', effo~ts_,o-f"-" otl:ler researchers who used' FourLer' s 

\ <l , • 

, " 

,decomposition or' individual' functions' (tim~' se~ies) IntQ.ortho-

9 bn~l co rtJPonen.t fu.n c tians (usùa il y~ e i t her pol ynqmlals or 
... : , . , 

si'nuspidq,l functïons). The ~standard_ tool of ana'1ysis of. this 
- ~ ... , 'r' ...' ~ ~ . ' ~ , ~ 

group was the p~rioèlogra'm, whi;h s,Ought, ta detec't' th,e' "hidde;' 
" , 

periodicities" of 'sine wavès undet1ying a'given t.Lme trans'ient; - ~ 

'When Kondratiev 'was active, Kh'l.nchin and th~ Rus'sian sch"ool of, 

probabilists were establi~hing the theÇlretical n~tur8' of . 

stochastic proces~ and b'egi,nnirtg the trânsformàtiof'J of p,edodo-' 

gram, ana']. ysis in ta .i ts ,stochast i c counterpart, spe ctral anal y sis. 

Th'e detee qon of freql,Jenc ies consistent llIi th long-wave periodicities 

- ' 
(lias attempted a- quarter c~,.r;'1tury aga as important co'mputational 

de velopments ma,'de.' 5 pe.ctra l anal y sis of economic tim'e se ries 

feasible. A typ,ical example, is provided by Suz~ki (1965) whO' 

conc1ucÎed ,that,. for ,Japan since 1879, "long swings and business, 
, 

cycles are mean,ingful"phenomena in many of the time series". 
, 

'He a1so u$ed cross-spec~ral metHods to ide,ntify lead-1ag 

relatio,nships. More recent examplés falliQg wi~hin the revival 

are p r D vï de d b yOD W lin 9 an €l Pou l son (1 971, 1 974), S 0 p e r. ( 1 975 , 

1978); Klotz (197~), Sahal (1980) and Haustein and ~euwirth (1982) • 

• 
These r,esearchers gener,ally use simil~r teChniques with 

spectral estima tes 'pbtai'ne d after. pr ior ad jus tment and wi th 

'cross-spect~al check~~ for potential causal linkages. As might 

be' expeeted" spectral ,analysis is seyerely limited to the 

----------"dynamip" characteristics of single time series or pairs of 
... 

them (with fixed sampling intervals). If lacks many of the tich 

Q 

/ 

. ' , 
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details that makI? most long-wave formulations 50 appealing. 

Ho w e v, e r, . w i t h 5 a ft in tEl r pre t a t ion, s p e c_t ra 1 te c h n i que 5 ca n b e 

illumlnating for ex~lor~tory madels. 1hey can_ generate hypo-

,. theses as weIL as ~rovide evidenc,e .of cansistency wi th prior 

noti ons. ,5 ahal, for e xa'mple, found suppar t for cycl e s in 

technologieal activity wit~ Kondratiev, Kuznets .and Juglar 

durati'ons. His results indicated that the periods of cycles 

-
in praduct, innovations were much longer than thos~ of cycles 

in praeess innovations. Haustein and Neuwirth found "nondom-inant 

long w,aves do appear in t·he i Qt'erac tiol;'l between innavatian's, 

productions, patents, and energy cansumptian" and concluded 

that their investigation' shed light on. the causal. structure 
.~ 

of the innovation system. Similar f indings have stimulated a 
'. 

large-seale commi tment ta the use of spectral ,techniques, in 

exploring long waves at the Internationat Institute for Applied 

. Systems Ana l ysis. 

We should close ,on a qualifying note. Decomposit~ons of economic 

behaviour intÇl s'l.ne-wave components-- usua.lly require data to 

be ,made statianary in the stochastic sense. Interes:t ~!1 parti •. 
(. .'J 

culaI' ranges of frequencies'requires ~he exclusion of disjoint 

I""anges. rThese considerations imply prLor adjustments such ~as 

trend removal and smoathing. The term "Yule-Slutsky effect" 

is attached to problems arising when the prior adjustments 

are inadequate. We discuss this effect in Chapter Four using 
r- • 

the long-wave literature as a c~nven~ent backd~op. FOT the, 

moment, we should nqte the pioblem of"false inferences as data 

= 



l 
\ 

~ 

.. 

f 

t 

'84 

tral)sformations intrérd1Jce spurious frequencies. The final 
. . 

word, for now, rests with Bird, Desai, EnzIer and Taubman 

(1965, p. 239). "We have shown that- the use of both a fixed 

averagihg period and a variable averaging period may yield a , . 
, 

long cycle in the transformed data. Therefb~e, if long cycles 

h~ve been found in economic data after,usi~g either transfor

mation, it cano mean that long Gycles aetuallY\ exist, or that 

they were ereated by the transformations." Such doubt i5 the 

pulse of soft econometrics. 

oSome Concluding Comments 

L-ong- wa v e theor ies can be f asc ina t.ing and we fee 1 i t 

appropr iate ta ha ve outl ined sorne 0 f th.eir .{j'at tracti vene~s • 
. 

The economic e.lement of ec.bnometries, it should be recalled, 
1 

is an egual partner with statistics, mathematics and computing. 

Economie developments in the long term are .characterized' by 
. ~ 

discontinuities, in,stabilities, and ,q hast of irr'egularity 

problems •. Economett'icians can never expect to ~rovid'e a 

comprehen~ive model that will giue adequate attention to thè~ 

full dimensions of 'dynamic adjustments in the long terme They ,-

must be content to acknowledge t~ sOftnes~~f their context 

and f~llow one of\. two basic .strate~ies. The first of, these 

follows ,tradi tiaral method7 an"d trea ~s components Of.' \ long-'wave 

theor i es in relati ve isolation with an explora tory emphasi s ' 

replacing the eon'firlJ1atory one of·a controlled environment •. 
fi 

Softnes~ also results in the shift towards criteria such as 

~ . 
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robustness and conditional infe'rence~,_rather than criteria 
. 

such as unbiasedness, consistency and predictability. The 
1 . . , 

second strategy has'become possible with the rapid improvem-
....... - .... f' 

ents in computat·ional capabilities. We now have importan't 
.' 10 

experimental options involving simulation with actual or 

synthetic data. Such experiments are also explo'ratory. Both' ~ , ,-

strategies are dynafIlic in the sense that they can generate' 

hypotheses.and provide a process for exploring their implica-, 

'tïons and con.sistency wi th real developments. This dynamicism 

is much closer to what econometricians actually do in aIl 
" 

areas of their endeavours rather than the static confirmatory 

image emerging from our textbooks • 

. ' 
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CHAPTER '. THREE 
., 

"" 
THE DEMISE OF STRUtTUÀAl ESTIMATION? 

1 

, \ 
The "face" of ~conbmetrics may be rep~ese~ted by three 

principal features. First, economicr, theory provides a realistic' 

ace ou n t 0 f som e ph e no m.e na, a f t e n exp r e sOs e d ' i n ma 1: hem a tic a l 
'>-

forme Realism is an essential requirement here since this ~heory 

is ta be combined with data from real sources. Sec~nd, estimation 

by statistical procedures i5 added ta this account. This yields 

. estimateti values for sorne parameters in the mathematic~l ex~re
\ 

ssions that represent either individual or average'experience. 

finally, Inference (as "significance", "confidence" or some 

~t:her statistical notion) has'a quite modest role acknowledging 

thé potential Imprecision of these values. These three features, 

t a ken t 0 9 eth e r, c o'~ p i i set hep r e dom i n a ~ 0 r m 0 'f e con 0 met rie s 

for which the structural component ~~ essentiâl. Chow (1978, p. 565),~ , 
,rearranging these f~atures, provides a typical view. "As is weIl 

" known, the application of econometrics ~onsists qf two steps: 

The formulation of a statistical model or a set of hypotheses 
\ 9' - ~ 

concerning the economic phenomena in questiàn, and the 

If s'taUs t.ical methads ta test s~lected hypatheses. ta 

t~aramete:çs, to make forecasts, to study the dynami·c 

ties of the model, and/or ta make decisions". 

application 

estimate'· 

proper-

5uch featutes or stages are consistent wi th most definitïons 
" 

of econometrics as found in our professional .li terature. The, 

basic involvement with struttural equations is commonplace. . , 

Kelejian and Oates (1974, p.237), for examp~e, indicate that 
> 

such equations are "suggested by economic theory"; Unfortunately 

• 

" 
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the structur~l basi~ is too readily accepted without adequate 

examina~ion eithe~ of its validity or of the individual 

features. Some deficiencies are readily apparent. When Dutta 

(1975, p. 10),. in describing econometric res~éjlrch, suggests 

that "~he prime objective is to analyze the behavior pattern 

of mankind" and tha~ the basis of structure is a belief that 

"the true or fundamental behavior pattern of mankind i~ based 

" on postulates of rational and consistent behavior", it is 

perhaps clear that his comments have Iittle direct bearing' in 

practice. However, the simpler statement by Kelejian and Oates 

is little more informative. It could be argued that this reflects 

a glib avoidance of a necessary degree of explanation and that 

the b~evity is consistent with the proposition where~y 

"econometrics is ~omething that should be done, rather than 

talked about." 

'" 
Much of the,criticai r~appraisal of 8conometrics in recent 

years should be seen as questioning certain aspects rif structure. 

A secondary theme would.be the development of alternative opera-

tionaI pr~cedures ta replace or supplement the structure-confirmlng , 

procedure that is implicit in the three simple features described 

above. It is significan~ ·that Chow felt impelled to add a 

fu~ther stage, involving the reformulation of a model after 
" 

~tatistica1 analysis"to his two-stage framework. Such 

structure-seeking is an important change in fo~ui since it 
, 

casts do~bt on the sufficiency of economic theory as the source 

o·f s t r u c tu r a 1, s pee i fic a t ion. The cri tic a l r e a p pra i s a r, 'w hic h 

we shill illustrate below, involve$ both.the dissatisfaction 

.J 
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of economi~ts with past efforts in research and the changes 

stemming From rapid computational advance. These twq asprects 

can be illustiated by re~erence to Ha~ve~mo a~d to Box and 

Jenkins. 
~ 

Haavelmo (1958, pp. 354-5) provides an excellent example 

of an economist who was very influential in the d~velopment 

of ~he ~tructural componeRt in econometrics but became scepti

cal with the results achieved in practice. "It has become • 

almost too easy to start.with ha;d-boiled and oversimplified 

,1 exac t' theo~ies, s~pply 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 1s due to 

ffthe somewhat passive attitude o~ many econometric~ans when 

it comes to th~ choice of a~ioms and economic content of the 

\ models we work on." The obvious implication -ta be drawn here 

is the need for greater emphasis on economic theory and careful 

reconciliation df fitted models witM" their theoretical under-

pinnings. Inadequacy of theoretical linkag~s would then seem 

a primary source of structural instability. We shall retur~ 

to this when we consider Fris~h's concept of autonomy below. 

We shall argue that this particular concept is an inJaluable 

méans of c?nnecting the "râtional-expectations revolution~ 

(and its cr~tical reappraisal of Keynesian macro-~conometric 

models) with the mainstream of econom~trics. 

With respect 'to the impact of computational advances, 
/ 

/ 

it is important to note significant changes in th~ organizatian 
~ 
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of re~earch methods as weIl as the additional complexity of 

individual techniques. The key fact for structural analysis~ 

i5 that data are now handled many times and in novel ways. 

Th~s the choices of represe~tations for economic theory are 

often modified within re5ear~h rather than fixed at the outset. 

These choices are adjusted at various occasions withi~ an 

explicit sequence of stages. The sequence begins with the 

"face" described earlier and repeat's it as often 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 isolation, has primacy in determining structural form5~ Some 

years ago, this would be termed ~data mining~ by economists. 
a 

Now ~data analysis" or ~criticism" might be preferred and the 

acceptabitity of 5uch behaviou~ has markedly increased. 50 much 

sa that statistical textbooks are beginning to contain descriptions 

of Iterative procedures. Box and Jenkins (1970, Ch. 1) provide 

an ,influential example with their account of sequential analysis, 

although they fail ta give adequate attention to the statistical 

consequences of following their scheme. They indicate well-defined 
c 

stages in model-building that are not necessarily based on the 

fiction of a givsn structure. Similar schemes (procedures) may, 

in fact, be structure-seeking rather than structure-confitming 

but s~metimes no structure (other than one of convenience) i5 

even ~nvisaged. Box (1979) seèks to clarify such matters. 

G.i ven th i s bac k 9 r 0 und, i t i s W 0 r th r e calI i n 9 a vie w exp -
'\ 

ressea by Klein ,(1947, p. 111) ta show how fundament:ally the 

.. 

o 
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" bases of econametrics have changed with these adjustments. 

"It is desirable ta provide tools of analysis sui~ed for public 

econamic polic~ that are, as much as poss~ble, independent of 

the personal judgement pf a'particular investigator. Econometrie 

models are put forth in this scientific spirit, because "these 

models, if ful~y developed and properly used, eventually should 

lead aIl investigators ta the same conclusions, independent of 

" their perso~al whims." T~is ideal of objectivity is qu~te 

inconsistent with the saftnes~ of present econometric practice. 

It might have been acpeptable in an_enviran~ent where economic 

theory is sufficiently weIl develaped ta give clear and subs-

tantial guidance far the specification of structure and where 

statistical theory indicates only one optimal method of esti-' 

mation. Data would also need ta be compatible with economic 

concepts and to be collected at sampling intervals equal to 
(

the planning horizons of economic agents. That this environment 

does not prevail is now abvious. The extraordinary zeal that 

characterized the early days of the Cowles Commission (and is 
... 

apparent in Klein's comments) has disappeared ta be replaced 

by pragmatism. The princip~l victim of this change in Ideals 

is the notion of structure. 

We intend-to look at a critical period in the histary of 

econometrics with the hope that a re-opening of past contro-
~ , • )i ........... 

versies will enhance the understanding of the present ~'eappraisair 
" 

of econometrics. As familiar conventions are being challenged, 

it seems appropriate to reconsider the period during which 

JI 
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they emerged and became predominant. ,The period extends from 

abo,ut '1940 to 1960. It begir:l5, 'with the initiaL,disc'ussiC1ns of 

T-inbergen 1 5 'economy -wide econometr ic models and ends wi th the ~ 
\. 

sterile development of approximation theorems that f.oreshadowed 

the movement of suçh models toward commercial succels. Klein 

(1971b) describes this as the qeginning of the mod~rn era of 

econometrics and the' first part bf 1rthe subsequent era of conso-

lidation. We shall consider his periodization after a ,brief 

loo'~ at current controversies. Then, we ,turn to particùlar issues 
-=== 

that dominated ecanometric discussions during the two decades 

under review. It is clear that these discussions "were preoccupied 

with structure. We believe the discussions reveal the graduaI 
\ • ~ 1"'\ ... f-

r~cogniiion of softneis i~ econom~trics·that separates the 

fcr~mal p~e~entation of mathematical bheorems and actual practices 

of r e se a r'c h ers. At the end 0 f t{h e p e rio d, 0 th i s 5 e par a t 1..9 n ca n , 

cie discerned in the polarization of two distintt Ijnes of 

,de~el?pmsnt. One line pursued th~ extension of statistical 

theory ~ithodt giving ~dequate,attention to the ecanamic co~teit • 

The ather line ~gnored many of the theoretical developments in 

, statistics and, influenced by the extensions of computational 

facilities and inèteased availability of ~ata, became "a pplied" 

econometrics., 

Progress in structural, analysis was inhibited ,by this 

polariz~tion and by the features that have came to represent 

each line of development. The loss of structural content in 

r e 5 earch tha t. i 5 n arrowl y f oc use d 
\ 

on statistical theory is 

, . 
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ab~io~s. It may be less apparent in applied ecanametrics. Here 

a gai n H a a v e lm 0 (1 9 5' 8, pp., 3 5 6 - 7) pra v ide s a use fuI cha r a é ter i - .. 

zation of· the weak r line between economic theory qnd i ts 

expression -in so":called structural models. "From this veritable 
3 

ma ze of in terre la t i ons our cus tom'ary economic theor y ex trac ts 

some would-~e 'net' relations between stati~tically observable. 

data on priees, quantities, etc., in the economy. The only 

trace left of the whole 'background structure' w~ll t~en b~ 
1 

the pres~matily ~onstant parameters of the 'net' relati nships, 

derive~~ At this final"stage, the ~hread~between the origr al, 

hypothetic~ inva~iants of the theory and the derived relatio -

ships between market' variables has indeed become long and thin." 

Although a quarte~ century has passed since these comments were 

presenteG in a presidential address ta the Econometrie Society, 

the y s e e m jus tas rel e van t t ci d a y as, the y we r eth en. The s 0 ft n e ,s s 

of this linkage remains a major obstacle iR the Interpretation 

of fitted economic models. 

',50me Present Difficulties 

The problems of econometrics can be approached from two 
• 

perspectives., We COUld'\fO~~,W the pa th of Thurow (1983, p. 105) 

and .point to the "failur,e" ~~\econometrics to live w.p ta expec-

tations generated by the early activities of Tinbergen, the 

Cowles Commission, and subse9uent advocates of its use to guide 

policy decisions and to claFify significant issues. 

has not proven capable of providing either- accerate 

"Econometrics 

forecasts 
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," 

or c6nclusively settling ecdnomiç disputes. Key variables ... 
" 

don'.t seëm, susceptible 'to econ..,ometric madeling. In many areas, 

the stable equatians that- econamis th,eary c!epends on ~an' t . 
"') ~4 

seem ta existe Economi~ e~idence is often contradictory, and 
\. l\' l 

even where it ls consistent, the conclusions have been wrong 

50 many times'that the credibtlity of even consistent resultp 

i s sus p e è tan d ca n b e i 9 n 0 r e d b Y th 0 s e who wa n t t 0 ." We ~c 0 u l d 
~ 

po,int ta the inability of economic theory to specify secondary 

variables, the need ta u?e proxy variables for unmeasured 

t~~oretical concepts, the uncertainty of functional forms for 

structu~al equations, the widespread use of search strategies 

in computation, the preoccupation among many economists with 
1 - ;' 

'familiar static theory rather than dynamic theary, and the 

abservational indistinguishability of rival theories. 

The alternative perspec~ive , w1th which we con~ur, Tejects . 

this stress on failure as excessive. The expectations were 

always unreasonable since they ignored the Inherent softness 

of econ'ometrics in practice. Thurow uses "Economet~ics - An. 

Icebreaker Caught in the Ice" as the title of the çhaptet where 

he discusses these matters. We suggest fhat the st~uctural .~ 

.~ -~b".~ 
framework of ecanometrics was ne ver adequate~to serve as an , , 

"icebreaker" so the criticism is ill-directed. 'he current 
1 " 

problems of econometrics do not stem From these failures of 

"applied" econometrics but rather with our difficulti~s in 

interpreting the outcame of· research activity. 3:ndeed the fail-

ures represent the consequences of repeated overstatement 
, 
" 

·! 
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'" . 'cdnç:erning the firmness 'with which empiric'al evidence couJd" 
1> 

be us~d. This overstatement,~inds ~xpressioh too in the wide-
~ ~~ 

s pread neglec,t of q ual Lf yi ng s ta temen t sin Q..ur litera ture • , , 
, , 

There occurs, as' a resul t, much confusiof'l of soft and hard 

elements in econometric practice. We ill~stra~e the confusion\ 

,by considerin-g 5ims' test of causa li ty in Rowley and Jain (19g,-). 

Jt is our hope that a review of the disputes that occurred 

among ~conometricians during the period 1940~1960 will yield 

a better,' )Jf'Îder;standil"J9' of Inherent softness. !hat this was 

ri~glected in the last forty'years is really not a failure of 

econometrics. It is a fqilure of economists ta accept-the full 

demands' of statistical procedures, which involve qualifications 

and imp~eci~ions as well as simple technical exer~ises. 

The stress on' interpretatioQ of the second persp~ctive 

directs atte~tio~ away from the disappointments of~onomists_, 

and toward technical issues that cloud our understand~ng of 

empirical evidençe. These issues are worth listing and\it i~ 
• 

convenient to put them into six groups. ~t should not be 

surprising if we argue that structural 'dimensions ~re funda-
, , 

mental in'all of the groups. Nor should it be surprising if 

we eventually conclude that the technical issues reveal the 

~truggles of econometricians to accept softness ifJ" specification, 

experimentation, and estimation. The key is to aeeept softness 

and to interpret, evidence aecordingly. Econometries is ênhanced 

by such st~ps. It will never sa~isfy Klein's early ide~l of 

objectivity a~d it will not eliminate aIl of the practical 

l' • 

.\ 
, . 
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misundersLandings noted by Thurow. It will, however, have a 

ch.anc~' ta pravide a scientific basis far treating empirical 

Evidence on Economie matters .involving confirmation, explana-

tion and prediction. The six gro-Vps of t'echniçal i~sues can 
P, 

be characterized by the following headings: structural instability, 

non-structural purposes, statist~tal constraints, sequential 

analysis, simulative experiments, and robustn~ss. 

Structural instability is 50 frequently rep~rted by 

economists that there is np problem in finding examples whieh 
1 

l, , .. 

have profoundly affected b,oth economic the ory and econome'tric 

practice.~Among these, the Phillips cur~e and money~demand 

relation5hip~ should be noted. Their apparent 1nstability 
" . . 

(apart 'From its' encouragement to, the use of recursive residuals 

and genera'lizatian of the Chow test) "is assaeiated with radical" 
• 1 

e. . 
adjustments ta theories of inflatio'n and wage, determination, 

'.to measures of unemployment, and to, the ac'ceptabili ty 6f parti-

culaI' manetary aggregates esp~cially in conjunction with the 

"advoc~cy of monetary targets and rules:. In5t~bil~y is also 

a ~ajor problem f~~ estimatiori criteria suc~ as consistency, 

a5ympto~ic unbiasedness and asymptoti~ e~ficiency, which are 

frequently cited by econometricians. It h~s alsO been a major 

component in, the Lucas critique of Keynesian macroeconometric 

models, a(Aillustrated in Lucas (1976 ) and Lucas and Sargent 

(19~~), which we shall consider below. 

Non-structural purposes is a heading that can be attached 

ta situations ,in whi'ch time-serie's models, of the type associated 

" . 

'. 

~ith Box and Jenkins, for example, are considered as alternatives ~ 



to the.~tructural models of the simultaneous-equation type. 

There are many instances where the time-series models cou 
~ 

---------~ provide super.ior predicti.ons and it is" 'commonplac a find 
'----. 

~~~hiS superiority acknowledged even by proponents of structural 
------------....-

m OD e l s :-- l n f a ct, the r e i s n atm u chi n the s t a t i s tic a l 1': r am e -

work of structural models that can be used ta demanstrate 

their desirability outside the narrow confines of certain 

arbitrary criteria. This i8 especially true for f!on-intérventi.onary 
. 

post-sa~ple predictions. For several years, there was comp~ti-

.tion between the two approaçhes. This was unfortunate and we 

want our ~eading to also include the more sensible situations 

in which they were combined. With thi!:> in ·mind;\j<;.we '~ho~ld 

point io Granger-consistency (where model assum~tions are 
. ./ 

linked to the known range, for example', of var,iables), to SEMT5A 

discussions that stem From Tinbergen and Queno~ille but which 

are 

and 

~ , 
no w 'p r i n c i p a Il y a s 5-0 c i a t è,d w i th Z e Il n e r and Pal m (1 974 ) 

. ' \ 

to ~he use ~f th~ tim~-ser~es ~haracteristics df econo~ic 
J . . 

variables by propone~ts of "rational expectations" to determine 
. . l ' 

parameters of distributed lâgs. In such situations,. time-~eries 

'. elements p!ovide valuable assistance i~ the specification of 
.... ~.- . . 

--------____... structural model!:;. Eventu,ally they may resul t in 'Jess insta--------- -- \,.. '" "-.._~ 
b i li t yan d -'5 Lm ~ 1er i nt e r pre ta t ion 0 f e m p i r i c·a Ire s ~ lt 5 '.. \ 

. -- -------

The third group cqver~~ by statistical constraints contains 
, 

the reformulation of exoge~eity by Hendry, Richard, Geweke 

and'at~ers, which ls clearly foreshadowed by the discussions 

of' e con 0 met r ici a n.s i n 1 9 40 • 1 960. Par t i t ion i n g 0 f me a sur e d 
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variables into types involving exogeneity will form a major 
" 

topie in our description of these discussions. The choice of 

partitions in practice is an important source of sortness for 

the elimination of which few effective solutions have beeQ. 

offered. Index models are also .included in this group of tech-

nical issues. These discard many statistical constraints that 

have been used since about 1944 qnd replace them with others • . , i 

~~~he result is a two-fold characterization ôf blacks of economic 
)~,! ... 

v~\tiables in terms of a constra.ined vector aut~regressive 
prpc~ss and of a vector m5ving-average representation. The first 

form pfcks up the basic noti'on of co-movements of economic 

var ra b les th r 0 u 9 h bus i ne s scy c les wh i_l eth e sec 0 n don e c a n b e 

linked to a system of "ln~ovation:accounting", whereby the 

effects of~hocks on economic structures ~an perhaps be traced 

From their inception. Sims (1982) illustrates the feasibility 

of this VAR approach and atte,mpts ta demonstrate i ts J€efulness. 
~~ 

The principal feature of the approach, as revealed in Sargent , / 

> 

and ~ims (1977), is abandonment of "conventional structural 
~ 

mac TI a e con Ù met r i c ma d e l s ". K 00 pm ans (1 9 4 7) ha dus e d, the sJ 09 a n 
\ 

.1 0 n 
"Mea~urement Without Theory" tO,advance the acceptance of 

\ 
such mod~ls at the expense or certain attitudes associated 

r , 
with \the NBER- in tre interwar period. With a clever inversion 

~ \ ' 
1 

of·hi~ slogan, Sargent and 5ims sought to identify their index , . 

, • Q 

moqel iwith NB ER methodology and ta reJect the approach-of the 
, 
l 

Cowles' Commission as propou,nded by KoopmaAs. One structural 

type was being substituted for another. We consider this below 
t> 
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when wè discuss the primacy of the' probibili ty approach to 
'i' 

./ 

e con 0 m e t_r i c sas é lai m~ d b Y ri 9 a v e lm 0 and K 0 0 p ma r: sin the 1 94 0 s • 

1 • • 

Sorne aspects of t~e fourth group of technical issues were 

discussed by Bapcroft before structural ~nalysis\gained its

pr~minence in the ~mpirical research of economists. In 1944, 
r _ _ If,] 

L 

~I 

1 J 

( 

,-he -pointed ta the potfrntial consequences of sequential analysis: 

~) GU~ to incomplete spécification of structure. The use of signi-
c • 

fica~ce tests to guide structuraJ choiee was identified 

with_"pre-test" bias. Judge and Bock (1978) show how this 
1-

argument was revived in the 19705 after it had been largely 

neglected dur~ng th'e period that we shall considere Banc;:roft, ,/ 
./ 

had \,stablished the need to adjust probabilistic stotemerits 1 
when ~trueture-seeking behaviour i~ based on ins~f~icient prior, 

knowledge. Màny' econàmists were unaware of his contribution. 
, ' 

They ccimbin~d structure-eonfirming p~o6abilistic statements 

with computational software' that "found" best equations as if-

the validity of such statements persisted in softer contexts. -

Clearly this deli,nquent behaviour 'eould be a major factor in 

the shortfal1s of "applied" econometrics noted by Thurow.-

,Unfortunately, it cannat be adequately treated here sinee, as 
c 

'we have already suggested, the debates that occurred during 

1940-1960 seldom gave any attention'to sequential analysis.-

In:f'read" w~ shall re~ort ta ,a tactic of_ noting correspond'ing 

technical issues"as they appear relevant t'o the prpjection of 

" 

the eontef.l.ts of ear lier debates to othe'r current di ff icul ties. 

Turning to th~ fif~h group, we find su ch a dramatic change 

.-
.-

" 
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i~ fo~us that mani econometricians'fail to identify them as 

part of their oum discipline., W-e. fe~l t-"at simulativ~ experi-

ments should be considered part of econometrics even when they 

do not involve either statistical e~timation or real data. 

T 0 ?ome ex ten t" ,the y repre::; e n.,t a sof t e x'treme th a't has. yet 

t 0 fin d "a sec ure po s i t ion i Il; the spI i t tin 9 0 fi' ' e'ê 0 nom i cs, in t 0 

componental cireas •. Traditional definitioAs pf ecionometrica, : 
, ' 

as modified to recognize the, new feasibilities of computers, 
, . . 

are not undu~y strained b~ the inclusion of simulative expeti

ments. Since ,we hav'8 already taken 'tlme-series· models as part 

t! 0 f econome tr i cs, the f Llrther add i ti~ n, might no t b e surpr 1's1ng • 
~ ., Il " 1 • 

, , 

It is, however, contrary th the treatment by Zellner (198U), 

Jor 'example. 

The r e i s lit t l e di ff i'c u l t Y w 1 th the .i h t e 9 r ~ t ion 0 f on e 
. ' " ' 

particular form pf.simulation. This involves the u~e of a 

fltted ~tructural model ta predict t~tu;e paths of vari~b1es 
" , 

, ' 

part cif a hypothetical experlment involving k~own 
, ,J 

" . , 
'"', p e r h a p sas 

, ' 

changes of p Çll ici e sor' e x 0 9 e n 0 u 5 s hoc k~. T W 0 0 the r for m S' 0 f 
, , 

simulation have' been used in 'economic contexts. One involves 
., , , .tt 

the ,s y s te m-dy nami cs ~ ramewo rk 0 [' For;re s ter and hi s as? oc i a te s 
. ' 

while the other rnight ,be termea' micro-econometriê synthetic . ' , ...; 

'modelling. Examples are p'J;'ovid~d by Forresty (1980) an,d Smitl) 

,(1982). They r~veal n~vel uses of'str~ct~ral concepts. The 

sys"tem~dynamics" appJo.ach disc:ards' stati~t~cal estimation of 

parameter~ in favaur ~f the adjustment of "tuning constants" • 
, 

so that the cyclical characteristics of time-seties data are .. 
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r e pli c a t e d. Sm it h (p. 9 2 g) 5 I,J P port shi::; a d v 0 cao y a f the sec 0 n d 

approach by painting to a,major problem, of conventional'econo~ 

metric~j' "Rartlly are we able ta. obtain a test' of t.~e model 

specification. H~nce, an econometric model provides a mapping 

from spécifications, intp conclusions abput pr:eferences, tech

nology, and institutions. Insüfar as the conclusions are 

sensitive to ·the specifications, we are 1eft with scie~tifi·t-
. . 

, , 

propositions tHat are opened w~th respect to the environment, 

instiifutions; and agent behavior,," The, lalYoratory-based, er 

cont~olled-field, experiments of Smith and hls associates take 

. , . s't rue t u ra l sen s i t i v it y as the i r p r i ne i p a 1 foc u s ra fh e r th a n 

leaving it to be d~scussed by appr~isal of later p~st-sam~1e_ 

mo~e1 "failures" • 

~ensitiv1ty is also a major element in the finaL group 

~ of 'technical issues. Robu9tness considerations p_resume tha-t 
~" , 

~ ~ potential mis-specification of mad,els is ta 'guide the choiee 
'~ , ' 

of èst,imation techniques. Instead of the prior choice of a , 
• 

, " single structural framewark to be explored in isolation, the 
~ , 

ones (e~pecially as they affect t~e ~~~. ~xis~ence of alternative 

,', ~i 's.t!' i b u ti 0 ri 5 of e rr 0 r 5 ) consistent with the economic context 

; must ~e ac~rowl~dged. Then a final choic~ represents a compro

"mise among, alternative frameworks. The structural ba~is is' nct 

rejected. It is simply more tentative, or soft-as we have 

-J pre"f.erred ta caH such situations • 

. 
The overàll impression ta be derived from this brief list 

. 
of issues is that the use of structure by.econo~etricians ii 
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being reviewed from many vi~wpoi~ts. We see a radical e~oluiion 

" of econometric practicè away from the conventions established 

in th-e ,per,iod 1940-1960 and toward appraache's wi th softez

base.J?', The l'igid application of the simul taneous-equation mo?el 

as confIrmation of a'given structural farm ls being overturned 

b yin nova t ion 5 t h a t 0 f t e nus est rue tu ra l no tian s w i th les s 

precision. The current cri sis of econometrics is' due to the 

abundance of methods., It was comfortable bath to, hav'e a consensus 
, , 

as ·to how to pr,qceed wi t-h rese,arch and to be free from the need 

to justify 'particular step·s. T'his state' disappeared with the 
c 

• failures of' l1 app'l'ied ll 
1 econpmetrïcs :and the burgeoning of 

econGmetric tec.hniques. 

Periadization 

The origins of 

o 
~~nometric's cà.n be traced back over 

se ven t y Y e ars aIt hou 9 h _ ,i t s for mal 0 r 9 a n i z a t i,o n . b e 9 a n w i th 

the founding of the EC~ClOmetric Society a half-century _ago~ 

Few have attempted to dividS th~ history of econometrics into 

reasanably distinct periods. Klein (1971b) ls an important 

exception. It seems 'appropriate to note his attempt s~nce the 

in ter val 1 9 4 q -'1 9-60 l ,0 n wh i c h we w a n t t 0 foc usa t t e n t i à n, do e s 

not quite fit his periodization. We differ with respect to 

bath ends of our fnte':r:val and we would argue that Klein,' 5 

parti culaI' choices ar~ affect~d by hi~ close identification 

with the conventional simultaneous-equations mode! (SE~)\and 

by his stress on thé size dimensio'n'of computing; Clearly '. ' 
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.,.Klein was influ'enced by his personal experie'nces and preferences'. 

He was earlier part of the gro~p at the Cowles Co~mission:th~t 

di d 50' mue h t 0 est a b lis h the 5 E M. His des cri p t i a n fa ils ta 

glvE;! ,adequate attention ta historical developments wi th r-esp'ect 

to time-series analysis and ta the activities of the NBER, 

perhaps because of a narrower vision _ of the bawnda:çies fo'r 

econometrics. In discussing the impact of computational 

impravements, i t is s!gni fic~nt that Klein looked to the inclusion 

of input-output mat~ices and ta geographic e~parision both within 

develC?p.ed cOLmtrie,s and from th~'se to developin'g countries •. 
, 

Our in 9 the 1 970 s " 6 e ' w a s~ top 'r'Q v { deI e a der shi p for 8 0 m p let ion 

of these,tasks. He ignored the impact of computational improve-

ments on finit~-sa'mple analysis and robust statistic$. In , 
summa~y, h~ ignores deviatlo~s from the SEM structural paradig~ 

- of th'e C~wles 'Commission, (many bf which WB have, noted above). 

,The result i5 an e~aggeration of the lasting val~e af,the SEM 
1 

: bu~ a good represefJtation ,af atti tudes that were comman a' 

decad~ ago. 

KlE;!in distinguishes a "pre-ecà~ometrics" pe.riod., when, 

empir~cal.r~5ults were concerned with simple formulae 5~th 

'as those assaciated lIli,th Mal'thus and Paretp, and a, faunding 

"er..a urider t'he impetus or the ç:lassical statistical theory of 
< , 

Karl Pearson and Yule. In th~ latter period of '''early econometrics",f 
, 

he sepatates the use pf multiple carrelati~n by ~oore (1914), 

O'ouglas (1928), Schultz (1938) and Tinbergen' (1939) from the 
'. 

efforts af WO,rking () 927) and Fris,ch (1934), which were pre~ur5ors 
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of later views due to their treatment of such concepts as 

ident,ification, autonomy and normalization. This partition i5 partisan, .. 

giving insufficient credit to the activities of the first set 

of authors. 5chultz's book, which summdrizes earlier efforts, 

and gives special credi t _ta Moore, remains an excellent account 

of the difficulties' faced in the derivation of a stable struc-

tural expression of economic theory. When ,Thurow (1983, p. ]15) 

insists "econometrics functions cannot'be regarded as solid 

and permanent", he is only reporting a position given its best 

exposition in Sch41tz. Turning ta Tinbergen, we note the first 

attempts to dev~l~p economy-wide econometric' models. His 

analysis of' the final form of such models was, as we have 

already indicated, th~ first in~egration of the stochastic 

d.lfference equations of econo'mic time ser~es with structural 

m'odels, (or SEMTSA in the mnemonic adopted by Zellner).' Tinbergen's 
~ . '. ' 

influ'ence 'in this r'espec't 'can be continuously traced fro.llL, his 

initial efforts through the work of Orcutt (1948), Quenouille 

(1957), Gbldtierger (1959)' and othe~s tu the ~r,esent., 'He cannot 

be di smissed as'" non -mode rn" s impl y because he pr'efe r'red to 

use least-squares estimat~s! Klein omits thi~ linking due to 

his neglept of time-series developments in his periodization. 

, Th,e onset of the 'lI mo dern" era is attr ibuted by Klein to ' 
!l 

the ad just me nets that follollJed the innovations of Haavelmo 

(1943-1944) and'Mdnn and Wald (1943) "who fotmulated the econo-

metric ,problem in terms of the theory of statistical inferenc,e". 
~ 

,'This represents a major shift .in emphasis. "F'rom their contributions 
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. 
the subject of econometrlcs became a special branch of mathe-

. 
matical statistics- the maki~g of statistical inf~rences from 

non-experim~ntal data". this is a dangerous exaggeration which 

diminishes econometrics _(~~ disturbing the balanFe of economics 

and statistics) while treating it as a portmanteau for explo- " 

rations of non-e~perimental data. T~e ecanomic flavour is 

$Upposed ta arise "from being tied ta the Equation system~ that 
. 

are derived from propositions of thedretical (mathematical) 

economics"~ 

Klein indicates"a period of " consolidation" extendïng 

from the early 19505 ta the mid-1 960s. It was followed by the 

"computer age". We,prefer ta maintain the integrity of the span 

frb~ the.situation established by Tin~ergen, Schultz and others 
. . 

(about 194'0) ta the loss of struct.ural ïmpetus in about 1960. 

This period saw the establishment of the SEM as the conventional 

approach to econometrics. After a short period pf intense lobby-

ing, the SEM came to domina te much econometrics for four decades, 

especially in textbooks and increasingly in ~rofessional journals. 

Wi th some lack of reverence, i t might be called the state ,religion. 

'This acceptability is now under severe strain from the contro-
" . 

ver sie s, sur r 0 l! n d i n 9 the tee h n i cal i s sue s we h a v e lis te d a b a v e • 

~wareriess of challenges to the primacy of the SEM is heightened 

by the calm of, the :l960s when debate was limited .... In contrast, 

ihspection of periQd ~rom 19~O to 196q reveals substantial 

questioning of structural analysis as embed&ed in the SEM before 

critici~ms.subsided and interest shifted either to sterile 
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'mathematical puzzles, such as approximation theore~s, or ta 

the practical demands of large-scale éomputing., 

1 

Focus on the period 1940-1~60 yields a number of propo-

sltion~. First, many of ihi recent criticisms of econometrics 

are best unde~stood as flowing from issues raised in the first 

two de~~des of the modern era and subs~quently neglected. 
, ~ 

Second, the shift toward mathematical and computational" b~ases, 

already clear by 1960, resulted in one a~d a half decades of 

lost opportunities~ Present crises may represent a reversaI 

to greater eclectiei~m and a revival of progressive elements 

in our subjeet-ma~t~r. M~,hematical and computational strands. 

remÇlin significant ,but' their role is being reinterpreted. 

In summary, our vitality {s returning after,years of atrophy.' 

Our final ,proposi tion is a useful means of rev'eallng this 

vitality. Econometries is~ not a special branch of mathematical 

statistics, which v~ew must inhibit the recognition of its 

. .. lnherent softness due to the use of n9n-experimental dat& and 

ta a host of other factors. With this backdrop, we turn ta some 

p~rticular issues that aros~ in the first two decad~s of the 

modern era. 

Particular Historieal Issues 

During his exehange with Tinbergen in 193d-1940, Keynes 

referred to econometrics as "statistical alchemy" and questioned 

wh ether it was ripe to beeome a branch of science~ Resilience 

in the face of his critieism showed that a new çon~idence was 

, 
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co min 9 t 0, c ti a r a ete riz eth e e f for t s a f e con 0 met rie i ans. Th i s 
,) 

is especially apparent in the efforts of ,Haa velmo (1940, 194;3b) 

to w iden the apprec i a tian of th e cons eque nCj:!.s of: s tachas t ie 

errors in economic mo~els. First, ile took up the" prev'a.iling 

_ in ter e s't in t rad El c y c les and e m ph a si z e d th a t d Y n ami c, b eh a v i 0 u r 

of a variaple gener~~ed by stochastic difference Equation will 
,~ 

de pend on the natur~ of the er~ors ~isturbing this proces~. 

Theoretical solutions of deterministic mooels would fherefore 

- . 
nbt be -appropriately compared, wi th actual movements since they 

on l y foc u 5~ed on thé v ~'lu~ s '0 f -5 ï"gna l parame ters". A sear ch of 

trade-cycle theory readily reveals the preoccupation with such 

val u es. Sam u e Iso n '5 C las sic c,a m b in a t ion a f the mu l t i pli e r and 

accelerator is now the best-known illus'trat{on. Haavelmo (1'940, p.321)' 
, 1 

provides a strong ~conometric challe~ge\ ta this preoccupation. 
a 

He' indicates the hazards of developing economie theory with 

only a casual- inspection of real circumstances and without a 

sufficient econometr ic basis. '" Correctiol:1' of the form of a 
..j 

priori theory by pure inspection of the-appare~t shape of time 
• 

series is a very dangerous proce~din~ and may lead ta spurious 

'explanations'." H~s cr~ti~ism of routine trend fitting with~ 

,out stochastic modelling is still relevant. lts present 

counterpart is provided by Nelson and Kang (1981, 1984).' 

However, the principal thrust of his arguments is'to der ive 

an "important wédge between non~econometric explorations of 

cyclical behaviour and the "class of admissible hypotheses" 

'f 0 r s'u c h c Y cIe 5 • 

, , 
~'" 
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This challenge was enlarged in scope when.Haavelmo (1943b) 

sou~ht ta clarify the ~testability" of theor~es against facts 

as part of a defence to Tinbergen against Keynes' strictures. 

The pioneèring efforts of Tinbergen, Schultz and others were 

providing a strong base for econometr·ics ta move from relativ'e 

obs~urity into a,position of greater prominence. We feel that , 

this move is the turning point that marks the beginning of 
, , 

~he mod~rn era in ~conometrics. The need for a proper frame-

work within which ta confront structural ~heories with facts 

i s the k e y e lem en the r e. Th i sis qui t e in d e pen den t 0 f a pre s, u -' 

mption that this framework should take,the narraw form that 

de ve lope d f.rom Haâ\J e lmo' s: accep tance a f a particu lar perspec t ive. 

As we shall indicate below, this farm ultimately failed ta recog

nize"" the, inhererit softness of, the 'ec:onamic context. The need 

t o· . fin d me ans of con f r 0 n tin 9 the a rie san d fa c t s rem a in s wh eth e r 

we use the SEM, which emerged as the Cowles Commission pursued 

Haavelmo' s particular perspective, or alternatiQve appraaches 

that lack its firmness. 

Haavelmo (1943b, p.13) makes three simpie claims. These 

are the backdrop for our commentary. He suggests (i) llt~ere 
r. 

i5 no harm in con~idering economiè 'variables as stochastical 

var i a b les h a vin 9 c e r ta i n dis tri b L! ti 0 n .. pro p e r t i es"; (li) " 0 n l y 

throug~ the i ntroduc tion 0 f . 'such noti ons are we ab l e ta formu-

late hypotheses that have a meaning in relation ta Tacts"'; ·and 

(ii'i) "these 'notions are precisely the tools for 'an' objective 
. 

and in tell i 9 e n t dis c u s s i an" 0 f the i s 5 u e s rai s e d Ln the Key n es ... 
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, ", 
Tinbergen exchange. We shall argue that thére is harm in 

assuming certain distributional properties, that 'the intrdduc-

~ion of stochastic formulations (though desirable) may be 

insufficient, and (hat excessive rigid~ty in the use of stat-
, -' 

stical tools has indeed harmed the chânces of objective and 

,intelligent discussion of economic structures. In making these 

arguments, _ we are not rejecting the three simple clai'ms. We 

are quali fy ing them in the li'ght of actual developments over 

the iast four decades. These qualifications do_ nct weaken the 

underlying theme of Haavelmo's work. They Just recognize more 

complexity in applying that theme to economic phenomenon. 

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 
1 

,labelled "endogenous" and "exogenous". The criteria used for 

parti tians vary but their essential ingredient\' when dealing 

with the statistical properties of estimators, involves either 

independence or lack of cor'relation. They are, therefore, 

associated with Haavelmo's first simple claim for assuming 

distributional properties Dy variables. Consideration of 

exogeneity will be the first tapie that we shall address below. 

Our primary concerns will b~ with the definition of exogeneity· 

and with the confusion between control and exogeneity. The 

former is a difficulty for determining how operational are 
f 

\ 
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the guidelines on exogeneity given in our professional litera-
, 

ture. T]le latter affects bath the acceptability of certain 
c 

hypothetical experiments and the Interpretation of multipliers 

• tha~ are based on fitted ~tructures after a partition of the 

variables into the polar types~ 

Our second tapie is the primaey of the so-called "pr;obability 

approac~" ta econometri8s. This tao ean be linke~ with Haavelmo 

(1943b, p. 18"), w~o suggested that our treatment of a system 

- of economic variables should "be sueh that it ean fiinally b·e 

boiled down ta a statement about the joint probability law of 

the observable variables involved". This view yielded the title 

of his important stJpplement to Econometriea in 1944' and dominated 

the 5 u b s e que n t a Ci tJ viti e s of the C a w i e 5 Cam mis 5 ion t 0 fin d 

final expression in the SEM. The tapic involves several 

compohents, some of which will be stressed. They are very 

signifiCant for current reappraisals of econometrics and serve 

ta link attitudes cancerning autanamy and stabiljty that have 

been' present throughout the history of the subject. To heighten 

this continuity we shall move outside the period 1940-]960 ta 

note both the significant role of Frisch and the unsettling 

crit~cisms of the economists who assume "rational" expectations. 

" 

The thfrd topic was initiated,by Oreutt (1952), who pointed 
D 

ta the restricted p~tential for control of exogenous variables. 

Although many published papers contain graphical djsplays or 

tabulations of dynamic multipliers that represent the impact 
. 

of change? in individual exogenous variables (or policy'variables) 
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1 

on endogenous variables, such calculations have little merit unl'?ss 

they acknowledg~ the interdctions among e.xqgenous va1'iao185 

and the fOélsibillties of con"trol. The emphasis here is -the. 

,treatment of 5L1ch i'-lterdctiofJs amJ Orcutt 1 s ·stress Oll th,e Ileed 

for testing exogeneity. We shall also consider the eo ipso 

predictors of Wo,ld. and the problem of ,ceteris paribus aSSUfi'lpt.t::::;ns 

"in a regression model with lateQt, or "l ur king l1 , variables. 

Lo~ki,ng outside the period 1940-1960~ we shall briefly eite 

Wright's development of path-'-coefficient mode1s which attempt 

to deal with interactions amorlg exogenous variables. We also 

look at' the recent rel/ival of intrrest' in exogeneity that stel7ls 

from attempted clas-sifications of causality by Granger (1969), 

5ims (1972a,b), and Engle, Hendry and Richard (1983). 

It should be clear that these three .topics are closely 

'-- -
connected to the ideal of 'the SEM and, 'as such, havè ta be 

discussed with the early contributions of the group of econo-

metricians at Cowles Commission very much in mind. This lillkage 

is somewhat reduc8d when we turn ta the Ilext t9ree tapies. In 

turn, we shall look at fals8·constraints, proximity and purpose. 

The first of these will serve as a basis for exploring the 

contribution of eC'Onomic theory ta model specification. Klein 

(1982, p. 112) has suggested for the 1940s that IIthe rooting 

of model specification in received economic doctrine was fUllIly 

established" but this is difficult ta sustain when we inspect 

fit t e cl m 0 d e l s. ':.ln 1< lei n (1 9 7 1 a, p. 1 3 6 ), h e h a s ma d e a p par e n t 

sorne arbi trariness. "The 1 true' economy is a complicated Walrasian 
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type model .•• But if we drop the Wal rélsian objective and 

content ourselves with an aggregati~!e system, where shall we 

draw limits on size? There i.s nJo\ un)que aggregative represen

tation of an economy. Many alter,ntive versions provide different 

approximations to the 'true.' sys/em." Often the Walrasian objec-, 

tive is reduced to an argument for large structures rather'than 
/ 

s malI 0 n es. K Le i n i set h e_ mas t Id i s ti n gui s he d bu i l der a fla r 9 e 
/ 

Keynesian macroecanometric. m~dels that reveal few Walrasian 
1 '> 

featu;t:'es< Indeed critics- off su~ch models, including Lucas and 

Sargent (1979) and (1978), find the constraints of them 
,1 

incànsistent with genera equilibrium theories. An early opponent 
" . 

of these constraints w s LibJ (1955, 1960). We shall use his' papers 

ta su~por~ our false constraints and the size of 

madels. J. .-
/ 

1 
The topic of /prôximi ty ,begins wi th the efforts of Wald to 

con,s'ider the conJeque'nces of apP.1ying the least-squares principle' 

outside th. cfSical linear model. His -treatment of -sensitivity 

foreshadows the shift toward the derivation of approximation 

theories an/the use of block-recursivity to justify models of 
1 

'reduced si&e or ARMAX models. Although Wold's efforts were 
, 

, in i t i a 11 y se e n a sac ans e r v a,ti ver e a c t ion se e k i n 9 top r e 5 e r v e 

'the acceptability of least-squares estimation an.d single-

Equation formulations in, the face of an onslaught from propo-
1 

nents of the SEM, this view is- unfair as we hope to show. When 

we turn ta pur-pose of their empirical research with the statistical 

procedures that they choose. Mar,schak and athe,r members of the 
1 

) 

" 
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gr6up at:the Cowles Commis~iDn sought to justify ~he use or 
the structural form of .the SE~ for policy exp~Diments. This 

j.u s tif i cati a n rra 5 b e e ri e a m b in e d w i t h 0 ne 0 f rel a t ive st a b i lit Y 
~. ." - '1) - • ~ ~fll\ ~ • - -: '~ ~ .. 

to yield a demand' for asymptotic- Un..Qj.·a5e:d and eO~,sistent, 8,sti-

'mation. However there are weakne~?es in the steps of this , 

a'rgument. Tt)ere is little in asymptotic properties of estimates 

.to confJrm optimality in cond'itional predictions,. In dis'cussing 
{. 

cqrresponding issues, we have fewer contributions 'on ~hich to 

draw "and ,the o~erall imp,ressiorf' that emerges (for now as well 

as for 1940-1960') is one of dissatisf'Bction. 

The finar tapie that we consider i5 better served by 
1\ , , 

econom~tric literature although its implications are sel dom 

g'i v ~ full' a t te n t l on. S y ste m s of e qua t ion 5 of t e'n r e qui r eth e 

~position of norma-1--izati'on constraints that will ~ermit them 

to be written in a farm acceptabl~ for some methods of esti-

m~tiŒn. We know, for example, that bath least-squares estimation 
, . 

and twa-stage least-squares estimates are sensitive ta the 

cha i c e 0 f no r mal i-z a t ion r u le. The r e are ? e ver a 1 di men si 0 n 5 of 

.. , ·'ttîe tapie ta' be exp,lored. First, we have ta 'consider Frisch' s 

rejection of asymflletric ~odelos that' ar~ contrary ta the Walrasian 
'. ~ / .' 

ide al.' Th i seo n t ras t s w i t h Tin b,e r 9 en' s r ecu r s ive ma d e 1 san d 
, • 1 .. 

points ,to' the' conflict petw~en te'qui'librium a'~t1 disequilibrium 

bases for structu~al analysis" Se,cond, there are, the ,problem's 
. , ' 

of LnterprBting equation ~rrors. Mosf'~conamic models are , , 

determinlstic ,50 errors have ta be introduced at inappropriate 

sta~es ~nd ha0e uncertai~ c~rcumstances~ ~aav~lmo's advocacy 

\ 
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r 
for the probabilistic framework Ieaves the nature of the 

equation errors unsettled. This means that the choies of reg

r ~ s si 0 n lin e (a p r d b ~ e m I<"n a w n s i 'n cet hep i a n e e r i n 9 d a y s Çl f 

K. Pearson and ~ule) is difficult ta resolJ~. Wald has tried -, 
to demonstrate, with causè-effect arguments, the irreversibility 

of equations which would make noxmalization a ~art of the stru~ 
• P , 

ctural specification from economic theory but he failed to be 

~ __ ~~~c;nvi~in~. 
c 

The g'e n e r al ,0 b je c t ive sin rai sin 9 t il e ses e ven t p pic san al 
(. -wl'-

ci ting past 'debates are to clar i r'y the use of structural esti-.. , 

~ation and to emphasize the intrusion of soft el~ments within 

econometric practice. W~en we have finished our account, we 

can deal with the fundament~l question that ,15 implied iJ:l....our 

titie. 

The Partition of Variables 

Altough econometricians often comment on the potential 

statistical properties of particular estimators, we should 

,not exaggerate the extent of genera~ interest in these proper-
"" 

ties among economists. Any revi&w of our professional litera-

ture will reveal that many economists ma~~ elementary 
J\ 

,( , 

when they desc~ibe the statistical inte(pretation of models 

that 'have b,een fiUed to data. A common f'èature oJ "app lied" 

econametrics involves the use of familiar methods even when 
" 

J 

they are unsuitable in the context being explored. Similar 

myopia can be found in appraisals of empirical resul~s that 

" 
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,. 

stem from.the research activities of other economists. There 
- -

the focus .is' usua,lly placed on the interpretation 9f particular 

numerical values rathe~ thah on the 'potential statistical' 

characteristicp of the procedures that generated' these values. 

At least two explanations of this situation can be put forward. 

It may be du~ tci .i:ncompléte advoçacy'by econometricians or 'it 

could stem From views held among economists t~~t, the econometric 

perspective i5 i~self ixcessive s~nce this fails to recognize 

the difficulties of extending prooabilistic notions ta economic 
, . 

phenomena. Whatever explanantion is accepted, the situation is 
r 

an uncomfort?ble one: 

Any demonsttation of'the statistical properties of esti-

ma to r s re qui'res the spe ci fi ca tion of a _pr obabi1 i s tic framework. 

'In econometric textbooks; this requirement is expresse~ in the 

accounts gf "ideal" models, su«h a~ the classical l~~ear model 

or the SEM. The properties of Bstimators mu~t depend"on which 
, " . 

i~eal model is closest to the economic cont~xt being exploréd. 

Softness ~rises ta the extent that the use of an ideal model 

distorts this context. We shall argue that the'only clear 

de fin i t ion a fan e x age n a u s var i a b lei son est r e s's i n 9 ,i t s s t a -
~ 

chastic character (as part of a given probabilistic' framework), 

which involvès either ,lack of correlation àr independence with 

respect ta equation e~rors. We shall also assert that, as our 

abillty ta find adequate prior justification fo~'invoklng such 
- , 

properties or ta test for their occurrence is inevitably limited, 

there must occur significant roo~.for softness ta be present 

,for both estimation and interpretation of their empirical results 
'-== ""'-
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by economists. To establish the validity of these opinion~, 

we should begin by pointing out the connection .between ~oge-

neity and estimation and by remèmbering the deterministic 
. 

source o'f almost aIl of the. equations th?t are considered by' 

economists. First, the stati~tic~l conseq~ences of any meihod 

of estimation' will always depend on the probabilistic frame-
.' '" 

work. With exogeneity defineq in the statistical sense, this' 

ç;an be resta_ted. The statistical conseq'uences of 'any 'method 

of estimation will always depend on the prssence Dr absence 

of e~ogeneity of variables invoived in applying the Tethod. 

Secon~, the primary contribution of ~conomic theory takes the 

form of equations that are ~erived from mathematibal manip~-

lations. of deterministic mO,dels. Such manipulations frequently 1 

r 

impose ,hypothetica:t .. ion,s~raints 50 that, for the purpose at 

han d" c e r t a i n var i b l eJs are t r e a t e d as" 9 ive n " 0 r "f i x e d" • 
/ 

'\ .. ," 

These constraints are quite dif~erent from those of exogeneity 

in the 'statistical sense. Indeed the deterministic models prc-

yide no gu~dance for partitioning variables in their stochastîc 

counterparts if this partition i~ intended to motivate t~e 

choiee of ~stimation tec~nique and to permit the use of statis-. 

tical inference. 

T~is confusion of mathematical fixity and stochastic 

exogeneity is found much too often in economie literature 
" , 

(and even in econometric textbooks as we shall reveal belo~). 

'To facilitate discussion of tMis issue, we have assembled some 

comments on partitions of variables,in Table One. The ehoice 

\ 
\ 

\ 
~ 

~I , , 
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bf contributors to this list is easy tD just~fy. Most o{ them 

have~ enjoyeo,' d.istinguished careers in econometrics. 5Gme q'uota-
, ' 

tians are extracted'from signiflc?nt papers that have affected 

the evdlution of èconometrics, w~ile others ara repr~sentative 

a f a h ost 0 f . s ~ mil a r vie 4J s: "We 'h a ve c'a r e full y a v 0 ide d cd tin 9 . 
. ' 

p ers fl n son the f r i n 9 e of the s u b j e c t sot ha t, i t . i 5 fa ire 0 m.m e n t 

ta claim that'the ap~arent ~eterogene~ty of views can' be taken 

~s an accurate reflectfon of the ma{ns~ream'i confusion. Clark \ 

(1947, p. 77) made a plea fOT improved communicabillty between . " 

mathematicai'econo~ists and athers. 'nIn manipulaiion, ~bstract . '. - "\ 

symbols can be made' ta do th'ings Foreign t'o the nature af 'the 
. d. , 

e con à m i cre a 1 it i est h e y r e pre sen t; h e f! ce. s y mb ols d ~ no tau t 0 -

matically eliminate loose thinking~~ The relevance of thi~ 

comment for econometrics will be established.as we look et 

the ~ontents of the t~ble. W~ like ~o interpret the'n~tu~e of 

economi~ realities ~s involving, in part" the probabilistic 

characteristics of economic variables and their intera~tions .. 

Turning to the table, we see i t i5 arran~ed in six sections 

. that extend From the beginning of the modern era ta the present • 

. The first two sections cover the period during which Koopmans 

cha Il ~ n 9 e d non - s t a t l s tic a 1 de fin i t i ~ il ~ a f e ~ a g,e ne i t yan d , i n 

our view at, least," establi~hed the primacy of, one def.inition 

far econometricians. These are followed by a collection of' . 

extracts from econometric textbooks that w~re published over 

,a decade after Koopman's challenge. Next, in Sections, 0 and El

we illustrate reapp~aisal of researéh methods due ta computational 
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TABLE ONE 

THE PARTITION OF VARIABLES:' EXOGENEITY AND ENDOGENEITY 

,( A) E'a r l y 0 a y s 

Exogenous variables' (often identifi'ed with non-eeonomle vari
ables,' like tempe rature , rainfall) influence the (econom4.c) 
endogenous variables, but not vice ve~sa. Aeeordingly the equa
,tion syste'm is construeted to 'explain' only the endogenous variables. 

• Koopmans (1945, p. 463) 

For the e,conomy as a whole, endogeRous variables can be roughly, 
"identified with what is often ealled 'eeonomic variables'. 

'These are usually the quantities (stock or flows) and priees 
of goods and services, or their aggregates and averages, sueh 
as national income', total investment, priee level, and sa Orl.' 

The exogenous variables and the structural parameters are 
roughly, 'noneconomie variables' (also called 'data' in the 
economic literaturè) a'nd may include weather and technologieal, 
psychological, and sociologieal eondi tions as well as legal rules 
and political decisions. Bvt the bo~ndary is movable. ShoUld 
politieal science ever succeed in explaining political situa
tions (and hence legislation itself) by eeonomic causes, insti
tutional variables like tax rates would have to be counted a's 
endogenous. 

Whenever we use weekly or even quarterly instead of annu~l 
time-series, we must be wary of predictions that use lagged 
endagen~us variables as though they were exogenous. , 

Marsc~ pp. 10,23) 
• > 

The first task in the development of a system of relatianships 
involving the variables that' appJar in the social accounting 
scheme is to decide upon the limits of our theory. We.must 
decide, t~ a rough sense, upon those variables that are ta. 
to be explained by the theor1 or the model, to use another 
expression .•.. [The] model tries to explain the endogenous 
vSriables in terms of the,exogenous variables; In the endo
genous category we shali place all those variables that belong' 
wholly to economics and in the exogenous category those vari
ables that are wholly explained by other discipli~es. Naturally, 
we wa n t t 0 go as far as po s s i b lei n pla ci n 9 v a'r i ab les in the 
endogenous category. 

Klein (1953, p. 70) 
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Which variables are endogenou& and which are exogenous.will 
depend upon the theoretical assumptions underlying the economic 
model. In a short-run model we wi:Ù, for instance, treat fixed 
'c api t a las an e x 0 9 è n 0 u s var i a b le. . But f i x e d é a çH ta l will. b e ) 
an endQgenous variable in a long-run economic model.· . 

Tintner (1952, p. 156) 

In principle, [the specification of the variables chosen as 
exogenous] should be based, in my opinion, on ~ 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 
~ithout being themselves influenced by them; and it should 
be admitted that the testing of this hypothesis is useful and 
necessary. It is also true th~t in recent econometric and 
~~onomic analy~is 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 theory 
and statistics. If this criterion is followed, the group of 
exogenous variables cannot be arbitrarily set, neither can the 
subgroup of controllable exogenous variables be sa set. In 
each particular case they' are determined by the structure of 
the problem under study. And this is why the same variable 
must be 'endogenous in" one case, and exogenous in another •. 

Georgescu-Roegen (1952, p. 208) 

(8) Exogeneity in the Statistical Sense 

[The] assertion that certain variables en~ering into a ce~tain 
complete (sub-) model are exogenous can be substantiated only 
by information about the form of equations outside that (sub-) 
model- 1 form' meaning here both the set of variables entering 
in and the policies impinging on theie additional equatiohs. 

Assurance that a given variable is exogenous can only be obtained 
by qualitative knowledge of the' variables' causally involved in 

" its generation. If the model can be extended by additional 
equations describing the generatio~ 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 equations that ~ake the model self-contained~ 
Where the variables in question are often non-economic in 
character, the required knowledge may not at present be attainable 

/ 



by expl)ci-t extension of the madel to cover a wider 
phe,nom~ha •••• The cost 9~{'misjudgement is obvious. 

\ , 1 ..... 

range 

~ f;; 
Koopmans (1952, p. 203) 
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of 

Oespite the fact that policy implicafio~s of the obtained 
econometric models depend critically on which variables are 
considered exogenous and which endogeryous, econometricians 
have not introduced evidence supporting their choices, although 
it could hardly be maintained that the variables chosen as 
exogenou$ are obviously not affected by movements of those 
variables chosen as endogenous. 

Orcutt (1952, p. 1'98) 

In determining which variables are set aside as exogenaus, 
two main principles are implicitly or explicitly applied in 
economic liter'atuTe .••. Ths departmental 'principle treats 
as expgenous those variables which are wholly or partl~ outside 
the scbpe of economics, lik~ weather and climate, earthquakes, 
population, technological changE, political events, The causal 
princ;iple, .•• regards as exogenous those variahles which influence 
the remaining" (endogenous) var iables' but are not influenced 
the r'eby • 

[Fo~J purpose of statistical estimation the concept of exogenous 
variables must be defined more strictly and narrowly than for 
some purposes of economic theory. 

80th the distinction between exogenows and endogenous variables 
and that between predetermined and dependent variables are 
based on a subdivision of the complete,set of equations 
'explaining' the formation. of aIl variabl'es into subsets of 
equations. In bath cases it is necessary "to stipulate ••. that 
the dis~urbances affecting questions thereby placed into 
different subsets should be independently distributed. 

K 0 a pm ans (1 9 50;" pp. 3 9 3 - 3 9 4, 39 g, 405) 

{ 

(c) From Cons~lidation to Prese~~ 

The model tries to explain how certain of the quantities 
considered are determined. The quantities, and the variables 
~hich represent them, can be arranged in two distinct groups 
according ta whether they are or are not explained by the 
model. The former: called endogenous, are considered ta be' 
determined by the phenomena expresse~ in the model. The latter, 
called exogenous, occur in the equations that are considered 
to be de~srmined independently. 

J 

f 
\ 

\ 
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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 imp~rtance of the assumption that ,the exogenous vari
ables are determïned independently of the phenomenon represented 
must be emphasized ••• In ~ractical applications WB must always 
ask ourselves if the assumption is admissible. It will often 
be allowed onlyfas a first approximation. ~ 

Malinvaud (1966, p. 56-57) 

,Endogenous variables are economic variables whose interaction 
de-termines the econoQlic system; for example, quantities sold 
and bought, interest rates, and sa on. The number of endoge
nous variables must normally be equal to the numbe~ of equations 
in the system in question. In ~ddition, there are the predeter
mined variables - variables which influence the system but are 
not influenced by it (exogenous varia~les like the weather'and 
lagged values of' the endogenous variables like past priees). 

Tintner (1968, p. 76) 

Endogenous vàriables are those whàse values are determined by 0 

the structure, given the values of the exogenous variables. 
The exogenous variables are predetermined, and their v~lues 
are g~~en for the study. 

Exogenous variables are known and affect determination of 
the endogenous var iables, but they' themselves are éissumed not 
ta be affected by the'endogenous variables. That is, there is 
a flow àf influence from the exogenous to the endogenous 
variables but not vice Jersa. 

A variable is exogenous and predetermined if it is independent' 
of the disturbance term in a stochastic equation. In practice 
the choice i5 often arbitrary. 

[~We J can state 'that a variabli3 is predetermined wi th respect 
ta the k-th equation if only if it i5 uncorrelated in the 
probability limit with the di5turbance of the k-th equation. 

Outta (1975, p. 11,279) 

[Exogenous variables] are the variables whose values are deter-
'mined by forces exte~nat 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 disturb~nce terms~ of our model. In a 
sense these variables are 'be~ondl the scope of our analysis. 
We simply take their values as given without attempting ta 
explain them. 

K e le j i a n and a a tes (1 9 7 4, p. 23,6) 
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The objective of an equation system is to describe sorne of 
its variables, the endogenous variables, in terms of the other 
Nariables, 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 simultaneously determined by the exogenous variables and the 
disturbances in the way prescribed by the equations of the syst~m. 

For éstimation purposes it is necessary ta specify what exoge
nous ('determined from the outside') means in statistical terms. 
This specification amounts ta 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) 

Typieally, the exogenous variables are left as just that because 
they are tao hard or impossible ta fore cast or because they 
are too much influenced by factors outside the purview of 
eco~omists; that i8, ~hey cannot be predicted b; the variables 

-used by ecqnomists. 

Thurow (1983, p. 111) 

(0) Simulative Perspective 

A~ exogenous variable is a datum that is predetermined in ' 
the sense that its value must be specified before the model 
i5 solved and its value is not altered by the solution process. 

An interesting additional subdivision can be made by dividing 
exogenous variables into poliey and nonpolicy variables. Exoge
nous poliey variables generally include the fiscal monetary 
parameters that are assumed to be under the control of govern
ment agencies and authorities . •.• Nonpolicy exogenous variaQlas 
include many items that can be treated mechanical~y~~uch as 
seasonal indicators •.. and time tre~d~, but they also encompa55 
data which must be trèEted with the 'same care and sophistica
tion as poliey variables when forecasting. 

KLein and Young (1980, p. 15) 

[One] is confronted with the problem of choosing a point at 
which variables which c~early are going to be affected by Oari· 
ables that are endogenous to the system are exogenîzed because 
an adequate explanation of their behavior would go beyond the 
bounds of resource availability. ~ glaring example pr~sent in 
most U.S. macroeconometric mqdels is the assumption that,the 
world economy i5 exogenous to behavior of the U,S. 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 15 expected to exhibit slow growth, for example, 
it is unlikely that warld trade will achieve high levels of 
activity, and assumptions must reflect this. 

Klein and Young (1980, pp. 57-58) 

(E) Tests for Exogeneity 

The interest of econametricians has been tao much preoccupied 
with estimating interrelations in the economic system ta the 
almost complete neglect of ·testing hypotheses about which 
variables ar~fAwholly or partially exagenous ta the economic 
system. 7if'... .. 

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 l may venture a conjecture, it does 
not seem to me that the chances are good for such a test ta 
be really informative, if applied to actual data. The difficulty 
lies in the necessity, in aIl statistical testing, to specify 
a set of maintained (unquestioned) hypotheses. 

If no promising tests of exagen8ity 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 exogenous 
character of certain variables •••• If doubt'remains about a 
basic specification nat subject to conclusive test, the only 
remaining line of defense is a study of the effect on policy 
conclusions of presumably possib1e degrees of departure From 
the specificatJon in question. 

Koopmans (1952, pp. 204-205) 

(F) Unsettled Times 

The classification of variables into exoge~9us and endogenous 
wa~ ••• done on the basis of prior considerations. In general, 
variables were classed as endogenous which were, as a màtter 
of institutional fact, determined largely by the actions of 
private agènts (like consumption or private investment expen
dftures). Exogenous va~iables were those under gov~rnment 
control (like tax rates or the supply of money). This di~ision 
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was intended to reflect the ordinary meanings of the words 
endogenous-'determined by the [economic] systém' - and 
exogenous - 'affecting the [economicJ system but not affected 
by 'i t' . 

, 
Lucas and Sargent (1979, p. 300) 

Th~ a priori setting of variables into exogenous and endQgenous 
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 
ooes not bring any useful infoffuation if the result has been 
obtained inside a specification that omits a large proportion 
of v~~iables with an economic i~portance. 

Rejecting the exogeneity of a variable shows that the esti
mation sho4ld take feedbacks affecting this variable into 
account; but this obviously does not mean that this variable 

'is not a good instlument of economic policy. 

Malinvaud (1981, p. 1373) 

, ' 

, - , 1 
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~dvances and with the per~eived feasibility of testing for 

exog~neity. 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 ealled Keynesian macroeconometr~c models. 

This attaek is not directed against Koopmans' treatment of 

exogeneity but rather at the presumption that/~ts application 

must be based on an a priori partition of variables instead 

of on a statistieal test. Before eonsidering the contributions 

ta each section, it i5 appropriate ta recall the reeent tech~ 

nieal issues tnat were identified earlier. These are summarized 

again in Table Two. 

S ~r u c tu r a lin s ta b i 1 i t Y 'c a n a f f e c t bot h a p rio ri and tes t 

approaches to exggeneity in the statistical sense. There is 

little in either mathematical or statistieal models ta preclude 

changes in regimes and corresponding changes in the exogeAeity 

of individual variables. Indeed the introductibn of policy 
o 

rules ta govern levels of controlled exogenous variables by 
, .. 

referenee to the experiences of endogenou~ variables could 

change the statistical status of the controlled variables and 

make them endogenous. Since policy rules may be ?mended during 

"a period under review, this implies that a variable can be . 

bot h e x 0 9 e no usa n den d 0 9 e n 0 u s w i t h i n agi ven sam p_l e ! For the 
-, 

technical issue of non-structural ~urposes, the ~elevance of 

exogeneity is uncleàr. Exogeneity in the statistical sensé is , , 

associated wi th unbias"ed or asymptoticall y unbiased and consistent 
,t} 

-1 
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estimates. Such properties may be significant in structural 

analysis but their importance i~ not readil~ extended ta other 

objectives such as predlction. Looking at the quotations in 

Table One, we shall have to stress the distinctions between 

control (which may be valuable in prediction) and such ~otions 

as correlafion, statistical independence, influence, explana-, . 
tion and aetermination (which may not be valuable unless their 

meaning IsO eithér stretched or ~larified). 

Sequential analysis is involved in at least two parts 

of,~he historical~deba~~s on exogeneit;' that the quotations . , 

illustrète. As ~e ha~e already noted, it arises in the deter-' 
. \ 

mina~~on of pre-test complicati9ns of fitting stat~stical 

'equations a1ter the ~se of Sims' tes~ for exogeneity. It is 

àlso present when there is uocer~ainty concerning the size . 
" . 

" 

of models (for example, the number of equations involved in 

thé m') .~ n d se ver a lai te r.n a t ive s . are exp lot e d. We "s hall ,a Iso 
" # ~ 1 

. find the impact of srtnulative ex'perlments 'arJd questions of 
~. ,-

~ 0 bus t n e s sas in div i c:f u al' q ~ 0 t a t ion s a r,e a pp r al ? e d .• 
~ ..... ~ j. ('1, 

. 5.ection tA. of Ta'ble One begi'Lls wi th ,a ~omment by Ko'opmans 

(1945) th'at markedly. differ~ from the impor.~ant position that / 

'he was to t~~e five y~~rs l~ter. It fits with the observations . 
of' Mar s cha k a ri d K lei n th a tex 0 9 e n e i t Y i s t. 0 ri:l f.,e r e i the r t 0 . 

, . 
non-economic varjaqles'ar to 'variqbles that the economic 

., ./ 
r-esearcher 'çJid not wl'sh to expl.ain. 'Clearly this' l./iew· is concerned 

with, the scope of mod'\3ls rather' t'han wi-th the statistical cha-rac

teristics o'f the estimated p:ar~metêrs of these models. Nei ther 

" 
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1 ABtE TWO 

RECONCILIATI PAST AND PRESENT 

Recent Technical Issues 

(A,1 Y StruGtura) Instabili~y 

(A2) Non-Structural Purposes 

(A3) Statistical Constraints 

(A4) Sequential Anaiysis 

( A 5 ) Sim UL a ti v e Exp e r i men t 5 . 

(A6) Robus tness 

Historical Tapies 

(81) P~rtition of Variables 

( 82) P rima c y 0 f Probabilit y Approach 

,(83) Int~raction A~o(1g Variables 

(84) False Constraints 

(85) Proximity 

(86) Purpose 

( 8 7) Nor mal i z a t j.. 0 n and A s y m m è t r. y 

, • .,-J 

~}nfluence nor explanation implies correlation or statist~cal 
- J'f> _ - • 

dependence. In the absence of explicit specifications linking a. , t. 

, , 

exogenou5 variables (in this non-statistical sensé) and equation 
~ '- .... , .. 

errbrs, it is 'really not determined how exogenous var,iables 

will influence enpGgenous o~s. For example, an indiv~dual 
~ ... . . 

exogenous variable might affect endogeQous-variables 

~9th direct~YJand th~ough its interaction with the equation 
,-

errors, which in turn have a direct, impact on endogenous 

~ariables. The arrows in Figure One trace such influences. 

(Such' arr.~w scheme were introd'uced ta ~conomists by Tinbergen 

and W r i 9 h t ~,n the 1 930 s ). Let y, zan d e den 0 tee n do 9 e n 0 us 

variables, exogenous va~iables and errors. Then the two diagrams 

in the figure are consistent with the non-s~atistical approach 

to exogeneity. If tb is·an unknowll parameter, we can interpret 

.' 
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the diagrams as having y linearly influenced by both z and e 

and as having e affected by z too, Such representations are 

non-unique 50 the language of "influence" involves some impre-

cisian. The two diagrams of Figure Two capture the linkages 
') 

of a slightly more-complicated model and reveal the hazards 
-

'of identifying arrows with directions-of influence: Both repre-

sentations caf"!. be used t.a explaï'n the endogenous variables. If 

the interaction among the three errors is omitt~d, we might 

not recognize the equivalence of the representations. 

The mability of the boundary between exogenous and endo-

genous variables is found in the elaboration of the arrpws of 

influence affecting z. The only restriction of exogeneity is 

that there would be no arrow indicating a connection From y 

to z (ei ther directly or through a la op involving lintermediaries). 

80th Klein and Marschak seern to prefer large rnodels with many 

endogenous variables but this preference h~s little to do with 

the .definition of exogeneity, except in the statistical sense • .. 
Must all eod~genous variables be expliGabIè? ~ow many equ~tions 

should be used to explain the se variables? Such questions of 

size ariie with non-statistical definitions. As with the prefe-

rences of Klein and Marschak, the response to these ques~ions 

is le ft ta individual choiee. We shall return ta the issue of 

size when w~ aiscuss th~ pri~acy of the probability approach 

ta econome trie 5 • 

Tintner and Marschak have also prov,ided' comments on 

exogenei~y that invalve·tirne. It i5 ~leat that Tintner has 

l 
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a,n'economic framework in mind and his distinction between 

long-run and short-run is essentially based on the "fixity" 

of capital rather than on its statistical characteristics. 

Indeed his comment might have t~ken dir~ctly out of an eleman-

tary economics textbook with no'consideration of estimation. 

Marschak's worry about predictions based on data from diffe-

rent sampling Lntervals has a statistical basis. The choice 
, . 

of intervals will affect, the specification of econometric 

models both with respect to explicit stock-flow' considerations 

and ta the potential correlation of equation errors. Sorne 
, 

econometricians have argued that the smaller the sampling 

interval, the more likely will be autQcorrelated errors. Thus, 

it is suggested, lagged endogenous variaples might not be 

predetermined in a statistical sense when small time intervals 

are used. There is a further issue c,oncerning the gan,eration 

of forecas~~'when lagged ~ndogenous variables are p~esent. 

We shall deal with ~his wh en we explore the views of Klein 

and Young as recorded in Section D,, . ( , 

The final contributors to 5ection~ ~re Tinbergen and 

Georgescu-Roegen. Although their views were initially printed 

as responses ta a papeF by Orcutt which is part of thS fbcus 

of Sectipn 8, they fit with the views that we have already 

cited. Tinbergen was never able to resalve his pQsition on 
" 

~ , 
exogeneity. He seems ta embody both non-statistical'''-and statis-

tical elements in his trea<tment of exoge~eit<y. George~~en 
, .... , 

" 

- " 
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is more interested in early attitude 

of th'e Cowl,es-Comn'lission re'searchers that estimation mus~ 

based on a complete system. This attitude was al~eady~being 

undermined by the efforts of' Wald (1950) antl Anderson and 

Ru b i n (1 9 4 9, 1 95 0 ), wh rc h s a w the der i vat i ,0 n 0 f the li mit e d -
". 

, . 
information maximum likelihood estimator. The assertion that .. , 

a variable can bé' bath ~~ ogenou~ and exogenous depending on 

context is sensible and'q ite consistent with different defi-. ' 

nitions of exog~neity. 

Klein released his textbook on econometrics in 
~. 

1,953. Arrow (1954) reviewed ~~is for the Journal' ·of· the American 

Statistical Association. "12 ~s the greatest weakness is the 

cursory handling of the istinc~iqn between exogenous and 

endog~nous variables. Th special rore of exogenous variables 

~s abs~lutely ess~nt~al in ~aneous equations estimation; 

but K le in 9 ives no exp l ic i t def ini t i on in terms of the probability 

distributions and only a vague verbal definition." He suggested .' , 

'that the "only really satisfactory treatment" 1's provided by 

Koopmans (1950). Th'is perhaps illust'rates the slgnificant " 

. impacf Qf Koopmans' clarification o~ exogeneity. Despite tater 

0/tJsc.~tio.n due' ~o ,the use of, non-technical language, Koopmans' 

definitlans ha~~ persisted as the fundamental basis for statis~ 
... 

tical treatments of exogeneity. Arrow's review is itself 

interesting. We havB been un~bie to find any Iater revie~s 

of econometric textbooks that stress the central role of 

exogeneit~/and point out the deficiencies of particular defi~ 

ni tians. Yet, as the entries in Section C reveal, ·the treatment 
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. of exogef!.eity is often imprecise, incorrect and bewildering. 

Koopmans (1950) poseQ a fundamental question: if we wish 

ta stu'dy the statistical implications of the fact that economic 

data are g-overned by a system 'of simultaneous equations, haw 

should we define exogeneity and endogeneity? His response is 

straightforward: We should adopt definition5 ~hat, permit us 

,to aS5ess the consistency and asymptotical unbiasedness of 

the estimated parameters for the economicrelations. This 

principle leads ta the definition of exogeneity in statistical 

sense, which is stricter and narrower than the approaches found 

in economic the ory (and illustrated above). In the SEM, use of 

this principle is simple. There are a number of equations 

containing errors and measured variables. The latte~ are parti-

tioned into endegenous and predetermined variables accôrding 

te thei! statistical independence (dependence) of the 
\ 

concomitant errers. Predetermined variables a~e then further 

partitioned according to statistical independence of all errors. 

There is nothing here of explanation, influence or determination. ~ 

Such notions in volve additions to this simple statement. 

To elaborate this partition, Koopmans (1950, 1952) a~d 

~imon (1953) developed a block-recursive format in which the 

initial set of economic equations 15 a~gmented ta form,a larger 

system~ Then a priori ze~o constraints on certain parameters 

of this large system (for bath its signal portion and the 

contemp~raneous dispersion matrix of equation.erFors) will 

suffice as indicators of predetermination in the initïal system. 
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Since zero constraints are equivalent to omissions of variables, 

Koopm~ns cites the need for "qualitative" information but this 

i s mis le a d i n g. l t -n e 9 l e c t s the pro b a b i li 5 tic con s t rai n t 5 on 

the t~o blacks of Equation errors in the augmented system. 

Thus exogeneity is not s{mply a matter of lists of variables 
~ 

as suggested by Koopmans (1952, p. 203) for he ignores his 

own statement of'a necessary çondition in Koopmans (1950, p.405) 

that involves the statistical independence of the initial 

Equation errors and thos8 of the augmentation. 

This structure 15 technically elegant but it has rarely 
It 

been used in practica'l situations outside some tentative 

attempts by the builders of large economy-wide econometric 

mode 15 0 to s ub -di v i de the ir re-s-e-a-r-eh e ffor ts' into feasi ble 

compônents. The definition of exogeneity in the st~tistical 

sense i5 quite consistent with individual Equations and need 

not be involved with the full complexity of the SEM. For a 

given Equation, knowledge o~ the statistical interactions of' 

aIl its measured variables with the Equation error is the 

essential ingredient in the use of this concept of exogeneity 
o • 

• and, hence, for the determination of statistical properties 

of estimated parameters. Ta the extent that such knowledge 

is uncertain, WB have inherent softness in thi~ determlnation 

of .statistical pr~pert~ The development of tests of exoge

neity should be seen as attempts ta eliminate this saftness. 

Advoc!3cy of 'such tests usually~involves 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 ta the early 

debate' OM exogeneity. His complaint that econometri'cians have 

not introduced evidence supporting the placing of particular 
o ~~ ... ; .. 

variables into caC~~~ries is as important now as it was when 

he wrote. Even if Wè accept the statistical approach to exoge-

neity~ we should not simply "assume away" difficulties either 

explicitly by imposing cnnvenient exogeneity constraints 

(wltTI-o-t:lt attempting a justification 'for their imposition) or 

implicitly by ignoring them. It would be interesting to take 

the content of twenty or so leading journals ~or 1973' and to 

exp l 0 r eth e i ne ide n c e a f q d e,q u a t e dis c u s s ion s a f ex 0 9 en!;! i t Y • 

Of course, we can already predict the outcome of such an 

exploration. It is likely to be deeply embarrassing for "applied" 

econometrics. The departmental appraach ta ~xogen,eity in practicê 

may have been replaced by a myopie al~ernative based an con-

ven i e n c e and le a d i n 9 ta mis l e a d i n g. s ta t i s tic a lin fer e n ce. , 
, 

Ka~pmans (1952) suggests that the cast of misjudgement in 

the partition of variables is "obvious" but it is not clear 

that this co st is recognized even now. The acceptability of the 
,. 

statistical approach ta exogeneity loses mu ch of its practical 

appeal if we do not use it to appraise applied research and 

to guide the rejectio~ of particular values that have been 

produced as estimates without complete specificatian~of ecanomic 

models.~ 

In Section C of Table One, we have éollected comments on 

the pa~ti~ion of v~riablss from major textbooks that were 
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published after the end of the histori~al perioa that is 

serving as our principal frameUJork 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 adequate discussion of the concept of exogeneity 

itself and of the demands for further c'larification by Orcutt. 

Malinvaud' s textbook is excellent in many. respect. We have 

r e pro duc e d the 0 n l y t r e atm e n t s 0 f e x 0 9 e,n~'1 i t yan den d 0 9 e ne i t Y 

that are cited in the indexes of its two edifions. Although 
'\ 

~e invariably uses exogeneity in the statistical sense when 

h e dis c us ses est i mat ion, th i sis no t 9 ive n -- exp r e s s ion i n the 

-two quotations that we have reproduced. There he has resorted 

to determination and explanation rather than statfstical 

independence and lack of' correlation. 

Tin t n e r 's de f 1 nit ion i s ver y sim i l aI' ta th 0 set h a the 

provided a Decade and a half earlier. Again it 1s devoid of 

probab1listic notions. The contributions of Dutta, Ke1ejian 

and Oates, and Theil represent the textbooks of a Iater generation. 

Dutta manages ta combine different approaches to the partition 

of variables without attempting ta reconcile them. lack of 
1 

,"correlation in the probpbility Iimit is obviously not the same 

a s s t ~ t-i st i cal in d e pen den ces 0, ,e ven wh e n he ha sas i n 9 l e concep~ 

of' exogeneity in mind, the ambivalence of hls account emerges. 

The notion that values of exogenous variables are fixed is 

either a reversaI to the characteristic of mathematicql modelling 

Il 
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or an implici t reference to a device used for convenience at 

,the Cowles Commission to derive max'imum-::likelihooo estimates. 

l t i's 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 5ims (1972a, b). The contribution of 

K e l e j i a n and a a tes i s -e q l:J a Il y d e f e c t ive. l t s t r e atm en t a f som e 

variables as beyond the scope of analysis a'nd unexplained is 

unacceptable. The raIe of. addi tional variables that themselves 
'", 

9 f f ect e xogenous va r iable s i5 a s trange inno vaUo n. F.ina Il y, 

among textbooks we see théêt Theil gives a correct statement 

of exogeneity in the statistical sense after a preamble that 

touches on th~ departmental approach but quickly drops this. 

We have also included a comment by Thurow even though he is 

not providing a textbook. His statement shows the bewilderment 

that stems from the treatments of exogeneity. Taken at face 

value, his statement provides yet another defini.tion of the 

concept, one that seems to invo-lve difficulties in predicta-

bility and dependence on non-economic factors. We have been 

unable ta link this t.reatment wi th definitions ,in the main-

stream of econometric history. 
1 

Tne overall impression ta be drawn From Section C is that 
ft 

our textbooks often provide deficierlt accounts of exogeneity 
, . 

which may be a factor in the disappointing features qf applied. 

research. ~hey uSl:Jally treat econometrics in ~ static' non-

experimental framework and fail ta deal with the èrallenges 

/ 
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ta t~is fr~mework that come From computatidnal ad~ances. In 

5 e c t ion D, -weill u s t rat e a ne w p ers p e c t ive . th at ste m s f rem 

the evolution~f a' series of large eeonometric model~ and the 
-

'-Ii 

us e of simula tive e xper ime nts. Wi th computa tiona l d'eve lopment's, 

the feasibility·of simulation was enhanced ~~d its'use has , 

become a standard tool in modelling~ Klein and YQung rev~al 

a marked adjustme~t in their treatment pf exogeneity~ This 

represents for Klein ~he culmination of a steady_ movement from 

the position of his ybuth as as~oci~te of the Cowles Commission 

ta the pragmatic position of his rBcent ,past with its heavy 

involvement in the management of large commercial models. This 

movement is a\ssociated wi th a shi ft in stance from the theoretieal 

foeus of the -Cowles Commission on' estimation to the praetical 

" demands of eeonomic app~ication. 

The background of simulative experiments is different 

from those of strLctural confirmation and structural search. 

Each experiment, except in system~dynamic models, b~gins with 

an estimated strùcture. 'This is u~ually amended until a '!solution ll , 

of the approximating structure, with endogenous variables 
\ 

assumed ta respond to given time paths for ~xogenous varIables, 
'" , 

con ver g e s_ in a n a c cep ta bIt; fa shi 0 n. The r e i s', the r e for e, a 

discarding of structural content and the introduction of non-

statistical criteria for acceptability. The Iltracking~ of the 

paths of endogenous variables by the predictions of the app-

roximating structure i5 a common indicator of satisfactory. 

" convergence of a solutio.n. Clearly this is a shift away from 

1 

1 . 
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, 
the static propert1es of estimating procedures and toward 

dynamic replication. It 1s not surprisi~g, then, if we might 

want to use a different concept of exogeneity. Simulation' 

usually involves taking the solution as a starting point and 

, ei ther' a'mending the paths of e.xogenous variable. (away from 
, 

historical experience) or the structural equations as part 

of hypothetical experiments. When the historical paths of 

e xagenaus var iab les are replaced, .i t i s assumed tha t the s truc-

tural equations would not have been affected by this replacement 
1> 

had it actually occurred. This would seem to constrain the 

extent of changes of values that might be considered. When 

in div id u aL st r u c tu r ale qua t ion s are r e pla c e d, i t i sas su m è'd ),' , 

that other equations will remain pertinent. We are faced t~en 

by a combination of counterfactual adjustments and assumed 

stability. This'is al~o a presumptimn in man y experiments that 

certain variables are controllable sa that the experiments can 

r e ve a l the i m pli c a t ion s of con t roll e d cha Q.9 e s r n , the i r val u es. 
',"---" / -

Kle'in and Young term such variables "poliey vayables ll and 
, / 

consider them exogenous. This is a -diffieulty, as the values 

i m p 0 s e don _the m _ mi 9 h t b: con sis t e n. ~ w i t h cha n gin gr an ex 0 g en à U s 

variab~e to an endogenous one, as for ~xample in feedbeck 

policy rules. 

- , Simulations need not b~ basad on the wh'ole of a fitt'ed 

structure. ·Whether .GoRstrained by tHe level of research fund-
" ----------' -- -' 

ing or by commercial viability, resaurce availability 1s a 

( significant factor in determining the size of approximating 

" 

1 

'1 
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st r u c' t ~ r es. 'K l eù1-r-.-~ d Y ou n 9 1 9 ive 0 ne" 9 l. a r i n 9 e x a m p le" but 
, " 

~ . 
~ there ar~ many o.ther ~stances of reduced structures. G:onvet'-

gence of, the ini tial solution and of ~e hypothetical experiments 
. 

is affected b.y the size, of mo'dels as weIL as their 'form.' Indeed 

cast ,may be as signifiŒant a fa~tor 'as s-tructural' accuracy. 

-.F r e cj u e n tl y 't h e r e are a t 't e m pts wh e n cha a s .i n 9 r e vis ,e d val u e 5 0 f 
, 

e xog,e nous var iab les and of constan t terms to compensa te for 

Dm i t t e d st rue tu rai co m p a ri e n t s. We c'an se eth e K lei n - Y ou n i 

apprdach 'a's taking eridogenous variables and "exogenizing" them 
, 
but tl;len introducing concomi tant adjustments ta redué.e the 

~ 1 • ' 

impact of this. treat"ment. The overall impressior: is of .<j.' 

m ci r k e d l Y di f fer en fat t i tu d e tas t r u c tu r e, par t i t i o-n 5 a f var i a-
1 , 

b les, and ta the put p 0 ses 0 f m 0 d e Il i n 9 • The r e .i s nos tan d a r d, 

IllE t.h 0 d ~f 0 r sim u l,a t ion if' w e me a n b y th a t 0 b je c t ive r ~ les for 

the 5 teps tha t al' e taken whe n exper'ïment 5 are underta ken. 

Contrast this with the oqjectivity ideal of Klein (1947), that 
'. 

we ci ted earlier. We are ;:;imply in a soft context' wi thout hard 

and fast l'ules of behav.iour, other than the need for sorne record 

of the ad)ustments~made and deci.sions taken. 

To-leave simulatLve experiments for tests of exogenei ty 

is to leave an area where subjectivity is open and softness 

is apparent for a second area where ,there is' perceived objecti-

vit y and non-softness. ?ection E of Table One contains contri-

butions by Orcutt, Koopmans and 5ims. As we have noted, Orcutt 

was very concerned about the treatment of exogeneity, by economi-

sts. His plea for Evidence, perhaps in the form of test resul ts, 
" 
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went ~answered until 5ims' 'procia,imed the appropriateness of 

, ~/ParHc ular te.,stin.~ proce dure. _ U; fort unate l y, the, 'Sims 

test suffers From a number of def1iencies. For example, it 

r:equires aIl niea~u.r;d variabJ."es't be covariance .tationory 

and e~rdTs to be normally distr·but~d. Its use beyond simple 

two-aquation systems is~ not· re dily discernible. y~ unrecog-
/' 

nized compl~c"ations of this se is foreshadowea' in the comments 

of Koopmans (1952), wl)o not s the problem of esta'blishing 
('~":3 .( 

maintained hypothese,s. Whe 5ims moves' From a mathematical 

the 0 r. e m con c e r n i n 9 the ch ra c ter i z a t ion 0 fat h e ore tic a 1re gr e-
Co - • 

ssion line 0 ta a "practi al" test, he must introduce oa hast of 
~I 

supplemental assumptio s ta serve as maintained hypotheses. 

His failur~ ta questi n the acceptability of these assumptions 

or the sen s i t i vit Y a h i s fin d in 9 s t 0 the i r pot e n t i a l i\n ace u ra c y 
, 

means that he has 5 mply pushed imprecision and uncertainty 

into a less visitJl area. They have not been eliminated, merely W' 

" d1splaced anq for otten.· Th,is is discussed in Rowley and Jain 

(1984). Koopmans while doubti.r:'g the feasibility of finding 
/" 

an informative est of exageneity, makes a valuable suggestion 

concerning proceed when no concl1Jsiv€ test is 

available. He what would now' be called sensitivity 
1 

an~lysis We have been unable ta locate explora-

tians 'of the mpact on the Sims test when the intertemporal 

" . 
partitiol'1ing into exageneity aRd endogeneity changes within 

a gilien samp e. Sims' olsJn accounts seem to take the structural 

" 
format ,as e from structural instability of this type or .of 

any '0 th,er We are thus le ft wi th a si t'uation in which tt)e 

, 1 
~, 
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" 

a pr ior i c onstra i nts f.or e,x agene i t Y in the Kaapman s - S'iman 

augmented" s;ïstefT! a,e justifiably criticized while the testing 

al ternat ive is ne i ther (ull y deve laped nor compra'hensi va. 

We are in' unsettled times. L-ucas and 'Sargent (1979) have 

been major advoc'ates for the 5ims' ,test. There ate many econo'!'",. 

; _mists, such "as Millê'i-, who assume that the 'well-established t,." 

treatm'ent of exogeneity by Koopmans has been removed from its 

central position 'in econometrics. The net oLJtcame of current 

disturbance must await"the provision of,a full response to~ 
~) ~ 

advocates of the âlternative testing procedure. We suspect 

that elements of ~oth approaches will persist in soft versions. 
'J 

Tests and priar constraints are bàth capa~ of generating' 

statistical inferen~es condl~ional on their assumptions. Combine 
, . 

this 'situation with the "e'a~e of' 'Conducting robustness or sensi-
.' ' ~ 

tivi'ty analysis and" we have a basj,;? for compr'omise. Whatever 
'" ,." ~ 

,happens, we have softness in our methodolo~y due ta the need 
" , 

to partition variables for estimation, simulation an.i~other 
r " 1:: 

a c t i vit i es. Eve nif th e.r e w e r enD t S Cl f t. n e s sin; th i s ' r e s p- e ct, 

it would still arise fôr purposes of guiding economic policy 
, 

decisions. As Malinvau~L(1981) reminds us, the linkage between 
r, 

exogeneity and poilcy.;nstruments is uncertain . .. 

The Primacy of the Pr~ability ~pproach 
, \ 

Whe~)Klein suggested 1943-1944 as the time of birth of 
, 0 

modern econometrics, he cited the efforts of Haavelmo (1943a, b; 

1944) and MannandWala (1943-1944). Tt'18se established the 

1-

"b 
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probability approach ta econometrics, the acceptability of 
. . 

asymptotic criteria for determining the opt~ality of estimators, 

,~nd the feasibility of an arder calculus for' statistical vari

ables that was an~logous to the famili~r limit calculus of 

ma~hematical variables. Obviously individual papers did not 

produce a r-e va l u tian. They had ta be tak en up and t heir s igni-

" ficance proclaimed by praponents of a "new" a.pproach. T.h'e Cowles 

" Commi~sion served as the focus for these proponents' activities~ 

Indeed the publication' of the two conference report·s edited by 

Kp9pmans (1950) and by Hood and Koopmans (1953) were major 

events in the history of econometrjcs. 

, , 

Klein (1982, pp. 111-112) hgs described the activities 

of the Commission in the 19405 from the perspective of someone 

who was a participant. "This academic researc~ group •.. concen-

-
trated on application of the methods Df modern statistical 

inference ta the estimation and testing of models. Considerablë 

emphasis was devoted as weIl ta problems of identification a~d 

specification. At this time, the rooting of 'model specification 

in received econbmic doctrine was firmly established." While 

leaving th~ final sentence for later comment, we must acknow-

ledge the raIe of Cowles Commission in determining the primacy 

o~ the probability approach during the 19405 and 19505. This 

approach, as we indicated earlier, has dominated econome~ric 
. . 

thoug~t and practice.for four de~ades. However, the nature of 
. \ 

this dominance has not been constant. We feel that the prob'abi-

listic focus peaked at about the end of the perio~ under review 
\. 

• 

... , . 



, , 
~-

\ 

( 

159 

as the practical demands of the management of large economy
"io-

wide models begin to exert other pressures. This peak can 

again be, illustrated by quoting ~lein (196,4, p. 55/. "The 

method of full information-maximum-likelihood (FIML) occupies 

a role in econometric analysis much likè that of competitiv~ 

equilibrium in economic analysis. It is an idealized goal 

tawards which we st rive and reach only approximately or not 

at all." The FIML method was the ultimate expression of t~e 
, , .. 

probability approaçh to eco~ometrics~ This Ideal dues not pro-~ 

vide the same motivation today. Although the SEM framework for 

the Cowles CommissiDn continues as the primary format for 

statistical anelysis, its probabilistic origins,are generally 

less visible. We wo~ld, for example, expect ta see syste~s 

estimated much more often by the three-stage least squares 

(3SLS) method than b~ the FIML method (which involves a more 

comprehensive specification of the probability density function 

of the equation errors). 

Our purpose in consi der~ the probabi li t Y approac,h i 5 

served if we can use it to e~plore three important aspects 'o~ 

the approach. The first of these involves the identification 

of structural equations, their indistinguishability or the 

probl~ms of confluence. The second one deals with the co~cept 
"' 1 

of completeness and its role in determirüng the size of fitted 

models w'hereas the final aspect is centred( bn the key concepts 

of autonomy and' relative ir'1stability'of alternative represen-

tations of systems of equations. This consideration 'is best 
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\ . 
: begun by looking at sorne parts of Haavelmo's jus~ly famous , 

supplement to Econometrica in 1944. The connections wi~h the 

current technieal issues that we described earlier will emerge • 

as our consideration proceeds. 

The basic pioposition ~f the probabilit~ approach is that 

es~imation problems are essentially the need ta study the joint 

probability distribution of random observable variables bound, 

to~e~her in a stochastic equation system. Haavelmo always 
\ 

s tarts wi th the j oi nt probab i li t Y dis tr ibut ion of eqya'tion 

erro~s and the transformation of this ta the distribution of 

a group of endogenous measured variables. To the extent that 
"\. 

the Jaco~an of this transformation is not a fixed constant, 

maximum likelihood estimates of systems with normal errors 

will differ from the ,least-squares estimates that hc,d been 

used by Tinbergen and other early econometricians. There are 

also differences in regression lines (conditional expectations) 

that stem from the joint occurrence of a system_o~ equations 

as contrasted with a single dsolated equation. Discussion of 

such regression lines\c~~ be delayed until we consider Wold's 

advocacy of recursive ~ems and eo ipso predictors in conne~ 

ction wi th' a lat'er topie. ,\Old has 'also provided a useful. 

qualification to co~nter the more extreme expressions of the 
1 

ptobabilistic approach. He indicated situations in which the 

jacobian of transformatio~ was a fixed constant 50 that least 

s~uares ~stimates and maximum likelihood estimates could be 
--:"\r ,., 

equivalent"'. .. 

\ 
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Sorne statements of the basic proposition of the probabi~ity 

approach are reproduced in Table Three. Those attiibuted to 

Haavelmo and Koopmans already contain an insistent tone as if 

only one approach was correct in econometric analyses. The 

most extreme version of this single-mindedness 1s provided 

by G1rshick and Haavelmo (19~1), who seem to seb an impossible 

" task for specification but who in fact failed ta meet their 

own standard by us1ng excessively simple structures for their 
,-

own illustrative examples. The comment by Klein and Young is 

\" ad d e d a sac 0 u n ter bal a ne e t 0 s h a w th a t a d V 0 cac y 0 f~ siri g l e 

method for e'sti'mation fails w'~en we move 'away From the purpose 

of a descriptive structure to a manipulat~d o~e as in fore-

casting. Haavelmo, Koopman~ and Girshick appear ta suggest 

t ha t the cha i c e 0 f' est ima ti oln me thad i s independent of the 
, " 

'C' 

purpose of estimaUan, independent of, criteria other t'han 

statistical an es (such as ~ight be linked to sampling schemes), 

and has ta' be based on awarene s s of s orne char ac te r is ti CDS "of àll 

equations in a system de 7cribing the "formation" of economic 

variables. KleifL._and Young indicate that such views are· unwork-

able in the forecasting models wi t,h which ,they have beèn involved 

so that, in the context·of these models, the prDbabilistic 

basis is discarded. This cànolusion is disturbing since, as 
\ 

we shall show, the whole edifice of the SEM as developed at 

the Cowles Commission from the probabilistic basis of .Haavelmo 

was justified in terms of a specifie type of hypothetical pre-

dictions of structured responsss ta policy changes. 
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TABLE THREE 

THE PROBABILITY AP~BOACH TG ECONOMETRIes 

(A) Basic Proposition 
1 

[If) one assumes that the ecbnomic variables considered satisfy, 
slmultaneouslYt several stochastic relations, it is usually not 
a satisfactory method to try ta determine each of the variables 
s~pa~ately from the data, wit~Gut regard to the restrictions 
which the other e~uations might impose upon the same variables. 

Haavel~o (1943a, p. 2) 

It i s ... c 1 e a r ,( t ha t the j 0 i n t pro b a b i 1 i t Y la w 0 f a Il the à b s e r -
~a61e random variables in an Economie system is the only general 
basis for estimating tbe unknown p~r~meters of the system. 

Haavelmo (1944, p.S8) 

The ~eaning of H~avelmo's work is that economic statistics has 
now caught up with Economie theory. It has now become clear 
that methods of statistical estimation, even of a single Equation 
of economie behavior t must in some way take account of the fact 
that the variables entering that eq~ation are part of the wider 
set of rel~vant eeonomie variables which ire determined by a 
complete system of simultaneous equations. 

Koopmans (1945, p. 462) 

Any statistical method of estimation derives its meaning and 
,area of applieabili ty from the concept of a well-defined sampling 
model. .'" The c'onditions under whlch 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 ta the require
ment that statistical methads of fitting take into ac~ounf the 
Formation of economic variables through 6 complete system of 
equatibns. 

Koopmans (1945, p. 448,462) 

[It] is impossible to derive statistically the demand Functions 
From market data withollt specification of the supply fûnctions 
involved. More generally, Lf we wish ta estimate any particular 
economic relationship on the basis of market data we are forced 
ta consider, simultanequsly, the whble system of economie 
relations that togetner represent the mechanism that produces 
the data we observe in the market. 

1 
'\ 1 

Girshick and' Haavelmo (.1947, p.S3) 
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Given" the properties of the OLS estimates, that i5, that they 
can be expected to be inconsistent and biased, the typical 
methods used' for vali'dating models are examination of simulation 
propeFties, multiplier analysis, and forecasting results. 

The, major point to be recognizec:J in validating forecasting models 
is that thére are no generally recognized methods of statistical 
Inference. available •••• Thl;! validation methods are qu'antitative 
and descriptive, but they are not generally based on probability 
calculations fro~ 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 econo
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 aIl 
the econometric textbooks. Fortunately it is ignored by applied 
ec onome tri cians". 

, , 
Leamer (1983, p. 36) 

(8 ) IQdistinguishability and Identification 

Clearly no more complete description of the interconriections 
between a certain number of random variables can be given than 
that ~hich is contained ln their joint 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 
between them on the basis of observations. 

If two stochastical equation systems lead to the same joint 
probability law of the observable random variables, they are 
indistinguishable (on the basis of oDservations). 

Haavelmo (1944, p. 88,81) ., 

Thé identification pr'o'blem in general arises From the fact that 
a given system of equations, in the mathematical sense of a set 
of restrictions on the movements of a numbêr of variables, can 
be written in many ways. For instance, if the,equations are 

"linear, the y 'can be replaced by any set of independent linear 
combinations of them. But there is only one (possibly unknown) 
way of writing the system such that a specified economic meaning 
a t tac he s t 0 "e a che q L,I a,t ion. 

Koopmans (1945, pp. 450-451) 

'1 
J 
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[The] jdentification'problem is concerned with the unambiguous 
defini tian of the parameters that 3<,re to be estimated- a 10gical 
problem that precedes estimation. It is therefore not-~a, problem 
in statistical inf~rence, but a prior problem arising r~ the 
specification and Interpretation of the probability distribution 
of the variables. As such i t 'deser.ves separate classi fication. 

Koopmans; Rubin and Leipnik (1950, p.70) 

(The] simu·ltaneous Equations method can always be applied i~ 
such a form that it will prese~ve, and give effect to, a priori 
information 85 to which 'variable3" enter into which Equations. 
This is a strong point, of the method, sinee it has often been 
p(ilin t ed ou t tha t sueh informa t ion i 5 t rul y i nôi spensab le to 
give ~conomie significance to the statistieal measurement of 
Economie relations. 

Koopmans {19~è, p. 459) 

As a substitute for experimental control, the non-Experimental 
researcher is oblig~ted ta include in the regresiion equation 
aIl variables that might have an important effect •••• Though 
the number of observations of any phenomenon is clearly limited, 
the number of explanatory variables i5 logically unlimited. 

(No] model with a finite number of parameters i5 actually 
~elieved, whether the data are Experimental or non-Experimental. 

Leamer (1.983, pp. 34-36) 

A priori informatIon is not rich enough ta provide us with 
complete specification •••. The precise nature of the lag , 
structures, nonlinearities, the degree of aggregation, and the 
selection of exogenou5 variables are not fi~ed ~ priori. 

Howrey, Klein and McCarthy (1974, p.367) 

Prior identifying information 0 Cowles Commission varfety,' 
that is, mainly exclusion restric ions, plays a much smaller 
l'ole in dynamic equilibrium models. Nonlinear cross-Equation 
restrictions implied by dynamic th ory are used extensively. 
This shift involves important m lfications of past ways of 
thinking about identification Ad estimation. • 

1 

Sargent (1981, p. 217) 

Alternatives to the structural models have been sought because 
of i~cfeasingly compelling suspicions that the a p~iori 
restr~btions used in existing structural models are_not implied 
by good dynamic economi~ theory and that the int~rpretations 
and polLcy cQnclusion based on thbse faulty a priori restrictions 
are worth littl~. 

5ims (1979, p. 8) 

, ' 
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For praçticing econometricians, extracting propositions from 
existing economic theory that pre u~able for specifying and 
identifying estimable equations is an excruciating difficult 
task. l believe that this i5 partly because most of economic 
theory consi5ts of comparative,slatic propositions~ while 
historical data are generated Dy a dynamic economy and does 
not directly bear evidence on comparative static propositions 
of economic theory. 

Ando (1981, p. 329) 

In practice, •.. when a 'moderate' size econometric model of 
400 or 50 equàtions is specified, it is beyond the scope of 
cUTTent macroeconomic theory. The theory is hardly capable Qf 
sp~tifying all of these equations in any kind of detail; ét 

',most it may ·indicate potentially relevant variable~ for inclusion 
in each equation. Frequèntly the theory is little more than a 
plausible story, 'and only rarely does the theary being applied 
help to specify the 1ag structure of the variables~ 

Granger (1981, p. 124) 
~ 

The true economy is a complic~ted Wafrasian 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 proviçle different approximations, ta the 
'true' system. This,is, indeed, one of the sources of error in 
the stochastic specification of moqels. 

Klein (1971a, p. 136) 

(C) Autanomy and Instability 

Theory always means reducing things td canstancy .••• Complicated 
theories will establish the const~ncy in a complicat~d way, but 
will, in the e~d, al 50 look for something constant. Describing 
phenomena without any sort of regularity or constancy behind 
the~ is no longer theory~ An ~uthor who does not bind himself 
to some 'laws' 15 able to 'prove' anything at any moment he 
likes. But then he is' telling 'stories, not making theory. 

Tinbergen (1940,1951, p. 71) 

10 trying to establish relations with high degree of autonomy 
we take ~nto consideration various changes.in the economic 
structure which might upset our relations, we try to dig down 
i~ such relati~nships as actually might be expected ta have a 
great,deal of invariance with respect to certain changes in 
strudture that are 'reasQnable'. 

,~ Haavelmo (1944, p.29) 



[It] would be natural to require,that t8e equations qf the 
system s~ould "be autonomQus; Le., if the patterns of 
behavior describe~ by one equation were assumed to change, 
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this change should not affect th~ other patterns. This 
requirement Ls of import~nce if the system is used for studying 
the effect of 'structural chan'ges'.' 

W 0 l d (, 1 9 4 9 a, p. "1 5 ) 
, ,. 

The econo~ic units of the model should be autonomous in the 

.-

sen'se that any unit may change. or ,modlfy its behavio4r pattern 
(as'described by one or more"causal relations), without the 
changing influencinci the behaviour pattern of the other econom{c. 
units of the model. 

Wold (1954, pp. -173-174) 

The economis~ is often required to estimate the effects' of a 
. given (intended or expected) change in the 'economic structure', 
Le., in the very' mechanism that prodüces his data." ••• The 
economist can do this if his past observations suffiee to estimate 
th~~elevant 'structural parameters' prevailing before the chqnge. 
Having estimated ,che past structure, the, economist can estima te ' 
the effects of ,varying it. He can thus help to choose those 
variations of structure that would produce - from a given 
pdint of view - the most desirable results. That is, he can 
a d vis e 0 n pol ici e s (0 f a 9 0 ver n men t 0 r a, f i r m) • 

Marschak (1948, p. 53) 

For purposes of conditional forecasting ••• , one needs to know 
the structural parameters (for example, those describing the 
past behavior of the policy variables themselves) and therefore 
affeGts the reduced form parameters in a highly complex way • 
••. Unless one knows which structural parameters remain invariant 
as policy cha~ges and which change (and has), an econometric 
model is of no.value in asses~ing alternat~ve poliçies. 

[We] see no reason to believe t~at these models have isolated 
structures which will remain invariant across the class of • interventions that figure in contemporary discussion~ of economic 
poliey. 

Lucas and Sargent (1979, p. 298,/,.302) 

[Included] in a prominent way among the 'structural equations' 
have been equations describing the rules of choiee for private 
agents. Consumption functions, investment schedules, demand 
functions fo~ assets, and agricultural supply functions are aIl 

'examples of such rules of choice. In dynamit settings, regarding 
the parameters of the rules of choice as"structural or invariant 
und&r interventions violates our simple principle from economic 
theory. ~' 

Sargent (J 981, p. 214) 

1 
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[A] successful theoretical analysis required understanding the 
way in which optimizing agents make their decision ruies depend 
on' the dynamic env-ironment in general and government policy 
rüles in particular. The econometric Ideal bf 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 - lncluding not only gavernment 
policy but many other conditioning factors, demographic, techno-
log i c a.l, i ns ti tut ion al, i n ter n a t ion al, cu::). t ur a l - are bau n d t 0 

alter structural behavioral equations. Thus models become obsolete 
'~nd must be revised or replaced. The quest for timeless and 
permanent regularities in social science is important. But any 
'laws' thus discovered, other than identities, are likely ta 
be qua1i tative and general, of, li ttle value in forecasting and 
pol~cy evaluation. 

Tobin {19.a1, p. 392) 

The a priori setting of coefficients to zero in econometric 
mode~s contradicts some basic' tenets of general equilibrium 
theory. General equilibrium models impl~ that individuals' . 
excess demand functions should aIl depend on the same arguments • 
.•• No consistent model would ever imply these variable exclusion 
restrictions. 

Miller (1978, pp. 582-583) 

It is common practice in constructing e~onome~ic equations 
and madels to try several different theoretically plàusible 
forms 0 f each equa t ion. . •• As 'far ,as 1 know e'veryone who 
estimates equations does some of th1~ sort of experimenting. 

Christ (1956, 1966, p. 325) 

The underlying Wairasian model moti~ating or justifying large 
scale ecanamètric modelling affers ... no resting plaGe Dr 
natural fix point for the analysis. It is, if we insist an 
its exiitence, an e~tity drifting over time accarding to an 
unknown stochastic process. 'But this implication destroys any 

, real significance of an encompassing Walrasian madel aperating 
as a convergence limi t wi th respe,ct ta actual mode], constructions 
g\jided by measures of goodness of fit: " 

8runner (1981, p. 132) 

· " 

o ; 
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Earlier we' cited the stress attached to an objectivity 

. ideal for econometrics by,Klsin in 1947. The pronounced change 

in stance' represented by the contents of the Klein-Young book 

on forecasting with macroeconometric mode~s is clear. This 

change fits with our stress on the' Inherent softness of prac-
, 
tical econometric mode~ling. It is\tempting to conclude that 

the experiences of developing economy~wide models and of 

demonstrating their potential uses to a steadily widening , . 
audi~nce have made Klein ~ware of the inadequacies of some 

views that he expressed in the first decade of the modern era. 

Ta conclude the group of quotations that we have chasen to 

illustrate the basic proposltipn of the probability approach, 
~ -

we have added a severe judgemerlt by an outs~andin9 economet-

riçian of a new~r generat~on. Leamer reject~.the probability 
,. 1 

apptoach of Haavelmo. Koopmans and the early Klein. The infor-

mational Fequirements of this approach are 50 ,exc~ssive ,as to 

make the objectivity Ideal of this "hard" rep~ese~tion of 

econometrics unworkab~e. Leamer has abandoned structural confi-

rmation of the SEM for "speciflc~tion jsearches" and a quite 
, . 
different p~rspective o~ the role of probabilistic notions 

in econometrics. 

" Whethei the probability approac~ to econQmetric5 is 
~ 

acceptsd or rejected, the impor~ance of th~ three concepts 

of identification (àr distinguishability~, c9mpletene~ and 

autonomy cannat be denied ~--t~.R~tory of the subject. The',-----.-

present character of econometric research cannot be understoad 
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without them. We intend to look at each in turne I~ Section B 

of Table Three, some views on identification, prior restrictions,-

and the interaction between the structural form bf the SEM and 
J\ 

economic theory are ,reproduced. ,The clear visions of the Cowles:", 

Commisaion researchers in 19~4-1950 are in marked contrast with 
1 

,the 'unsettling features of the 1ater opinions that are ci ted" 

'There are three major lines of developmént for the concept 

of identification if we ignore 'non-structural (time-series) 

models and 'Kalman-type models. One began in demand analysis - , ' 

as data 'on priees' and quanti ties of some commodi ties became 

available. This was- initiated by Moore over six-ty years 'ago 

and ï s l ink ed to the pT,esen t t hrou gh Work ing (1927), Sc hu l t z 

(1938) and the first textbook, by Klein on econometr,ics. It ,is 

still common in recent textbooks. Qata provide the initial 

focus. Identification is treated as the asse~sment of what 

they -reveal for demand and supply schedules. Each data point 
" -

, -
i 5 cori s.i d eT Çl d the out c 0 me' a f, e qui lib r i u m (t h e i n ter 5 ~ c t i 06 

,of demand and s~pply equations). There are th Fee ~ajor elements 

in th~s iine of development. These aie the assumptions of 
, , 

moving equilibrium which 'generate different sample observat-' 

ions, the need for a stable environment f~r 'economic agents 

which is required for structural stability of the equations , 

involved, and-the stress on single equations (for example, 

,demand' for a partic,ular commodity) des pite the reco.gnition of 
--" .~--

their embeddedness in a system. There is little discussion of 

randamness. Shifts are primarily atE~ibut~d ta chan~es.in 
1 ..... 

/ , . 

, J 
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known explana\ory variables. Softness arises.from ? number 
• b 

-' 
of sources. Disequilibrium implies that not aIl of the data 

are informative for each equation. It may be revealed in 

~ "switching" of regJmes (equation~) for the data points no 

11Jnger represent the intersect,ion of demand and supply sche-

.' 
dules. Softness cornes also from the instability of these 

séhedulès. Econ?mic theory based 'on in'Clividual preferences 

a.nd constrained, si tuations 'is markedly deficient as a source 
'. 

of int~rtempo~al stability. Indeed this shortfall is a severe 
- . 

handicap for any.structural estimation. The perceived primacy 

of the probability a~proach is considerabily weakened if ~tru-

ctural instability implies a growing number of structur~l 

parameters as sample ~uration increases. In the ex~~e, maximum 
. , 

likelihood estimation w~d be inapplicable.~Within the moving-

• equilibrium format, exclusion of variables (zero restrictions 

on structural parameters) i~ com~o~ly justified Q~ introspective 

reflection on the determïnants of supply and demande 

: 

"The second' line of' deve·lopment makes much more use of 

dynaQlic modëlling and' recurs i v~ b~ha v iÇlur. Pl' ime e xam'p les are· 

the efforts of Tinbergen and W~ld ta develop economy-wide 
1 

r. 

,econ.ometrlc ma,de'ls and ta clat,ify the use of causality in inter-

'pretat,ioQ ,and specificati,on of' such models. H.ere zero restrictions . 
on parameters arise 'naturally as the representat~on of delaye-&-

, . 
l'espons.e of pa,rtic,uIÇlr 'eç:o,nomic, variables ta, changes in other 

, . 
economic variables. This delay çould siem from institutional 

char~'ct~risti~ch as· the' ina'vi tab'le lapse for construC:ion 

. . ' , . 
.. 

.' 

.' 
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o f e qui pme n tan d 5 t rue tu r e.s i n in v est men t e qua t ion sor for 

the provisions of approprlate levels of funding, and' from 

,be ha\.! io Ll:ra 1re spa nse s ta ",permanent" changes in determ i n i ng 

factors r~ther than transitory ones. 
" 

The consequenèe of this 

deiay, especially if it yields recursivity, is ta remove prob-, 

lems of indisti:nguishability and ta demonstrate a basic asymmetry. 
, 

in eco~omi~.~quations .which we shall làter considere Although 

this line of develop~ent often involves the assumption of zero 
. , ' 

o 

corr,ela'tions, i t d'oes not require the s~me degree of pr ior ' . 

,s~~cificatio~ .~.s ~that, e~hibited in' the probability oapproach. 

, G 

The final line of development ' far the concept of ide~ti-· 
. 

fication (and' the one g~nerally assaciate~ with the probability 

approach) stems Tram an unputHished 'meinorandum that was' prepâred 
1 

'" G _~ ~ 

'~. b~'~risch in 1938 far a conference dealing with Tinbergen's 

models for the League of Nations. Frisch's discussion was 
'- ' 

.taken uP' by his student Haavelmo and, given a particular flavour ,,' 
. . 

" in the treatmel!t by Koopm.ans, RUbin, and L"ipnik (1950), whp 

derive' the now familiar rank and order conditions for identi-

!iabjli ty, wi th exclusion constrai-nts. 

The first four entries i~ Section 8.of Tqble Three illus

tr~te the raIe or probability.n~tions in this line of develop-
'. . . 
ment.'Haavelma (194~b,IP. 18) indicabes a straightforward 

/, , , h, 

diffic·~lt,Y. "Theories with different ecanomic meaning mi'ght 

lead ta eXqctly the same probability law of its observable 

~ . 
var i a b les, jus tas c!,i f fer e n t pa i r s 0 f su p ply and d emal1 d c u r v e s 

~ight h~ve the sa~e intersecfion p6int." Thus theories are 
- , , 
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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 i t .as a 

problem distinct from estimation and logically prior ta it. 

If a system of equations is not identified, they would argue 

that structural parameters are not unambiguausly defined. 

Ooes this matter~ There are two rival responses ta this ques-. 

-tian. One accepts identification as a m.ajor concerne If 'th 
~ ... ..~ ~ ~ (] 

primary purpose of'- stru

1
ural estimation is 

~"of. hYPot'h~tic~'I--~-~~eriment 'involving known 'changes in stru ural 

parameters tas a contrib tian ta "policy" determination), the 

identification of aIl structural parameters is desirable. 

Clearly.structural estimation has then an important raIe in 

polie y formation. The alternative response is less favourable 

ta the concept. Since the rank condition for identifiability 

is expressed in terms of unknown reduced- form parameters, we 

·can. never know that a. system of equations ,is identified. The 

. arder condition does indicate situations in which th~ 

-system is not identified (but not necessarily aIl of them). 

However it is sensitive ta the choice of prior rest ictions 

and ta a hast of complications that are seldom raised in the 

statement of the arder theorem. The remaining contributions, 
1 

ta Section B Hlustrate this softness and, ~onsequently, t\ 

weakening of support for estimation of the structural for~-
1 

of thè SEM. 

The sources of these contributions are mixed. They include 

1 
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both prominent Keynesians and proponents of -he new classical 

school~ AlL involve criticism of identification as a guide 

for ~conometric research. Sorne' ar~ue that economic theory is 

insufficient ta provide an adequate basis for the firm speci-

fication of structural equations, as required for-ra~~ and 
') 

nrder canoitions.
A 

Others argue the eco8o~ic theory,yields 

constraints on parameters that are not of the exclusion variety. 

There is a fundamental prablem here. Structural equations are 

(.(5fPposed ta represent economic theory even th'augh most theory 

i~ualitative, deterministie andbnoh~dynamic. Exclusions and 

predetermination of variables are also supposed ta ~be generated fram 
\ 

this economic basis. Frisch was clearly affected,by W~lrasian 

models and his influence pèrsist~d at the Cowles Commission • 

. Yet many of the modeis developed in the last four decades have 

a Keynesian flavour. Indeed, since the Lucas critique of these 
. 

madels, they are frequently termed Keynesian macroeconometric 

madels. When Koopmans (1945, p. 459) suggests that it has 

o fte ne bee n po int e d out ,t ha t exClus ion inf or-ma t ion Il is tru l y ,. 

,indispensable ta give econamic significance", he does nat indi-

cate how this information 'stems From economic theqry. This 

linkage is not a trivial matter. It is clear from our choiee 

of contributions that th~re 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-lineari ties (Howrey et al., 

Sargent), and experimentation (Christ), the contributïan ta 

structural farms of the SEM from economic theory is obfu5eated • 

. ' 

u 
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The primacy of the probability approach to ecanometrics ls 

effectively shattered by this softness ln the applicability 
, , 

of its form of the identification concept. The final word 

might be'left ta Koopmans. "[The] economic literature does 
1 

not offe~ us anything like a systematic dynamic theaTy to 

work with, but rather a variety of incidental ideas, as yet 

full of gaps and ambiguities. THis was precisely the difficulty 

of the econometricians who looked toward theory as a framework 

of reference From which ta interpret systematic observations. 
~ 

They often had to supplement or even praduce t~eories in order 

to advance in the direction th~~ took.~ 

The probabili ty approach also. involves the concept of 

completeness. For many purposes, a structural approach requires 
~ 

explicit modelling oF a11 equations in a system. With hypothe-

tical experiments involving structural change, the impact of 

such change ls appraised From a'n amended reduced farm of the 

SEM wlth a multiplicity of change's affecting the reduced-t:orm 

parameters. Ta obtain estimates of these secondary changes, 
il 

a complete system of structural equations must be examined. 

" In the absence of a decompasable, structural system, the esti-

mates of changes in reduced-form parameters cannot be bas,ed 

on an incomplete specification of structural Equations. The 

pro b a b 1 lit Y a P pro a c h ha s t 0 b e der i v. e d f rom the j 0 in t dis t l'lb u -

tion of equatio~ errqrs 50 it must begin with a specification 

of the number of such errors. Thus size and cornpleteness are 

essential ingredients of this approach. We can use "siz~" to 
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represent the number of Equation errors (or the number of 

endogenous var iables if this is different) and "completeness" 

to indicate the equality of the number of Equations and the 
l' ~ 

number of endogenous variables. T'ne choice of sl.ze is arbitrary, 

it seems, from the en tries of Table Four. These are derived 

from a survey by Kelejian and Vavrichék (1981). The range of 

specification for size i5 considerable. Wsre these chaices , 

based on completeness? We were unable tb locate a single justi-

fication of size on this basis. It is highly likely that some 

variables described as "exogenous" or "predetermined" in these 

models were po t entiall y corre la ted wi teh contemporaneous equa tion 

errors. Thus the~ concept of completeness does not motivate 

model specification in practice. 

The final use of completene5s'in the SEM (in addition ta ' 

the hypothetica l exper im,ents and 5 i ze already na ted) i5, cancerned 

wi th estimation. AlI treatments in our, textbooks of estimators, 

other than least-squares estimators, take the nurnber of pre-

'determined variables in a system as ~iven. This requires the 

sp~cification of all Equations in a complete system to be set. 

Mathematical expressions of the two-stage least-squares esti

m~t~~, for example, will include a symbol to represent a matrix 

of observations on aIl predetermined variables. These treatments 

are dated since the development of an instrumental-variable 

focus has removed the need for completeness in this respect. 

The derivation of the limited-information maximum-likelihood 

estimator by Anderson and Rubin (1949,1950) and the cO,nsideration 

\ 
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ïABlE FOUR 

INDICATORS OF MODEl SUE 

~ 

Number of Eguations: Number of 

Madel Total 5tochastic Exogenous 

BEA 196 108 150 
~ 

Chase 1 350 150 150 

'-) \ 

8~1 350 178 Data ResQy.tces 
,::--~~;~ -. 

Michigan 81 47 76 

Wharton 695 299 242 

Fair 97 29 83 

St. louis 7 5 5 

Source,: Kelejiafl~:"8.nd Vavrichek (1981), p. 111. 
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, 
Variables: 

Predetermined 

.r-) 

249 

350 

628 

105 

677 

139 

7 
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of incomplete systems,by ,Wald (1950); both at the C,owles 

Commi~sion, were th~ first steps to the weakining of the camp-
o, 

-
le teness r e qu~reme nt for est imatio n. l t: 5 h OU Id be cl ear tha t the , , 

~~~ , 
'greater the dependance on prior sp~~i~icatian, the more soft 

wi'lL be the bases for estimale,s in, practice. MalinlJaud (1981) 
" , 

provides ~ qualification for this ~tatement when false can5-

traints 8ré deliberately im~osed to improve ~fficiency of 

estimates at the expense of additional bias. Such behavio~~ 

is qu~te 'at odds with the ~mphasis by the Cowles-Commission 

group on asymptatic unbiasedne5s and c-onsistency. It is thus 

~ot surprising ta find Malinvaud's comments in a review of 
. 

Sims' 'advocacy of non-sj:ruotural VAR modèls. 

The final -concept o'rthe probability ap~toach that we 

wish to explare i5 that 
. , 

of autonomy, which ils due ta Fr(sch. 
" f ' 

Tinbergen (1939, p. 14) described this as a Irequirement that 

~odels involve "r~lationship~ which are ~s litt le a~ posSi~le 

,a/ffecte~' by structuràl 'changes in departments of economic' li fe 
\ ~ .. 

other the one they ~elong to" while Arrow (1 9pO), more succin

ct~y, rafers ta "invaria~ce under_co~cei~able changes in the 

rest of the system"~ The concept is thu~ associated, in older 

terminology, ,with the degree of permanence of economic laws 

(Haavelmo, 1944, Ch. n) and, in more reeent language, with' ~~ 

i~stability of structural equations. Section C of Table Three 

illustrates views. on autonamy. Those of Tinbergen, Wold and 

Haavelmo set the scene for the beginning of the modern era 

in econometfics. Marschak, although he does not expli~itly 

(. 

: 1" 
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cite autonomy, describes the hypothetical experiment ta which 

we have already made refererlce .. , His description needs ta be 

supplemented. Proponents of structural-form estimation, such 

as Marschak, feel that the equations of the structural form 

of the SEM àre much more autonomous than those of red-uced form., 

They are, therefore, less prone ta instability and provide a 

s~itable basis on which to frame hypothetical experiments. 

If the structural form did not exhibit a high degree of,auto

nam~, its parameters ~ould not be adequately estimated sa as 

ta provide the necess8ry input ta Marschak's policy advisor. 

We have ta ask whether the assumed autonomy of structural 

esti!T1ates is justified. Sargent (1981, 1982) and Lucas and 

Sargent (1979) made a shong case for re jecting autonomy. Their 

~rational expectatians" perspective yields cross-equation 

constraints that were seldom discussed in the early days of 

the Cowles Commission. Their impact on the autonomy of the 

SEM can be iilustrated wi th a simple example. Suppose we consider 

five variables linked by a pair of structural equations 

( 1 ) Y1t + a1 y 2t· + .. a2Y~t + a~z1t :::; e1 t 

( 2) YZt + b1Y~t + bZz2t = ~2t 
, .'1J 
,.r 

" Here y 1 t and Y2t are ..... mea's u r e'd endogenous variables, z1 t and 

Z2t are measur e d exogenous v,ariables, and e 1 t and e 2t are 

random errors with zero means, fr~e from a~tocorrelation and 

heteros.q~,dasticity. The f,if-t:h variable ySt is an "anticipated" 
l ...... ?I} 

( " exp e c t'e d") 0 n e / th a t ~n e e d s fur the r s pee if i c a t ion. The ter m s 

o , 
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i~volving a and b aré fixe~ parameters of the equations~ lhe 

"variable Y~t. is' generated b~ ~he third equation 

(3) = '+ 

This eq~ation ls exac~, having no error,·and its fixed ~ara

meters c 1 an~ C z are assume~ to be determined by the time. 

series charaeteristics of a measured variable Y3t so that 

" The set of equations (1"), (2)' and (3) illustrate specifi-

cations that are common in 'the his~ory of econometrics. Théy 

are eonv"eQtio,na 11 y combine d to fOTm a (",der i v ed") s truc tural 

,form with two equations. 

and ( 6) 

where the "new" parameters (a4,a5,b4Ib5) are con.nected to the 

original para,meters (a 2"b1 ,e 1 ,e 2 ) by the reconciling rconstraints: 

( 7) 

These constraints for reconciliation have often been ignored~ 

They can Se express~d in an alternative form 'involving cross-

equ~tion lestrictions; It is apparent that they imply 

( 8 ) = À 

where À is a constant given by the ratio of c 2 ta c 1 

.. 
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The derived structuràl form is typical of madels involv-, 
ing distributed-lag response. "Ratianality" is assumed 'ta 

~~ply that (4) is an appropriate specification for both (1) 

and (2). The constrafnt (8) follows dir-8ctly from the assump-' 

tians of rationality and the particular time~series model 

. underlying equation (3). This model is a Yule proc~ss 

, (9) = + + 

where the erraI' e 3t has a zero mean and is free From auto-
, 

correlation and heteroscedasticity. The anticipatiQn variable 

, Y~t is eX,ogenous when ~3t is independent, of, both e1 t and e 2t • 

The standar~ simultaneous-equations model would be formed by -

(5) and (6) as its "structural form". It would omit the implicit 

co'nstraint (8). There a're two major conclusions to be drawn 

from.this example. First, hypothetical experiments with struc-

tural 'parameters (as may be involved in predictions of policy 

cha n 9 es) as s ume the y a 1= e "f r e e·II in the sen set h a tan y ca n b e 

changed without affecting others. The cross-equ~tion constraint 

, 
hypothetical experiments (predictions) must take their connecte-

dn~ss into account, Thus the equations are not autonomous. 

Second, if the time-series characteristics of Y3t chang~, 

perhaps due ter policy' changes or to alterations in exogenous 

variables, then the requirement (4) of Y~t as a condi tional 

expectation, implies changes in c 1 and c 2 • The parameters 

a
4

,a
S

,b
4 

and bS will ch,S3nge. Thus any sequence of intertemporal 

influences that changes the time series characteristics of Y3t 

will make tthe SEM structuràl form unstablle. 
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These are severe criticisms of the SEM. In the extreme, 

they support 8runrier's v~ew of perpetuaI instabirity. The view 

of Tobin is less extreme but it is equally disconcerting for 

the probability approach. There are also difficulties for .. 
methods of \ analysis that do not stress the structural form 

or the reduced forme Tinbergen's analysis of his eco~omy-wide 

models included the derivatian of a final equatian of these 

madels, essentially a time-series forme Wold's exploration of 

causality led ta his advac~cy of a recursive forme 8pth of 

thése derivations can be extended. In one attempted extension,c:/-

5ims has stressed tlJj:! moving-average representa,tian of statio

nary economiç variables. With Sargent, he has alsa explored 

the autDregressiv~ characterization of these variables a~d 

their embodiment in index models. These M'AR and, VAR approaches, 

although respanses ta the percei~ed 1ack of autonamy of the 

structural form, have uncertain properties. It is difficult 

ta see why they sheuld be less uns table than their more comman 

rival. 

Interactions Among Variables 

The probability ~ppraach te econometrics obviously stresses , 

the interactions among measured variables as weIl as ~h~ probability 

density f~ncfion of equatian eLrors. However the treatment of 

~ interactions is not comprehensive. This stems From the use of 

«complete ri systems of equations, where the transformation of 

densities is focused on1y on endogenous variables, rather than 

"self-cantained U systems. The structural farm and the reduced 
( 

l' 
t 
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form of the SEM are based on the probability density function 
.. 

of the endog~nous variables conditional on values of the 

exogenous or predetermine6 variables. This conditionality is 

. " im~orta~t. It may be a major factor in ~he 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 de~inition of 

exogeneit~ can be used without full specification of the i~ter-
c, 

. actions. In many si~uations, therefor~, consistent estimatiQn 

of model parameters is possible without f~rther exploration 

of exogenous variables. There are a nu~ber of'hidden complica

tions, however, 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 connectiQn between the SEM and 

'time-series mode~s). It is appropria te to begin our discussion 

" of these complications by rediscovering the important paper 

of Orcutt (1952). We shall consider his comments in con junc-

~ .. 
t~on with the treatment of causal ord~ring and identifiability 

by Simon (1953), which is of.ten cited as the principal basis 

for the conditionality tfeatment of exogeneity in the SEM. 
>(. 

It will also be int~resting to note the adjustments that 

Tinbergen made ta replace ~~agenous variables and obtain his . \ 

final form f~om his fitted equatians. We shall link his 

approach with more recent attempts ta find the "typical" spectral 

shape of ecanomic variables. 



\ 1 B3' 

Simon's formulation begi~s with a self-contained system 

of equations~linking measured variables. This can be illus w 

.' 

tra,ted wi th a 'linear spec i f icat i on such as 

Here A is square matrix of fixed parameters, xt is a vector 

of observations that are observed in a given time period and 

Ut is a "v'ect.or of equation errors. (We "can ignore non-exogenous 

predetermined variables wi thout' any loss, of generali ty for our 

account.) The triplé of elements, in this syst,em of equatian 

(A, x t ' Ut) is assumed to be affected by zero constr'aints and 

re-expressed in the form 

.(11a) A11 Y t + A12 Zt = u1 t . 
~ ( 11 b) .Q.22 Zt = u2t ~ 

, where Yt and Zt are two parts of Xt· Thè initial vector of 

equation errors has been split into u 1 t and u2t ' which are 

assumed ta be uncorrelated. This 're-expressed specification 
, 

_ has, for A11 square, the familiar èomplete SEM in (11a) and 
., 1 

a supplemental collection of interactions amang the variables 

in Zt in (11 b). Using the statistical defini tian of exagenei ty, 

Zt is exoGenous and Yt endogenous. 

A common practice in economic research is ta ignore (11 b) 
, 

and ta estimate the parameters in A11 and A12 after imposing 

a normalization rule. Multipliers are then based on the 

estimated A~~ A12 • Simulated"" experiments are an addi tional 

exercise with this estimated structure augmented by prescribed 

~ 
\ 
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pa.ths for exogenous varia~les, possitHe, amendments of estimated 

structur,al par.ametBrs· and', sometimes, random perturbations to 

"1' e'p r e s e f) t t Il e: e r r 0 r s' i m p a ct. Th i 5 b e h a vi 0 uri 5 li t t l e a f f e ete d 
o 

if we replace the '8~.emeflts .in ~ 'by. polYf1omial in the lag operator 
• • 0 

withfi~e'd co~fficien.ts. For" th~ hypothetical' pol.icy J e-xperiments 
j ,.. 1 f 

, 'of early.' prop6n$lnts of th!? probabili ty approach' at the Cowles 

Commission to bt; me'aningfu,l in this context, several condi

tion's must' ho Id .\ ,Ttlei~. 'fu'~ filme~t i~ not simpl y a que~tion 

of mathematical convenience. It i5,rathE!r a' matter of matching 
, . 

a s s t11Jl P t i a ri 5 W i th ", thé r e ale 0 n tex t'. W è 5 hou Id no t ~ fou r 0 f the 

candi tians. 

... 
First, the ba-sis for ~artitioning measured variab~es intô'i, 

pol art y p e 5 mu 5 t b e a p pro p r. i'a te. l f ~ 11 i s. t 00. "s m a Il " , i n 5 i z e 

(as'''ll1hen too few endogenous var~ables are acknowledged), not 

only are estimated 'parameters potentially inconsistent and 
l ' ' 

asymptotically bias'ed but' ~lso interactions among endogenous 

variables are mis-stated'. The whole procéduré of calculating 
~) ... 

mui tipl'iers and simulating 'response~ is cbmpromised. This 

was stressed' by Orcutt who, as we pointed out earlier,criticized 

'. the arbitrariness t61f most partitions of variables and advocq,ted 

the development of appropria te tests for exogeneity. Two 

de c a des pas s e d b e for e Sim s (1 9 7 2 a , b'), Wu (1 913 ), and Re van k i,3 r 

and Ha r t l e y (1 97 3) r e'v ive d i n ter est i n 5 u c h tes t s • 

, 
The second condition ~eqjJires the prescribed paths f.or 

1 

exogen,ous variables to be consistent wi th the omitted equa

tians !( 11 b) ," which c~strain the '~~ndependent mo:emen't of 

'I 

f 

\ 
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exogenous v~riables, unless·these ar~ unstable. Even with 
l 

instab11i ty, these v~;iabl.es are constralned by- the succes~ors 

of (11b). Since little attention is deliberately giveh to 

these ff'lteractive constraints in practice, it is di'fficult 

to believe that thi~ condition will ever be satisfied. Indeed 

it is highly ii~ely ~hat prescribed values for exogenous 
.J '1 

variables will be mutuaHy incons~stent. Orcutt (p. 199) puts 

this problem in simple te~ms. "The real difficulty ls that 

with existing econometric models no claim is made or evldence 

presented that the included exogenous variables are uninflue-

n~ed by each other, nor ls any information provided of'the 

way their movements are related. Clearly, if when one exoge
j 

nous variable is moved another exogenous vari~ble in a~y pa;t 

of 'the model als~ systematically moves, then its movemsnts 

must be taken into 'account in order tc? predict From the model 
~ 

.. jthe effect of the action." There is another complication of 

these interactions that aff~cts tests for exogeneity and does 

not 'seern to have rece,ived much attention. How do we test for 
, 

exogeneity when t~ere are interactions amon~ potential exoge-

nous var~ables and when these are not explicitl~ modelled? 

., : The slow progress in extending 5ims', test to more 'than two

va~,iable pairs of equations ~s hardly ,an opt,imistic sign ' 
.. 

for:the feasibility of a constructiue answer to this question. 

. , 
The next condition involves the ~ime-series c~aracte~istics . ' 

of econdmic variable's ana can be '.linked ta the' criticisms of 

standard simulativ~ p~actrce from·those who accept rational . , . 

<0 , 
'1 
1 

.'r'"-~ 

J 
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. 
'expectations. Mishkin (1979) describes SOIPe of these criticisms. 

Jhe conditi~n req~ires that changes planned,or anticipated 

for e xoge nous var iab le s, 50 as ta a ffe c t the tenrpora l' beha v i our 
1 

of these variables, must not lead to parametric changes in 

th,e stru,ç:,,:,ural form. Suppose part of~th'e auxiliary mocjel (11 b) 

reflects' the presumptioï.l that this model is consistent with 

the time-s~ries behaviour of one or more exogenous v~riable • 

. Now suppose this be~aviour is assumedbto change as part of a 

simulative experim~nt qr of a hypothetical one. Then the . . 
, 

parameters ~n A22 will change and, hence from the rational-

" expectatioris pe,r5pective,. 50 will the pârameter,5 of A11 and 
., , 
A'2 be expected to change. For ~ simulative experimen~, this 

implies that the "control simulation" (whi~h is generated by 

5 e t t i Î1 9 ex 0 g en 0 u s var fa b les a t the i r, hi s t 0 r i c a'l val u es) i san 
, ' ~ . 

,Inadequate ~ath with Whi~ to çompare,the predicted paths asso-
/' , l " 

c i a t e d llJ i the x p e :r i men t s. 0 i f fer e n ces b e t we e n pat h 5 W i 11 n' 0 t 
~ 

reflect the changed structure and may give a màrkedly distorted 

impression of the impact of a policy change or of a truly exo-

genous event. 

, 
The .final condi'tion that tire shall indicate 'is again 

concerned with instability of the auxiliary Bquations (11b) 

but nO\JJ in- a passive way rather than through the assumption 

of rational expectaiions. Orcutt writ~s df a condition of 

.. ~ontin.ui t y ofo non -controlled var!ab les. If re search i 5 fo cused 
, " 

on the consequences of the manipulation of controlle~ exogenous 

variables ,·,.i t' must recognize the Inherent delay in responses 
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to such manipulation. However, the presence of delay means . 
··tr~t )red1~ted responses ~pres~me the continuity of other 
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variables from the ini tial ,step of manipulation and thraugh-

out thB t,otal period c,?vering bath delay and the working' out 

of the final cuml!lative response. Orcutet (p'. 196) suggests 
J 

. ! 
that more stiudy of th'e conti"nuity pr'operties of economic time 

series is "needed as a ~asis for specifyiRg what kinds of lags 
1. 

can be tolerated in the impact o~ the control instruments" but 

there is little evidence that his suggestion has generated 

sufficient atten'tion.' This is surpri-sing since a lack of c.onti-
l' f • 

nuit y was ôete~ted in the first' attempts at simulative experi-

ments 'with time series by Slutsky almost sixt Y years ago. 

Given the probable nqn-fulfilment of these and other 

èandi"tions in practice, it seems appropriate to consider the 

origins of a particul."ar procedure that is often used to gene-
• à 

rate value s of ex ogen'ous var iable s far pas t-sample simula t ions. 
~, 1 

This stems From Tinbergen's derivation of a final form which 

indicate~ a cammon time-series character for many economic 
. 

v8ries that are ~aund toget~er in a complete SEM. The reduced 

form of (11 a) is abtained by multiplication with the inverse 

of A11 • ,An intermediate form is obtail'led by multiplying instead 

by the adjoint of this matrix. This yields 

( 1 ~ ) 

which is a non-homageneous difference equation in Yt if the 
r .-

elements of A
11 

are pO,l ynomial in the .lag operatGr. The same . 
\ 

. scalar IA11 1 is associated wi th each endogenous variable. 
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Tin ber 9 en' ( 1 939, p. 1 30; 1 940, p,o 6 jj) u se ses t i m a te s a f A 11 

ta discuss the homogeneous eomponent of this Equation,. nameIy 

( 1 3 ) 

for the i-th endogenous variable. He describes this as the 

"natùra1 tendency" of the system while its source (12) has 
, 

given a variety of names including the "separated form" 
\, "... 

, (Marschak, 1950), th~ 'Iltransfer equations" <te1lner and PaUl, ,'" 

1974) as weIl as Tinbergen's choiee Gf "final form". ohrymes 
" 

( 1 971) 5 u 9 9 est e d " the au t 0 reg r e s s ive fin a l for mil t 0 5 t'f e s s 
• i1< 

the AR· characteristic~ of IA 11 "1. 

OUf pur poses in describing (12, 13) are to revea1 again 

a link .between the SEM and time-serîes~dels and to find 

sClftness in this linkage. The existenc,.e o'f th,e connec tian 
. 

betwe e n mode ls is the fa cus,. a f ,the SEMTS A framework of 

Zellner and Palm. Softness arises bath from an inadequate 

treatment of exogenous variables and from a build-up of 

pot e n t i al i nad e qua c yin the e l i mi n,a t,i 0 n pro ces s (t h a t i s , 

in the computational Equivalent of multiplying by the adj

o in t ). We ca n ill u s t rat eth e for nïe rus i n 9 0 r eut t (1 948 , 

'while Koopmans (1941, p. 134) points ta the Elimination 

hazard. We shall c6nsider thes~ r~ferences befone turning 
) 

to the treatment of the exogenous variables in PO,st-sample 

simulation. Faced with (12), Orcutt (1948, p. 7) ,argues 

that "for a short series, it might not be unreasona~le ta 

hope that the exogenous variables might be represented as a 

cqnstant plus a rand~m component, and, therefore, we might 

,\ 
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entertarn the further hope that the economic series themse-

Ives might be drawings from a population of linear stochastic 

• series, aIl having the same underlying autoregressive,structure". 
e < 

This is su~prising expression of hope in view of the stre~s 

on inter~cti~ns among exogenous variabl&s in Orcutt (1952), 
, 

'w hic h' we h a v e aIr e a d y no te d. Bot h Ti n ber 9 e r: and the e a r l y 
~ 

Orcutt seem to be prepared to ignore the right hand side of 

(~2), its nun-homogeneity, in favour of the myopie autoreg-

ression. Their estimated final equations are 
-." 

( 1 4 ) ( 1 
., ~..:. - - 2 3 

0.39'8:0---.,:;' 0.2,200 - 0.130 
4 

- O. 0270 ) Y t :1: V t (Tinbergen) 
2 <l 

(1 1.30· + 0.30 ')Yt = v t (Orcutt) 

using the s~me U.~. data. Tinbergen's result was derived by 
~ 

eliminptfon after his structure was estimated by the least-

squares method while Orcutt used a time-series approach based 

'on the common presence of tA11' for aIl endogenous variables. 

Taken together, their efforts int~~rate the SEM and time-series 

approach provided the exogenou~ variables are passive and 

provided we do not mis-specify the error in the attendant 

time-series model. This complication'with the error can be 
c 

illustrated with a simple model of HurwÊcz (1944, p. 118). ~ 

Suppose xt and Yt are two individual endog~nous variables 

bound together by the pair of equations 

( 1 Sa) Yt = ay t-1 + b
1 

x
t

_
1 + b2 x t _2 + u1t 

( 1 5,b ) xt = cYt_f + u2t 

where u1 t and u2t are assumed to be free from autccorrelation. 



\ 

Elimination yields the final form 

(1 6a) = 

where ~1' d
2

, d 3 ) de pend on the structural parai'neters 

( a, b", b 2' 'c) and et'. i sac 0 ~ p 0 5 i tee r r 0 r 9 ive n El y 

(,16b) 
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Clearly this composite error is~a purely random component. 

It is autocorrelated 50 (16a) is an.ARMA process rather than 

the simpler AR one selected by Orcutt. "That thi's phe,nomenon 

has not been given attention is prpbably due to the fact that 

the original set of differènce equations is usually treated 
. 

as a homogeneous one and the 'disturbance' is introduced as 

a deus ex machina only after the reduction process has been 

cornpleted." This i5 a,n unfortunate oversight in the history 

of econometrics that was embedded in research practice fOT 

over three ~ecades in the form of Orcutt-Cochran autoregressive 

"corrections". These presume equation errors are linear combi
~ 

nations of omitted factors, aIl with the common time-series 

character is'tics given by 1 A11 1· 

Turning to the passivity of exogenous variables, it is , 
clear that this assumption places strong restrictions on the 

auxiliary equations (11 b). It is difficult to accept that 

~;~U2t i5 simply the sum of a constant and a random component. 

More generally this should be substituted for Zt in (12) sa 

that' the equation is re-expressed as 

( 1 7 ) 



t. 
which obviously has a complicated composite error that has 

seldom been acknowledged in time-series models. This error's 
. "" . 

\,) 

generating process will depend on the 'interactions among exog-

-1 enous variabl;s through the presence of A
22 

• It will also 

depend on structural parameters and, consequently, is subject 

to the instabilities that we have already' considered. Such ( 
complications must also .affect our interpretatiofl of the atte-

mpts by,Granger (1966), Nerlove (1972), ruerlove et al. .., ., 
'8'. 

(1979, . 
'c h. g) and 0 u b b e 1 man et al. (1 978) and 0 the r s t 0 est a b lis h a 

typical spectral shape for' Economie time .series. These attempts 

are the straightforward counterpart in t~e frequency domain 

of Orcutt's efforts using autocorrelations. We can surely find 

e qui val en t' sou r,è e s 0 f s 0 f t n e s s • 

o. The problem wi th eliminatiorl' to find the final form can 

n 0 W b e a d d r e s s e d. K 00 pm ans (1 9 4 4~_ po i n t e d 0 u t th a t the use 0 f 

distributed lags in dynamic economics i5 hampered by the rigid-

ities of sampling intervals as they affect the mathematical' , 

representations of models. Lagged responses are usual~.y taken 
, r 

at integral,.values of such .intervals. For example, in a model 

of investment, this variable will be specified as dependent 

on successive annual changes of output if the data for estim~-

tian are collected for annual sampling intervals. Different 

specifications would be made for use with quarterly or semi-

an nuaI data. r'n any structural form, we can see that i t is 

likely that sorne inaccuracies will ar ise because economic 

behaviour i5 based on nonintegral timing whileothe equations, 
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.. 

represent-integral logs. Wh~n the estimated structure is mani~ 

pulated to abt.ain reduced or final forms, it is possible that 

there !J.lill accur a "gr,a,dual1widening or lag distributions in 

the process 'bf elimination, due to the repeated replacement 

of terms wi th nonintegral timing by a linear combination of 
>, , 
'\ 

t W 0 ter m s w i t h the n e are s t i ri t e 9 ers asti min gin die es',' sot h a t 

the implied dynamic pattern, ~r these secondary, fo~ms is mis

leading. The larger the structure and the sampl~ng interval, 

the more severe may be the prdblem. If we do not ignore the 

autocorrelation of the errors in the final form, the extent 

of the problem ?~ it affects the ARMA process will be affected 

by interactions among exogenous variables especially if they , 

contain 1ag structure themselves. 
, --" 

, 1 

The treatment of exogenous variables in preparations for 

simulative experiments wlll depend on whether they are' consi-

dered ta be controlled or uncantrqlled. For the latter, the 

most comman procedure is ta fit a time-series model, usually 

an AR version, to the sample observations for a particular 

variable and then to extrapolate this'fitted model throughout 

the period covered by the experiment. Although the auxiliary 

e qua t ion 5 (1 1 b) ,c a u l d b eus e d top r 9 j e ct val u e s 0 f e x age n 0 U s 

variables as generated by a vectar' ARMA process, this is 

seldom done. USlJally separate time-series models are fitted 

to the variables ignoring their interactions. Changes in controis 

are taken ta leave other exogenous variab,les unaffected. 

Interactions among variables are marked1y di fferent in 
« 



\ 
1 

.. 

• the newer business-cycle models of Lucas and others. Their 

focus on co-movements 1s revealed by Lucas (1977, p. 9). 

"Technicali y.' movements about trend in gtoss national produ~t:' d 

in any country can be weIl des~ribed by ~ siochastically 

disturbed difference equation of very lo~ arder. These move-

ments do not exhibit uniformity of either period or amplitude 
. ..... , , Those regularities which are observed are in the 

, . 
co-movements among different time series." As translated into 

econometric models, this coneern has stimulated much 'more 

interest in the eo-movements of exogenous var iables. In a 

'vital sense, these have beeome centre of attention either as 

u n r est rie t'e d V A R a r i n the i n de x ma deI s 0 f 5 a r 9 e n tan d 5 i ms 
/ 

(1977), which add arbitrary restrictions an 'dimensionality. 
~, 

5ims (1981) pnd Sarg'ent (Hl79) discuss this foeus. Their acc-

ounts reveal a radical "reappraisal of structural estim'ations. 

5 a r 9 e n t (p. 8) i 11 u s t rat est hi$.. wh e n he as s e r t s th a t J" the ide a 

is to est imate vector autoregressions wi th many free parame-

ters and ta introduce restrictions not directly motivated by 

economic theoty but rather aimed at forecasting better, that 

is, delivering estimators with small mean squared errars".' 

The index madels may be linked to an intuition of Mitchell 

(1951) that movements in many macraeconomic variables can be 

'vieweel as reflectin,9 one underlying index. This yields the 

conformity or coherence of their time-series data. 

50 far we have considered the neglect of interactions 
c 

'. among exogenous variables. A complete appraisal requires' an 

( 

i 

\ 
< 
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account of methods that have been developed to deal with 

these interactions when the impact of one variable on another 

is of special interest. The path models of Wright provide a 

suitablé framework for this account. These were used by Wright 

to ~xplore agricultural demand and supply relations as early 
i 

as 1 92 5. Pre sen t t,le c h n i que s, are li t tl e d i ff e r e n t f rom t h 0 s e 

that he used. Suppose we consider the" three cases indicated 

in Figure Three, In (A), a variable y is affected by variables 

~1 and ze' A simple estimate of the impact of these influences 
" ' 

cquld be obtained From fitted regression coefficients for a 

sin 9 l e e qua t ion (J )li i t h z 1 'a n d z 2 as car rie r s. l n° (8 ), the var -

LabIe z2 has a two-fold impact on y, olle direct and one indirect 

th r 0 u 9 nit sin f lue n c e 0 n z l' We ca n, for e x ~ m pIe, s e e e duc a' t ion 

affecting incorne both directly and through its impact on occu-

pational ch'Oice. Path mode'ls would attach regression coefficients 

ta aIl sources of influence with the correlation between z1 

and~1 added as a multiplicative'factor f~r the indirect 

influence.oThis addition serves as an alternative to the exp-

licit modelling of the d~terminants of z1' including z2' A 

complication arises when there ,is reciprocal influence as in 

cas~ (C). We can e~tend the incarne example ta allow educcltion 

to include both fo~ma'l schooling and" on-the-jo9. training. The ,... 

latter might be affected by occupational chaice. The impact 

of ,z2 (educatio'n) on y Hncome) is then difficult ta determine 

within this path-rn.odel_ frarneWOTk. It is clear that the' arrow 

scheme of Wrigh;t and Tinbergen does aid the' qualitatiue ., . 

, , 
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interpretation of causal relationships. Unfortunately, as 

mus t be clear, th e use 0 f correla t ions' as wei gh,t s in measures 

of indirect e,ffects is difficult to justify except on grounds 

of simplicity. It might be argued that the use of the corre-

lations may be less harmful than the total neglect of (11b) 

in the 5 E M • HO w ev e r, the 0 n l,y 5 a t i 5 fa c t 0 r y t r e atm e n t mus t 
~ 

c 

sLJrely involve giving more attention to the explicit modell-

ing of linkages among exogenous variables, or determining . ' 

factors. If we consideF more recent exposi tions of path mo,pels, 

such as Heise (1975) and Kenny (1979), we find little ta 

undermine such demands for explicit treatment of auxiliary 

equations. 

Wolçj's advocacy of eo ipso predictors and causal chains 

provide a final illustration of softness due to the imprecise 

, ' 
recognition of interactions and of the attendant difficulties 

in the specification of structural equations. He argues that 

instead of the structural form of the SEM, we should use a 

system in which each equation can be interpreted as based on 

the conditional expectati"on of one endogenous variable given 

values of aIl other included variables. The resulting system 

is the recursive form of the SEM and can be seen as a direct 

extension of the classical statistical models developed by 

K a rI' P e ars 0 n and Y u le. W a Id (1 9 6 4 c ) 9 ive 5 a' sim p les t a t e men t 

of his position. "In stochastic model building it is an obvious 

requirement that relations intended for use in forecasting 

should 'be designed as conditional expectations sub0ect to 
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residual disturbance, or as we shall say, as eo ipso predictors." 
1 

Within this framework, Wold finds no need to set the joint 
Q 

distribution of variables sa that the recursivity imposes 

constraints on parameters for endogenous variables while 

leaving the interactions among exogenous variables un5pecified. 

Strotz and Wald (1960, p. 427) compare this framework with 

that of the Cawles Commission, which the y term "interdependent", 

and provid~ an important element for the use of economic theory 

l'in spedfication. "If a causal interpretation of an interdepe-

ndent system is posrible ~t i5 to be provided in terms of a 

r ecu r si v e s ys t e m. The i n't e rd e pen den t s y ste mis the n e i the r 

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 
'1 

of these variables. The situation for traditional equilibrium 

models is less clear. Comparative-static equilibria involve 

fixed values .of ~",xogenous, variables and leave çlynamic motions 

either unrecognized "or ·qualitative. Can equilibriu,m theory 

provide a specification for the auxiliary equations (11b) of 

the SEM if these are part of an equilibrium framework? 

The new classical approaches of Lucas and others, who 

s t r e s sile qui li b r i u m bus i n e s s - c y c let h 8--0 r y", are rad i ca 11 y 

differen;J: since they cast out the traditional use olf" equilib-
, \ 

rium and provide an alternative that is not only dyrl,amic but, 

in fact, markedly dependent on the joint intertemporal movements 
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of-exogenous va~iables. Clearly such approaches, in their 
........ ".J .. 

use of rational expectations, also borrow Wold1s focus on 
\ 

,. cand i t ional e xpec ta t ions. Howe ve r 'the y di ffer in s igni f ica n t 

ways. In the rational-~xpectations framework, the interactions , 

amang exogenous variabl~s are passive and not linked to éontral. 

They can be observed in t~me-series data. Wold.wauld, on the 
'-

, 

ather hand, base t~em an disequilibrium theory and allow them 

ta be amended by contraIs. -Their specification would'"t4len need 

ta be .~inked to ,~.çj:lnomit theor.y. In practice, we can see the •. -.,/ 

direct ~se of time-series criteria for identification (such 

as those of Akaike and Schwarz ) in choosing structural 

specification for ~he new equilibrium models while these are 

secandary to economic t-heory' in Wald' s models. 

False Canstraintê 

Although econometricÏans are now familiar with the deli-
,. 

ber·ate use of constra-tnts (possibly false) to provide estimators 

with lower mean square errors,this was not much in eviden~e 
t 

during the period- from 1940 to 1960. The stress on asympt'otic 

bias and èonsistency and. the severe attack on least-squares 

bias took the avoidance of bias 'as a major .objective. Constraints 

arose in,th~ -discussion-of identi~ication and 

~{ also arose in the- choice 'of estimators and ,,1r'1 
"-

. ,-

exOg~n.ei ty: Th~se 
appraisals of 

the ,relative asympt?tic' efficiency. However their potential 
. 

f~lsity was not made explicit until Liu (1955, 1960) faised' 

the issue. We can contrast his comments with the ,defensive 

ones of Klein (1960a,b); Despite- the contents of most econometric 
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tèxtbooks, i t . ls cl~ar A~"t much of recent research has 

accepted ;o~e of Ll~'s bbjectidns- to th~ exce~sive uie of 

con st rai n t s. Ch 0 w (1 9 8 1, p."4 3 7) pro Il ide sa. t Y pif a l vie w • 
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"[An] ec.oQ,llmetrician might wish to estimaté not the trûe model 
~ .. < 

but an apprpximate model because the sample is finite. One 

realiz~s €hat the conditions stated by Kpo~mcins for definlng 

the exogenous and/or predetermined variables are ne ver met, 

that the'coefficients of many endogenous an9 exogenous varia~ 

bles in a structural equation are not zero as Liu has. palnted . , 

( out, and that the true model 15 not stri·ctly rec!,lrsive' in the 

~e of Wold.... On'e ls seldom in a posl tiorf' to estimate 

the parameters of the true model because the numbef of a~ail-

able observations 1.5 often smaller than- the number of i ts 

parameters. " 

Liu's critici'sm of the SEM and t~e approach ta structural 

estimation stemming frarn the Cowles Commission has several 
o 

important ingredients. It bullds on two fundamental positions. 

yirst, structural equationi are_ underidentified. "The comp-
- , 

-~l--exity ,of ma'dern econom' c' socie'ty makes i t much more likely 

that the true struc urai relation~ITips are underide~tified 

rather than 'ov identi fied. ·That· the existing empirical struc-
" ~ 

-CuraI r~·tionshiPs are overidenti fied ma y; ve~y weIl be the 

r~~ul(of unconscious b~t determined .efforts ta obtain 'significant'. 

structural estimates." (Liu, 1960, p. ~56) Second, the presence 

of multicollinearity in economic data should oe acknowledged 

and then utilized in making forecasts. 

r 
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Taken together, underLdentification and multiGollinearity 

imply that "no reliable est1mates can be made of the coeffi-
" 

cients in the structural relationships" (Liu, 1955) sa we 

should go beyond the SEM tq see if alternative forecasting' 
\ 

procedu~es can be developed. Liu introduced both a pseudo-

st~uctural form and a pseudo-reduced farm, which are explora

tory and not structure-~on'firming. These are impor_tant in the" 

process of choosing variables and in forecasting. The' exploratory 

structure is fitted for aiternative lists of included variables 

by"the least-squares m~thod. Its purpose is not to find 

nstructure~ but rather ta prqvide a manageable number of 

predeter~ined variables for use,in the pseudo-reduced form 

or forecasting equations. The estimated values of structural 

coefficients ?re not used in making forecasts. Variables that 

are retained for forecasting equations are representative of 

a hast of variables due to-multicollinearity. This softness 

in the precision of structural estimates is a source of strength , 
for unconditional forecasting of the type envisioned by Liu. 

"[We] are dependent upon these collinearity tendencies to 

'catch' the important forces acting upon a gi~en endogenous 
r 

v riable sa that forecasting may be successful." This is similar' 

t the reeent use of principal components in regression mo'dels 

ed 'by collinearity and, also, ta the basic notions of 
~ 

index models. 

K'lein's defence ,against these criticisms is not one of 

strong support for structur~l estimatio~. He concedes that it 

, \ 

, ' .. 
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is misleading to look at individual structural parameters 

(even though the se are at the heart of the hypothetical 
6 

experiment that was used ta generate support for the struc

tural form,' a's for examp le by Marschak). Sy 1960, he had 
1 ) 0 

already shift~d his interest ta the salut ibn of the SEM for. 

given conditions. He stresses the needs for an overall summ-

ary statistic with which ta compare alternative methods of 
, 

estimation, while maintaining that "I pelieve that the general 

rule in realistic econométric models i5 heavy overioentifi-

cation", and for the use of the reduced form in forecasting. 

Klein's response ls also interesting for its gcknowledgement 

that small changes in estimated structural equations often 

'lead ta pronaunced changes in the implied reduced forms that 

are derived from'them. Thus forecasts rnay be very sensitive 

to structural e~timates, which ls particularly unfortunate 

if cambined' wi th, the prablem of mul tlcollinear 1 ty that was 

~oted by Liu. Klein also pointed ta the limited potential 

for improvement ta forecasts From changes in statistical 

methods. This contrasts with the improvements that he expec

ted in 1960 toostem from better data and better knowledge 

of economic institutions, areas af saftness that d~serve 

attention. 

Liu (1960, pp. 858-860) looks at the principal charac-

teri5tics of the actual behaviour of econometricians in the 

19505. They seem remarkably similar ta those that generaJly 

prevail-today. "The habit of fitting even more oversimplifi~d 

1 
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~ 

re la ti onships has bee"n 50 des ply and fi rm l y irnp} .. an te d' in us 

fhat we ~ay consider even six variables ta b~ an extraordi-. ~ 

narily large number. fi His account of the cri terion. use9 by . 

Klein and Goldberger to choose variables is just as relevant 
1 

for appraising the structural content of later economy-wide 

econometric models. Such content may indeed be indeterminate 
/ 

/ 
/-

because of the_environment in which we work and because of 

the procedures we use. He deserves the ~ast words on the 

imp~sition of false constraints. "[Nd] econcimetrician can 

be an ~nti-structural estimationist. Our ultimate aim is 

naturally ta estlmate economic structures, but it i5 not our 

job to derive 'structural' relationships by artificially 

overlapping the structure and thereby getting around data 

limitations." (Liu,.1960, p. 860) 

Proximity ) 

Given that structural equations will be mis-specified, 

the robustness of .estima~ion procedures become a major consi-

deration. Wold, 'wi th his concern for tt"l8 properties of the 

" least-squares estimators outside t~e classical linear model, 

js the first econometrician ~ make ?~nsitivity and rabustness 

a primary facus in determining the properties of fi t,te,d stru-
. 

ctural equation5. ~Three years after Haavelma pointed ta tne 

"least-squares' bias" in interdependent (SEM) systems, 8entzel 
• g 

and Wold (1946) demonstrated the equlvalence of maximum-

likelihood and least-squares estimators and the absence of 

.. 
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this bias when the SEM was recursive. They also ~egan the 
" / 

exploration of temporal aggregation, defining as "the' Ma,lmqvist 

bias" the impact on estimators of an Inadequate sampling 

interval. This latter interest foreshadowed the efforts of 

En~le and Liu (1972) and others ta explore the impact of 

temporal aggregation on th~ prope~ties of particular estimators 

and on appropria te specffications. It also motivated later 

discussions of distributed-lag models as discrète approxima-

tians ta continuous differential-equation stochastic models. 

These were significant in the histofy of econometrics as 

temporal aggregation may remGve the recursivity of causal 
~ 

chains and may intraduce autocorrelated errors, which were 

given inadequate attention in the structural analyses of 

1940-1960. 

'\ 

Wold (1948; 1949a, b) in''i tiated the seareh for proximi ty 

theorems by econometricians. His efforts brought forth prac-
e 

tical considerations of robustness and began the a-pproach 

that led to the sterile interest' in such theorems that we 

have used to characterize the turning point in about 1960. 

~
r ximity theorems begin with a presumption of mis- Q 

sp cification are within acceptable bounds. Sterllity arlses 

en the conditions cannat be linked to real situations faeing 

. ' 

econometricians. Wald (1953) and Wold and Faxér (1957) deve-
f 

loped his earlier ideas. The latter define sp~cification, 

error as the error th~at "arisès if the population i5 nat 

correctly described in the assumptions that form the basis 
,/ 

" 

IJ 
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or~the estimatio~ method" which can be contrasted with sampl-
~ , 

ing error. 

The simplest prox~mity theorem of Wold can be illustrated 

with a model in which an endogenous variable y is linked to , 

another variable x and a random equation error e. The asymp-

totic bias of th~ least-squares estimate for the coefficient 

of x will depend on the correlation of x and e, on the variance 

of x and the variance of e. When the last factor ~s small, 

the asymptotic bias may be ,negligible even if x and e are 

cbrrelated. Wald also"explored tbe impact of autocorrelated 

errors on least-squares estimates and looked at residual 

correlations for .... MA and AR processes. Indeed. his procedure 

(194gb, p. 7) for residual analysis is precisely ~he one now 

followed by econometric students in using the ACF of least-
. '( 

s qua r e s r e s i du aIs • Q Th i sis s t r ~c t ure - s e arc h i n 9 rat h e r th an, 

structure-confirming. 

Clearly the activities of Wald and Liu, as described 

in the last section, make visible the softness of structural 

estimation. Bath indicate practical procedures that emphasize 

this saftness. It is therefore reasqnable to ask why econo-

metricians continued, for at least two decades, ta 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 resp~nse ta the efforts of 

Wald and Liu at the end of our reference periode 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. this defence removed the ini tial catJse 
• 

of concern From active consideration until the flood of criti-

cism revived with the rational-expectations revolution. 

Suppose we begin with Fisher's account of Liu(fts objectives. 

First, structural equations are underidentified since economic 

thebry does not provide the zero ~onstraints that are conven-

tionally impo~ed to yield fitted "overidentified" structures. 
\-

Second, the number of endogenous variables is generally under-

stated 50 both the structural form and the reduced form are 
~ 

mis-speclfied. Clearly the identifiabiiity criteria are, 

misleading when variables are misclassified and when incomp-
• 

lete systems are treated as complete. These would seem to be 

devastating to the probability approach in particular and tô 

structural estimation in general. Fisher '(1961, pp. 34-35) 

turns to approximation ras a means of weakening their impact. 

Thus thé proper question is not, in his view, whether para-

meters are zero in fa'tt but ràther whether' they are "in some 

sense sufficiently small" 50 the zero approximation is accept-

able. Further the discontinuous choice between identified 
..... 

and underidentified specifications is mlsleading. The problem 

is rather "one of diminishlng estimation inconsistehcy as 

the restrictions are better and better approximations". The 

solution in a large system is to use approximately correct 

restrictions '"an'éJ break this system into a black recursive pattern. 
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Then Liu's criticism,o~~sufficient size is weakened. 

"Structural estimation is seen ta be entirely possible in 
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general, so that discussion and criticism must be directed 

toward the goodn~ss ~r badness of the approximatè assumptions 
, '\.. . 

ih a particular case and not tow~rd the truth or falsity 

thereof." The rival~eStlmating methods for structural para-

~ meters will be inconsistent but, provided approximations are 

"good enough", such inconsistencies ar~ 'negligible. Al thou.Qh 

man y approxim?tions may indeed not be good enough, this "must 

b{'decided on a case by case basis and no general a priori . 
argument ,n be made ta this ~ffect". 

Where do€s this argument leavë structural estimation? 

There is a tremendous temptation for an individual tesearcher 

to concede the general thrus~ of liu's comments yet to assume 
~ 

th~t, for his particular situation, approximations are suffi-

cie n t l Y go 0 d • Fis h e r fa i le d top r a v ide gui dan c e for Cl ete rmining 1 

the appropriateness of approximations or for measuring degrees 

of inconsistency. Although the large Brookings econometric 

model for the U.S. economy made reference to block recursivity, 

this notion is not a prominent feature of subsequent models. 

The blocks in these mod~ls have been determined by their 

manageability and by the availability of data rather than 

by a careful review of the approximation being employed. It 

is extremely difficult to find any discussion of specification 

error due to false constrairits in the mainstream of applied 

econometrics within the"last two decades. Given computational 



/ 

1 

( 

207 

I~ 

advances, there is really li ttle excuse for the neglect, of 

sensitivity experiments and other explorations of robustness. 

l n su m,on l y par t 0 f Fis h e l' i S p'o s i t ion ha s b e e n a'5 sim i lat e d • 

We have failed ta provide the case-tly-case assessment that 

is essential far the acceptability of proximity arguments in . . 
practical research. While Wald's investigation of specifica-' 

tian error yields the routine inspection of the ACF for resi-, 

duals, Fisher's arguments fail ta stimulate equivalent concern' 

for di~eet testing procedures. The final shortfall that we 

shauld note is present i~ our textbooks. How many of them 

described any methpds of c~ecking for the aQpropriateness 

of exclusion canstraints? How many of them even l'aise the 

issue except as a curious histarical events? 

Purpase 

We have already touehed on the difficulty in interpreta-

tian of individual estimated parameters. This may'not matter 

if such estimates are not of direct interest and we shauld 

turn ta the general issue of how the purpose of a research 

praject interacts with the specification af structural effects 

and the choiee of estimating method. ~e have already seen 
" 

how the"use af a hypathetical experiment was used tà justify 

the estimation of the SEMIs structural form as a background 

for eanditianal farecasting. We have also seen Klein's recag-

nitian af the sensitivity ofcreduced farm parameters ta 5mall 

'c han 9 es i n est i mat e d s t r u c t u r a 1 par a met ers s o. th a t for e cas t 5 

, , 

J 
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m i 9 h t b e t ter b e bas e don ,.t h e \ e'd u c e d for mit sel f. CIe a r l y 
\ 

if inst~bility is a common attribute of these for~s, there , ~ 

is dif~iculty in accepting eithet as an appropriate basis 
6 : 
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for forecasts, conditiQnal or otherwise. Fort y years ago, ït 

was often expressed that the goal of econometrics was to ach-,- , . 

ieve "rel~able prediction~~, generally with a view ta guidance 

of policy decisions. The ~ommon failure of this goal provided 

1 

the ferti\\ygrOUnd on which fell the seeds of the Lucas critique 

with its fo~u~ on structural instability. Surprisingly, we 

~can ~till find evidence of the confusion between estimation ,. 
~ 

and prediction. If the goal is prediction, why should asxmptotic 

properties of estima tes such as consistency and asymptotic 

efficiency haJe any relevance? Ther,e is no obvious link between 

these criteria and pre~ictive success. Clearly ~here is a 
. , 

pres~ing need for~econometricians to clarify their objectives, 

their research methodsi and the connections between them. 

In the reference period 1940-1960, there was discussion 

of "pDrpose" but this was limited and often obscured by other 
, 

concerns. Waugh (1961) provides a refreshing break in this 

picture when he raises the question of 'what do WB want to 

e~;;'te?' and suggests that 'the answer may not lie the para

m'et rs of theoretical economic structures. "Sa far, the main 

interest in the various methods of structural .an~lysis seems 

ta be in estimating the 'true theoretical relations', - for 

example; the 'true demand curve' for sorne commodity. Thrs 

i5 legitima~e, of course •••• But econometrics should ~ot 
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limit its in-terest to' pure theory. The econometricians should 

help the economist and the statistician to find practical 

answ?rs to real economic problems." The background for Wau~h's 

plea is a~ai~ the probability ~pproach to econometrics. Suppose 

we consider the following pair of equations • 
~ 

(, 
Y 1 t = a 1YZt + e 1t . 

( 1 8 ) 
YZt = a ZY1t + e Zt 

\. 
where e1t and e 2t are independently-distributed normal vari-

ables. Haavelmo and other members of the group ai t~e Cowles 
1 

Commission put forward several simple structures of this type 

_to showJthat each equation could not be interpreted as a 

co~ditional expectation in the sense that, for example, the 

expected value pf Y1t given Y2t is not a 1Y2t' They concluded 

from this t~at least-squares estimates would be biased for 
( 

a 1 and a 2' t.b1 e par a met ers 0 f e c onami,c the 0 r y. The s e est i mat e s 
, 

may, however, be useful .ill~~_lluminating E(Y1t/ Y2t) as Waugh 

~otes. The critical 4ue{tion is, as we already cited, One of 

the purpose for estimation. Haavelmo (1943a, p. 11) seems to 

"-hav~ ~ccepted this statement. "For prediction purposes the 

" 

\ 

original equations of the syste~ have no pr~ctical significance, 
<J 

they play only the role of the~retical tools by which to derive 

the prediction equations." Clearly there"are"many situations 

in which thp parameters of the original (structural) equations 
('7r 
~ 

have little value for the purpose at hand . 

The original equation~, themselves, are also a matter of 
r 
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choice. strotz and Wald (1960, p. 417), in their comparison 

of recursive and nonrecursive systems, make this clear. "The 

first thing to consider when construct~ng an economic model 

is its purpose, that is, how it is ta be applied in dealing 

~ with economic facts." There 1s no necessity to begin with the 

structural form of the SEM. That this should still need to 

be stàted is a strong indictment of the Evolution of econome-

trics during the last four decades. Perhaps we can detect a 

portmanteau attitude ta Econometrie models. Given the availa-

bility of appropriate data and software, a model 1s constructed 

without àny partic~lar purpose in mind but with the awareness 

that, when fi~ted to the data, it may be used for a number 

of different purposes (some of which may not be eviJdent prior 

to the complet ion of both specification and estimation stages). 

The structural form of the SEM is taken as a provisional basis 

" 
since it is habitual to do ?o! 

~ \ 

This portmanteau approach has ~een eroded as simulation 
, 

became standard. The ~adieal treatment of exogeneity by Klein 

and Young, which we"noted earlier, is matched by revisions 

ta criteria of acceptability and purpose in many macroecono-

metric models. Intially these arose as part of historieal 

verification whereby the validity of a model was taken to 
o 

depend on its ability to track the behaviour of the actual 

economic system during the per~od for which data are available. 

Ta enhanee tracking qualities, individual estimates are often 

altered irrespective of their asymptotic properties. Naylor 
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" (1971, p. 223) illushates the background for these ad just-

'\ men t s. Il Eco n Q met ri c m 0 deI s wh i c h h a v e b e e n est i mat e d ;, pro p e r l y 

and are based on sound economic theory ~ay yield simulation 

results whic~ are nonsensical. That is, the simulations may 

'~xplode', and inherently positive vatiables may turn negative, 

leading to results which are in complete conflict with reality." 

'The desire to provide a trac king performance is clearly the 
cff 

purpose of the adjustments. 

This ~hift in ~mphasis can be taken further. We can 

introduce a qualitative triterion for the choice of estima-

tion procedure and for specification. Optimality may then be 

defined as th~ choice by which the qualitative attributes of 

variables are replicated or simulative properties enhanced. 

This seems little different from the motives expressed in 

systems-dynamic modelling by Forrester and his associates. 

Their adjustment of tuning constants i5 the counterpart of 

con-adjustments and "tender loviQg care" as found in more 

conventional economy-wide econometric models. ~erhaps SO models 

are econometric after aIL. 

" Normalization and ,Asymmetry 

Much of economic theory is non-stochastic. This deter-

ministic character creates difficulties for the interpretation 

of errors in econometric models. Since errors are generally 
G 

not present in economic theory, there is ample room for a~ter-

native opinions concerning their nature. This uncertainty as 
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ta how stochasticity shaulU be treated was expressed in several 

way~ during t.he early phase of econometric history. (For éxample, 

Frisch advocated "orthogonal mean regression" ~nd Schultz 

regularly calculated two estimates of demand elasticities by 
, 

fitting dual regression equations.) The uncertainty persists 

today in the issue of normalization and in the confusion 

between regression" and structural equations. On a' praéiical 

level, it arises in economic resear~h at an intermediate stage 

between ~athematical ~odelling and fitting. At the first stags, 

the functional relations of mathematical analysis are maniRu

lated ta obtain Equations that will be taken structural. the , 
parameters of these\equations are estimated in 

but only after a metamorp-I:te..~.is occurs. Somehow errors 1 ppear . 
and, their interaction wi th measured variables (determining 

v 
() <, 0 

exogeneity and endogeneityl i~ fix~d. Some mathematical expre-. 
'ssions are seldom unique, there is potential for alternative 

and mutually inconsistent specifications of statistical pro-, 

perties as errors are intraduced. The possibilfty of alternative 
• 

choices, not necessarily 'explicated bYe economic 
...... 1' ... 

"-

~eOry, is (al 
majat sQur~e of softness in econome~rics and it :;everely -

impacts on the Interpretation of structural estimation. In 
....' , 

'this final topic, we shall illustràte some problem's by looking , 
, 

at the attempts of Wold,and Frisch to overcome them. This 

tdpic is aften described as the choiee of regressian or choioe 
-- II r ~ 

of,,' " de pen den t " va"r i a b le. 

Frisch (1929) ,was clearly. influenced by 1he mathe~atical 

\. 
. } 

r 
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-'1 

symmetry of the Walra~ian'system of equ~~ions. WithiQ this 

framework, there is na basis for ehoosing a pa1'tieula1' 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 di1'ee~iQn sa some variables 

must be d~osen priaI' ta the use of' this principle. Thus, withi~ 

the Walrasian system, there i5 an inhere~t contradiction for 

such estimations. Frisch opted for "orthagonel mean regression" 

as a compromise choice but this,' whilS! not pick~ng a .de~endent 

variable, is sensitive to measurement scales. It is just as 
" 

arbitrary as the' choices that it avoids. UltiflJately, Frisch ',s. 

s~ggestion can be trased through the efforts of his'st~den~ , 

Haav~l~o to the probability approach ta eeono~etrics and,tha 

advocacy of maximùm likelihooçl estimates that .may not be ~ffeet8d 

by the choiee of normalization ruie. 

Wald took a differ~nt lin~ of approach. In~tead'of bS~i- • 
. ' 

nnin 9 wi th the equilibr i um 0 f the Walras ian sy stem '. he ~ougilt 

ta combine caus~-effect notions'and co~diti~nai ex~ect~fion 

as the bases for econometric modellings. These 9~e essentially 
d 

asymmetr ie and Irreversible i'n cont~~t wi th 'the symmetry 

stressed by Frisch. They may also involve disequilib~ium u. . 1 ... 

. rather than equilibrium SG that ciausèl i~flüènces could be 
f • 

more easily e~p~icated. Finally the t~eatment of ~quation 
, 

e1'rors i5 differ~At· wit~ symmetrie and asymfuetrie perspectives. 

With the former, errors eould represent the collective impact . '. ... 
o • 

of omi tted factors and they are not identi fiad ~ith a pependertt 
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variabl'e in a speci f')c fashian. On the oth-er hand, in the 

asymmetric variant, errors have a specifie link with parti-

cular endogenous var~able5 in the sense that the dependent 

variable in any given equation is fixed and thus identrfied 

with the error for that Equation. 

Wi th an equation 'linking stoehas,tic variables, there 
, 

are many alternatIve regression farms that are amended as 
J ~ 

,their chosen dependent variable is changed. Wold (1952,' Ch. 2)-

notes the general,awarene5s of this "dualiti problem" by 

statisticians. "From the very beginning, in the pio~eering 

works' qf Galton, K. Pearson and Yule, this plurality has been 

stres~ed as i characteristic feat~re of regression analysis 
, 0 

t {l, ('J 

in contradiction ta the 'f~nctiQnal relations of mathematical , 

-anal ys i s." lJ)9ld ar.gues that t,he symme try, among a l'terna t ive 
, , 

~egression lines i5 merely formal ~ince the causal interpre

tation of regression in both Experimental and non-experimental 

situations singles out tHe ~ari~ble that should be taken as 

depèn~ent. Sometimes this perspective can be extended ta models 

involving instantaneous ~quilib~ium as;the fOllOWi79 example 

illustrates. Suppose d, sand p denote demand, su1PlY and 

priee, of spme agricultural commodity" IQ equilibr~um, d and 

u 5 will be equal. Let their equilibrium value be denoted 'by q • 

niese economic va"riableis ma)" be assufned to be confl~~.:ed by t~eJ' 
.system: 

a 2 + a 3Pt_1+ e 2t 

St = qt 

1 

(demand) 
) 

(supply) 

(e"quili br ium) 

-
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." 

Since Pt. and e1 tare generally cor.related, we can infer t;hat 

E(qt/pt)' is not (ao + a1 Pt) as we, discussed earlier. HoU/ever 

the system could be expressed with 

dt = aD + a1Pt + ert 
wh~re p~ is E(pt/ Pt_1) and et t is 'the corresponding error. 

Then the conditional e'xpectation E(qt/pt) is (aD + a1Pt). 
This example, dU,e to Wold (1964a), is a little forced but 

it shows the feasibility of an asymmetric approach based on 

conditional expectation. 

In this example, the revi'sed erraI' is obviously uncorre-: 

lated 'with pt. This error is d'efined only by reference ta 
. 

the chosen dependent variable dt. It clearly differs from 

the initial error which could be consistent with the symmetric 

t;eatment of priee and quantity. We m~ therefore, conclu,de 

that a given structure is compatible with different views of 

errors and with different views of measured variàbles.' These 

lead to different optimal estimation procedures. T(e essenti~l 
"-F---j 

problem is that economic theory needs to be sup,plemented 

before we can choose among alternatives. 

Sorne Concluding Comments o 
We have struggled through this long account of ~ensitive 

issues, revealing elements of softness in struçtural estimation. 
,'1 

This preoccupation does not yield an unequivocal question ta 

our implicit question concerning the demise of structural \ 
estimation. It is clear' that our proèedures may ïndeed preclude 
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structural estimation due to the use of false~onstraints, 

~he insufficiency of economic theory as a source of structurai' 

information, and the general difficulty of developing stat-' 

istical'models From deterministic ones. On 'the other hand, 

,economists seem to want s,trut:tural frameworks that can be linked, 

hawev.er tentatively, 'wi th the formaI expressiqns of mathematical 

economics. We can say that the primacy of the probability 

approach has been weakened both by the routine behaviour and 

model b~ilders (involving Iterative search, simulation, and 

tender-loving-care adjustment,) and by the develo~ments that 

have occurred in statistical theary (such as the interest in , 

rob u s t ne 5 s, the r e C 0 9 nit ion 0 f con dit ion aIs pee i fic a toi 0 n , 
d 

the move away From asymptotic criteria ta finite-sample theory 

and p host of others). We hope that our use of historical 

references permits a better understanding of the present 
, ' 

debates on structural estimation. 

~ ( , 

, . 
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Over a hundred years ago, Francis A. Walker suggest~d 

that "[The] country is hungry for information; eve~ything 

of a statistical character, or even of a statistical appear-

ance i5 taken up with an eagerness that i5 alm05t pathetic; 
.~ 

th.e eommunity have not yet learned tO.J'be half s,keptical and 

cri~ical en,?ugh in ~spect to su ch statements". This comment 

is clearly as relevant now ~as it was in 1873. Consider recent 

, ,developments in the U.S. and Canada. During the last few years, 
~ 0 
the U. S. eensus for: 1980 has been acknowledged to undercount 

1.3 million blacks (actually a substantial improvement over • 

i~5 _p~erformance .. a
o 

~ecad~ earlier), the C.D. Howe Rese'arch 

Institute has accused Statistics Canada of consistently under-

estimating the rate of growth and thus caused the-Federal 
) 

Department of Finance to develop inaccurate projections, the 

Chairman of the Joint Economie Committee of ~he U.S. Cdngress 
d 

has' pointed to a ~potential ealamity for the Federal Statistical 

System" due to budget cuts fhat will undermine data qua lit y , 

(with 'delays in data collection, reductions in sample sizes 
r 

land elimination of sorne vital sources), and a study for the 

Eèono~ic Ccuneil of Canada hss argued that the ccnventional 
. ' 

definition of'productivity 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 

, 
-..., 

\ 

, 
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changes in the focus and measurement of both monetary agg

regates and labour-market varfable9 following influential -

, , 

. reports by th~ Bach Advisory Committee on-Monetary 5tatistics 

" and the National Commission on Employment and Unemployment 
. , 

Statistics in the U.S. With this backdrop, we would expect 

a marked change ~rom the situation described by Walker. Yet 

desp~te the existence of substantial grounds for s~vere , -

sce~ticism c6ncerning the accuracy ~nd interpretatioh of many 

economic indicators, we see the monthlY'relea~es of data 

treated as major news items without clear statements of apprQ~ 

~riate qualifications. Even substantial revis ions of pUblished 

data from governmental agencies have failed to shatter the 

persistent habit of treating economic indicators as infallible. 

This acceptanc€ occurs despite the transform~tion of economic 

the ory ta include new concepts associated with qualif~ing 

names such as "natural", "underlying" and "permanent". Each 

new concept involves', in principle;amendments to conventional 

definitions of economic indicators. 

Thé overall impression is of a curious mixture of camp la-

cency and potential change due to collection failures, shifts 

in theoretical emphases and p01itical pressures. The impact 

of fallible indicators for economitrics is multi-d1mensional 

affecting specification, biases, generalizability of fitted 

regre~sion lines, influential statisti~s, structural instabi-

lities and ~ host of other complications. These imply a 
-/ 

considerable degree of Inherent soft~ess in econo~etrics both 

• 

J 
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because of this awkward environment and because of the fail-

~, ures of econometricians to give adequate attention ta issues 

of measurement. 

Clearly the extent of su~~ issues is too comprehen~i~e 
"'-, 

for us ta caver aIl of the'm. We se t tle for some signi f icant ""~ 

ones' in the' s~ven sections of this chapter that follow. We ' 

begin with the simple requirement that t~e' oriQins of' many 

economic indicat~rs in sample surveys have to be expli~iily 

recogni~ed,so that their stochastic consequences can be dealt 

'with in estimation, predictio~ and interpretation offempirical 
.r 

fits. The second section focuses attention on environmental 
r / ',1 

/ ~ 

transformations due to f.inancial innovation and labour-market 

developments. We touch bri~fly on adjustments to monetary 

aggregates and reweighted unemployment rates as we~l.as on 

the recent debates concerning the instability of fitted money-

demand relationships. The third section looks at data prepa-

ration and prior adjustments giving attention ta the Yul~-

Slutsky effect (whieh is<linking to our earlier discussion of 

spectral approaches ta 'long waves in Economie activity), seasonal 
( 

~ adjustment, and data a~ an intermediate good. This is followed 

by a brief section on the issue of revis ions in measurements 

with monet~ry targ~ts and seasonal adjustment as particular 

illustrations. 

The remaining three sections c~nsider temporal intervals 

and aggregation, the search for data on duration in economic 

states (such as ~nemployment), and the softness of Economie 
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concept; themselves as bases fo< measu<ement., The ,first ~ '., 

of these focuses attention on the major difficulty that _ ~ 

stems from the failure of economists ta establish the funaa- ,~ 

mental time intervals for discrete madels. We can have little ~ 
conf'id~nce in the assumption. that sampling intervalS for data 

~ 

1 .:L;..~, 

will bel apprapriate ones for theoretical ecanomic models. 
l , 

Tempora~ aggregation is a major form of measurement error 

and can :be linked to biased estimation, autocorrelated errors 
1 

in regr~ssion models, and even ~ign reversaIs for parameters. 

o~. br~ef treatment of duration data is included both 

as a reminder that the common preoccupation' wi th f lows is 

unduly restrictive and as a means of indicating hfow suppleD1ental 

PTobabili ic mode!s have been introduced ta assist modifi

cations. 0 "dynamic" indicators based on ~ross-section data 
1 ) 

(such as~re obtained from the Canadian labour Force Survey). 

The final section, dealing with soft concepts in economics, 

picks up sorne ~f the issues raised in other sections. It 

• attempts to show how much of the saftness in econometrics 0 

, ~ 

stems from the insufficient attention given by ~conomièts· 
<;) 

ta making their theoretica1 notions operational. In part, 

this is due ta the vagu~ness of these notions and to the 

deterministic and individualistic format of many theoreti-

cal models. The chapter ends with a few concluding comments 

lin~ing measurement and 50ft econometrics. 

Il 
~ 
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lndicators as Statistics 

We have often stressed the problem of reconciling the 
r • 

mathematical expre~sions of economic theory with an appro-

priate ~tatistical framework. The choice of measurements or 
1 

indicators ta represent theOTetical variables is a major 

problem facing economists in this process of reconciliation. 

Sociologists, psychologists and some other social scientists 
~ 

have at least addressed the distinction between indicator\ 

and theoretical constructs in ~ syst~matic way. Economists, 
\ 

howeNer, have until recently been much less attentive to it. 
\\.. ~ 

They have also neglected ta recognize the straightforward 

origins of measurements for major variables (such as priees, 

unemployment and incomes, for example) in sample surveys. We 

intend ta begin our treatment of falljble indicators by briefly. 

" look/n g at sorne aspects of this source for measurements and 

by considertng the consequences for econometricians who use 

regression. 

. 
Most courses in econometric? within our universities 

involve a series of ideal models. These inc,lude the cla,ssical 

linear model, the generalized linear model due ta Aitken, the 

simultaneous-equation5 model of the Cowles Commission, time-

series models, and aome variants with distributed lag5 and 

unknown autoregressive parameters. This list might be supple-

" 
mented with stochastic parameters, nested errors and similar 

modifications. None of these items, however, recognize mea5ure-

ment errors or consider the intrinsic characteristics of indicator:s. 
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In fact, many students in econometrics can gradua te without 

ever meeting problems of measurement. Others will only meet 

measurement error in the context of Friedman's use of perma-

nent income in consumptian functions or in the context af 

principal components. Even then the error will be attributed 

with white noise properties or with normality because of the 

~ tractability of such assumptidns. The character of errar will , 
nat be Iinked with the ori~in of measurements. There are two. 

major dimensions of this neglect. First, the convention of 

treating explanatory variables in regressi~n. as fixed or

exogenous withaut signifIcant measurement ertar is continued 

even when the quality of data is poor, the theoretical construct 

is Imprecise, and the level of aggregation is unsuitable. 

Second, economists have,become accustomed to making "instru

mental assumptions" rather than realistic anes that could 

stem from an explicit investigation of the potential source, 
, 

form and correlative properties of measurement errors. These 

deficiencies affect the softness of applied econometric 

m6delling even if they r~main undef-recognized. They have 

visible consequences in the erratic shifts of refitted tegre-

ssion 1ines, incorrect signs or magnitudes for estimated 

'p~rameters, and unacceptable feature~ in residuals that appear 

during the stage of criticism. 

To loa~ at aspects a~ the sample sources far measurement, 

we can con~ider the Labour Force Survey (LFS) and some elements 

in the production of data for the consumer priee index and for 
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summaries of the size distribution of ircame. These illus-

trations will be focused here on the "small area~ problem, 

the issue~ of rotation bias and'response adjU~me?ts, as weIl 

as the feasibility of applying "super-population" theory. Such 

matters are frequently raised by gavernmental statisticians 

but their journals, such as Survey Methodology which is produced 
/ 

1 

by Statistics Ca~ada, attract anly a narrow audience and are 

hardly noticed by most econometricians. 
9 . 

The smali-area p~oblem arises when estimates (~ata) 

are required fro~ sample ~urveys far domains whose bQundaries 

do not coinci~e with those of design strata. Several types of 

domains have been identified. "Planned" domains are those tor 

which separate samples have been planned, designed and selected. 

"Characteristic" domains eut across sample units as with 

age-sex, 6ecupation and industry damains. Finally, "unplanned" 

domains are those that are not dis tin gui shed at the time of 

the sample design. These cauld inelude federal eleetoral 

districts, cens us divisions or ~anpower planning regions rather 

than Canada as a whole,or provinces. When measurements ta be 

used in fitted reg~ession lins are deri~ed from a particular 

survey, these inher~~ domains affect the "domain of applicability" 
} fi 

far the regressian line. They must b~ acknawledged in determin-

1ng the range of conclusions, predictions and general uses of 

em~irical evidenee. Constraints stem From the data extremes 

for explanatory variables and From the survey domains. 

Unemployment rates and measures of labour force participation 
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based on responses to the LFS are valid replicates of popula

~ tion rates and measures pro~ided th~y correspond ta accurately 

planned domains or ta characteristic damains with sufficient 

caverage in the sample. They are generally invalid for non-

planned ~omains. Thus we ought to be sceptical of disaggre

gated unemplayment rates, for example, for sub-populations 

that were not explic(tly r~cognized in the design strata. 

Their sample properties may be inappropriate. 

Consideration of the domain of measurements is also relevant 

in a~other situation; namely, that sometimes associated with 

"contextual variables". Suppose the dependent variable in 

a wage Equation is based on wage cqntracts or·on familiar series 

for earnings. Then, within the conventional'choices for the 

Phillips curve, there is a tendency ta include a measure of 

unemplayment as an explanatary 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 for an overall group or 

for prime-age males in the labour force might ge associated 

with W~~9 rates for part of the unionized labour force. When 

the reference population for the me~sureJents of ~n explana-o 
, , 

,'". 
tory variable is more comprehensive than that for the dependent ,-

variable, the former is termed a contextual variable. The hazards 

of this situation seem clear (affeeting "measures for priees 
. ~ 

and productivi ty as weIl as 'for ,unemployment) 'when described 

in this way. Unfortunately such descriptions are notably absent 
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from the w9Qe-equation literature, which suggests that many 
c. 

empirical findings may be affected ~y som~ variant of small-

area bias \ .. 
~ 

Turnin~ to the fecond illu:tration. we focus on rotation 

bias and response adjustments. These depend upon a revolving 

series of samples and upon differential responses between waves 

in these samples or between sub-populations. Again the LFS 

provides a suitable example. A second example can be drawn 

from the 5urveys of Consumer Finances (SCF), which are OUL 

. 
primary source of information on family incomes outside the 

censuses. The LFS sample follows a rotation scheme that permits/ 
. , / 

replacement of one-sixth of the households in the sample each' 

month. Any panel or wave 

cutive months. It is weIL 

that rotation designs may 

remains in the sample for six conse-
1 

known among sur vey statistic~lfÎs 

le ad ta the estimates (dat~ from 

different rotation groups having different expected' values. 

Bailar (197~) and Ghangurde (1982) p~pvide a more comprehensive 

account of this phenom~non. Several factors can be identified 
-- :, 

for the attendant "rotation group bias". For the LFS, non-

response &ates for households vary wiih thei! time within the 

sample. Further, non-respondent households have different 

average characteristics as compared to respondent households. 
~ \ 

(Non-respondents have markedly higher levels of employment, 

for example.) Thus the reconciliation of sample statistics 

with population characteristics might involve ~djustments with 

variable séaling factors. Deficiencies in adjustments leave 

~, 

. . 

/ 
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errors that are far from white noise and that are linked 

with the characteristics of households sa as ta cause poten-

tial inconsistencies fOD parametric estimates i~ regression 

models using data from the LFS. There are hidden interactions 

among variables. 

The incidence of scaling ad just ment s, for di fferential 

respanses and differing group characteristics is often limited. 

In the SCF, for example, scal~s permit overall tota~s for 

variaus components of incarne "ta be checked with data from 

National Accaunts. The scales are also, applied at intermediate 
. 

levels but the SCF samples remain advefsely affected by poorer 

responses on investment income and transfers than on earnings. 

Measurement error is therefore dependent on the composition 

of fncome. This means that quantile regression models and 
\ 

equatio~s linking Gini-coefficients wbth qualitative charac-

teristics of families are bath susceptible ta probl~ms of 

measurement due ta the form of samplè responses. It 1s surp-

rising that this softness has not received the same attention 

as that accorded ta the impact of grouping data with the use 

of approximating formulae in cal~ulating indices. 
," 

The final illustration ls cancerned with attempts to 

find better means of describing the statistical properti~s 

of aggregate indicators From sample origins. Wilkerson (1967), 

argued far treating the U.5. price index as a sample stati;tic 

affected by the design and DJsponse patterns of its originaiing 

survey. Hawever, his suggestion received little attention. 
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Recently, it was revived by Kott (1984) who surveyed similar 

(theoretical) attempts to determine sampling biases fat price , 

indices From the viewpoint of the superpopulation approach 

" due to Godambe (1955). Priee trends (and many other economic 
\ 

variables) are not random elements that,can be interpreted as 

stemming From a fixed and stationary population. Kott (p. 89) 
./ 

concedes that "they are 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 

develQping statistical properties of economic indices From 

sUP~Ja.oPulation 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 th~ir use and implying 

softness in the Interpretation of regression lines that have 

been fitted ta data From sample survey sources. 

Environmental Transformations 

In the discussion of long wa~es 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 ~ith which economic 

behaviour can be described. We hope ta 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 

: 1 



( 

237 

monetary aggregates, the ~nstability of money-demand rela

tionships as as well as the literature associated with Minsky's 

discussions of financial fragility in the U.S. economy. With 

respect ta unemployment, we lo~k at attempts ta maintai~ 

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 linked 

to advocacy of weighted rates. We could also have focused 

attention on the structural shifts identified with changes 

in governmental policies (such as in the unemployment insurance 

programmes) but eventually we chose ~ ignore these. They would 

not h~ve introduced'any new problems of softness that are not 

already present in the socio-economic and demographic changes 

that we shall actually considere Our discussion is reasonably 

brief with some arguments concerning measurement of monetary 

aggregates and unemployment le ft to our later section dealing 

with soft con 7epts. ) 

Financiar innovations create many problems at the macro-

economic level. Mayer (1982), for example, notes two of these. 

They create confusion about the measurement of money during 

the periods in which the innovations occur. They also create 

the possibility that money stock will be destabilizing. Before 

discussing thé question of confusion of measurement, the second 

problem,mlght be considered since it i5 closer ta Minsky's 
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concerns with crises and fragility. This "loose cargo" argument 

for destabilizatian is based on the presumptian that financial 

innovations, often respanses to regula tory efforts, increase 

l i qui dit Y b Y cre a ti n 9 fin a n dâ 1- as set s w i t h n e a r - mon e y pro p e r -

ties and thus accommodate spending. The availability of credit . 
is transformed, transaction casts of switching~among near

monies is reduced, and the overall level of monëy is more 

difficult ta control as a govern~ental policy. There occurs a 

curious'mixture of increased efficiency, quicker adjustments 

and incipient instability. As a whole, as Mayer points out, the 

loose-cargo argument may be insufficient ta justi fy restricting. 

financial innovation. It needs ta be enhanced with credit 

crunches before financial crises can arise ta provide a potential 

.f • 
for the pronounced decline of the long-wave collapse from lts 

cyclical (or 5-curve) peak. Such crunches in rece~t U.5. histary 

have been described by Minsky and by Wojnilower (1980). In 

the!r view, institutional changes are part of a pro cess that 

has greatly intensified the prapensity of the U.S. -economy to 

excessive credit expansion and that may lead ta more serious 

crises of endagenous bankruptcy. For econometrics, the financial-

in st a b il i t Y h Y pot he ses of Min s k yan d W 0 j n il 0 we r i m ply pronounced 

structural breaks fallowing signific?nt innovations. The time-

series character of sorne economic indicators might, ther~fàre~ 

be better represented by the interrupted madel of intervention 

analysis or by threshold autoregressians rather than the conven-

tional madels which assume stationarity or orderly movement 

between successive regimes. 

1 
Il 
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Even if crises are an exaggeration, it ~s clear that 

financial innovations affect both monetary controls and - , 

targetting. Hester (1981, 1982) and Judd and Scadding (1982) 

clarify developments 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 softnes$ in econometrics 

so we shall not pursue them. However, there are sorne direct 

connections with econometrics since the operation of controls 

and the choiee of targets are generally based on what are 

con~~dered to be stable empirical relaiionships. Thus the 

recent failure ta find money-demand equations with sufficient 

intertemporal st~bility is disturbing. The impact of this 

failure is enhanced by the sear~h for revisions of monetary 

aggregates that led ta the establishment of the Bach Advisory 

Committee by the Board of Governors of the Federal Reserve 

System in 1974 and has continued without any suffieient dimi~ 

nuition of effort toJthe present. Of somewhat less relevanee 

are the attendant modifications ta econometric components 

in models for desi9Din~ optimal monetary contraIs. Hester 

(1981) demonstrates'some of these. They include stochastic 

parameters (perhaps with endogenous drift), vector difference 

equations and rational expectations. 

Returni,ng ta measur'ement i'~self, financial innovation has 

made a wider class of indicators available for use. The defini-
/ . 

tians accepted by the Federal Reserve System have generally 

stayed within simple sums of conventional aggregates when 
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introdUC~-1A and , ...... ' 
M-18 measures in 1976 and when discarding 

• 
them for replacements' two years'" later. This hay not precluded 

interest in more complex modifications, most notably as 

",Oivisia or "Superlative aggregates. Cockerline and Murray 

(1981a, b) compare these alternatives 'for Canada while the 

special studies pa'pers of the Oivisio,n D,f Research and Statistics 

at the Federal Re~erve Board are a major source of comparisons 

and other information for the U.S~ (Our list of references 

cit~s some of these and gives appropriate access ta the efforts 

of 8arnett and Spindt.) The essential difference in calculations 

of Oivisia and conventiona! simplè--5um indicators is the use 

of weights for sub-aggregates~ Oivisia ~omponents are multi

plied bt measure~ of "moneyness", usually based on differences 
'/ --

• between intetest rates. Since W8 have pnly vague ~otions'of 

h6~ "moneyness" should be m~asured, the resulfing aggregate 

'indicators are essentially soft. Econometrie models that embody 
, 

them are, therefQre, ta be subjeçt to careful Interpretation. 

Errors of measurement a~e inevitabla and, if the y stem from 
a _, , 

-!na~curate weights, must depend upon the relative size of 
, ~ 

.- companen~s. They cannat be a~ssumed white noise,. Excellent 

accounts of Oivisia weights are pravided by ~~tnett (1983a~ b; 

1984) and in the references't'hat he gives. From these,. it is '---., 
clear that the choice of an li l.ncorrect~r mon~tary indic~a'tor -in 

a regression model cannot be adequately offset by adjustments 

ta constants or ta esti~ted slope parameters. Th4S awkward 

situation prevails ~hether innovatjon procedes smoothly or is 

clustered. Biases are pervasive. 'These might be revealed by 
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poor tracking properties of fitted regression lines and by 

th~ instability of estimated parameters wherr fitted ta diffe-- . 

rent time periods. Thus the problém of measuring aggregate 
• :t 

monetary indicators i5 not distinct from that associated with 

uns table 'money-dernand equations Y1' 

This instability issue is summarized"by Judd and Scadding 

(1982):and by Tinsley, Garrett and Friar (1978). An international 

perspective is provided by Blundel~-Wignall et al. (1984). T'he 

fundamental need for stable money-dèmand relationships in 

advQeaey of monetarist polieles 1s clear. It was, therefore, , 

very unsettling for monetarists when empirieal evidenee for 

these relationships' revealed dramatic instability just as 

monetarist perspectives bécame fashionable. Several responses 
\ 

r ta this situation were possible. The instability could be 

attributed ta the excessive~restrictions of the classical 

linear model (impl~ing need for stocha5tic parameters or . ~, 

switches in regression regimes fixed by changes in external 

influences) or to inadequate-measurement of aggregate monetary 

indicators (and, hence, experimentation with alternative 

measures until $tability is found). The latter response provides 

a new appruach in econometrics and, perhaps, a disturbing one 

for ~onventional inferentiaf.procedures. Instead of eonfirming 

an existing relationship for known variables, we are being, 

asked to believe in-its stability and ta determine the chofce 

of an indicator by the stability of equations within which'it 

i5 to be embedded. Softness arises from the choice of c~itëria 

to assess a reasonable degree of stability and, also, from 
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dOoubt;-"concerning the ini tial belief in stabili ty itse l f. 

, 1 Turning to our second area of. illustration, 'we f ind 

similar questions arising. Thus we can locate demands for 
. . 

reweighted unemployment rates and insistent claims that thp . , 

instability of fitted Phillips' curvesc should be attribwted 

~o incorrect choices pf m~asures for une~ployment. -The former 

reflect eoncerns that the transformations of the labour market 

caue to changes in the relative s~pplies of difFerent "qualities" 

9f labour) mean that the estimated unemployment rates for 

differe,t time periods are not comparable. We are, therefore, 

required ta find suitable adjustments by which we ean determine 

current equivalents fo~ earlier values of unemployment rates. 

The weights for the adjustmerfts-~ight be based on demographic 

information so that a time-series is linked with variable 

carrwctions. Alternatlvely, we can standardize reeent rates 

ta hypothetical Equivalents assuming non-changing populations , 

since an initial period. Attempts to deal with such matters 

are provided .by Perry (1970, 1971), Flaim (1979), Cain (1979) 

and Antos et al. (1979), whlle a variant stres_s~ng the impact 

govern mental policies rather than demographic shi fts is revealed 

in Clarkson and Meiners (1977, 1979). The consequences of 

these environmental transformations for Econometries are -

essentially the same as we have noted for financial innovation. 

Softne5s 15 associated with criteria for choice, method~logical 

stances and specification of statistical frameworks. 
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Data Preparation and ~rior Adjustment 

50 far we have drawn attention ta the problems of 

measurement stemming from the origins of data in sample 

surveys and from environmental transformations. In most 

~espects, ~he users of economic data find these ptoblems 
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unavoidable although they may ignore them or misunderstooq 

and mis-represent them. Data preparation and prior adjustment, 

on the,other hand, are frequently the consequences of explicit 

.. choices by researchers. They involve conscious decisions to 

smao t h data wi th gradua tian formu'lae or~seasonal ad j ustment 

software such as X11-ARIMA to remove certain "uninteresting" 

f r e que n ci e sin the s p e c t r a l dom ai n, t 0 0 b 5 C ure i n div i d u,a l 

responses to survey questionnaires and maintain both confi-

dentiality and credibility, and to anticipate the compromise 

among alternative-uses of d~ta. We intend to illustrate same 
",---,--

of these consideration~ by describing the Yule-Slutsky effeet 
, 

'às it appears in studies of long waves, by mentioning part 

of the radical reappra~sal of seasonal adjustment that is 

currently underway, and by looking at'the treatment of data 

as an intermediate good. 

Clearly these three topic~ do not exhaust the ~r~a of 

data prepar~tian. We shall ignore'the choiee of transformations 

such as" in the Box-Cox approach, differencing, "pre-whitening" 

and Orcutt-Cochrane adjustment~ for stationarity and freedom 

from autocorrelation, and trend remoVal. rhe generalized 

Box-Cox procedure, in which optimai transformations are estimated 
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for both depehde~t and explanatoi~ variables, is highly 

non-linear 50 its use eliminates many' of the standard measures 

of estimated standard error in finite samples. Differencing, 

with Integral powe!s or the fractibnal ones considered by 

Granger, requires criteria for determining which power of 

difference to choose sa an element of subjective judgement 

arises in,its use. Similar intrusions of softness can be 

identi f ied for Orcutt-Cochrane adjustments"J pre-whitening and 

trend rem~val. Data preparation sh'ould be treated as a specifie 

stage in modelling sa research becomes a multi-stage process, 

which generally means that softness is present • The Frisch-

Waugh theorem indicates a few cases where the softness is 

manage able bu are quite rare. This interaction of 

softness and multi-stage methods i5 incre~singly evident as 

the literatur on diagnostics and criticism grows. 

effect 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 a(8) is a polynomial in the lag operator 8, 
.-' 

then the impact.of a linear fiiter on a given time series xt 

/ n ber e pre sen te d a s a ( B ) x t,or y t s a y. The n, if f Y (Il) and 

f (À) are the spectral density functions of y and x, they are 
x 

connected by the relationship 

(1) = 

The spectral density of the adjusted series will depend upon 

that of the initial series and, also, on anothar factor 
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determined by the form of adjustment. Here the symbols e and i 

represent an exponential function with a complex argument. 

Suppose, in addition, the initial series can-be written in 
~ _ .. ~ 

f!# 
terms of white noise as b(B)n t , where b(8) is another poly-

nomiai in the lag operato~. Then there i5 a potentiai for 

forgetting the impact of prior adjustment so as ta confuse 

IbCe iÀ ) 1
2 

with la(e~À)b(eiÀ) 1 ~ We ,obtain "false" signaIs from 

the presence of the second fiiter. The enlargement of the 

factors in the spectral density function i9 the Yule-Slutsky 

effect. 
/ 

Time domain representations of this effec~ have been 

recogni~ed sinee linear graduation and smoothing of series 
a 

became comman. Moulton (1938), Wald (1939) and Oadd (1939,1941), 

are typital illustrations of this historical recognition. 

Fishman (1969, pp. 45-49), Granger (1964, pp. 41-42) and 

Harvey (1981, pp.81-83) provide more recent illustrations in 

the spectral domaine The problem for long-wave research has 

b e en put 5 u cci n ct l Y b Y Bir d etaI. ( 1 9~5, p. 239). "We h a v e s h 0 w n 

that the use of both a fixed averaging period or a variable 

averaging period may yield a long cycle in the transformed 

data, therefore, if long cycles have been found in economic 

data after us~ng either transformation~ it can mean that 
~ 

long cycles actually exist, or that they were created by thé 

transformation." Si~ce linear fliters have baen used to smooth 

data in long-wave research for ovèr half century, we face a 

significant problem for secondary analysis of eX,isting studies 

( 
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in determining whether Inferences cancerning the existing of 

long waves and their interactions are robust ta data preparation. 

A second example of the Yule-Slutsky effect occurs in 

simuJative experiments with large economy-wide econometric 

models. When a fitted model i5 linearized ta facilitate 

stochastic simulation, the paths generate~ by endogenou$ 

variables reflect tHe behaviour assumed for exogenouS varIables 

and the implicit filter~ng (inversion of the fitted linear 

,~tructure) of stochastic perturbations. The major im~lication 

of such simulations is that the filtering of model error can 

generate cyclical phenomena so that the signal part of the 

structure need no~ be f~rced ta include specifications with 

dynamic characteristics for cycles. The analysis of the 

Klein-Goldberger ':l0del by Adelman and Adelman (1959) is the 

best-known illu~tration of this locational ,analysis for 
~ 

particular cyclical frequencies. Their conclusions reveai ths 
\ -!rY:~ 

softness 9f linkages between specification, estimation and 
'" 

simulation. However, they are not associated with the fallibility 

of indicators and th us lie outside our Immediate concern in 

this chapter. 

The fundamental theorem of linear filtering is also 

relevant in seasona-l ad justment of data. 80th Iong-wave and 

seasonal preparation of economic series seek to enhance the 

visibility df certain frequencies by "smoothing" out other 

freqU~ies.~e difficulty represented by Yule-Slutsky effect 
/ " , , 

is that this eparation may induce false signaIs rather than 
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suppressing unintereseing ones. Often the sul tabili ty of 

particular seasonal adjustment~ is explored by representing 

. 
them as exact or approximate linear- filters and, then, cansi-

dering the implications for spectra~ densities. An. excellent 

example is provided by Dagum (1983), who considers the proper-

ties of the X11-ARIMA procedure. 

Decomposi tion of a given economic indicator into four 

components, one of which is a seasonal, was popularized by 

Persons sixt y five years ago. By the mid- 19305, according ta 

8ell and Hillmer in a recent survey, seasonal ad just me nt was 

characterized by four major ideas. These are associated with 

" . 
"changing seasonality", nonstationarity of trends and certain 

cycles, unsui tabili ty of explici t mathematical functions of 

time as representations of either seasonals and trends, and 
, 

the need ta deal wi th outli'ers. All of the se involve softness, 

which was not dispelled when c~mputational developments trans-

formed seasonal adjustments and the statistical theory of 

stochastic processes widened the scope of decomposition ta 

spectral analysis of bands of frequencies. Indeed these changes 

added other difficulties. Although more series could be treated, 

less time was spent on the appraisal of eaêh series' cyclical 

characteristics. Also there was a pronounced shi ft of respon-

sibility for prior adjustment from analyzers of data.to their 

publishers. Many researchers now leave seasonal adjustment to 

government statisticians or routine ly use dummy - var iable and X 11 

( procedu res. 
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J' 
The present crisis of seasonal adjustment arises From 

this soft situation. It is far from insignificant since most 

of the economic indicatars that are highly controversiai 
Ç) 

(money supply, unemployment levels) have been adjusted priar 

to theil' release. The crisis has .several dimensions: the choice 
,J 

of seasonals at annual intervals or concurrently as, pioneered 
1 

at Statistics Canada by Dagum; asymmetric versus symmetric 

filt'ers; and the feasibility of model-based seasonal adjustment. 

Eventuali y ,our difficul ties in de termi n ing appropr iatel y adjus t ed 

data or schemes for their generatian carry ovel' into regression 

models that use the data. Adjustments change correlative pro-

p-e-rties both wi thin the' serial character of individual variables 

and between those of several series. Thus checks for e,xogeneity 

and causal ordering, for example, are adversely'affected. 

Our final illustration of fallible indicators stems From 

the concept of da ta ~as an' intermedia~ produc t. Dev i11e and 

Malinvaud (1983) raisé a number of interesting issues in this .. 
contexte Their discussion (p~ 337) refiects experiences at the 

1 
Ins ti tute National de la Stat~st i que et des E tudes E.co~om i ques 

in Paris. "The same data-set often interests different groups 

of people, who look at i t for answers to di fferent questions, 
, 

some of which are directly related ta various concerns, others 

raised by specifie research projects. Typically data analysis 

made by official statisticians is nat addressed only ta one 

particular type of use but ta a more or less wide range ôf 

uses. Data analysis may then be viewed as providing an 

\ 1 
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intermediate product, ready for further processing by S;~~ia-
lists dealing with particular questions." Since data must. 

, 
satisfy many purposes, its eventual preparation will never be 

ent i r el y sa t is fa c tory,. Mis-ma tches' betwe e n 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 econometrics. The 

concept of intermediate produet eould, in faet, transfarm 

eeonometr i.c mode l s, especiall y thos e tha t acknowledge me.asure-

ment ~rra~ br the latency of underlying economic variabl~s. 

If taken up by cèntral statistical agencîes, it would revive 

the detailed appraisal of individual time series by non-

governmental researchers and improve the interaction of data 

producers and users. The likelihood af this occuring i5, 

hawever, small in the present enviranment of budget canstraint 

for these agencies. 

Revisions 

In earlier sections, we have discussed sorne stochastic 

sources of measurement error " shi fting populations due ta 

changes in eeonomic enviranments, and relatively static issues 

in 'data preparation and prior ~djustment. We have 50 far {gnored 
\ 

the fact that data are often madified in sequences of releases. . ' 

These.~evisian,sfl of data may be substantial. It is possible to ( 

point to severai recent instances when revisions were suffi-

cient ta chang'e perceptions of the state of economic recovery 
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or growth.· They 
\ 

occur usually in data for which preliminary 
'\ 

estimates are ~ased on conventional rules before more complete 

records are available. Surprisingly, preliminary or first 

stage estimates typically receive much more attention than 

final estimates. The latter are generally released in consoli-

dated tabulations after considerable delay so they lack 

immediacy. Howevert given the magnitude of particular revisions, 

some weakening of interest in the earlier figures or suitable 

q~alifications of them might have been expected. Their abs~nce 

reveals how widespread is the unsophisticated knowledge of 

data sources and of their fallibility. This picture exactl~ 

matches the climate revealed in the quatation with which we 
." 

began this chapter. Economie indicators, however erraneous and 

subject to revision, are part of the political fabric and thus 

receive ephemeral but dramatic attention when first their 

values are releas~d. Loeys (1984, p. 9) indicates a typical 

attitude. "The highlight of the wee~ for any true 'Fed Watch~r' 

is the Thursday afternoon announcement of the Federal Reservels 

most recent estimates of the monetary aggregates. In recent 

years, financial markets throughout the world have reacted 

strongly ta these annauncements." The reactions-have been so 
; 

extreme that argumenES have been presented by the Chairman of 

Federal Reserve for ending the weekly announ~ements. These 

.arguments gain tentative SUppOIt whenever dramatic errors in 

mol1..e~ supply figuFes occur but such support quickly subsides. , , 

What are consequences for econometrics of revisions? Loeys 

1 
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ignores them and, assuming fundamertal irratipnality~among 
. 

môney-market participants, attempts 
, 

"announcements". the instability of his empirical 

(as found in shifts for Octob\I 1979', January 1982 and Oecember 

.1982) may, however, stem from awareness among participants 

that data wouid be revised and their erratic elements smoothed. 

It is also connected to the reappraisalof the choi,ce of monetary 

aggregates that we have already noted. Further detai! is provided 

by Loeys and in the papers that he cites. Instability may aiso 

be attached ~o seasonal adjustment techniques as ~e shall 

discuss below. 

In the wider context of revisions, the traditional response 

,by econometricians was ta search for factors in determining the 

magnitude of revisions. Attempts to link changes from provi

sional estimates of nàtianal incarne and experditure with 

"explanatory" var iabf"ès u ~i~egres s ion techniques are cammon

place. There are, howeve l' , 0 th er asp'ects 0 f rev i s ions which 

are less evident but more interesting, especially if cannected 

ta the formulation and implementatian of economic policies or 

ta 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 procepure in 

construction of successive versions of ROX and CANDIDE econo-

'" mei:Yric models for the Canadian economy. 

ri 
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. Suppose we begin our illustrations for revisions by 

considëring revisions of seasonal filters. Dagum (1982, p.1?3) 

establishes the connection wi th economic policy. "The current 

seasonal adjustment of econ,omic time series is very important 

for policy making at any level of the economic. activi ty. The . 

seasonally adjusted data 

of the business cycle at 

are mainly US;;tf l ta assess the .stages 

wh i ch the e.co n my stands. 8eea u se of 
" 

this, current seasonally adjusted series subject ta Frequent 

~nd high revis ions are disliked by policy mak~rl, particularly, 

if the revisions show a change in the direction of, the, c-yclical 

movement." Two of her findings reveal the potential feed-t)aek 

from revisions to the choice of seasonal adjustment techniques 
.. 

and, thus, to choice of data. First, for the series that' she 
, 

considers, revisions of cpncurrent and forecasting filters of 

X 11- ARIMA are from 30 ta 50 percent smaller tharl those of 

" X 11 • Second, revisions for concurrent seasonal filters are 

nearlya half of those for forecasting filters of both methods. 

Th u s the. in ci den c e 0 f sig n i fi ca n t r e vis ion sis h i 9 h l Y d e pen den t 

on choi c es of pr ior a d jus tmen t. Econome tric i a n's 5 hou ld not, , 

the:tefore, consider the use of seasonally-adjusted economic 

indicators in fitting structural models without exploring the 

impact of di fferent choices for the ad justed data. 

Estimation iS not the only interest here. Fh-e Report of 

the Committee of Experts on Seasonal Adjustment Techniques 

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 monetary targets and 

controls. Maravall and Pierce (1983,1984) and Cook (1984) 

discuss sugges"t,ions tl;1at targets be fixed in terms of seasonally 

adj us te d d at a and exp 10 r eth e 'p r e 5 e n c e 0 f no i s e b à t h in p r ê li -

minary money supply figures and in subsequent revisions. 

ÇIearly noise can be associated with false signaIs and with 

di fficul ties in interpreting breaches of the tolerance range 
" 

- set by the Federal Open Marke't Committee for growth rates of 

monetary indicators. Maravall and PierC;:,e (1984) determined a 

hi gh fre quency of mi s leading . pre liminary fi gures (ab'out 40 pel' 
i 

'f 
cent) in the de cade of the i~970s, with seasonal revisions , 

identified as the primary c ~se of wrong signaIs. 

. .. 
Turning to revisions nd instability of ,fitted' models, 

we see t he Almon lag as a means of apparent l y reduc ing dimen
!

sionality in the classié l linear model. Sup'lJose we have, in 
(> 

familiar notation, 

(2) y = Xb + e 

where y and X record bservations for variables, b is an 

unknown parametric ve tOI' and e represents the error. The 

Alman-lag procedure ,r quires b ta be replaced by Ac where A 
1 

is a known matorix and c is an unknown vector of shorter length 

th a n b. The n , i f vis the dis cre pan c y b e t w e e n ban d A'C, , 

( 3) 'y = XAc + (e+X v) • 
/ 

Least-squares estimates are obtained for c ignoring the composi t~ 

character o'f the error in (3). When multiplied by A, these 

• 

--. 
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'yield implicit estimates of b. This procedur~ is used in many - ' 
< 

economy-wide econoffiBtric models, most notably in the ROX and 

~CANDIDE models for Cànada and in their U.S. counterparts. For 
... 

almost twq decades, these models have revealed instability of 
o 

specification when refitted to re~ised data for Natignal Incame 
." 

and Expenditure after initially being fitted to data including 
_ la 

preliminary values. This occurs at about two-year interva~s 

in Canada as revisions are ~bodied in consalidated tables. We 

;uggest that the combi~atidn· ~f revis ions and the use i~~ 
Almon lag éan explain this instability of fltted relationSh~\ 
If the error ,e and the speci fLcation (2) satisry the assumptions 

a fo the c lassi ca 1 li neat mode 1" the.n the A Iman es t ima te for b is 

biasep with the bias being dependent on X, A and b itself. Thus, _/ 

if revisions change X. the bias will change and estimates will 

b~ unstable sven if th~ under~ying relationship is ,note The 

method~ of estimation (~ith its false cO~5tralnts) ~nd data 
"'--." , 

'revisions combine to yield an unsatisfactory situation. 

l t i s, a b v i 0 U 5 f rom the 5 e i Il u s t rat i Cl n 5 ,t h a t r e vis ion s Q f 

data can be a major component in so~t econometrics and in the 

acceptability, interpreta~ion and tolerance regions of monetary 

targets as weIL 8? many issues ~ffecting seasanal adjustment. 

, 
.Temporal Intervals and Aggregatian 

'" The fifth area of fallibility of measurement that we 

~ wa'nt ta discuss i 5 markedl y di fferent' From those ci tecJ.....above. 

It inv'olves, in a. fundamental way, the distinction between 

" 
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stocks and flows among economic variables and stem~ From 

imprecise treatment of temporal intervals by economist5. .. . 
Although references to "long-l'un" and "short-l'un" are common, 

theil' definition in tel'ms of time, l'_hel' than of the flexibility 

of change,ls rare. The shoft-ruM period is not a fixed number 

6f days or months and is certainly unrelated ta the sampling 

intervals adopted by statisticians in the production of data. 

As a consequence, the intervals as~sumed in economic theory 

(which are relatively imprecise and not nece5sarily of constant 

width) are,not those underlying data. Thus fitted models must 

involve some temporal imbalance. Ooes this basic mis-matching 

matter? We shall argue that it is a majo~ problem affecting 
c 

both ,specification and t'he dete~rmination of statistical pro-

perties for estimates of model parameter~. Ta support our, 

arguments, we shall draw. on a framework described by Rowley 
~ -

and Trivedi (1975). This simplifies the real situation by 
-.-J ' , 

âssuming sampling inter vals are integral sums of theoretical 

intervals. For example, we can think of annual data when 

theory is appropriate for quarterly intervals. This simplifi-

.cation i5 a significant reitrictlon but it yields some results 

tnat are, perhaps, surprising for many ecénomists and econo-
, 

metric ians. Rowley and Tri vedi ci te the principal use t's. of 

this framework. At ~the end of this section, we shall briefly 

indicate Œomplications that 1t obscures. Most notablè of these 

is a :problem of irregular spacing which was first disc'ussed 

by Quenouille. 

_/ j-
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Before beginning our discussion ~f temporal aggregation, 

it seem~ appropriate~o notice a theorem of aggregation f~ 

time-series elements. This does not inv~\ve temporal aggre-

gation. Rather it reveals a problem for specifying the error 

in a structural model wben this errox is assumed~ to be a linear 

combination of omitted factors. Following Orcutt, these 

omissions'might be assumed ta be generated individually by 

tim~-series processes. Suppose Z1t and Z2t are two elements 

detetmined by ARMA (P1 ,Q1) and AR~A (P2,Q2) processes. ~enP 

their sum (z1t+z2t) is determined by an ARMA (p*,q*) process, 

where p* is the sum (P1+ P2) and q* is the maximum of (P1+ q2) 

and (P2+ q1). For example, if z~Jand z2t'are.determined by two 

Markov processes AR(1), then th~~ sum (which is ~ simplifica

tion for the error in a struc~ural model) is determined by 

an ARMA (2,1) process.' This theorem suggests that it 1s very 

unlikely that errors in structural models have the simple 

properties that are conventionally associated with them. • 
It is especially clear that, even if error components are 

. 
Markov, their sum i5 note This seems ta invalida te routine 

use of autore~ressive transformations. The theorem introduces ~ 

two elements that we shall also find in temporal aggreg~tion. 

First, the process generating an aggregate vari~ble can be 

found from those generating its components but it generally 

" differs from them. Second, aggregation seems ta imply the 

c~mmon presence of moving-average features. These MA features 

are awkward to deal with in estimation and have been widely 

overlooked both in econometric research, and in our textbooks. 
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We shall explore four illustrative cases for temporal 

aggregatian. The first and second cases deal with the reduc~ 

tian of autocorre~ation among errors. These are followed by 

cases involvi,ng lagged dependent variables and exogenous 

variabl~s. We shall consider three-specifications of an' 

/ inhe~e~t model that is based on econamic theory: 

" 

a 

(4) (Cases A,S) 

( 5) (Case C) 

(6) (Case 0). 

Here Yt is a variable of interest, xt is an exog~nous factor, 

et is an error and the other symbols represent parameters ta 

" 
be estimated. 

Similarly we have three specifications for the process 

generating the error: 

( 7 ) (Case A) 

( 8 ) (Case. 8) 

. ~ . (9) et = nt 

where c ~arameter, nt is white noise and c 1s assumed 

(Cases C and D), 

less than unit y in absolute value. 

The fitted model will depend on the choiee of sampling 

interval; that is, on ~he degree of aggregation. In Case A, 

the fitted model is 

(10) , Yt = ha + Et for t=h,2h,3h, ••• 

c • 
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where h, an integer, is the number of "theoretical tim-e units" 

in a sampling interval~ Yt is the h7interval aggregate and 

Et is the corresponding'earor, It is reasonably straightforward 

to establish that Et is generated by an MA process with lower 

autocorl'elations than those for et' For example, with 4-period 

aggregates, the autocova.r iances of the two err'ors are 

~ 2. 2. 

et . [1 + (1 +c) + c '], c ,0, •.. . 
Z 2. 

Et [1+3(1+c) + c ],c ,0, •.• 

if we suppress the scale factor for the variance of the white-

noise input. 

In Case B, the fitt~ model is again (10) but the error 

gen~rating process differs. The aggregate 'l'l'ors are no long~r 

: generated by a Markov process. Although autoregress1ve trans-
- .' 

formations might be appropriate for the theoretical model, 

they are unsuitable for the fitted models since aggregation 

has affecte~ the error-generatJng process. Taken together, 
fI" -:.o~ 

the' two cases show that the size of the constant varies with 

the degree of aggregation, moving-average features -persist 

or ~re introduced, while autoregressive elements are compou~ . 
nded with MA ones~ Finally, even if economic theory or sorne 

other sources could iden~ify a time-series structure for the 

theoretical model, the eventual erraI' will be equally depen-

dent on aggregat1on. The failure of e"conomic theorists to 

f~x intervals for theoretical models implies that weGcan never 

be sure what degree of aggregation has occurred. Consequently 

f 

, 

Il 
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we have difficulty in the i~terpretation of the size of the 

constant and in choosing an appropriate prior specification 

of the error. Softness is inevitable. 

Turning ta Case C, which involves (5) and white noise 

for the error, additional complications arise. The fitted 

model for 2-period aggregates is 

(11 ) for t= 2,4,q, ••• , 

where A de pends on both a and b ~nd Et also depends on b,as 

given by", 

( 1 2 ) 

The aggregate error has autocovariànces that indicate a MA 

process. Further this error 15 c}orrelated wi th' Y t ... 2 50 least-
, 2 

squares estimates of b will be inconsistent and asymptotically 
j "" . -

biased. To summarize, the parameters of the f1tted model are 

markedl y di fferent from' those of the initial theoretical 

model and the error (solel~ as a consequence of aggregation) 
2 

has very,unfortunate properties. Notice the sign of b can 

be' di fferent From that of b sa rejection of model wi th the 

"wrong" sign could be due entirely to agjregation. 

~..,..-,--
When the constant is replaced by the exogenous element 

~ , 
dX t as in the move from Case C ta Case D, the "fitted" model 

is ~lso changed to 

for t= 2~4,6 ••• 

* where X - is given ,by t . 
, ,. 

, ! 
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, (14) 

Now the appropriate explanatory variable cannat be used unless 

b is known. Measurement' error is 'inevitable and I~ s.ignificant 

non-linearity has been introduced. 

AlI of these difficulties stem from the single deficiency 
. -

of theory ta p~a~ide an adequate basis for specification by 

econametricians. Indicators are fallible because we are 

uncertain considering their temporal span, their correlation 

with errors, and their accuracy. Aggregation, even of the 

simplè kind discussed here, introduces complexity, biases and 

nonlinearities. When data are collected at irregular intervals 

or economic decisions (the t~eoretical tomponehts) occur at 

irregular intervals, the situation for estimation becomes 

even more difficult. Dunsmuir and Robinson (1981) discuss 

time-series estimation when observations are missing. Their 

approach might indicate one meqns of dealing with irregular-

ities in data collection-or sampling intervals but this has 

yet to be determin~d. Rowley and Wilton (1977) explore the 

combin<f'tion of irregular dec,isions and stable sampling 

intervals with information from wage contracts. Their work-

is passimistic since it implies that we could only'~liminate. 

the consequences of te~poral aggregation by collection 'of a 

substantial body df micro-data. The problem of irregular 

spacing is clearly in need of much mor~ attèntion. Unfortu-

nately; it is not cle~r how the simple framework that we 

. have used could be modified for this irregularity. 
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States and Duration 

Much of modern economics 1s preoccupied w1th flows. The 

stock-flow distinction 1s overlooked or blurred by conven1ent 

theoretical devlces. Dften, wh en stocks are involved in economic 

models (such as, for example, equations for the derived demand 

for productive factors), they' are transformed into flows using 

a notion of implicit "services" associated with the stocks. 

Thus multiplicative scaling factors, with a time dimension, 

permit caprt~l stock and labour supply ta be treated as if they 

/t 1'· d lb' . t· "1 wer€ capl a serVlces an a our serVlces, respec lve y, espe-

cially in neoclassical formulations. In many econometric 

explorations using data for stocks in linear mDdels, this flow 

dimension i5 implicit in their estimated parameters and may 

affect their intertemporal stability. It is generally hidden 

from view. Quite apart from the issues raised by the potential 
" . , 

instability of estimates and~the Imprecision of the services 

concept i tsel f, the use of 'data for stocks has been linked 

ta some major difficultles in Interpretation and specification 

for econometricians. The difficulties are not simply technical 

ones of limi ted lnterest. They are import~t Ingredients in 
• -ç~::"" ./ 

controver.:ties among economists and policy-makêL's. We shall use , 

recent discussions of unempVoyment ta illustra~e sig~ificant 

issues of stocks as they impact on eCDnomic and political 

contr6-\:lersy and on econametr ic softness. DU,r frameUJork is 
\ 

essentially that provided by reactions to the' "nelll view" of 
, , 

unemployment, which is aften ~ttributed ta Feldstein. Por 
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economists, this view stresses "voluntary" unemployment of 
, " 

short duration. l t has" st imulated a reapprai saI 0 f une'mpl oyme(1 t 
. 

statistics and of potential methods for augment~ng them so as 

ta establi$h the pr~ncipal dynamic features of employment, 

unemployment and labour-force participation in relation to the 
" -attributes"of different,gro~ps. 

This reappraisal has generated a hast of papers and inter-
, . 

national attention. Examples for the U.K., the U.S. and Australia 
1 

include Akerlof and Main (1980,1981,1983), Bowers" (1980), 

Bowers and Horvath (1984), Clark and Summers (1979,1980,1982a,b), 

Frank (1978), Hall (1982), Kaitz(1970), Lancaster (1979), Main 

(19B1, 1982a, b), Nickell (1979a, b; 196JIJ, Salant (1977) and 
c 

rrivedi and Baker (1982a, b,c). Canadian fxamples are provided 

by' Beach-a.nd Kaliski (1983), Fienberg and' Stasny (1983), Hasan 
J 

and de 8roucker (1982a, b, c) and the sti.rtUes they cIte. 

Associated with this literature, we can detect a shift From 

the con~entrati~n on unemplo~ment r~tes to new interests in 

turnover, the incidence of unemployment, frequency and duration 
\ 

of unempldyment spells, probabilities a~ re-employment, and 

interrupted spells. 

The new view of unemployment, as' descr'ibed, for example, 

by Feldstein (1973, 1976), suggests that it~ nature has change~ 

fundamentally. It has been affected by an envirbnmental trans-

formation 50 that the unemployment rate, as canventionally 

measured, is no longer a stable indicator of closeness ta 

capac,ity or. of ecanomic hardship. This criticism of the indic~tar 
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is distinct from demographic transformation that we noted in 

an eariier section of this chapter and the techniques ste~ming 

from it differ from the re-weighting schemes that we cited 

there. Rather attention has shifted to means of modelling 

"gross flows" in the labour market. With a basic list of 

"staies" (in the labour force, unemployed, employed part-time, 

employed fuli-time), these flows are 'persistence in or move-

ment between successive states. A "spell" is a persistent stay 

within a given state 50 much of labour-market dynamies can be 
" 

expressed in' terms of states and spells. Unfortunately, just 
'il 

as we saw a mis-matching of theoretical horizons and sampling 
( 

inter vals fpr time-series in the last section, we can now 

distinguish between the time-frames for data from periodic 

cross-sectional (or rotation-group) samples and the irregular 

intervals betwèen changes in state actually experieneed~ 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 ofLthis, Bowers and Horvath (p. 148) 

indlcate considerable inconsistency in longitudinal microdata 

from the Current Population Survey (CPS) concerning duration 

of indi v idual unemployment. Tb e\ conei ude tha t i t is "inescapable" 

that reported unemployment duration i5 greater, on average, than 

one would expect. This fallibility 15 addit10nal to that 

associated with sample selectivity, truncated samp~es or 
o 

rotation blase 

If unemployment is largely voluntary, turnover may be high, 
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and spells of unemployment brief. Rather than laoking at 

unemplayment rates, we mlght prefer ta look at'alternative 

indicators such as the average duration of unemployment. 

Validation of this new view clearly requir~s detailed explo

ration of labour-market dynamics beyond 'those commonly considered 

prior t6 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 expla.in the magni tude of the response ta 

the advocacy of Feldste~n and others, as revealed by the contri

but ion s i 'n"" the lis t t h a t we h a v e pro v ide d. C a i n (1 9 8 0 , p. 7) 

summarizes the situation. "It may •... be said that if the concept 

of unemployment were ta 105e its status as an,operationally 

~ valid measures of la~or m~rket conditions, then the teaching 

and application of macroeconomic theory, econometric estimation 

of macroeconomic models, and a large part of labour economics 

would need ta undergo major tevi~ions." 

Three elements of labour-market dynamics are indicated 

in an explanatory pamphlet issued by the U.S. Bureau of'Labor 

Statistics in 1983. These involve turnover, duration and 
(, 

unemployment experi<ence in the yea;!:' rather than the shorter 

sample interval (that determine~ the unemployme~t ratê). First, 

the large degree of turno'vèr is revealed by the fact thât, i:n 

non-recessionary peri~dst about half of thB U.S. unemployed 
. 

in a given month are not un8mploye~ in the following month 

'according t'a CPS responses. Second t the time sequence of 
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.. ' 

estimated average duration df unemploymen~ is not stable. It 

UJas about 10 UJeeks in periods of economic prosperity but rose 

to abou~ 18 UJeeks during the 1981-1982 U.5. recession. Finally, 

the number of persans who are estimated ta experience some 
, 

. 1 1 
unemployment in a year is betUJeen 22"" to 37 times the number 

• 1 

revealed by monthly stati~tics. Clearly aIL of these affect 
t 

our interpr~tation of the appropriateness of t~e (monthly) 

unemployment rate as an indicator of economic hardship or as 

an indicator of labour-market conditions ("tightness", closeness 
. 

to capac i:t y, or simi lar n'ot i"on) • 

Since our primary inter est here concerns the econometrics 

of gross floUJ5 rather than the substantial issues of economic 

policy, we leave discussion of the latter to Hasan and de Broucker 
. ' 

-and turn to technical issues raised by the use of data fOT 

spells and duration. The intrusion of quasi-structural anD 

suppleme ntal probabi lis tic mode ls càn b\ illus,trated UJi~th the 

treatment by Nickell of unemployment inc~ence and expected 

duration for members of particular groups. Then a non-stationarity 

problem for hazard-function approaches to modelling can be 

identified using the comments of Beach and Kaliski and of 

Trivedi .and BakeF' Both of these components in our demonstration 

of the softness of econometrics stem from attempts ta overcome 

the absence of appropriate information by us~ng instrumental 

assumptions. 

Nickell uses a logit model for estimating the probability 
1 

of unemployment. If an individual 1s characteriz~by a number 

of recorded attributes x
1

' x2 , ••• and sa on, the probability 

, 
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~f being unemployed may be assumed given by the. quasi-structural 

relations 

( 16 ) m 

Û1'here bO' b1, b2 re pre se nt' unknown weights. If a ran dom sample 

of J unemployed and K employed pers ons 1s collected, its 

likelihood function is given by 

( 17 ) L(b) 
/,. 

= TI p (x .) TI [1 -p (xk ) ] 
j - J k -

where ~. and ~k represent recorded attributes. Estimation of 
-J 

,the 'unknown weights from this likelihood yields both the' esti-

mated incidence and gfoup unemplcyment rates (for average values 

of attributes). A similar technique can be used to determ~~~ 

estimates of duration in unemployment. Suppose s measures an 

individual's present ~uration so far, then we could specify 

the conditional probability of his lea~ing unemployment .in a 

given period as a fwnction of sand other personal attributes: 

( 1 9 ) n = 
2 

a 2s +" b· X • ~ ~ ~. 
~ 

The expected duration for an individual or group with attribute 

levels x~ is then estimated by 

,( 20) 
co s-1 

= l s q (x 0 ' s') II [1 - ~ ( x 0 ' v ) ] • 
s=1 v=O 

This form ot model is quite common. Its acceptability stems 

from simplicity and the absence of mOfe direct evidence. 

-, 
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\ .' 
However the resui ts are ,essentiaIIy soft because of the absence 

of any Inherent justificabtion for the structural specifications 

for (15), (1'6), (18) and (19) either at a givenOperiod or 
~ 

-thro~gh successive periods. We obtain estimates of interesting 

dynamic features but the qualities of these estimates cannot . '" 

be determined outside the narrow framework of a conditionai 

"truth" of the speci fications. This is clearly an 'area of 

exploratory econometrics rather than one of confirmation. 

Excellent acco4nts of alternative specifications for estimating 

duratton are provided by Trivedi and Baker. AlI share the . 
arbitrariness of Nickell's simple model, its structural soft-.. 

, 
ness and exploratory forme 

Given the varia~ility of actual dJration that we have 
f 

already cited for the U.S. (and pr~sent ~lsewhere, of course), 

the, assumption of constant weights in these spec if ications 

is difficult ta accept without qualification. Nonstationarity, 

invariance and parametric instability seem Inevitable. This 

is recognized by Beach and Kaliski (p. 258) when they ~onclude 

that "one cannot get rid of- aIl assumptions of invariance 
6 

over time simply by changing rrom assuming a constant escape 

rate to estimating a Ihazard function l relating escape proba-

bilfty to the duration of unemployment." The implication for • 
Q 

research is that its models may reflect'crude app~oximations -------

to steady-state formulations even if these are being explicitly 

discounted by 

Baker (1982c) 

individual authors. Appendix 2 of Trivedi and 

eXPlor~the relationship between sorne methods 
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of estimation and ste~dy state model~, including those of 

Main, Salànt, Kaitz and Frank. The overall picture is one of 

,confusing complexity and, per~/the major conclusion that 
, 
~emerges i5 that aIL procedures are soft bath as theoretical 

formulations and as generators of ,empirical Evidence on-the 

features of spells and duration. Thus the fallibility of our' 

data resources has not been overcame by recourse to supple-, ' 
, . 

mental modelting technique~. Many of the problems of dealing 
1 • , 

with changes in ~tates, or changes in stocks with aggregation, 

pers,ist ta confL!se'interpretation of empirieal findings. 

~\ 
Soft Concepts 

In a major addreas ta thB Ame~ican Economie Assac1ation, 

Leontief (ÙI7"1, pp. 1-3)' took alÎ.m at sorne undesirable features 

of economic theory and empirical reseaxch as he Rerceived them. 

-He pointe~ ta the~"uncritical enthusiasm" for ma~hematieal 

formulation th~t ~tends often ta conceal th~ ephemeral subs

tantiv~ content Qf the argument behind the formidable front 

. of algebrai~ signs" and was severe' on the failures of e'Conomists 

ta, consider t,he empirical vf}l.idity of their,as5umptionsJ'rhe 
. . ,,( 

i m pra c tic al i t Y a f the 'In a s s ive and sap h i s tic a t e d " s ta t i s tic a l 

maehinery of econometrics was noted and the preoccupation of 

economists wtth imaginary or hypothetical variables given 

suitable ap~robation. "In too many instances sophisticated 

statistical analysis is performed on a set of data whose exact 

meaning an~ validity are unknown to the author." A major hazard 
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for linking the specification of econometric models to economic 

theory is explicit in this criticism. Soft theoretical concepts, 

50 easy to introduce, need to be augmented before the~ imply 

particular measurements or before 'they can be embedded in-

any of the Ideal madels used for statistical analysis. Leontief 

is ~imply repeating the views expressed by Clark (1947) in 

the Quatation cited in Chapter Three. Abstract symbols do not 

automatically-eliminate loase thinking. Dften they fa11 ta 

attract the clârification ne~ded 'far them to be compatible , . 
wi th ?n~'O systëm - ~t measurement. 

~ ... ~ 
·Economic theary contains a hast of concepts assaciated 

with terms such as patential, expected, normal, natural, 

underlying, permanent and sa on. The occurrence of these Quali-

fiers is almast always a 'sign of Imprecision as' regards measurement .. 

Nor does the use of these- terms exhaust areas of saftress in 

,theoretical co~cepts. Ohe feature of a vibrant d~scipline is 

the transformati~n 'and evolution of i ts ,concepts. Thus i t 

shauld not be surpr Ising if econamists choose ta work with "fuzzy" 
, \ 

concepts befar€ they receive suitable definition. On the'ather 

hand, it may be surprising to find persisting softness in the 

determination of majar economic variables such as the user cost 

of durable é!.ssets, unemployment, liquidity, capacity, labaur-

market slack and incarne or of econamic turning points as in 
~ 

the stages of business cycles in economic activity. Indeed 

economists might even reveal a predilection for using soft 
, 
concepts in excess of that found in sorne of the aIder disciplines. 
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, . 

Clearly imprecision in the 'basic elements of theory will have 

an impact on the speciylé~tion, interpretation and appraisal 

of 'econometric mo"dels. It also affects the consideration of 

economic policy for~ulation, which can involve the soft concepts 

too. We have already ,noted the di fficul ties exper ienced in the 
/ 

.choiee d~ U.S. monetary aggregates for targetting range~, the 

reapprai saI of produc ti vit Y indi ca tors (and hence of c.apaci t y 

or potential concept)at the Economie Council of Canada, the 

~earch for ~ppropriate weights with whic~ ta make measures of 

unemployment more compatible with in~ertemporal eomparisons, 

and many more policy-related illustrations can be foùnd. For 

example, the Department of Finance of the Federal Government 

~egan using the "underlying" rate of inflatio~ in the 1981 

issue of its Economie Review (ch. 3). 

The relationship between concepts and actions may be 

quite complex especially when measurements for particular 

concepts reach "unacceptable" levels. Th~ exchange between 

Ta y lor and Boreham in ,the d iscuss i on of the paper by De ville 
" 

and Malinvaud (1983, pp. 354-355) provide an interesting 

illustration. When the U.K.' government chose to change its 

definltion of measured unemployment, its action created a 

disturbing controversy in whi~h issues of measurement and 

j'Political expediency became intermingled. Were the data 

amended because of flaws in their measurement, the availability 

of superior administrative mèthods, or because the values 

actually recorded were embarassingq This controversy ~ould 
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onl y arIse when the un~er l y i ng concept Is soft although 
/ 

a b v i ou 51 y 0 the r con d 1 :t/i 0 n 5 are aIs 0 ' rel e van t • 
-c..J _ ~ 

Th~ l~plications of-soft concepts for econometricians . , 

\ 

seem clear. We shall draw on developments ~n three areas of 

economics to clarify sorne of them. Our discussion in volves the 

periodization for business cycles, pr-ices and unemployment. 

The first atea was conventionally tr-eated with NBER methods 
,\ 

and ad hoc rules until f'l,intz (1969-1974) and Br-y and Boschan 

( 1'97 1) de v e l ope d corn put e r - bas e d a pp r 0 a che s top a r ti a Il y r e pla c e 

the ear-lier ones indlcated in Burns and Mitchell (1946). The 

• apparent conf1ict between NBER appr-oaches and structural 

econometric models meant that there were two distinct attitudes 

to data and their processing. Since the diffusion indices and 

similar measurements are prirnarily dependent on directions of 

change and not on inter-val scales, they may be more r-obust to 

conceptual uncertainties and shifts than measurements used in 

econometric equations. The softness of tradi tional NBER methods 

for dating cycles ïs evident while~that of structural methods 

is not. Rather the Inadequate recognition of the fallibility 

<' .' of measured indicators obscures }tî~,S softness. Indeed consi-

deration of robustness might raise. the relative status of the 

tradi tional methods. It is alsa wor-th recalling the discussion 
\..'>--.--- r 

b y Bu r n san d Mit che 11 (p p'. 3 - 5) 0 f the de fin i t ion 0 f t li é "o:;;ts i ne s s 
'" 

cycle. They list a series of issues raised by the definition 

and argue that each clause in their- tentative choice "suggests 

hard questions, sorne of which raise doubts about the validity 

of the concept itself". This saftness inevitably leads ta 
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empirical difficulties irrespective' of what methad is adopted , 

far determining t~è change-points, in cycles. Which indicators 

should we look at? H?w should. we ~prepare~ them? How should 

we combine them? How do we establish significant change? 

Responses to such questions probably fail any simple tests 

of objectivi ty. 

Apart From Mintz's efforts, we'should note two other 

econometric developments which are affected by soft concepts. 

The use of'clustering algorithms and Chernoff's faces (as by 
/' 

Meyer a} the NBER) ta date cycles is a straightforward exten

sion of the traditionaL,tnsthods. It shares their evident softness 
-~-:j~5'< ~ • 

especially as the choi~~~of facial configurations and clustering 

metrics is known tq be highly subjective. The second d~velop-
\. 

ment i s as soc ia ted wi th the new equilibr ium business-c y,cle 

theories of Lucas and otmers. It stresses the use of stochastic 

difference equations and th~ commonal~ty of sorne cyclical 
,)-~\ \. 

frequencies. Sargent (1979, ~p. 254-256) provides an excellent 

description of haw econometric models can be used in this 

line of development. He illustrates pairwise coherence among 

the unemplayment rate, real GNP and output per manhour at low 

~ business-cycle frequencies far example. The presence of soft 
, "V-

concepts means that these ealeulations are distorted by noise. 

Turning ta priees, we can find a variety of major problems. 

The consumer priee index provides the mast cammon framewark for 

their discussion and s~ssive BLS Commissioners in the U.S. 

have felt eompelled ta speak out and ta issue reports on the 
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challenges and potential amendments of the CPI. A typieal 

report is Problems in Measuring Consumer Priees (BLS-697,-198~) 
~ 

while standard issues involve the treatment of pl' ices for durables 
e " 

(especially for owner-occupied housing and automobiles), taxes, 

differential experiences for'population groups, substitution, 
o 

seasonality, q'uality contraIs due "ta respanse patterns and , 

sample size, and the comparability with other priee indices. 

Nor is discussion 'restricted ta governmental bureaucrats, 

s ta t i s tic i ans and. a c a d e mie s. l n M a y 1 9 8 2, for e x a m p{.e, the 

president of the Canadian 8ankers Association told a eommittee 

" of the Canadian Sena te ~hat the prevailing rate of the CPI at 

1 2 p e r -c en t wa s qui t e i n co m P a ti b le w i t h the cor r e s p 0 n d i n g rat e s 
, 

for other economic indicators, which were in the range of ~ 

about 7 or 8 per ce~t. A few months earlier, the President 

of the Treasury Board had issued a similar warning about the 

possible shortcomings of the Canadian CPI. 

Sorne aspects of attendant problems are revealed by 

B 1 a ne i"f 0 r t i and Gal vin (1 9 B 4 ), Ca 9 a n ah d Mao r e (1 981 ), C a Il a han 

(.1 981 ), Gill i n 9 h am (1 983 ), Gill Ïf1 9 ha man d . Lan e (1 982), Lan e 

and Sommers {1984), Mitchell (1980), Rymes (1979) and Triplett 
, 
(1980, 1981) and in many other papers. Blanciforti and Galvin 

eonsider new approaches of driving a user eost for automobile 

services for inclusion in the over~ll index. (The us~r-eost 
\ 

framework had already been thoroughly ,explored for homeowner-

shi P .b Y Gall i n 9 h am sot h a t the B L S ha s b e 9 u n apI' 0 ces s of 

amending the homeownership component in the U.S. CPI.) One of 

JI 

- -,(\ 
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their conclusions i5 worth repeat;ing. "[Estimated] user cost 

functions are extremely volBtile, reflecting weaknesses in 

the determination of ~hanges in the market value of 9 durable 

over time, specifically with respeGt ta depreciation and 

capital gains." The issues connected with housing are also 

prominent in the other PQpers cited. Triplett (1981) considers 

the reconciliatior of the CPI and the implicit priee deflator 
• J 

for personal consumer expenditure5 from Nation~l Incame and 
. 

Product Accounts sa that he must address the issue of substi-

tution and its impac~ on the Interpretation of fixed-weight 

indices. Callahan (p. 12), on the ather hand, compares different 

,m e a s u F es' 0 f the rat e a fun der l yin 9 i n~ lat ion. A gai non e of 

his comments ls worth repeating. "The wldespread usage of the , 
, 

term underlying rate of inflation would imply a consensus of 

understanding. It i5 cHed so often without any explanation 

that we dare not ask what i t ,means for fear ,of showing our 

ignorance. Ir:J truth, the presumption that the meaning of, 

underlying rate of inflation has become common knowledge is 

" 
only h,al f correct ••••• We now ·go fnom the world of conceptual 

unanimity to widespread disagreement on the approp~ate measu-

rement of the rate. There is almost a one-ta-one correspondencè 

between the number of economists who have addressed thi~ tapie 

and the number of different measures proposed. u With this 

backdrop, i t is di ffieul t ta see how we can avoid the plaefng 

of complex qualifications on any fitted relationship that 

includes the CPI or an alternative priee index as a measure 

of an explanatory factor. 

, " 
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The si tuation is no better wi th labour-force statistics. 
-~ 

In 1962, the President's Committee ta Appraise Employment 

-and Unemployment' Statistics (the Gordon Commi ttee) suggested l _ 

tha t the CPS include special efforts ta 'identi fy "d~scouraged" 

worke~s although it recommended the unemployment rate ought 
1 

not to i nc l ude them. B Y Mar-ch 1984, the Me t roholi ta n l'oro nto 

Soc ial P lanni ng Counc il was able ta repor t unemplo yment ra tes 

of 16.1 peI' cent, about 40 peI' cent higher than those stemming 

From Statistics Canada. TQe difference was due ta the dis-

parities in treatments of discouraged workers. Even the 

pra~tical definition of discouragement is contenti~us. The 

choiee of the Gordon Commi t tee was, for exa!"p'le, re je~by 

th,e report of the more rec e nt Nat ional Commission, which ·indi-

cated a preference for a narrower definition~ but much more 

will be heard on this question before the matter is settled. 

Until then; the problem of "hidden" unemployment due ta dis-

G?uragement will continue ta damage the integrity of published 

unemployment rates. 

Similar disparities arise when' we consider partitions 

of existing rates, as when attempting ta identify "voluntary" 

or "structu~al" eomponents in different decompositions. For 

• e m plo Y men t, we ca n p'o in t 1::>0 the d e fin i t ion aIs 0 f t n e 5 5 for 
, 

"margfnal attachment", "fuil employment~ and "subemployment". 

'" 
Further informat.ion is pravided in Chiswick (1980), Clogg (1979), 

Fellner (1978), Fortin and Newton (1982'), Stein (1980), 

Thirlwall (1983), and Trïvedi and Baker (1982d). One consequence 
')!-rO\' 
l"') 

of thr~ Imprecision is experimentation with different measures 
tI 
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for given econometric equations. Fortin and Newton· (p. 262) 
, 

prov ide a simple i ll'tstréttion for madi f iCéiltions of the unemp-

l?yment rate to approximpte labour market tightness. With 
.. 

variants of a basic equation foi' wage-determination, they 

include)or exclude a number of different modified rates , 

(sometimes singly, sometimes c~llectively) and judge their 

corresponding fits in terms of what they term t-statistics 

and standard errors for the equati'ons. This amounts to repeated 

use of confirmatory procedures in an explora tory si tuation. 

The impossibili ty of deriving accurats inferential statistics 

for t he il' method. i s a consequ~nce of the' sof t ness. A Il 0 f 

their diagnostics have invalid probabilistic bases. That this 

type of experimentation 1s common does not remove i ts adequacies. 

Only a refinement of the theoretical constructs tcr include 

sp~cification of their measurement will suffice. 

In summary, there are no appa~ent means of avoiding the 

complications of soft theoretical concepts for econometric 

modelling that l'equires 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 qui te different in 

level and dynamic movements. 

Final Comment 

We, began wi th the suggestion that the fallibil~ ty qf 

economic indrcators was an" important element of soft econo-

metrics eve'n' though this fallibili ty is often ignored or not 
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generally realized. The substance of the sections that we 

have provided i5 far removed from the c~tents of most 

econometric textbooks and of a large body of res~arch papers 

produc e d by econom1.s ts.· l n- many way s, the procedures adopte d 

in practice should be seen as inadequate'responses to the 

prob~ems of fallible indicators. Instabilities in fitted 

equations and their sensitivity to sample coverage, modelling 

Imprecisions due to temporal aggregation, experimen~ation 

with different measurements du~ ta softness of theoretical 

constructs are major features of applied econometric~. However, 

as we have amply demonstrated, issues of' measurement are far 

more extensive than even this li st suggests. It seems appro-

'priate ta concfude'that the consequences of fallibili ty would 

be much better dealt with if more attention were given-to 

measurement as such. It is a vital aspect of econometrics. 

r 
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CHAPTER FIVE 

THE WIDER VISION 
, , 

" 

r 

Econometries is a mixture of economics, mathematics, 

statistics, computing and other elements. The relative' 

contributions of these components vary,as we shift From one 

research si tuation to another. -Hawever no single eomponent 
J 

can predomina te wi thout the nature of econometrï'cs being 
. 

unduly restricted. In eariier' chapters, we have cited two 

alternative vié~s. One view associated with Frisch" was put 

forward as Econometrica was launched a half-century ago. It 

stressed balance and the int~raetion of diverse interests. 

The second view emerged as the associates of the Cowles 
. 

Commission sought to establish the primacy of a particular 

proba~ility ap~roach to structural estimation in econometrlcs. ~ 

As expressed by Klein in 1971, tl\is made the subject of econo-

metrics "a special brançh of mathematical statistics". Other 

components were not wholly dis~ssed bùt their significance 

was reduced as statistical Inference became the major pre-. " 
"-

occupation. Yet the practical' demands of reai cireumstances 

brought Forth incompatibilities between this narrow view and 
~ 

the proced~res actual~ adopted by econometricians. There 

7 
occurred a pronounced dis~repancy b~tween what econometricians 

did and the theoretical frameworks that were cited in support 

of their activities. Eventually this gap was the stimulus 
, 

for discussio~s of robustness, sequential modelling, "ctiticism" 

Il 
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and modeî diagnostics which reflected exploratory themès 
, 

rather than the co~...f,irmatory theme of eco-nometrics as a ....., 

" branch of mathematical stat-istiçs. Extrapolation of such 

discussions seems to point ta the re-emergence of the earlièr 
. 

view with its wider dimensions. It should be clear that our 
1 

~ 

three essays assume the wider vision is the appropriate choice. 

Then much of the richness of econometric analy~es can be iden-

tified with elements f!om outside the narrow confines of 
1) 

mathematical statistics. In addi tion, these conf ines have 

themselves been weakened by feedback from practical problems 
b 

, ta theoretical 'modelling. Obvious examples .are the 'revived 

interest in pre-test·biases and the development of theories 

for dea ling wi th the res tr ie ted doma in of· economj.c var iable s • 

'Such shi fts. in focus and discrepancies between theory 

and practice are not, of course, li'mited to econometrics. 

The parallel developments in statistics are evident ,in the 

presidential address of 'Cox (1981) to the Royal Statistical 

Society and in Moser's respon,e ta this add~ess. They found 

a distinction between "hard" ~nd "soft" essential in explain-

ing the diversity of statisticians' activities. ThesEi! qualifiers 

have also been used~ as by Brouwer and Nijkamp (1982), in dis-

tinguishïng among éardinal, ordinal and other scales for 

measurement. In our three essays, we have attempted to ~h~w 

theïr usefulness in econometrics too. Suppose the subject-

matter of the nartow view of econometrics as a branch of mathe-

matical statistics is tetmed "hard". Then the additional 

1 
-' 
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Il,, 

H 
i 

subject-matter that i5 included as we move to the wider view . ' 
-

'might be termed "soft". Hard l'3conometrics i5' c~aracterized t 

~ . 
by the[firmness of i'ts proppsitions while soft eèoryumetrics 

~fl.\(OlVeS imprecision, subjectl,vity, flexibility and complexity. 
" t ~ \ 1 ~ 

"1 \ 
\ 
Soft econometrics might even include awareness that particular ~ 

problems cannot be resolved. This realism enhances econometrics. 

It does not c!iminish econometrics even though criticism; di~sent 1 

and di~ersity are more likely than the consensus found with 
1 

hard mathematical propositions. 

The three essays may appear critical of 'econamet:r:ic5 in 

sorne resp.ects. Such criticism shauld not be mi~nter~:r:~ .. ted. 

As in the research programmes of Box and others, which are 
1 

now becoming common in the newer textboaks, cri ticism is· not 

ta b e i r"lt e r pre te d ne 9 a t ive l y. l t i 5 for w'a rd - 10,0 k i nJ1. and the' 

means of id~ntifying feasibli directions for reducing impre-

cisian or resolving shartcamings. In many places, we have . ' . 
-f-ound softness. T.his i.denti fication indicates whe're lue might 

search for progresse There is no intention of using softness 

as an e~cuse for rejecting econometrics. Ta the contrary, 

saftness means that econometrics becames mare interesting, 
. 

more thought-pravoKing and more realistic.' Flaws are easy to 

find and many will p,:rsist because we presently have no idea ,,-

of how they could be eliminated. If their presence were suffi-
, . 
cient for rejecting econometrics, we would have nat bqt~ered . ; 

" 
to write our three essays. The large number of referençes 

that are given throughout our discussion also suggests t~at 
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, ' 

many researehers are attemptlng ta foeus attentipn· on soft 

elem~nts in practical situationi. Theil' efforts are not 

c 

,wholly suecessful but' this is hardly surprising unless we ignore 
" '" 

the 'Inherent softness and fail ta maintain the wider vision. 

The eomplexity of this view of econometries has impli-

cations far'the qualities of persans involved 'with n. In 

1948, Frisch outlined the responsibility oy econometrieians. 

"Econometries'is ~ powerful tool, but also a dangerous one~ 

There are 50 many chances of ~busing it, of doing more harm;) 
. 

than good'with it, that it should onl; be put into the . 

hands of .. reallf first-rate men. Othel's should be .absolutely 

discouraged From taking up econometriès." T,he wider view and -, 

softness require consld~rable knowledge. Econometrie literacy" 
" 

ceases ta be just an awaFeness of some Ideal statistieal models 

and basic manipulative techniques. Our comments in\Ch~pter 

Two and Four reveal the need for institutional knowledge and 

for interaction with the providers of data. The essential 
p 

f~miliarity with economic theory and comput~tional methods 

should also be apparent. Clearly these demands limit the 

ranks of econometricians. Saftness may not imply p restriction 

t 0 fil' S t - ra te men, a 5 fou n d in F ris ch·' 5 co m men t, but i t do e s 

l'equire mor~ than is involved with hard econometrics. 

To illustrate the diversity of soft ecanometrics, thre,e 

di fferent tapies were chosen as the base~, for our thFee essays' • . , 
These were the revival of the long wave, the demise of stru-

1 , 
ctural estimation àrtd fallible indicators. In choosing the 
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long wave, we were searching ~bt an area in which the value 

dr'econometrie analyses mrght appear slight. We fou~d that 
, 

sueh analyses have a limited role but a non-negligible one. 

Conventi'onal regréssion m,ethods may be used ta expl~I"e parti- -

cular t~pic;s, but they need supplementing wi th less familiar 

proçedures such as simulation and cluster determination. 
J 

The efforts of Forrester, Nelson and Winter and others 

(including, 50mewhat surprisingly, Rostow) ta simulate 
.. 

cyclical phenomena or to explore evolutionary models r~veal 

the dr?mat~c'impact of computational advpnces on econometric 

practice. ,Glustering algorithms are valuable in finding 

significant groupings in- time of inventions or innovations , 
-

as reflected in weak data that are su~ject ta considerable 

inaccuracies. Spectral analyses, the exp~orations of time. 

sBries in the frequency domain, are handieapped by th~ long 

periodieity but the y have been found eff€etive in elarifying 

(' pe~ps tenta ti ve l y) the presence of wa ves and the cycl i cal 

interacti~n of differe~t e~onomic variables. Our ovèrwhelming 

impJ:'ession is that there is, in faet, considerable, scope 

for econometrics in long-wave reséarch provided it ls not 

restricted to.hard Elements. 

The second -topie was c;hosen beeause -of i ts closeness to 
, 

hard eeonometrics. Thus, at its heart, we find the structural 

notions of the simultaneous-~quatiqn ~odel a~~ the related 
~ l , 

eoncepts,popul~rized b: associ~es àf the C~wle: Commission. 

Ta.kirfg th'ïs conventiona'l framework, we detected mal~y soft 

r 
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elements and argue that an historical perspective is a valuable 

means of understanding ~ome current crises in econometric 
, . 

modelling. For.example, thi atheoretieal VAR approach and 
, 

the challenge of rational expectations are best considered 

in the light of earlier discussions· of theorebiûal concepts 
, , 

such as exogeneity and autonomy. They should als~ be connected 
, . 

with the choiee among different representations of economic 

systems and the co-movements found in economic time series.' 

Again valuable insights on these matters may be obtained from 
o 

early papers of Tinbergen, Orcutt and others. A signifieant 
li> 

aspect of this Qistorical literature is their acceptance of 

our wider vision or econometrics rather than the narrower 

alternàtive. 

"III 
Other faeets of the issues rai4sed in this s!,!cond essay 

are co~cerned with exper~mentat~on and t~e~interaction cif . 
time-series analyses and structur~l methods as in the SEM 

framework. We argued that, from the wider vision, it is sensible 

to tl'eat the two disti,nct schools of experimentation< (as repre-

sented by Forrester and Nay10r on the one side and by Smith 

and Day on the other) as part of econometric~ rather than 
, 

as alternatives to it. Th~s argument taken to an extremè 
j, 

would permit eeonometrics to include aetivities from which 
'! 

statistical Inference is absent and data are far removed 

from cardinal ïnd i ces. We a1so' argue tha t time -ser ies ',anal yses 

can enhanee struciural s~ecificaiion 50 that they are comple-
!r 

mentary to the so-ca11ed structural methods. Th~ critica1 
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camparisan of the twa appraaches may then ,be seen as mis-

directed. 

1 

In the final essay, we recall that practical research 

is generally based on data sa that saftness in the measurement 
, . 

• 0 

of econamic indicators must surely lead to softness in the 

ecanometric methods with their use. Theoretical ndefault" is 

apparent )n the tr'eatment of time intervals, prior ~djustment 

and inoperationai definitians of theoretical concepts. We 

identi fy particular di fficul ties such as, for exampIe, the 
-' 

source of indicators in sample surveys. Identification of 
1 

the se di fficul ties is essential if we are ta aim for the deve-

lapmen,t of better methods. F inding and elaborating the nature 

of important flaws is a first step in progresse It is quite 

inappropl: iate ta ovel: look them and to resort ta instrumental 

assumptions, such as those invoking white noise and other 

c ocr rel a t ive pro pel' t i es, wh i cha r e con ven i e n t for der i vin 9 
, 

mathematical propositions but severely dis tort the character 

of existing data. The problems of measurement can aI 50 bé 

linked to a host of ad hoc procedures that have become popular 

in applied econometrics although incompatible with the bases 

of conventianal statistical criteria they emr51oy. An excellent 

example of this is given by the search for stable fitted 

~regression lines aver alternatives involving different measures 

of the same broa~ economic cOQcept. 

Finally, it is appropriate ta ask whereo this apparent 

softness .. ~eaves (conametrics. Our personal view is that the 

.. 
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" 
'immediate futuxe lookS' exci ting as we come to terms wi th 

IJ 
the reappraisal of familiar concepts and madels and 'as we , . , 

begin ta address sorne of the troublesome details that we 

have indicated in the three essays; The broadening of interest 
~ , 

• r 

fram a preocéupation with mathematical statistics alone (while 

re tainin 9 a pronounc ed sta tisti cal cantr iJJutioh) i 5 a major 

improvement. 
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