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Abstract: I n economics both theories and observations tend to be very heterogeneous. This paper 
discusses the methodological difficulties that are involved in relating theories and observations 
and the characteristics of each that influence the way they interact. We examine the factors that 
influence the impact of observation on theory in terms of the precision of measurement of the 
observations; the correspondence of the measurements to the theoretical concepts; the applicable 
domain of the theory, i.e. the extent to which it has implications for observable features of the 
economy; and the importance of the results to decision makers. I n this interaction between 
theory and observations, statistical models play a central role and we discuss how this rflle 
evolved in the context of four statistical models: single equation and multivariate regressions, 
A R I M A s and V A R s . The paper concludes with a brief discussion of an approach to modelling 
theories which do not impose standard restrictions on these statistical models. 

I I N T R O D U C T I O N 

T he interaction between theory and observation i n economics has always 
been problematic both at a methodological and a t a substantive level. 

John Stuar t M i l l commenting on the tension between "theory" and "practice" 
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wri tes "The most universal of the forms i n which this difference of method is 
accustomed to present itself, is the ancient feud between w h a t is called 
theory, and wha t is called practice or experience", (reprinted i n Hausman, 
1984, p. 55). I n a s imi la r vein Jevons notes tha t "The deductive science of 
economics mus t be ver i f ied and rendered useful by the pure ly induct ive 
science of statistics. Theory must be invested w i t h the real i ty and life of fact. 
B u t the diff icult ies of th is un ion are immensely great", (cited i n Morgan , 
1990, p. 5). Despite the repeated call for a close relationship between theory, 
observation and practice, the real i ty has often been quite the contrary. Cur
ren t ly , the g u l f between theory and measurement remains as wide, and i n 
some respects, wider t han ever. This is graphically i l lus t ra ted by the com
ments of M i r o w s k i (1991) and Summers (1991). M i r o w s k i us ing a post
modernist philosophy of the relative autonomy of different functions w i t h i n a 
discipline uses an analogy between the role of theorists, ins t rument builders 
and exper imental is ts i n science to examine the lack of communicat ion 
between economic theory, econometric theory and applied econometrics. Sum
mers comments on "the negligible impact of formal econometric work on the 
development of economic science". S imi la r ly , many econometricians wou ld 
comment on the negligible impact t h a t economic theory has had on any 
explanation of the data. 

Th i s paper examines some aspects of th i s f raught in terac t ion between 
theory and observation i n economics. The f i rs t par t of the paper considers the 
influence of observation on theory. One impor t an t feature is the hetero
geneous nature of both the theories and the observations used i n economics, 
and Section I I discusses some aspects of this heterogeneity and the i r con
sequences for the interact ion of theory and observation. Section I I I examines 
some of the factors t h a t influence the impact t ha t observations have on 
theory. The second p a r t of the paper considers how theory is used by 
empir ica l workers , pa r t i cu la r ly applied econometricians, i n analysing the 
observations. Empi r ica l work has to t r y to synthesise theory and observation 
i n constructing effective models. Section I V characterises this process and 
discusses the c r i t e r i a used to evaluate empi r ica l economic models. I n 
constructing such models, econometricians use statistical models, and Section 
V discusses the evolution of the main statistical models used and the role tha t 
the theory has played ( i f at all) i n thei r development, since the work of the 
Cowles Commission. Current ly , there is a major tension w i t h i n par t icu lar 
parts of the subject. Stochastic opt imis ing theories which take a par t icular 
form, the LQ form, i nvo lv ing Linear constraints and Quadratic objective 
functions are wel l understood and can be relatively easily confronted w i t h the 
estimates from a statist ical model. However, this is not possible w i t h more 
complicated dynamic stochastic opt imisat ion processes. This has caused a 



number of workers to calibrate ra ther t han estimate t he i r models. Th i s 
approach is also discussed i n Section V . Section V I suggests an al ternative 
approach which bui lds on the r igour and precision of these more complex 
dynamic optimisat ion theories bu t allows a more flexible specification of the 
theory for confrontation w i t h the data. Section V I I contains some concluding 
remarks. 

This paper complements Pesaran and Smi th (1992) which emphasises the 
his tor ical evolution of the use of economic theory i n econometrics and pro
vides more technical detail on the suggested alternative approach for br idging 
the gap between theory and evidence. 

I I T H E N A T U R E OF THEORIES A N D OBSERVATIONS I N ECONOMICS 

The interplay of theory and observation raises a host of diff icult philosophi
cal issues, extensively discussed i n the methodology of science l i tera ture . For 
example, see O'Brien (1991). I n addit ion, w i t h i n economics, ind iv idua l choice, 
social interact ion and the non-experimental nature of observations fur ther 
complicate the in teract ion between theory and observation and involves 
considerations not present i n n a t u r a l sciences. We focus on observations 
generated by the economy and do not discuss the recent work on "experi
menta l economics". This section examines some of the ma in characteristics of 
economic observations and theories tha t l ie at the root of the tension t h a t 
exists between them. The m a i n characteristic of different economic obser
vations tha t we would l ike to emphasise here is the i r precision and the degree 
to which they correspond to the theoretical concepts. On the theory side i t is 
the i r applicable domain and thei r relevance to decision m a k i n g which are of 
concern. I n the next section, we give examples of how these characteristics 
influence the impact of observation on theory. Here we wish to explain the 
characteristics themselves. 

Theories come i n a very wide range of forms. They differ i n type (Marxis t , 
monetarist , neo-classical, etc.); use of mathematics; aspects of the economy 
they are concerned w i t h and so on. Theorists, however, tend to have certain 
characteristics i n common. They tend to put a h igh value on r igour, generality 
and s impl ic i ty w i t h a resul t ing preference for the abstract. I n M a r x i s t w r i t 
ings this abstraction is a major feature of the analysis because i t allows one to 
dist inguish between real i ty and the appearances which are observed. M a r x i n 
the Preface of Vol . I of Capital describes abstraction as the economist's substi
tute for the microscopes and chemical reactions used by physical sciences. 
This preference for abstraction is not confined to Marxis ts . For Hahn (1985) 
the p r imary purpose of theor is ing is to develop a f ramework to enhance 
"understanding", wh ich he is at pains to d i s t inguish f rom predic t ion of 



observables. L i k e Lucas (1980) he would probably explici t ly reject the view 
t h a t theory is a collection of assertions about the actual economy. B u t 
empirical work must involve t u r n i n g theory into an assertion about the actual 
economy. The degree of appl icabi l i ty of the theory, the extent to which i t 
makes assertions about observables, is an impor tan t characteristic. Theories 
which are more applicable are more l ikely to be influenced by observation. 

A second aspect of theory which bears directly on the way i t interacts w i t h 
observation is the domain of i ts applicabil i ty. Theories w i t h a wide domain 
of applications tend to be more sensitive to data. Th i s sensi t ivi ty w i l l be 
increased i f the theories are of practical relevance or importance to decision 
makers. I n areas l ike Finance, the theories tend to be h igh ly applicable, the 
Black-Scholes option p r ic ing formula diffused from the Journal of Political 
Economy to dealing rooms very rapidly, and has a wide domain of application, 
r ang ing f rom speculative asset markets, to investment decisions w i t h i r re
versibil i t ies. Business cycle theories of output, prices and employment, tend 
to be both applicable, and of interest to policy makers. Neo-classical general 
equ i l ib r ium theory at i t s most abstract level has a very low level of applica
b i l i t y and l i t t l e direct interest to decision makers. I t s innovations are concep
tua l and methodological and i ts interaction, w i t h observation depends largely 
on i ts implementat ion i n other more applicable theories. 

To say tha t certain types of theory are relatively insensitive to observation 
is not necessarily a cr i t icism, given the methodological difficulties of re la t ing 
theory and observation. Induct ion, the inference of general rules from par
t icular observations, although extremely widespread raises logical difficulties. 
However many times a part icular pat tern has been observed i n the past there 
is no logical jus t i f icat ion for assuming tha t i t w i l l hold i n the future. Statis
t i ca l theory makes a set of assumptions, e.g. homogeneity of the data 
genera t ing process th rough t ime , which a l low probabil is t ic inference by 
assuming away the problem of induct ion. However, the probabilistic frame
w o r k i t s e l f is a ma t t e r of substant ia l dispute (e.g. whether "empir ica l" 
probabi l i t ies should be in terpre ted as l i m i t s of relat ive frequencies or as 
personal estimates). 

Falsification, the contradiction of a general rule by part icular observations, 
whi le logically less f raught than induct ion, also faces major philosophical 
difficulties about whether the observation is va l id or whether the theory has 
been contradicted. O f par t icu lar importance i n economics is the "Duhem-
Quine" problem. A n y applicable theory is an inherent ly complex construct, 
made up of a large number of components including many auxi l ia ry assump
tions tha t enable i t to be applied to par t icular cases. Should the theory be 
rejected by an observation, i t is rarely clear which component of the theory is 
responsible for the rejection. 



To confront the theory w i t h the data, namely to construct models t h a t 
relate theoretical concepts to thei r observable counterparts, requires numer
ous aux i l i a ry assumptions. The econometrician mus t specify measurement 
models, dynamic adjustment processes, expectation mechanisms, and func
t ional forms before the task of test ing or evaluat ing theories can even begin. 
The models tha t the econometrician constructs and tests are often many steps 
removed f rom the theory model t h a t the theoris t has i n m i n d . As a resul t 
there is a con t inu ing tension between economic theory and econometric 
practice. The theoris t is rare ly content w i t h the econometrician's choice of 
auxi l ia ry assumptions, and the econometrician can always complain tha t the 
theorist's model is incomplete for the purpose of empirical analysis. 

The v a l i d i t y of the observations is also central to the applicat ion of the 
falsif icat ion strategy i n economics, b u t the na ture of observations varies 
widely i n economics. Economic data spans a wide spectrum of precision. A t 
one end, one has direct observations of the outcomes of par t icu lar trans
actions, such as observed price and quantit ies i n a market . I n principle, these 
can be made as precise as one wishes and i n f inancial markets , where large 
amounts of money can be made from a rb i t r ag ing smal l differences i n the 
price, the level of precision of observation is very h igh indeed. 

A t a middle level of precision are synthesised aggregates l ike na t iona l 
income, which are constructed w i t h i n a whole set of theoretical measurement 
conventions. The imprecision arises p r imar i ly from two sources. Fi rs t ly , these 
measures are aggregated, thus invo lv ing a loss of in format ion . The aggre
gat ion may be over t ime , products, or ind iv idua l s , and i n practice often 
involves a l l the three entities. Secondly, imprecision may resul t f rom impu
ta t ion often necessitated due to non-market activities. I n principle , nat ional 
expenditure, measured as to ta l marketed transactions could be measured 
w i t h a h i g h degree of precision, b u t i t would not be very in teres t ing. I n 
practice, various outputs are either left out altogether (such as home pro
duction), or to get a closer correspondence to the measures of theoretical 
interest, some outputs are included using their imputed values (such as value 
of owner-occupier housing) which are often subject to a wide marg in of errors. 
These inevi tably resul t i n imprecise measurements. I n addi t ion, there is a 
t h i r d source of measurement errors due to errors of sampling. The nature of 
th i s error , however, differs markedly f rom the other two (i.e. errors of 
aggregation and imputat ions) and i ts size can be controlled by increasing the 
proportion of population sampled, bu t of course, at a cost. 

A t the lowest level of precision are the measures of the unobservables 
which play such a large role i n economic theory: the na tu ra l rate of unem
ployment , expected in f l a t ion , etc. As one moves along th i s spectrum the 
precision and the r e l i a b i l i t y of the observations declines as does t he i r 



cred ib i l i ty , and thus the correspondence between observations and the 
theoretical concepts. B u t even when precise observations are available, thei r 
relationship to the theory may not be direct. When Moore, i n 1914, observed a 
positive association between p ig i ron demand and i ts price, both relat ively 
precisely measured, others rap id ly disputed his in terpreta t ion of the obser
va t ion as a posi t ively sloped demand curve. Epstein (1987) and Morgan 
(1990) discuss th i s episode. As Morgan (1990) emphasises, identif icat ion is 
only one aspect of this more general correspondence problem. 

I l l T H E I M P A C T OF OBSERVATION O N THEORY 

From the broad discussion above we would expect the nature of obser
vat ions to have a greater impact on theory, the more precisely they are 
measured, and the more closely they correspond to the theoretical concepts 
(which implies t h a t the theory is h ighly applicable). One would also expect 
that , ceteris paribus, the impact of observations on theory w i l l be greater i n 
cases where the theory has a wide domain of appl icabi l i ty a l lowing more 
opportunities for the theory to be confronted w i t h the data. Finance fits these 
characteristics quite closely and one can provide examples of how obser
vat ions t h a t were anomalous w i t h i n the context of the theory r ap id ly 
prompted revisions. 

Business cycle theory is another interest ing case, theory and observation 
in teract b u t i n a complicated manner. The theory has wide appl icabi l i ty , 
many different types of observations are available bu t they lack precision and 
the i r correspondence w i t h the theory can be a mat ter of dispute. I n these 
circumstances preferences between theoretical and empirical cr i ter ia matter. 
M a n k i w (1989, p. 89) comments "Yet l ike a l l opt imising agents, scientists face 
trade-offs. One theory may be more 'beautiful ' while another may be easier to 
reconcile w i t h observation." 

Aker lo f f (1984, p. 2) comments "The u n w r i t t e n rules tha t only economic 
phenomena be considered i n economic models w i t h agents as individual is t ic 
selfish maximisers, restricts the range of economic theory and i n some cases 
even causes the economics profession to appear peculiarly absurd — because, 
wi thou t relaxation of these rules, certain almost indisputable economic facts, 
such as the existence of involuntary unemployment, become inconsistent w i t h 
economic theory." B u t the evidence of the business cycle l i terature is tha t the 
fact of i n v o l u n t a r y unemployment is h igh ly disputable, p a r t l y because 
measured unemployment is imprecisely observed and because i t does not 
correspond to the theoret ical concept and pa r t l y because many feel t h a t 
re laxing those u n w r i t t e n rules would logically undermine the coherence and 
achievements of large parts of economic theory. 



Yet even i n this area, the observations do have an impact. Barro (1989, p. 3) 
describes why the or iginal New Classical "surprise" model was abandoned i n 
favour of developing the Real Business Cycle, models, w h i c h we discuss 
fur ther below. As he notes, informat ion lags d id not seem, w i t h h inds ight , 
impor t an t ; and the re la t ion between price shocks and money supply sur
prises, and output or employment turned out to be weak or non-existent, and 
tha t i t was diff icul t w i t h i n th is model to reproduce observed features of the 
economy such as the strong procyclical behaviour of investment and the fact 
t ha t consumption and leisure (unemployment) tend to move i n opposite direc
tions. The theory was expanded to t r y to take account of these observations. 

The observations tha t the theorists apprehend are not, i n general, the test 
statist ics of econometric work , b u t stylised facts which summarise w e l l -
established regularit ies, often themselves the results of much statist ical and 
econometric work. Summers (1991, p. 129) argues "that formal econometric 
work where elaborate technique is used to apply theory to data or isolate the 
directions of causal relationships when they are not obvious a p r io r i , v i r t ua l ly 
always fails", and advocates greater reliance on "pragmatic empir ical" work. 
By pragmatic he means an approach which is easy to understand, simple to 
use, and focuses on stylised facts. Summers follows McCloskey (1985) i n 
emphasis ing persuasiveness as the m a i n c r i t e r ion for the evaluat ion of 
empirical work. He cites the works of Friedman on the consumption function, 
Fama on the stock market , Solow and Dennison on g rowth and Phi l l ips on 
wage determination as examples of pragmatic research. These exemplars, he 
claims, presented empir ical regularit ies t h a t were sufficiently clear cut t ha t 
formal techniques were not necessary to perceive them. He expl ic i t ly rejects 
the whole basis of the Cowles Commission approach. " I t is diff icul t to believe 
t h a t any of the research described i n th i s section wou ld have been more 
convincing or correct i f the author had begun by l a y i n g out some sort of 
explicit probabi l i ty model describing how each of the variables to be studied 
should evolve w i t h i n a specific pseudo world . Conversely, i t is easy to see how 
a researcher who insisted on fu l ly a r t i cu l a t ing a stochastic pseudo wor ld 
before meet ing up w i t h the data would be unable to do most of the work 
described i n th is section" (Summers, 1991, p. 143). Later he comments tha t 
"macroeconomic theory is excessively divorced from empirical observation as 
a resul t of the failure of empirical work to deliver facts i n a form where they 
can be apprehended by theory." 

W h i l e we wou ld agree w i t h Summers ' choice of i n f l u e n t i a l empi r ica l 
research, there are his tor ical problems w i t h his account. I t is incorrect to 
c la im t h a t these exemplars d id not use probabi l is t ic models and, as the 
response to thei r research at the t ime attests, the i r results were regarded as 
anyth ing bu t clear cut; and were accepted ( i f at all) as robust only after much 



subsequent econometric work. B u t more impor tant ly , these examples can be 
read i n almost exactly the opposite way, ident i fy ing a fai lure of theoretical 
ra ther than empir ical work. The advantage these exemplars had was tha t at 
t ha t stage i n the development of the subject the theory delivered models tha t 
could be apprehended by data ( i t imposed restrictions on conditional d i s t r i 
butions) which as we argue below is not always t rue of the new theory. A 
major task facing the applied econometrician today is to cast theory into a 
form i n which the data can apprehend i t . This problem is discussed i n later 
sections after we have discussed some of the characteristics of empirical work. 

I V E M P I R I C A L RESEARCH 

The applied econometrician synthesises theory, data, and statistical tech
niques in to quant i ta t ive empir ical models which can be used for par t icular 
purposes l ike forecasting, policy analysis or evaluat ing theoretical explan
ations. The ingredients for this synthesis are provided by other communities: 
the economic theorists who supply the formal framework; the historians and 
statisticians who supply the data; the econometric theorists who supply the 
s ta t is t ical techniques; and the decision makers who define the scope and 
wha t is required of the models. These communities tend to be quite separate 
w i t h different values. As we have argued above, theorists, for instance, value 
r igour , general i ty and s impl ic i ty even at the cost of explanatory power; 
decision makers value forecasting abi l i ty even at the expense of explanatory 
coherence. Some individuals do operate i n more than one of these communi
ties, bu t i t is noticeable t h a t they tend to use quite different styles of argu
ment and rhetoric depending on which group they happen to be addressing. 

Al though the methodological difficulties discussed i n Section I I mean tha t 
i t is probably impossible to test economic theories i n any formal sense, i t is 
possible, w i t h i n some conventions about inference (e.g. the Neyman-Pearson 
f ramework of classical inference) to evaluate par t icu lar empir ical models 
(based on theory and auxi l ia ry assumptions) relative to alternatives. I t does 
not seem possible to provide any absolute cr i ter ia tha t specify a good model. A 
model can only be evaluated relat ive to how wel l i t does compared to an 
alternative and relative to a part icular purpose. 

The purpose of the model is crucial and so the evaluation mus t take 
account of m u l t i p l e c r i te r ia . Models are deliberately s impl i f ied represen
tations of rea l i ty constructed for par t icular purposes. Different purposes give 
rise to different models w i t h different emphases and orientation. This is not 
confined to econometrics. "Models are used by engineers i n three ways: (a) to 
summarise data for s imulat ion purposes; (b) for explanatory purposes; and (c) 
for predict ive purposes. These are quite different th ings; a summar i s ing 



model, or s imulator , may have no useful explanatory qualit ies, and a good 
explanatory model may have poor predict ive qual i t ies . Engineers need a 
mul t ip l i c i ty of models i n their work" (MacFarlane, 1986, p. 143). 

I n an earlier paper we group these cr i te r ia under three broad headings: 
"relevance", "consistency", and "adequacy" wh ich correspond to practice, 
theory and observation. (See Pesaran and Smi th (1985)). The model should 
provide a reasonable characterisation of the data, i.e. be s tat is t ical ly ade
quate. I t should be consistent w i t h a p r io r i knowledge (physical, ins t i tu t iona l 
and his tor ica l ) . The model should be useful, i.e. re levant to a pa r t i cu la r 
purpose (understanding, test ing, forecasting, decision-making, etc.). Given 
tha t there are mul t ip le cr i ter ia for evaluation of models, different people w i l l 
choose different models according to thei r preference-ordering over the three 
cri teria. I n t r y i n g to both represent the theory and the observations, the form 
of the statistical model used plays a crucial part . I n the next section, we shall 
examine the evolution of the interaction between theory and data i n terms of 
the developments i n the use of par t icular statistical models, since the seminal 
work of Haavelmo and the Cowles Commission. 

V STATISTICAL M O D E L S 

Haavelmo said "Econometric research aims, essentially, at a conjunction of 
economic theory and actual measurements, using the theory and technique of 
statistical inference as a bridge pier" quoted i n Morgan (1990, p. 242). Econo
metric analysis i n the post war period has been dominated by four statistical 
techniques or models and quite different ways have evolved of re la t ing them 
to the theory and to each other. The four models are the single equation and 
the mul t iva r i a t e regression models, the univar ia te A R I M A models, and the 
VAR. 

The per iod up to the 1970s was dominated by single equat ion and 
mul t ivar ia te regression models. I n the regression model the conditional mean 
of some endogenous var iable is explained i n t e rms of a cer ta in set of 
exogenous variables. Regression was the basis of what Hylleberg and Paldam 
(1991) call the " t radi t ional strategy" of doing empirical research: of m a r r y i n g 
theory and observations. This " t radi t ional strategy" emerged from the work of 
Tinbergen, Haavelmo and the Cowles Commission. Cen t ra l to i t was a 
dichotomy between theoretical and empirical activities: the theorist provided 
the model and the econometrician estimated and tested i t . This proved a 
h ighly productive strategy which dominated empirical econometrics u n t i l the 
1970s and s t i l l remains healthy. I t was effective because the theory involved, 
( I S - L M , static demand theory, explanations of cycles i n terms of stochastic 
l inear difference equations) could easily be cast i n the form of a l inear or 



simple non-linear regression. The pr imary role of wha t migh t be called "old" 
theory i n th i s context was " ident i fy ing the l i s t o f relevant variables to be 
included i n the analysis, w i t h possibly the plausible signs of their coefficients" 
(Tinbergen, 1939), though i t also suggested l inear or non-linear parametric 
restr ic t ions, such as homogeneity w i t h respect to prices, wh ich could be 
tested. 

The old theory p r i m a r i l y focused on conditional statements, such as what 
wou ld happen to demand i f prices were to f a l l ; decision makers focused on 
condi t ional predict ions, such as wha t wou ld happen to unemployment i f 
government spending were to increase. Regression methods, by es t imat ing 
the condit ional means, provided a flexible way of quant i fy ing and tes t ing 
quali tat ive statements about conditional moments. The testing was usually of 
a l i m i t e d , though useful sort: was the effect significant and of the correct 
sign? I n the pragmatic application of the t rad i t iona l strategy, though not i n 
the s t r ic t Cowles Commission view, regression also allowed the empir ical 
analyst great scope to make auxi l iary assumptions: add variables to allow for 
ceteris paribus conditions, choose different functional forms, add lags for 
adjustment processes and experiment w i t h proxies for unobservables. I n 
terms of the "Duhem-Quine problem" the theory became almost unfalsifiable: 
i t was never clear whether the theoretical core or the auxi l iary assumptions 
were rejected. However, th is approach allowed the empirical analyst to take 
account of a wide range of his torical , ins t i tu t iona l and physical constraints. 
This increased the applicabil i ty of the theory and allowed the model to better 
represent the data whi le remaining consistent w i t h theory. 

The m u l t i v a r i a t e regression model explains a number of endogenous 
variables by the same vector of exogenous variables. The reduced form of a 
l inear simultaneous equations model was of th is form and the role of theory 
was then to provide the ident i fy ing restrictions tha t allowed the s t ructura l 
form to be estimated plus over-identifying restrictions tha t could be tested. 
Complete systems of demand equations, which were developed fo l lowing 
Stone (1954), also took the form of mul t ivar ia te regression models. I n th is 
case, the theory imposed a set of restr ict ions on the system (adding up, 
homogeneity, symmetry and negativi ty) which could be used to improve the 
efficiency of estimation or be tested. 

The Cowles Commission approach was characterised by the development of 
estimators rather than test procedures, see Qin (1991). Even wi thou t formal 
procedures for diagnostic and misspecification testing, the explanation (con
d i t iona l predic t ion) provided by the model could be compared w i t h the 
realisations, a l lowing an informal judgement of statistical adequacy. 

The univar ia te A R I M A (p, d, q) model, represents a single variable (which 
has been differenced sufficiently, say d times, to induce stationarity) i n terms 



of p lagged values of i t se l f and a moving average of q lagged disturbances. 
Al though these models were in i t i a l l y "atheoretical" using no information from 
economic theory, there were cases where economic theory d i d impose 
restrictions on the form of an A R I M A model. For instance, efficient marke t 
theory, i n i ts simple form, predicted t h a t speculative asset prices should be 
random walks: A R I M A (0,1,0). However, dur ing the 1970s i t became apparent 
t h a t un ivar ia te A R I M A models could out-perform t r ad i t i ona l econometric 
regression models i n forecasting. Th i s led to an increased emphasis on 
developing measures of model adequacy, a prol i fera t ion of diagnostic and 
misspecification tests and a shift away from emphasis on the estimation of a 
theoretical model and towards model specification. However, at the same 
t ime, there were complaints by theorists t ha t t rad i t iona l regressions d id not 
represent the theory, and by decision makers tha t the models were ineffective 
for pract ical purposes of forecasting and policy analysis. I n terms of our 
earlier cri teria, the models were seen as statistically inadequate, theoretically 
inconsistent and practically irrelevant. 

The response of many econometricians to the evidence tha t simple t ime-
series models could, on occasion, produce better forecasting performance than 
econometric models was to p u t much greater p r i o r i t y on representing the 
data relative to the theory, which they i n i t i a l l y saw as hav ing relatively l i t t l e 
to contribute, par t icu la r ly for the purpose of forecasting and business-cycle 
research. I f A R I M A models out-performed t r ad i t i ona l econometric models, 
then econometric models needed to take account of both the informat ion i n 
the A R I M A models and the linkages between variables embodied i n econo
metric models bu t ignored by univariate time-series models. There were two 
strands to this response: dynamic elaboration of single equation regression to 
produce the E r ro r Correction Models associated w i t h Hendry and his col
leagues, and the use of a mul t iva r i a t e time-series model, the Vector Auto-
regression (VAR), associated w i t h Sims (1980). These two approaches, the 
V A R and the ECMs, can be combined i n the cointegration approach, (Engle 
and Granger, 1991). I n both cases the i n i t i a l impetus to the research 
programme was statist ical , a desire to provide stat is t ical ly adequate repre
sentation of the data and to forecast more accurately. 

Hendry and his colleagues i n the LSE t r ad i t i on , e.g. see Hendry (1987), 
s ta r ted f rom a general Autoregressive D i s t r i b u t e d L a g model , w h i c h 
explained an endogenous variable by i ts own lags and current and lagged 
exogenous variables; effectively us ing a moving average of observed regres-
sors ra ther than unobserved disturbances as i n the A R I M A . The estimated 
model was then subjected to a bat tery of tests to ensure tha t i t described the 
data adequately and then simplified by reparameterisation and restrictions 
which reduced the number of estimated coefficients. The end resul t was 



usually a single equation Er ror Correction Model i n which the changes i n the 
dependent variable was explained by changes i n the independent variable 
and lagged levels of the dependent and independent variables. Alogoskoufis 
and Smi th (1991) discuss error correction models i n more detail. 

The textbook by Spanos (1986) provides an inf luent ia l exposition of this 
methodology. Spanos (p. 10) notes the separation of time-series model l ing 
from mainst ream econometric modelling, and says tha t one of the ma in aims 
of h is book is to complete the convergence between the two strands tha t began 
i n the m i d 1970s. B u t i n th is convergence, p r io r i ty is given to the develop
men t of a w e l l defined s ta t is t ical model which adequately describes the 
observed data i n the sense tha t the under lying statistical assumptions are not 
grossly violated. Theory enters at the f i rs t stage, w i t h choice of the variables 
examined as w i t h Sims, and at the f inal stage when the estimated statistical 
model can be reparameterised or restricted i n view of the theory so tha t the 
model can be expressed i n terms of the theoretical parameters of interest (e.g. 
p. 699). "Econometric modell ing is viewed not as the estimation of theoretical 
relat ionships nor as a procedure for establishing the 'trueness' of economic 
theories, bu t as an endeavour to understand observable economic phenomena 
us ing observed data i n conjunction w i t h some unde r ly ing theory i n the 
context of a statistical framework" (Spanos, 1986, pp. 670-671). 

I n an application of this methodology to Friedman and Schwartz's analysis 
of money demand Hendry and Ericsson say: "Modelling is seen as an at tempt 
to characterise data properties i n simple parametric relationships tha t are 
interpretable i n the l i g h t of economic knowledge, remain reasonably constant 
over t ime , and account for the findings of pre-existing models." (Hendry and 
Ericsson 1991, p. 18). The methodology is based on the statistical theory of 
data reduction. They suggest six criteria, of which five are statistical and one 
is "Theory Consistency". To Hendry and Ericsson the most impor tan t role 
tha t theory can have i n the empirical research is the specification of long-run 
relat ionships. The response to Hendry and Ericsson's (1991) cri t icisms by 
Fr iedman and Schwartz (1991, p. 49), emphasises the difference i n purpose. 
"By HEs [Hendry and Ericsson's] standards, the pr ior 281 pages of our book 
were mostly worthless.. . . Those pages were not devoted a la H E , to "repre
sent ing the j o i n t density of [a l i m i t e d set of variables] i n terms of an 
autoregressive d i s t r ibu ted lag model," then proceeding to s implify "[ t]he 
conditional model to an ECM," and to evaluating i t " i n the l igh t of the model 
design cri teria" listed i n thei r Table 2 (HE, pp. 22-23). Instead, the first 204 of 
those 281 pages present our theoretical framework, our statistical framework, 
the basic data, and an overview of the movements of money, income, and 
prices over the century our data cover." Friedman and Schwartz l ike Mayer 
(1980) emphasise the importance of explaining a wider range of observations 



than the part icular sample being analysed. 
Whereas the LSE t rad i t ion largely worked w i t h i n a single equation frame

work , the other approach to combining econometric and time-series models 
was mul t ivar ia te . F u l l mul t ivar ia te vector A R I M A models tend to be int ract
able and Sims (1980), w i t h i n an explici t ly atheoretical approach, advocated a 
s impli f icat ion of the V A R M A model, the Vector Autoregression, V A R . The 
V A R is the four th of the statist ical models tha t has been widely adopted i n 
econometrics. I n th is structure each variable (measured either i n levels or 
f i r s t differences) is treated symmetrically, being explained by lagged values of 
i t se l f and other variables i n the system. There are no exogenous variables, no 
ident i fy ing conditions and the only role of theory is to specify the variables 
included. Cooley and LeRoy (1985) provide a cr i t ique of such atheoretical 
econometrics. 

B u t the V A R was not necessarily atheoretical, i t could provide a statistical 
framework w i t h i n which the restrictions imposed by theoretical models could 
be imposed. One route was to use the V A R as the reduced f o r m of a 
t r ad i t iona l s t ruc tura l model. Then the specification of the s t ruc tura l model 
could be tested by imposing the sequential restrictions necessary to generate 
i t f r o m a V A R : pre-determinateness of some var iables ; non-causal i ty; 
exogeneity; and weak and strong over-identification conditions. For an imple
mentat ion of such a sequential test ing procedure i n the context of the VAR, 
see Monfort and Rabemananjara (1990). 

A n a l te rna t ive route used theoret ical l inea r r a t i o n a l expectations or 
equ i l i b r i um models as a way of i n t e rp re t ing and imposing cross-equation 
restrictions on vector autoregressions. "Rational expectations model l ing pro
mised to t ighten the l i n k between theory and estimation, because the objects 
produced by the theor iz ing are exactly the terms of which econometrics is 
cast, e.g. covariance generating functions, Markov processes and ergodic dis
tr ibut ions." (Hansen and Sargent 1991, p. 2). W i t h i n this framework the a im 
is to estimate the "deep" parameters (of taste and technology) by exploi t ing 
the cross-equation restrictions the theory imposes on the parameters of the 
VAR. 

However, this could only be done for opt imis ing models which take wha t 
W h i t t l e (1982) calls the "LQ form": l inear constraii „s w i t h quadratic objective 
functions. The details of th i s opt imisat ion problem have been extensively 
developed i n the Operations Research Li tera ture and widely applied i n many 
fields beside economics. The decision rules take the form of a l inear VAR. 
More complicated models of stochastic dynamic opt imisa t ion could no t be 
solved analyt ical ly and real business cycle theorists had to face the diff icul ty 
t ha t analyt ical solutions for the decision rules of the i r models under uncer
t a in ty were rare. Par t ly as a result of the difficulties involved i n es t imat ing 



these models they adopted the explici t ly astatistical approach of cal ibrat ing 
and s imu la t i ng the theoret ical models, e.g. K y d l a n d and Prescott (1982, 
1991). A l t h o u g h K y d l a n d and Prescott do not use methods of s ta t is t ical 
inference, they regard these procedures as econometric, i n the sp i r i t of some 
of Frisch's exercises. Andersen (1991) provides a cri t ique of the cal ibrat ion 
approach. This astat is t ical response is strongly identif ied w i t h the Lucas-
Sargent research programme centred on a stochastic dynamic opt imisat ion 
approach. Th i s approach requires tha t a l l the behavioural relations of the 
model be obtained d i rec t ly f rom the solutions to we l l defined dynamic 
opt imisat ion problems faced by economic agents, usually taken to be repre
sentative agents. I n order to make th is approach operational a large number 
of very res t r ic t ive assumptions have to be made about preferences, tech
nology, endowments and informat ion sets. The proponents of th is approach 
are forced to use very simple functional forms; rely almost exclusively on the 
concept of representative agents w i t h homogeneous informat ion (which as 
A r r o w (1986) points out is odd i n any explanatory model of decentralised 
markets where ind iv idua l differences are the pr ime motivat ion for trade); and 
give l i t t l e or no consideration to ins t i tu t ional constraints. 

Th i s means t h a t a number of impor t an t problems, such as informat ion 
heterogeneity, sectoral disaggregation and choice of functional forms tha t 
concern applied economists are either ignored or brushed aside. 1 They are 
ignored not because they are un impor tan t but because they cannot be readily 
accommodated w i t h i n the optimisation framework. Thus the theory becomes 
a strai t jacket ra ther than a flexible framework for enquiry. Th i s approach 
shifts the emphasis to the model of the economy rather than the economic 
rea l i ty itself. As Sargent states "The in te rna l logic of general equ i l i b r ium 
model l ing then creates a diff icul ty i n t ak ing any of the model's predictions 
seriously" (Sargent, 1987, p. 7). K y d l a n d and Prescott (1991, p. 169) say 
"Wi thou t some restr ict ions, v i r t u a l l y any l inear stochastic process on the 
variables can be rat ional ised as the equ i l ib r ium behaviour of some model 
economy i n t h i s class. The key econometric problem is to select the 
parameters for an experimental economy". This is not the t rad i t iona l defin
i t i o n of an econometric problem. The parameters of these models can be 
consis tent ly es t imated by Generalised M e t h o d of Moments ( G M M ) or 
Simula ted G M M , condit ional on the assumption tha t the model is correct. 
However, estimation, i n itself, does not generate conditional predictions, t ime 
paths for the endogenous variables, which can be compared w i t h the actuals 
to assess the explanatory power of the models. Canova, F i n n and Pagan 

1. The problem of information heterogeneity in econometric applications is discussed by 
Townsend (1983) andPesaran (1987, 1990b). 



(1992) solve a simple Real Business Cycle to provide such condit ional pre
dictions. 

One impor t an t role of economic theory is to produce general, un i fy ing 
insights which promote our understanding of the work of the economic system 
by abs t rac t ing f rom the complex mass of detai ls w h i c h const i tu te the 
"reality", thus a l lowing the theorist to provide tractable analysis. The useful
ness of any abstraction depends on whether i t opens ra ther than closes doors, 
t h a t is whether i t enables the theorist to gain a deeper unders tanding of a 
wider range of interconnected phenomena. The theory also acts as a un i fy ing 
framework w i t h i n which new results can be related to what is already known. 
Continued adherence to the Rational Expectations Hypothesis is now closing 
ra ther t h a n opening doors i n h i b i t i n g for instance the study of how agents' 
learning processes may form par t of a history-dependent process which allows 
a determinate equ i l i b r i um to be singled out f rom the m u l t i p l i c i t y of the 
equi l ibr ia which obtain i n general equi l ib r ium models. When dynamic stoch
astic models are estimated, the assumptions of the model, required for a 
tractable solution, are so restrictive tha t the results are often uninformative. 
This is a cr i t ic ism tha t Summers (1991) makes against the work of Hansen 
and Singleton (1982, 1983). 

V I A N A L T E R N A T I V E APPROACH 

The question is how can we devise a procedure t h a t incorporates the 
precision of the modern dynamic stochastic theory and the f l ex ib i l i ty of the 
t r ad i t i ona l approach. The a im would be to develop a general econometric 
framework which enjoys the precision of the dynamic opt imisat ion approach 
b u t does not suffer f rom i t s fo rma l s t r i c tu re when appl ied l i t e r a l l y to 
economic problems. The strait jacket of the stochastic dynamic opt imisat ion 
tha t , given current computer technology, only allows consideration of the 
simplest cases needs to be avoided i f at a l l possible. 

One possibi l i ty wou ld be to ar t icula te the use of shadow prices as an 
in te rmedia te step to s impl i fy empir ica l analysis of models derived f rom 
applications of the dynamic optimisation. The concept of shadow prices has a 
long his tory i n economics and na tura l ly arises i n opt imis ing problems subject 
to constraints. I n many applications these shadow prices directly correspond 
to prices of goods or services i n par t icular future or c u n ^nt markets that , for 
one reason or another, do not exist. A great deal of the complexity of the 
dynamic opt imisat ion approach is due to miss ing markets t h a t render the 
shadow prices unobservable. Consider the case of investment, which is set out 
more formal ly i n the Appendix. The opt imisa t ion problem gives rise to a 
Lagrange mul t ip l i e r , the shadow price of capital . Jorgenson's (1963) classic 



study made the assumption t h a t there were complete second-hand markets 
for capital goods. Then the shadow price was the user cost of capital. Hayashi 
(1982) showed t h a t the shadow price was directly related to what he defined 
as Tobin's marg ina l q. He then established the very str ict conditions under 
which the marg ina l q would equal the average q. Abel and Blanchard (1986) 
t r i ed to obtain measures of marg ina l q directly. Other examples where the 
use of shadow prices can be used to provide a bridge between theory and 
application are discussed i n Pesaran and Smi th (1992), where the analysis of 
consumption under l iqu id i ty constraint, and oi l production are given. 

I n an Arro„w-Debreu wor ld there are complete markets for a l l current , 
contingent and forward contracts. The widespread absence of forward con
tracts means tha t agents have to condition the i r decisions not on the known 
forward price b u t on thei r expectations of the price i n the future. Economists 
have dealt w i t h th i s problem by replacing the unobservable (to the econo-
metr ic ian) expectation of the future price by i ts observed determinants. The 
equally widespread absence of current (e.g. contracts for second-hand capital 
goods) and contingent (e.g. contracts conditional on the agent being l iqu id i ty 
constrained) markets means t h a t agents have to condition on unobservable 
(to the econometrician) shadow prices. Such is the case w i t h the shadow price 
of capital i n the investment example. 

Our proposed empir ical approach set out w i t h more mathematical details 
i n Pesaran and S m i t h (1992), involves replacing the unobservable shadow 
prices by l inear or simple non-l inear functions of the observable state 
variables which determine them. This procedure mainta ins the structure of 
dynamic opt imisat ion b u t allows other relevant ins t i tu t iona l ( taxation and 
ownership r igh ts ) and physical constraints (e.g. the exhaus t ib i l i ty of o i l 
reserves as i n Pesaran (1990a) or the constraints on ins ta l l ing or disposing of 
capital stock) to enter the problem through thei r influence on the shadow 
prices. Thus, i t provides a consistent theoretical way to enter other relevant 
factors not explici t ly treated by the theory, b u t which constrain the optimis
i n g behaviour of economic agents. This is i n accord w i t h a r ich t r ad i t ion of 
us ing shadow prices i n economics to encapsulate the information needed by 
decision makers when markets do not exist. For an early example of this see 
Sen's (1960) work on the Choice of Techniques. This framework also opens an 
avenue of discourse w i t h the theorist , since the empir ical significance of 
problems such as l i q u i d i t y constraints can be presented more readi ly i n 
theoretical terms. 

V I I C O N C L U D I N G REMARKS 

Evalua t ion of theories necessarily involves confrontation of the theories' 
predictions w i t h the evidence. I n economics the relevant predictions concern 



the conditional dis t r ibut ions of the observables. This is not, however, a suf
f icient condit ion for at least two reasons. F i r s t l y , there is the problem of 
inference, t ha t there is no agreed method of j udg ing whether the conditional 
predictions match the data and thus whether the evidence rejects the theory. 
Secondly, the conditional predictions result from the conjunction of the theory 
and the auxi l ia ry assumptions required to produce an empirical model, and i t 
is no t clear wh ich is being rejected. These two problems are sufficiently 
serious tha t i t seems unl ikely tha t economic theories can be tested. However, 
w i t h i n an agreed procedure for inference i t may be possible to judge whether 
the condit ional predictions of a par t icular empir ical model, wh ich embodies 
the theory, do i n fact match the data better than those of another r i v a l model. 

W i t h theory t h a t can be cast i n the L Q form th i s is re la t ive ly straight
forward and theory and evidence can be related i n the t rad i t iona l way. Linear 
constraints and quadratic objective functions provide a good approximation to 
a very wide var ie ty of problems. However, there are a range of impor t an t 
cases where i t does not. The adequacy of the L Q approximation depends on 
the re la t ive s t ab i l i ty o f the u n d e r l y i n g parameters and some not ion of 
different iabi l i ty of the constraints and the objective functions. B u t there are 
many in teres t ing economic phenomena where boundary conditions become 
operative, such as the non-negativity of prices for outputs and factor inputs , 
or where there are assymetric adjustment costs, bankruptcies and irreversi
bi l i t ies . For these problems the LQ form may provide a poor approximation. 
I n addi t ion, the approximation process involved i n the l inear isat ion means 
t h a t the est imated parameters cannot be re la ted direct ly to the deep par
ameters of the o r ig ina l , non-linear, s t ruc tu ra l model. W i t h th i s fo rm of 
theory, involv ing stochastic, non-linear dynamic optimisation w i t h incomplete 
markets, comparing predictions of the theory w i t h the evidence ceases to be a 
s t ra ight forward mat ter . The theory faces the danger of becoming a s t ra i t -
jacket because the models cannot be readily solved to provide predictions for 
observed data, except i n the simplest cases, and also because the models 
cannot be easily extended to incorporate other p r io r i n fo rma t ion about 
physical or in s t i tu t iona l features of the problem. As we described, the pro
fessional response to th is tension between the theory and the evidence has 
been either i n the direction of "atheoretical" empir ical research using VAR's, 
or towards "astatistical" approaches by resort ing to calibrat ion techniques or 
reliance on simple "stylized" facts. This is unsatisfactory. Theory is essential 
i n enabl ing us to organise our a p r i o r i knowledge about the problem i n a 
consistent and coherent way. B u t the predictions of the theory must also be 
confronted w i t h the data, at least indirect ly v i a a par t icular empirical model, 
i f i t is to have any relevance and to enhance our understanding of the real life 
problems. 



I n the previous section we suggest an approach which migh t help bridge 
the cur ren t g u l f between theory and evidence. This approach allows the 
theoretical analysis to be conducted outside the L Q framework, bu t at the 
same t ime aims to avoid the computational and estimation problems involved, 
by replacing the unobserved Lagrange mul t ip l ie rs or shadow prices by func
tions of the variables tha t determine them. The resul t ing models al though 
non-linear, can be solved to give conditional predictions of the observables. 
They can be solved because a l though they m a i n t a i n the i n t r i n s i c non-
l i n e a r i t y (e.g. associated w i t h whether a constra int binds or not) they 
approximate the incidental non-l ineari ty i n the determination of the shadow 
prices w i t h l inear or other t ractable functions. As a resul t they can be 
estimated wi thou t too much difficulty. This approach, furthermore, we would 
hope has the potential not only to improve estimation and prediction b u t also 
to improve the dialogue between theory and evidence. As we discussed above, 
a major source of tension between theory and evidence arises because the 
theorist and the econometrician have different purposes i n mind . The pr ime 
objective of the empir ica l worker is to explain the data, a lbei t w i t h i n a 
theoretical f ramework which provides consistency and coherence. This is not 
the p r ime objective of the theorist . Being able to present the evidence i n 
theore t i ca l ly coherent te rms — shadow prices — ra the r t han as the 
parameters of condit ional d is t r ibut ions may aid the dialogue by del iver ing 
"facts i n a fo rm where they can be apprehended by theory" to adopt the 
phrase used by Summers. 
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A P P E N D I X 

The Shadow-Price of Capital 

Consider a f i r m act ing to maximise the present value of i t s expected net 
receipts 

V t = E ^ j £ p T [ p t + t Y t + t - w t + T L t + t - p t + t I t + t | , (A.1) 

where E n , stands for the expectations operator conditional on informat ion 
available at t - 1 , P = l / ( l + r ) , w i t h r, the discount rate, assumed to be fixed, p t is 
the output price, Y t the quant i ty of output produced by f i r m dur ing period t , 
w t is the wage rate and L,, employment. p t is the price and I t the quant i ty of 
inves tment . For exposit ional s impl ic i ty a l l taxes are ignored. The value 
function V t is maximised subject to the production function 

Y t = F(Kt, Lt , t ) , (A.2) 

and the state equation determining capital stock, K^: 

Kt = G t ( I t , K n ) + (1 - 8 ) K t l . (A.3) 

The function G t models ins ta l la t ion, disposal and other related adjustments 
costs which are involved i n t rans la t ing real investment expenditures into net 
additions to the capital stock, and 8 is the rate of capital depreciation. This 
formula t ion can be viewed as a discrete t ime analogue of Hayashi 's (1982) 
continuous t ime fo rmula t ion w i t h expl ic i t t r ea tmen t of uncer ta in ty and 
expectations. The present formulat ion does not, however, take account of the 
non-negativity constraint on capital stock, b u t is capable of captur ing asym
metric response of capital stock to investment and the non-negativity of real 
investment, an impor tant feature of the investment decision tha t the Jorgen-
son model does not take into account. 

I n v o k i n g the M a x i m u m pr inc ip le discussed, for example, i n W h i t t l e 
(1982), the constrained maximisa t ion problem (A.1)-(A.3) can be solved by 
the unconstrained maximisat ion of 

H ^ E ^ j j p ' h ^ J , (A.4) 

w i t h respect to the decision and state variables, L t + X , I t + X „ K t + X , i = 0,1,2,..., 
where 



h t = p t Y t - w t L t - p t I t - X t [ K t - ( 1 - 8 ) K t _ ! - G ( I t ) K ^ ) ] , (A.5) 

where Xt, as i t w i l l become clear below, can be interpreted as the shadow price 
of capital. Maximisa t ion of (A.4) gives the following f i rs t order conditions for 
the current period variables (i.e. where x = 0). 

E t - i ^ P t - w ^ O , 

E t J p t f ! ^ t + P 
( i _ 8 ) + ^ y ± i = 0. 

(A.6) 

(A.7) 

(A.8) 

Equation (A.6) says tha t the expected value of the marginal product of labour 
equals the expected wage rate. 

Equation (A.7) can be wr i t t en as 

E t _ 1 a t ) = E t _ 1 ( p t ) / ^ - f (A.9) 

;ion g iv ing the expected shadow price of capital. I n the Jorgenson model, Equat 
(A.3) is s imply 

K t = I t + ( l - 5 ) K f c . 1 , 

3G 3G 

thus = 1 and ^ 1 = 0. Therefore, the expected shadow price of capital 

is j u s t the expected price of investment goods, namely: 
E t _ 1 ( A t ) = E t _ 1 ( p t ) = p«. 

I n t h e present case, (A.8) simplifies to 

(A.9a) 

E t - i | p t | ^ - - ^ t + P ( l - 8 ) X t + 1 | , 

= E t _ 1 { c t } , 

(A.8a) 

E t -
* 0 

where 

c t = X t - p ( l - 8 ) X t + 1 . 



Using (A.9a) and not ing tha t 

E t - i ( ^ t + i ) = E t - i ( P t ) , 

we have 

E t _ 1 ( c t ) = E t _ 1 
l - p ( l _ 8 ) P t i i 

1+ r 

where fc T + i is the rate of inf la t ion of investment goods prices. Hence 

' r + 8 + ( l - 8 ) S t 

E t - i ( c t ) = E t _ 1 p 
1 + r 

This corresponds to wha t Jorgenson (1963, p. 249) describes ( in the certainty 
case) as the shadow price, or impl i c i t ren ta l of one u n i t of capital services per 
period of t ime and refers to i t as the "user cost of capital". 

Hayashi (1982) defines Tobin's "margina l q" as q t = Xx/pt, wh ich under 
uncertainty can be w r i t t e n as q t = Xt I E t . ^p , . ) = Xt I p®. Tobin's average q is 
defined by 

Q = 
v t 

p \ K t - i 

Now divide both sides of Equation (A.8) by p® 

E t - i 
Pt d Y t , n ^t-hl 

~ P ' — A 3 K t 

1-8 + 
dG t+i 
9K t j 

= 0, 

wh ich under cer ta in ty corresponds to Equa t ion (A.9') of Hayash i (1982, 
p. 217). Once the ins ta l la t ion function is known , the opt imal rate of invest
ment is merely a function of the expected shadow price of capital and the 
expected price of investment goods. Hayashi then goes on to show tha t under 
cer tain very strong conditions, the marg ina l q is re la ted to the average Q. 
However, an alternative approach would be simply to approximate E t . 1 (X) t ) i n 
terms of the observables of the system and substitute these for the expected 
shadow prices as discussed i n the text. 




