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Survey of Promising Dcvelépments
in Supply Response: Pre- and Post-Data
_ _ o Eccnometric Methods tor Integration -
RO L ~~_ of Neo-Classical Theory with Sample Evidence

by
Robeft»Df‘Weaver
The Pennsylvania State University
quuestion:fhat qreepé’ihtoAfhe1press after every‘new round‘of
;jsﬁggflatién.qr éurge in tﬁe unemployment rate is what goodiére economists?
fﬁFrbm'é different yieWpoint,vthe qﬁestion migﬁt be posed in termé of thé
différencéﬂbetwéen‘the suécesé‘df an econometrician vs. a statisticién  o
in ﬁodelling a price or $ut§ut series. Nelson [1975] éddressed this is;ue
" more directly byrattempting to assess the différéntiai pérformance»ip'i
predicting prices with a mechanistic multivariate'timebseries model vs.
"that of a cérefully specified econometric model of thé;market ﬁhich
vmight'héve determinéd the price of interest;

The objectives»of'this paper will be to review and assess the

ﬁbtential role‘of economic fheory in the process of‘modei specificatioﬁ
and estimation. Although I will focusAoﬁ the supply side'of tﬁe market,
what.I haVe‘to éay gener;lizeéfto ﬁhe measuremént of fhg rélétion betweeﬁ
N any set of qhoices and'their hypothesized determinants. In order to
highlight tﬁe valﬁe pf an éconbmetrician over that of a-statisficiaé, i
viwill begin by presenting a general multivériate‘time éeries model. | Nekt, 
 'I wi11 review what économic theory has to say about the.déte;minapts of
ﬁﬁoipg; the nature‘of their relation to choices, as wéll as the specification
issues theorybleaves Qpen; ‘Asbyou will éee, i érgue”thé£ the‘task,:and therefore,

the value of an econometrician is to simplify the general multivariate
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time'series model through the combination of that model w1th the set

;prlor information derlved from economic theory Thus, it may not be
‘,iinaccurate,tO'say that_while‘both the statistician and econometrician
~ could be expected to focus on the likelihood functions generating the

-'data; we;might expect the econometrician's specification to be more

highly conditioned by a comprehensive, logically consistent set of prior

".restrictlons; Most 1mportantly, we would expect thls distinction to hold

7

independently of whether the econometrician is a Bayesian.

» Indeed one might say that 1t is the task of any learning process to

ynthes1ze emplrical ev1dence with prior bellefs. Finally, T will brlefly

7 review the currentvstate of the arts on how this simplification may be
'paccompllshed and juxtapose these methods with the approaches being taken

~in current literature.

I, Neo¥ClaSSical'Theory of Choice and Model Simplification

To proceed suppose that we begin with what some- might call a purely

: mechanistlc multivarlate ‘time series model of the relationships among
*rs;the elements of a vector time series (Z ) of input and output levels
“involved in a firm s production activity and a. vector of prices (q ) for thesei

.y'products.~

1) H(L) z + F(L) qt u,

mxmmxl mxmmxl mx1

| wkhere_‘ilE"(‘ut) =0

f'H(L) énd¢F(L) are double—sided lag operators, but not necessarily linear;

o Clearly,lthe model as stated already involves a set of restrictions which



has excluded variables held to be 1rrelevant prior to examination

of the data,b Howeyer"qe:the model stands further 51mp11f1cat10n
is obvionsly necessafy. |
x'To-bc snecifi he llst”of necessary simpliflcatlons include'
vchoice of: forward and backward lag length for H(L) and F(L), prior
"aggregatlon of the 1ements of Z Qr‘q  to establlsh lower order‘n
laggregate vectors,.a | necification of theifunctional’fctm of‘H(L).

and F(L) Th1s 1ast ﬁe’is;eXtremely“c0mplex since'as written in,

»‘its most general formﬁw must con31der not only the functlonal form

of each equat10n,»bu‘ _ ross—equation restrictions; If we were to

lvsubscrlpt the lag opera,ors H(L) and F(L) with observation 1abels,_

the model mlght alsovbe\elmpllfled by specifying
the nature of:parameter*varlatlon over observations. Finally, the
- properties qf the conariance matrix of tesiduals.must belspecified;
.Althongh‘we‘might-eXpect both the statistician and the econometrician
to begin by:attempting to nartition the yectore Zt”and qt‘into'sete of
endogenous and exogenous variables, we might expect the,econometrician'
td.hase:that partition upon a hypothesis about how the firm:behaves in
'_the market place. As Granger [1969], Simsh{1972], and Geweke [l9781:
have shown, the value of this exogenelty hypothe51s is that it implies
.a 1arge set of»the‘parameters of 1) may be zero.  As Geweke [1978] has
shown the'hypcthesis iﬁplies that the leads on e#ogenousvvariableslmust
" have zero ccefficients in‘any reduced form consistent with the nartition
and likewise any lags on the endogenons Variables must have zero
cqefficients in regressionakof current ekogenque variables on past
endogenoue and exogenous variables. Imposing these reetrictions and
v solving‘the resultant syetem for its rednced fotm‘would»perhaps”produce

: what Cochrane [1955] had in mind by the label supply response functions.

foe



however ‘asrreoentyliterature points'outu‘depending upon the detail J
‘:tw1tthhich the researcher specifies the behavioral hypothesis it may be

gpossib]e to further 51mplify the model beyond the parameter restrictions
"dimplied by the exogeneity partition. In fact I would argue that the
large maJority of past supply studies have st0pped with the exogeneity

B speC1fieation and estimated-a single redueed form 1n the ch01oe response
"n'svstem; This practice‘seems tO'testify that'either-eeonomic‘theory has
nothing more to say; or that researehers have had strong.briors which‘
have rejected'what it has to say. - As a voung economiSt, my naiveté
'1_1eads’me'to:hope that sueh priors were ill founded;, ”

Although Studies of‘eonsumer demandbhave traditionally dealt with

’models which were conditioned mith priors derived from economic theories

of consumer‘choice (e.g.,'see‘thebwork of'Frisch [1959]; Theil [1965],
Parks [1969], George and King [1971]), on the supply side such attempts
have been limited. In fact, the literature seems to suggest that researchers
concerned with measurement of production functions have typically chosen'
- to lean heavilv on Hoch's [1958] conditions‘for shelter‘from the
simultaneous'equation‘biasbwhich Marschak and Andrews [1944] established{;
would reselt if we ignore rules»upon which ehoices were based. The |
alternative avoided is the specitication of a oossibly inaccurate hypothesis
concerning.the nature of those choice rules.‘ Perhaps‘this is‘done dne
to reticence tor‘speeifying a‘behavioral hypothesis;’alternativelydit
may be attributable to the‘relative ease of direct estimation of a
t produetion‘function. To explore what additional empirical implications

- a specific behavioral hypothesis might have;let us consider the traditional



profit ﬁaxlmizing'case;‘ As welproceed we oah oohsider the:rohuathess of
the 1mplicat10ns under alternatlve behavioral hypotheses. |

: Not much progress can be made unless ‘we. suppose. the existence of
~a cohvcadtransformation functlon relatlng eff1c1ent‘comb1nations of net
‘outputs and 1nputs., If in addltion, we postulate any decr31on or
behav1oral obJectlve for the f1rm Whlch is 11near and contlnuous in
“incentives,‘the netessary eonditions for optrmal'ch01ce deflne_an
- set of ohoice'rulea.fortchoosing net produota. 'However. of greatestb
1mportance is the 11nk establlshed by the flrst order condltlone between .
informatlon upon whlch eho1ces are based and the technology of the |
£irm. Given this result, prlees}and otherllnformatlon‘are mapped
A ihto_the;set oftoptimal.chOieee in'a‘yeryQSpeeialfWay. In particular;
the‘choloe:functionaimust be cohsistentﬁulth;theheohyexityﬁof technology,
'_as uell asjmohotonlc ahuhhomogeneousvof degree‘zero in all oriees.
Furthermore,‘thevcohtihuity’ano differehtiahility oflthe behavioral-
ob3ect1ve and technologyllmply that cross prlce derlvatlves of ch01ce
must be" symmetrlc, i. e. Byl/aPJ = BYJ/BPl.‘ | “ -

What is perhaps most 1mportant about these oropertles 15 that they
may be expected to hold for»ch01ce functlons derlved from nearly ‘any
‘_1mag1nable‘marg1nallst objectlve constralhed by a contlnuous, dlfferentlable,l
xconvex‘technology; Unfortunately, our theory of ch01ce has 11ttle more |

.fto say about the emplrlcal determlnants of ch01ce.. Although the flrst—order

condltlons clearly 11nk the funct1ona1 formsvof the ch01ce functlons to

'that’of the ptoductiohlfunctibn;'itigives‘us-no hintS'about the latter. ,.
This leaves open-a w1de range of 1ssues concernlng further 51mp11f1cat10n :

,of our model of]ohoiee;; Although convexlty, contlnulty and d1fferent1ab111tyr'




are critical,aésumptions or maintained hypotheses their validity is anv”
émpirical issue."Recent work by Weaver [1978e, 1979] suggests ﬁhat the
 diséontinuous nafure of incentives establishéd by supply control policy
implies that supbly functions during some pfograms aré discontinudﬁs,
Similarly, the existence of such regularity properties as homotheficity;

“ hoﬁogeneity,»sepérabiliﬁy and jointness is an empirical issue of great
intéreét;‘bﬁt one'ﬁhich is left uﬁresolved by'our theory of choice.
Resgarcﬁer%_have typically recognized that knowlédge of the separability

ff propeftieé éf the technology provides the foundation for the simplification

}of ﬁréduct ghd pfice vectors throﬁgh the use of aggregate indexes. However,

»DieWerf [1970] has demonstrated the intuitive proposition that an index

| i;'nothing_more thén a subfunction of the more general function which
,:"oﬁerateévon_the components of the index. This.being the case, the
fﬁnctibnal form of fhe general function implies the functional form which
 should be used fbr the indexes. Given the absence of strong prior
‘knowledge concerning functional form, Diewert presents indexes which
ylmwill provide second-order approximations of any arbitrary subfuﬁction.
'“" ; Invfhe pést,researchers have been unable to consider the issues of
:‘homotheticity, hbmogeﬁeity and jointness because available functionél
'ii;;formgvincorporated é'griori restrictions on these properties. However,
'i;é.wide range of fuﬁctional'fofms are now available tovthe‘researcher which
‘:gréﬁt‘thé réséarcher coﬁtrol over éuch prior restfictions,‘see Fuss and
:MT McFédden?[1978]. Ciearly, although each of these issues ié of intereét
in itsko§n:fight,_wi£hin the context of supply analysis they represent

specification‘issnes’about which our theory of choice has little to say.



‘iIn"snmmary,,ye may conclude'that to‘estinaterany'supply‘relationvr:
fthe'rescarcher‘nust at ieast make a specifieation decision‘concerning
what set of variables is relevant and an exogeneitylpartition of those
'vvariables. To“acComplish“this,fthe econometricianrwill.likely,speCify 5'
.behavioral hypothesis,“It‘was argued that,'conditiOnal on conVexity.‘
dof technology, for a wide class of behaviorai hypotheses a fairly
. extensive set of 51mp11f1cations on our multivariate time series‘
~ model is-implied:f exogeneity restrictions, eontinuity.and concavity
bof’the dual, 'monotonieity,and iinear homogeneity in prioes, and:ab
symmetry property in prlce response. However,?we acknowledged that
convexity, and continulty are empirical issues which are subJect to
nncertainty. In addition, we noted'various properties of functional
-form (homothetlcity, homogeneity, separability, and 301ntness) nhose
:validlty are likew1se subJect to uncertainty. ;Thus,‘we‘are left in
ia positidn of recogniz1ng that_our theory ofvchoice‘snggests a 1arge
dnumber of 51mp11f1cations which may be made 1n our ch01ce response model.
'Unfortunately, the valldity of these 51mp11f1eations is not established

by the_theory, but remains;an empiricalgquestion.



II. Knitting Theory and Data Evidence Together.

Bénéfits and Cosﬁé of Médel Simplificatibn
Aithoughnthe'set of theoretically derived restrictions reviewed in
the pribr section serves wellfté identify an economist's potential
g'coptribution_to the measureﬁeht problem, it fails to value that potential
.coqtribution. As our statisfician would’be’anxiousvto'remind us, although
we:héve a theory from which we may derive hypotheses,vthe validity of
- "those ﬁypotheSes may not be\éupéorted by the.data. 1In such a case, the
' speéificétibnkdecision becomes one which must be made in an environmenﬁ
§f-uncertainty{ Whiie Occum's razor aloné'would suggest that we stand to
‘vgain from simplification, a condition for this intuitive result to hold
bisvthat such a éimplificationvmust render our model an accurate characterization
of tﬁe process generating the data. ‘Likewise; if we inappropriately
simplify our model we would expect to lose by most criteria.
This boint is made mofe preciselyiby the Lraditional illustration of
thé‘risk1 of a restricted vs. an unrestricted least squarés estimator.

Although: Tiao and Box [1974] among’othefs have reminded us that the mean

~

‘ . . . Ay
squared error measure of risk is hardly a universal measure of goodness of fit

it is of interest as a measure of closeness for many standard estimation problems.
Thus, based on such a risk criterion a traditional result of the
pre—test‘iiterature (see e.g., Wallace [1972, 1977], Wallace and

SvAShar [1972], Bock, Yancey and Judge [1973]) is that although the MSE of

lHere risk is defined as the expected value of the 1loss (L) incurred by using

~

8 as an estimator of ©8; i.e. E[L(®, 8)].

2For‘ekample, they point out that if we attempted_io employ it to estimat
the reciprocal of the mean of y v N(6,1), M.S.E(y") is infinite. :

‘



the unrestricted estimator is constant,'that of the restficté& estimator
is monotonic in the "true” F-statistic which'pfesents‘a classical test of the
‘restriction onvtﬁe population equation. This being ﬁhe case neithef estimator dominates
over the entireirange of this F;statistic, a result wﬁich clearly,illustrates
thé possible benefits from imposition of a restriction which is consistent

" with the data vs. thekloss which would result from its inconsistency with the
data. The decision problem is clearly that of a choicé of an estimétor in the
face of uncertainty concérﬁing the size of thisF—statistic relative to an
appropriate criticél point. following Wallace and Ashar's example, if
ﬁe have-the follbwing models: |

| unfeétrictedf‘ Yiv= lelt + BZXZt + ét t=1, . . . T

t

2
g, v N(0,07)
. restrictidn:' B, =0

then least squarés estimators may be written:

v Eva
restricted: 'bR = 1
S| )
' X, "~
1
1%, 2IX.y - IX X, IX,y
" unrestricted: b, = 2 5 1 5 172 1;
IX, X, - (X X,)

and the mean squared errors may be written

,‘MSE(bﬁ) = OZ/ZXlZ(l +ard)
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“and X

~where 17 is the correlation between X;

Figure 1 reports the graph of the MSE against A which clearly illustrates
that, for krﬁ i.iﬁélgsidﬁﬁpf X, would amoﬁhtitg“ap ovetépecification error
vhile for Av>_1;oﬁiéSioh'of X2 would réender the mbdél‘underspeéified.
- Inbeach‘caSe,\thé*réseafChér could gaiﬁ‘attording,ﬁo the MSE criterion
-»ifvhe:kneﬁAA.
’i’Figufe 1
 MSE o
R
: MSE(bl)

- %
———— MSE(bl)

- MSE (bz)

‘The ‘pupiose of thisbsection shaillbe’t; réview sevéral alternatives
ffor inéprpgratidn of priors of fheofeticél origin into our estimation
lﬁtoéedﬁgé. invgénefél,_we;haﬁe‘two’strafegies availaBle ﬁhich depend’upon 
”‘Qhethef‘simplification §f'our géﬁeral multivériateﬁmodel occurs béfdre or
~after we‘analyze_the data and:will théref?re,jbe,iabelled pre-— and posé—data

simplification.
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Pre-Data Simplification
Pre;data simpiifiéation involves what Leamer [1978] calls the
construction of a workingbhypbthesis. That 1is, feéognizing that the vectors
) i in our initiai multivariate time series modei might include nearly any
measurable Variable (e.g., the N.B.E.R. data bank),iwe begin by specifying
a hypothesis which eliminates a large number of variables prior to ‘
estimation or observation of the»data, In a Bayesian sense, we condition
the likelihood functipn of the multivariate model with the étrong prior
that a large set ofvparameters are exactly zero. In doing so, we risk
mis—sﬁecificétion and larger variances of estimators, but hope to gain
.additional précisibn in the case when our prior is consistent with the data.
Alternatively, we might seek to trade pOtentiél benefits for potential losses
by specifyingélmoré diffuse prior. Thése altérnatives aré clearly presented
in Zellner [1971]. From the above illué;ration we may plainly see that
pre-data simplification by MSE minimizers amounts to a‘prior statement
concerning the magnitude of the F-statistic testing thg restriction
" (e.g., M in.ﬁhe above example).
of cbﬁrse;‘there are a number of well-known methods ofbreducing
what nqn—Bayesians argue is the chance for subjectife error in specifying

the prior during pre-data simplification. Perhaps the most tractable

among these is sensitivity analysis of the posterior distribution for
changes in the prior. A good example of this is Leamer's [1972] Bayesian

estimation of distributed lags where the sensitivity analysis focuses on
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nvarylng the mean and variance of a normal gamm1 or - Ralffa and Schlaifer
7[1961] "natural conjngatev ‘prior. As Leamer nores,the benefits of»sueh
‘Lan exercise would be expanded if a prior distrlbutlon were employed
jéwhose shape could be more substantlally varled in the ana1y51s. In fact,
T‘een elternatlve has been con31dered in more recent work by chkey [1970,
‘fH1975] and Leamer [1978] which has argued that the conJugate prior treats
' ‘prior 1nformat10n as if: 1t has been oenerated by a prev1ous sample
  @£01low1ng the samevprocess_a54the sample and so;falls to recognlze a
wfundamental:differenceiﬁerween prior and sample.inrormatiOn, More
'xfpspecificaily,;the resulting pesterior‘is unimedalanda-weighted average
-;‘dfjthe sample and prior's,locatien,_see‘e.gf Leamer‘and Chamberlain
{th1§76]kfor an intereetinggdiscnesion of thieistandard reéult; Dickey
f1975].enggests that.given the neariy definipipnal conflicr>between
'.prior‘énd semple informerien the poeterier snpqld'be(muirimedai with the
_ prior and éaﬁple locetions inclnded.in_theGSer ofvquesLn'iAé‘Dickey
[1975] has shown, ian,is,distributedvpy‘e‘S;udent prior independent
‘»quﬁﬁe precieion (0—2) and if rhe‘latter,is die;ributed by a gamma
‘:dietributibn,.rhe‘poeteriorsis mnirimodaliwith_medes lying»along_e
‘ c'nrve‘.,in‘ ‘the >parametver’ :_s.pace failing petween“j’:‘he.‘ prd{er andv‘,samprle
fleeatien; Responding‘tehinese graphics, neyripaidly labelled>this‘
vlloens_df modes;the;curVeldécoiletage;ﬁ in‘an‘effort,tewestabiish-a prier
,nhichjis snfficiently rieh as;to include.all,po;enrdelly relevant
:densiﬁp functions; Leamerﬁ[l978]>haé abendonedvrheinetion of conplere
speeification:of.fhe prier:end'has‘ppinredpoutdtheteDickey's curve
"fdéeollefeée is e7special”caeeuef whét mightfbeiin;erpreted as anvinforma-
»tiondconrract curve;ihpiied.byfanierdinal:priorn(i;ef one in which prier,

densities assigned to iso-density surfacés are assumed only to monotonically

: :‘decline).
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Thus this functron. rcqulres compositlon w1th another tunctlon (WhiCh
'f'he calls a labelling funct1on)to fully specify fhe prlor and therefore;
| the posterior p d f However,‘he showsvthat s1nce an ord1na1 1ncomp1ete
;frprlor may be mapped into ‘a pr1or p.d. f by proper choice of the 1abe111ng

}'funct1on,vthe 1nformation contract curve contalns all poss1b1e poster1or

. :ymodes. Although the usefulness of thlS may seem elusive 1t presents a

‘a?way to place k-2.restr1ctlons on a k dimensional parameter space through

,ﬁ an ordlnal spec1ficat1on of the prlor | Thls~leaves the researcher Wlth a

‘dhé dlmen51ona1 line along mhlch the posterlor mode must 11e glven a i
' labell1ng of the ordlnal spe01f1catlon.’ |

Perhaps a more tractable alternat1ve for relax1ng the f1xed welghted

’ "“t'average property of Bayes1an est1mators based on conJugate priors has

. B Post Data Model Slmpllflcatlon

B jbeen suggested by Efron and Morrls [1971] whlch allows restrlctlon of .

the max1mum amount by whlch the Bayes estlmate dev1ates from the maxlmum |
llllkellhood estlmate. ThlS approach is a data dependent means of
v’relaxlng the commltment to the Bayes1an prlorwand so mlght properly be

flabelled as a post—data“31mp11f1cat;on_methodr ;,f"

’ Desp1te ‘our creat1v1ty in deallng w1th the problem of spec1fy1ng

'the prlor Leamer [1974] has remlnded us that although pre—data 31mp11-

o 7f1catlon is dec1dedly necessary, it is 1ncon51stent w1th what nany mlght

’cons1der a more reasonable learnlng strategy.' More spec1f1cally, Leamer
[1978] remlnds us that whlle Watson tempted Snerlock Holmes to proceed by the

cla531ca1 technlque of formulatlng hypotheses before the1r clues had been>
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carefuliy‘cétalogued and assessed, Hoimes replied in a scdlding ‘toﬁe
:"NékdétSiyet; . « . It is a capital mistake to theorize before you havé
va11 tbe_eVideﬁce. It biases the judgeﬁents."3_ Fortunately, Holmes has
én'advantage oter us‘whith éllows us to igndre the intuitive appeal of
vhiékfémérk, namely the’luxury of new information (the confession) with
'..which he ﬁay finally tgst‘hiébhypothesis and which'is ébsent from an
Qconomistféyexperiences. Nevertheless, non—éxpetimental data and the
weakness of our priors férces us to consider post—datavalterhatives.'

Aithough my.enumération of alternatives may break with conventioh '
I shall include in this group estimators proposéd by Stein'f1955], James
‘and Stein [1961] and Strawderman [1971], classical ‘and Béranchik [1964]
positivé part-Stein rule pré—test eétimators, and Leamer's‘Holmesiaﬁ| 
estimatoré. A usefui Qéy ofbclassifying these'post—data alternatives
is by the ﬁature’of the stopping or selection rule employed.

As ﬁe saw in our considératioﬁ of“a restriction on a linear regression
model, the choice between the restriéted vs. the untestricted model coﬁld
" be based‘ﬁpon the statistic A if it were known. To form a stopping or
selettién rule, we‘are tempted‘to employ the dété dependent estimate éf A,
an‘F—statistic under ‘the restriction, labelled u abd‘comparé'it against a
critical point, uq. lﬂéwever, doing so makes our model selection data
dependent'or basea on sample information a situation which for most
. researchers disSolvés thé\belieVability of our .results. Retrieving
our example, the‘estimatot based on such an infofmative stopping or selectioﬁ
rule is the so—cailed classical pre-test estimator:

"'rbll‘ 1W< u,

bl‘lf u‘> N

3

Doyle [1888], A Study in Scarlet.
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S ‘ : o o £ o
- Unfortunately, as Figure 1 indicates the mean square error of b1 is not

i ) a,weighted‘average oftthe MSE(b?) and MSE(bl),‘instead_wallace~and Ashar

. r[l972];.30ck,'Judge'and'Yancey,[1§73].amonglothers have noted'it has higher

~VMSE than either'b? or hl?over-a wide rangelof X.' Thus; if we knew‘A we

would clearly be better off to choose e1ther b1 or bl’ whichever ninimizes
MSE at the known A Because the MSE of the pre—test estimator may be
r written as a. function of the critical F-statistic employed in classical

tests of the parameter restriction, a voluminous 1iterature (e.g., Sawa

‘ T and Hiromatsu [1973], Brook [1976], Toyoda -and Wallace [1975 1976]) has

\'7m1 con51dered how that critical point might be optimally chosen to reduce,,

fﬁover the entire range of the F—statistic, the difference between the risk
L of the pre-test estimator and that of the minimum MSE estimator (either b1

5.or bl) Given diffuse priors on the F—statistic, or alternatively, on the

L restricted coefficient use of an optimal critical p01nt with a pre—test

estimator allows us to minimlze this MSE loss which results from our

‘) 1gnorance.

Sclove [1968] and Efron and Morris [1973] have shown that Stein

[1955],_James and Steln [1961] and Strawderman [197l] estimators may -
be 1nterpreted as. Bayesian estimators in which prior information concerning
prec1slon is structurally equ1valent to the sample 1nformation. The

posterior mode as in: the Baye81an case . is a weighted average of a prior

o mean and tne sample 1ociﬂion. ln this case the weights are proportional
» to. the F~statistic classical test of the hypothesis that

a least squares estimator would qua ta prior mean of zero. = Thus, we may
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“interpret these eetimatorS»as oost—dete methods:in thch specifioation
4 :of priors iS'accompliehed‘with‘the aid of the data;? This basxsometiﬁes
iebeen iabeiled empirical Bayesien-estimation. Despite the fenoe |
»'ietreddling'conceptual position'of these estiﬁators, Stein‘[1955], James
and Stein [1961], Sclove [1968], Efron and Morris [1973], and others have
' proven that such estimators domlnate maximum,likellhood estlmators in »

;a M S. E. sense.: A tw1st to these estlmators was glven by Baranchlk [1964]

v'-;and Stein [1966] who blended the Steln—rule type estimator with the k

" ‘pre—test,ee1ection rule to produce a Steln-rule estlmator injwhich the
- semoie meanifeceives weigﬁt only if'fhe F-stafistic exceeds iﬁs'critical |
71pbiﬁf?biH°WeYer;oas Sclove [1968] hes nofed the optimai criticalipoint |
;-is,diffieult‘to idenﬁify since the\risk of the estimator is unwieldy.
‘ {Nooetﬂeless, in more recent workuﬁudge’end'Bock [1978] and Aigner and
- _vJudée [1975]Vdemonstratekfhat Wheﬁ viewed es an estimaeor‘in its own
right, Stein p051tive-part eetlmators proposed by Baranchik [1964]
,vand Sclove [1968] are unlformly domlnant over unrestrlcted 1east—squares,
rclassical pre—test ~and Stein estimators.
anch of_the above estimators ‘employ what Leamer [1974] hes‘iabelled‘
f.an informative stopoing rule. . Ohvanvintuitiye 1evel, their.final‘
estimator is a disconfinuous funotion of sample evidence and a strong
- p;io:'stated_in terms of a pointvparaﬁefer reStrietion;_ in"an importent
-»sehee,_Leaﬁer'poinfe'out thet the festrioted>ﬁodelimay be‘fejeoted.a p:iori
as felse,‘ ie'woﬁld‘be rather surpfgsing if such a ooint restriCtion
: would be oonsisfeot with the dafaf An alternative‘ﬁhich moves away from

this property that the restriction produce the true model and in the
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. deteriorate the 1nformation value of,our sample.
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_ direction'of'the Bayesian concept of degreelof‘belief is‘that'of‘mixed

estimation 1ntroduced by Theil and Goldberger [1961] and Theil [1963]

1fas an extention of Durbln s [1953] work

M

In an attempt to reconc11e the scarcity of data with the need

.vfor model simpllfication Leamer [1974] argues that what is necessary
' is a systematic means of accurately discountlng the value of sample

ev1dence when post—data 51mp11fications are made. G1ven such a system

I

"the researcher could accurately assess the relative cost., of pre— vs. post-
'data s1mp11f1cat10n._ Leamer proposes that the model space by 51mplif1ed

ﬁ-vprior to estlmation 1n ‘a way which allows consideration of the

acceptability of the pre—31mplif1cation by a Bayesian estlmation of the

bias which may have been 1nduced Hls proposed methodology allows the-

;researcher to eliminate 51mp11fication which appears 1nappropriate and
. »:proceed to estimate a fuller model - So long as. our priors ‘on the,'
'f{expanded model are constrained by those which we held for the pre-

_simpllfied model our post—data model constructlon activities donot



111, Overv1ew of Currently Fmployed Methods of Model Slmpllflcation ’

From our conelderatlon of the potential contrlbutlon of an econemic

o fheofy of choice to the‘simplification of models designed to measure that _

:;ehoice,ﬁe eencluded thetiaithoﬁgh the aesumptions of ceﬁvexiﬁﬁ,‘continuity,
_differentiability and a marginaliSt behaviorai‘ebjective implied,a‘ ‘

substantial set of restrictions on our multivariate model (exogeneity,

’ positive definiteness of the dual, monotonicityband o ’homogeneity in |
’.prlces ‘and symmetry), va11d1ty of those assumptlons ie of course |
an emplrlcal questlon. Furthermore we Ldentlfled an addltlonal set
;ﬂof regularlty propertlee (homothet1c1ty, homogenelty, separablllty, and JOlntness)
rthe val;dlty of whlch is entlrely an empirical question. Thus, we come to the
net sﬁrprising cdneiueion ehaﬁlthe econOmistk;contribution to model
veimpiifieaﬁioﬁ iSv‘subject to uncertainty. Next, we reﬁlewed a variety
f of pre-data and post data methods for condltlonlng sample 1nformat10n with
. elmpllflcatlons suggested by a theory of choice. In brlef, these amounted
to elterﬁative sehemes for Weightieg the twd soufces_ef informétibn where
“weigﬁts are based on a‘combination of pfief and semple iefermation.
Befere eencluding; I'weula liQEQto Briefly review appliee work in which
the”simeiifications suggested byetheo:y‘have been conSideredL In efder
ﬁq pfoceedvmost eifieiently, it is useful"to.ciassifyvthe_simplificaeions:
s | eiﬁto tﬁfee groups, those relatea to:.‘l)ffnhdamental proberties of
teehno;egy: ceﬁVexity, continuity and differentiabiiity;,2) the beha&ioral
hypo#heeis:, the exogeneity‘partition, menoeonicityé.apd homogeneity of
bdegree zero in pricee, and eymﬁetry; end 3) feguiefify proﬁerties of‘the

technology:"homotheticity; homogeneity, separability and jointness. To
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“cover all dpplled uork in this area would likely . triple the lcngth of
é"thls paptr, so I will only focus on a small subset of appllcations wh1ch

’I hope will serve‘as an 111ustrat10n and,an-lntroductlon to:the literature;‘
- :Asvwe uiilisee the majority‘ofjapplied'WOrk'has'impiicitly enployedhf
‘bthe'post?data‘classical pre—test cstimators‘which as:noted;infthe~previous
Esection are'dondnated by positiue part Stein ruie estimatorsandhby Bayes.ip
‘festlmators based on proper prlors.b Therefore,:I will'ooneiude'thisvsection"

"‘by assess1ng the usefulness of results based on such methods. f.:: . v,'s”

e Fundamentalvfroperties of Teehnology
| _‘Methods,oftinvestigating the properties of convexity,.continuity g
ﬁiand‘differentiability are;at anremergenttstage; ‘Inyfaet,rmethods for
:investiéation of differentiabiiity have yet to sprout{:;Focussing'first .
‘on‘conVexity,»two'approaches are represented'in the 1i¢érature="pé£a¢étric“
ﬂ and non;parametric.b“Each constitutes a postedata'approach'tofthe:issue;'V
‘iNon—parametric methods have been pursued in the stream of 11terature'
f\follow1ng from Hlldreth‘s [1954] proposal for an estlmatlon method which
’}{is free of.prlor spec1f1cat10n of funct10nal~form«and.only‘constralned to
bbvbe‘concaue.v His initial proposal was followed by reflnements by Hanson :
“fsand Pledgern[1976] who proved con51stenc§‘of the least squares estlmator,

'and Hudson [1969], Dent . [1973], and Dent,vet al. [1977] whose work has ,V;”

"f explored various methods based on estlmatlon of approxlmatlons obtalned

‘u'through polynomlal segmentatlon. Also follow1ng Hlldreth s work is that

© of Afrait [1967], Dievert [1971], and Hanoch and Rothchild [1972] who

"present:a'ﬁethod free of any parametrizationfof»the7produotion function .

‘1for 1nvest1gat10n of qua31 concav1ty, monoton1c1ty and homothet1c1ty

'*Ti'“Parametrlc methods 1nclude those proposed by Judge and Taka)ama [1966]
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for regression estimation subjéect to incquality constraints as well as

v flthoée‘chﬁéééd $n‘poét—data'testing of the convexity of estimaféd:fiexible
'jfﬁnctignal;forhs:( A1£Bough tbe.p5fameters of genefaii2aﬁion§ ofﬁfhe
_Léoﬁtiéf fﬂhctignal fOrm'ﬁaykﬁé convéﬂieﬁtlyvtesfficted tohmakéftﬁe.form’
"‘EOnvex_(Diéwért.[1973]), aﬁd‘ﬁo éllowvclaséical_pre—teétveétimation; this
kvis’n6t.tﬂe céséffdr‘t#e trépélog‘functidnal form. Fér this reason, typical

~ applications using the translog-have employed methods focussed on inspection

of the definiteness of the Hessians of estimated functional forms. An

appéaling.altefnative has been offered by Lau [1978] which employs a ‘
fe-parémetrization,(é Cholesky‘fACtorizafion) of the Hessianbwhich is imposed

as a restriction of the model's parameters and allows the use of post-data

simplification methods.

As for methods which'éllowvconsideration of d13continuity, if priors

exist concerninglthe point. of discontinuity a variation of Tobit estimation

‘appears fruitful.. The usefulness of such a method of'dealing with'

discontinuity iﬁ choices introduced by agricultural control policies
is explored in a study of program participation by Weaver [1978e, 1979a].

Alternatively, if priors are held concerning the number of regimes,

‘though‘the switch‘points are unknown, Quandt's [1972] switching regression

framework may be useful. Although the classical pre—teét method of

Chow tests for alternative methods of pooling observations remains the
'doﬁinaﬁt method employed in the literature. Leamer [1978] has clearly pointed

out the usefuIness of alternative pre- and post-data approathes in this context.

 Empirica1,Imp1icati6ns of thé Behavioral Hypothesis

Investigation of the empirical implications of an exogeneity partition

has been a relatively recent addition to the literature. Although one

~of the first applications (Sims [1972a]) was to the problem of specification

‘of-factors of production Whjch are not variable within the observation



‘l}'interval‘theimajorityiofiapplled literature foéugég ,,ondldentifloation

vtof‘the relatlonship between macro var1ab1es such as money“and lneomew

) (Slns [1972]) Despite thls, Geweke 5 recent work suggests that the |
’ﬁ'methodology presents a general framework to assess the exogeneity partltlon o
filﬁ any ch01ce‘orvmarket modelei An example ofkan appllcatlon to |
‘agrlcultural supply is. recent work by Weaver [l979b] which 1nvestigates
.the exogenelty of acreage allotments w1th respect to acreage planted

Two problems may ‘be noted ‘with past appllcatlons of the Granger [1969]

h and Sims [1972] methodology ' Desplte Geweke' s p01nt that the exogene1ty
part1t1on must be 1nvest1gated in the context’of a fully spec1f1ed model
'r(a p01nt whlch Granger [1969] and Slms [1972] also made),,many past
applicatlons have employed b1var1ate models whlch may result in the
typical bias attrlbutable tofthe e#dlusion of explanatory variables.‘:
Althoughlresearchersfmight argue that introduction"ofkadditdonal'variables
is'impractical what they mean is that expedience does not allow ‘time
for careful spec1f1cat10n of a full model or collectlon of data necessary ;o measure
its parameters; Thus, I would argne that the 1ssue of exogenelty 1s
»of llttle 1nterest 1f addressed 1ndep°n0entlv of model QDeelfldatlon'
Flnally, to my knowledge all exogenelty tests have lﬂVOlVed>C18851cal h
»hypothe81s tests whlch 1mply resultlng estlmators are of the pre test;
post-data varletv. o o 'le |
‘As for monoton1c1ty, homogenelty of degree zero in prlces and
ddsymmetry, two approaches have been taken.:; Although no statlstlcal tests
of monoton1c1ty or homogenerty in prlces have been emploved 41n1tlal work ’

by Berndt et al [1973] and Chrlstensen,vet al [1973] emploved a cla531cal

"hypothe31s.test_ of parameter restrlctlons whlch were con51stent w1th

4Whlttaker and Shumway and Chang in Weaver [1978] present a non—stat1st1cal
evaluation of the homogene1ty constraint based on‘a cr1ter1a of the number
of correct signs. . : .
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the property of symmetry as ‘a test of the behav1ora1 hypothesis;- I wouid

»argue that such a test is 1nappropr1ate since the alternat1ve hypothe51s is not
ja;subset-ofpthe parameter*spaee.,'Specificaily,_if'cho1Ce respohse‘isinot
]Symmetric;;thén techuology fs:either'uot'continuous;orfnot'differentiable,
a condition‘under which continuOUsbchOicevfunctiousifaii;to exist; 'A:

o similar resultcdoeshnot hold'for:the.propositionffuotvmouotouicf.or "not

o homogeneous of degree zero.:i If“theSe‘prOperties:do not hold»'then our
_vbehav1oral hypothe31s may bevrnvalld but we. have not reJected the cont1nu1ty

that is 1ncorporated in- our multlvarlate model A feas1b1e alternatlve

‘happroach concernlng symmetry 1s to 1mpose the restrlctlons prlor to estlmatlon,

;

a- strategy Wthh runs the rlsk of spec1f1cat10n error.

Q—,Regularrty Propertles‘ofvthe Technology

Wlth minor; though noteable exceptlous,’spec1f1cat1ou dec151ons"
'concerulug homothet1c1ty, homogeneity and 301ntness have to date been
based onbclas51cal post data pre-testlng | Weaver [1978b] presents an
:example where a flex1b1e functional form was employed to 1nvest1gate |
vthese hvpotheses for a multlple product agrlcultural technology.g Results
‘of thms ana1y51s 1nd1cated that homothet1c1ty and homogenelty’could be

'rejected However, non—301ntness and several separablllty hypotheses were

_’not regected by the data., de Janvry s [1966] use of factor and cluster

v

' analy31s to partltlon a product vector 1ntovseparable subsets was a noteable‘
attempt at post data 51mp11f1cat10n Wthh preceeded the use of restrlcted
flexible functional fOrms.a However as George and Klng [1971] p01nted‘

out the partltlon 1svuot unrque and rs condltlonal upon the prlor

'}‘spec1f1cat10n of measures emploved in the analy51s.‘ An add1t10na1 exceptlon
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is the Bayesian;approaehpapp%ied by Box and COx‘[1964]:to'the’estimation
‘.of'non—linear functional forms. Zellner [1971] rev1ews app11catjons by
Zellner and Revandar [1969] of such an approach to the study of production‘

functlons,

| :Sumnarx
In‘brief Summary;dtheﬂcurrent practiee in appiied'research has been
‘to rely upon'postédata evaluation of potentiai mddellsimplifications, in
fact thebonlybexanpies of application of various‘inproved alternatives>
 reviewed in SectionvII'anWn‘to;this authorsare‘iilustratiue ones'imple;
mented to compare the{aiternatiVes,to traditionalbnethodsf.iFor'egample,
_ Aigner‘and Judge‘fl975];eualuated the‘extent to whieh James—Stein.estimators
"»domlnate c1a331cal pre—test estlmators in three‘appllcatlons.b In general
the1r results 111ustrate the theoretlcal result that the potent1a1 benefit
of James—Stein estlmators 1s dependent ‘upon the nature of colllnearlty
“in the sample. Only 1n one appllcatlon (the re examlnatlon of the Weiss data
‘set) do they f1nd ‘that the condltlon for domlnance of the James- Ste1n estlmator
is met. In thls case, results‘obtalned from a pre-test estlmator were
in general robust thou0h 1nadmlssable As for Leamer s [1974] suggested
aiternatives,:his re-eonsideration of Bode s Law remalnsvthevonlyvappl;eationt
J".Leamer{s'norezrecent'suggestion‘that priors'be specified ineompleteiy‘allowiné
: the readerﬁtofehooseﬂé partieular}mode adepending.upon moredCQmplétely
:‘%specifieddpriorslhasdiikeuise-seen little,application}‘,HoWever,liﬁ-a
v recent worklng paper Leamer and Leonard [1979] present example appilcatlons

wh1ch demonstrate the suggestlon deserves further exploratlon.‘
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Given the theoretical -appeal of these alternatives, one must conclude
they represent an important approach for future attempts to specify econometric
models of choice. On the other hand, of gqual importance is the question:

Are these alternatives likely to lead to substantial improvements in our

ability to explain and predict choices?

!
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