RATIONAL PRICE EXPECTATIONS
AND

SMALL ' MACROECONOMIC MODELS

By =+ ¥

//(; ; -
\\j. KEVIN GORDON LYNCH, B.A. M.A.

A Thesis
Submitted to the School of Graduate Studies
in Partial Fulfilment of the Requirements
For the Degree

Boctor of Philosophy

‘McMaster University - -,

X

1980



1

RATIONAL PRICE EXPECTATIONS



DOCTOR OF PHILOSOPHY (1980) McMaster University

(Economics) . Familton, Cntaric

TITLE: Rational Price Expectations and Small Macroeconomic
Models

AUTHCR: Kevin Gordon Lynch, B.A. (Mount Allison University)

M.A. (Man&hester University)

SUPERVISOR: Profesdor W. Scarth

NUMBER OF PAGES: xi, 270.

. ii



N

\,

ABSTRACT

N The purpose of this study was to analyze -- both ’

theoretically and empirically -- the effects of various models

"of inflation expectations formation on aggregate supply-rela-

]

tionships, ‘and the small scale macroeconomic models_of which
they form an integral component, from the point of view of
information availability, modelling, and estimation. One

model of .inflation expectations formation in particular,

rational expectations, has important implications for macro-

eccnomic modelling and, more specifically, the tradeoff between

inflation and real output. 3
The basic theory of rational expectations is reviewed
and various problems with its empirical implementaticn are ‘
discussed. The properties of glternative models of expectations
formation are compared. Furthermore, some direct evidence
on the nature of‘expectations formation in aqtive auction
markets for financial instruments is presented. - o N
Expectaticns by their very nature are undbseréable
and thus one confronts arjointlhypothesis problem in the
intérpretation of any results using a @roxy specification.
To circumvent this difficulty, Monte Carlo simulation exper-

iments with a representative small macroeconomic model are

undertaken. This allows a compariscn between rational and |

~ . <
other models of expectations formation under varying -- but
known -- model conditions.
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Inherent in most models of expectations, aﬁd parti-
cularly for,rational expectations, is the assumption that
mérket participants possess a considerable degree of foresight
withfrespect to informatiog,“market'structure, and parameter
:values. ' As an alternative, a time dependent approach to
modelling with a minimum of information priors is developed
and applications to real income,'éxpected inflation and‘the‘

AS N
demand for money are discussed. - : '
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INTRODUCTION

1.1 Purpose of the Study

One of the distinguishing-tharacteristics of the
various schools éf macroeconomic thought is the form of the
hypothesis relating aggregate demand, prices and real output,
and the manner in which expectations affect these relation~
ships. In an uncertain world the pursuit of rational self- )
.interest by economic aéents requires the formation of expec-

tations regarding the future course of these relevant economic
'-//.) .

variables. The reTevance of expectations, and consequenfly
their optimal formation,“is’a subject of some considerable
interest in current macroeconomic literature.

The importance of expectatioﬁ% of inflation has emerged
partiéularly in the.accelerationist'interpretation of the Phillips
curve approach te inflation-real output Eradeoffs, The chief
characteristic of the accelerationist view of inflation 4s ;;
the long-run absence of money illusion.‘ The,qgéeleratiéni?t -
theorists advocate the concept of a long-run or 'natural'
rate of unemployment with its attendant policy implidatiohéb

monetéry and fiscal policy can only have short-run effects on

real econcmic variables; in the long-run expectations adjust
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until they are realized and thus monetary and fiséal policy
are iargely impotent in the long-run with respect to.influencing
the real side of the économy.l Macroeconomic' testing of fhis
hypothesis has focused mainly on the empirical wverificaticn
of the propesition that money illusion is absent from various
markets in the economy.

Recently, a number of economists -~ in particular
Lucas and Sargent2 -- have criticized these conventional tests
of the accelerationist hypothesis on the grdunds that the
assumed models of expectations formation are not rational.
Invoking a concept of rationality developed by Muth{3 they
provide a paradigm which can potentially merge the short- and
long-run analysis of the accelerationist hypothesis.
) At one extreme, if expecﬁations are fully rational
in the sense that econcmic agents know the structure of the
economy, then consistent polijicy reaction functi?ns of the
monetary and fisca} authorities Qould be incorporated in this

knowledge set and rational economic agents will discount the

\ PR

—

lMilton Friedman, "The Role of Monetary Policy",
American Economic Review, LVIII (March, 1968), 1-17. Edmund
Phelps, "Phillips Curves, Expectations of Inflation and
Optimal Unemployment Over Time”, Econcmica, XXXIV (August,
1967}, 254-281.
?Robert Lucas, "Econometric ‘Testing of the Natural
Rate Hypothesis", Econometrics of Price Determination.
edited by Otto Eckstein, (Washington, D.C.: Government
Printing Office, 1972), Thomas Sargent, "Rational Expecta-
tions, the Real Rate of Interest, and the Natural Rate of
Unemployment”, Brookings Papers on Economic Activity,
(2:1973), 429~480.

3John Muth, "Ratiocnal Expectations and the Theory of
Price Movements", Econometrica, XXIX (July, 1961), 315-335.
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aggregate demand policies of the central.authqrities and

hence tend to neutralize their effects on the real economy.
WEth'Lucas style aggregate supply functions and the absence

of market rigidities such as contracts, the monetary authority
could affect real variableé only to the extent that it deviates
from its previbus systematic policies and hence 'fools' the
rational economic agents. If expectations were raticnal in
this strong form sense, in all markets, it would create

a conundrum for the policy maker.

The specificatioﬁ of models of.expectations formation

is a critical factor in determining the short- and long-run
properties of a macroeconomic model., The purpose.of this study
is a theoretical and empirical analysis of the effects of
various models of inflation expectations formation =-- in parti-
cuiar rational expectations -- on aggregate supply relationships,
ané the small macroceconomic models of which thex form an integral
component, from the point of view of information availabilitf,
modelling, and estimation. ) (”

N,

1.2 Plan of the Study

This study contains eight chapters. Chapter 2 contains
a survey of the various analyses of price and real output

tradecffs prevalent in the literature. The importance of price

%

expectations is streSSed-aﬁd the implications of price expec-
tations for the short- and long-run properties of macroeconomic .
models are discussed.

Chapter 3 compares the theoretical properties of various

models of price expectations formation. Unfortunately, there



is little direct empirical evidence with respect to the
complexity of analysis used by market participants to formulate
their expectations. 1In this chapter, .we examine the models

of inflation expectations employed most frequently in the

literature to generate a proxy for the inflation expectations

of market participants. In this category, ther%}d;e four

basic empirical approaches to expectations fofmation which we
examine: (1) statistical forecasting models, (2) auﬁoregressive
models, (3) variable response autoregressive models and, (4)
rational expectations models.

‘ One influence. of the theory of rational expectations

~-— with its premise that consistent expectations cannot be

formulated without an explicit structural view of- the economy
-- has been a movement towards a (simall) macroceconomic model
approach to studying inflation, bond prices, exchange rates,
etc. 1In Chapter 4, the properties of representative small
macroeconomic models ogfinflation under various models of
inflation expectations‘ére developed and problems in
estimating these ﬁodels are discussed. |

Since the unobservable naﬁure of expectations generates
a joint hypothesis prbblem in most empirical research, a useful
adjunct to the conventional approach is to'use Msnte Cgf}o énaly_
sis to study the .sensitivity of single gquation aﬁd reduced form
estimation to misspecifiEation of the 'true' form of expectations

fdfmation. In Chapter 5, using a representative (small)

macroeconomic model, we present various Monte Carlo exXperiments
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whichrare designed to study vérious effects of a misspecifi-
cation of the model of inflation expectations formation.

Tt market participants behave rationally in Fheir
formation of expectations, then one would expect to find the
ciearest indication of this behavior in an active auction’
lmarket such as the bond market. 1In Chapter 6, we presentl
four basic teésts of the properties of rational expectations

.in the context of the Canadian bond market. The first test
H_,ggmplois directly observed data on interest rate expectations
to empirically'test some of the properties of rational
expectations. The otﬁer tests of rationality are based on
the efficient markets model of bond markets to provide
some direct evidence on rationality in this auction market.

In Chapter 7, an alternative approach to modelling
expectations is developed which permits the relaxation of the
extreme informatiOn'assumétions of rational expectations.

We derive a 'time dependent' expectations model which more
adequately reflects the availablity of information to the
market by combining a view of rational expectations with a
learning procedure. Using this approach, models of inflation
expectations and permanent income are developed. Finally,
using thi; version of permanent income, a buffer stock model
of the demand for money in Canada is developed and estimated.

The final chapter, Chapter 8, summarizes the ;esults
and‘conclusions of the study and ptesents some thoughts on the

implications of these results for current and future research.



CHAPTER 2

THE ROLE OF EXPECTATIONS IN THEORIES OF THE PRICE-
REAL, OUTPUT TRADEOFF

2.1 Introduction ' " .

In this chapter we survey the role of inflation
expectations in the major theoretical approaches to explaining
the relationship between pricés and real output. This role,
while critical, is often implicit. Expectations provide
a linkage between the present and the future and hence
"~a method of modelling the relationship between the short-~ and
long-run properties of various macroeconomic models. . Indeed,
”CVFriedman has argued that "Keynes' assumption about the relative 3
speed of adjustment of price and quantity is still the key to
- the difference in approach and analysis between those econo-
mists who regard themselves as Keynesian and those who do not".l
One implication of this statement is that the properties of
various macroeconomic models can be substantially altered by

a change in the specification of expectations formation. For

example, the acceleratiqnist debat32 focused attention on the

lMiiton Friedman, "A Theoretical Framework for

Monetary Analysis", Journal of Political Economy, LXXVIII
. {March, 1970), p. 210.

20 . cit., "The Role of Monetary Policy", American
Economic Review, LVIII (March, 1968), 1-17,

6
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e
impdrténce of inflation expectations in the aggregate éuﬁp;y
function. If expectations are "cér?ectly“ formed and money
illusion is absent (in other words, the elaéticity of response
of gnflation to inflation expectations is unity), then éhére.
is no long-run tradeoff between inflation;and‘feal cutput. .
Moreover, as Sargentl ahd Luéas2 have demonstrated, if expec-
tations are fully rational in the sense of,Muth,'there:can be
no short-run tradeoff either.

In the Walrasian world, where economic agents can
recontract both costlessly and timelessly, prices are set by
markets ﬁot by individtqls; There is no role for expectations
in such a pure Walrasian, neoclassical world with a system of
tdtonnement and recontracting. It is the existence of a
n?n—deterministic economi; system, iﬂ which intertemporal

(and often contemporaneous) prices are imperfectly known and

recontracting is not always possible, that forces economic

v lohomas Sargent, "Rational Expectations, the Real
Rate of Interest, and the Natural Rate of Unemployment”,
Brookings Papers on Economic Activity, (2:1973), 429-480,
Op. cit., "Testing for Neutrality and Rationality", Working
Paper, Department of Economics, University of Minnésota, (1976),
Op. cit., "The Observational’Equivalence of Natural and Un-
natural Rate Theories of Macroeconomics", Journal of Political
Economy, 84 (June, 1976), 631-640.

2Robert Lucas, "Econcmetric Testing of the Natural ?
Rate Hypothesis", in Econometrics of Price Determination,
edited by Ottc EcksteIn, (Washington, D.C.: Government Printing

Office, 1972).
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hgenfs,'ih £he pursﬁit of rational_éelf-idterest, to fofmulate
expectaﬁions about the guture course of relevant Variabies.v

The method of expeétations formation is itself of
Critical‘im_ rtance for “EXe, functioﬂing of-the non-Walra-
sign mark economy because it represents the way ecoqomic
égents process information. The reacticn of ecoﬂ;mic agents
to shocks is dependent updbn their interpretation of the nature
of these shocks in the light of their pfé;éiiing understanding
of the structure of the ecénomy. For this reason, the elasti~
city of expectatioqi in response to system shocks i3 an important
. issue in the currégt‘débate betweeprthe Keynesian aﬂd modern
neoclassical macroeconomicrschools of economics.

This debate centers on the relevance, in a>policy
sense, of the short—rup and long-run properties of the neo-
classical model. The concept of expectations provides a
linking process between the short-run impact of aggregate
" demand shocks and their long-~run ef;ects.- Keynesian economics
focuses on the short—run by positing essentially a market
failure world in the sense of rigid prices. The relevance of
the shoft-run proﬁetties of such a model‘(and conversely thé
irrelevancy of the long-run properties) depends on the ability
of market participants to undersﬁand the structure of the

economy and formulate expectations consistent with their

knowledge. The natural rate hYpothesisl invokes such a concept

lMiltOn Friedman, "A Theotretical Framework for Monetary

Analysis", Journal of Political Economy; LXXXVIII (March, 1970) ,
193-235, ’

W

\ v
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of expectations to deny a role for any active'monétary or
fiscal policy in the long-run, while Sargent and Lucas argue
that with fully rational expectations there is even. no
possibility of a short-run role for monetary or. fiscal pelicy.
The concepts of the short and long-run are}clearly linked to
the economic system's acquisition and prdéessing of information
through its expectations fgfﬁation. ot

This chapter reviews the manner in which inflation
expectations have been integrated into Keyhesiqn and modern
neoclassical macroeconomic models. The properties of these

models, and the sersitivity of these properties to variations

in the specification of inflation expectations, are discussed.

2.2 The Modern Neoclassical Macroeconomic Model

There is a plethora of modern neoclaSSLCal macroeconomic

’

models whose unifying characteristic is the nature of the long-
run equilibrium solution. In the long—run, the neoclassical

macroeconomic model is essentially a:full-employment, flgxible

~.
TN

price world.

In the short-run, the neocléssical model is generally
comprised of a goods market, a version of the modern quantity
theory which émphasizeszrhe distinction between real and naminal
variables, endogeneity of régl money balances, a stable but
expan&ed Cambridge‘vigw of the demand for money and a gene;

ralized portfolio readjustment view of the transmission

_mechanism for money supply shocks. Discrepancies between the

public's stable demand for real balances and the level of

-~
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nominal balaﬁces-determined by the moneﬁary authority are
reflected in variations in real output, interest rates and
inflatio;l.l Aggregate_demand shocks cause both price and
real outpﬁé variatiohs. Inflation éxpectations affect both
the demand and supply sides of the neoclassical macroceconomic
model. - Since the real rate of interest responds to current
expectations regarding the rate of inflation over the helding
period, there is only a partial Fisher2 effect in the shorte
run. Real aggreéate supply reacts positively to unanticipated
inflation which implies priée rigidities and money illusion in
some- economic markets.3

Friedman’ presents an updated neoclas;ical (Walrasian) ‘

version of the long-run classical economy. Real output is a

lFor a representative selection of models with these -
general features, see Martin Bailey, National Income and
the Price Level : A Study in Macroeconomic Theory, 2nd edition,
(New York: McGraw-Hill, Inc., 1971}, Milton Friedman, "A
Theoretical Framework for Monetary Analysis", Joginal cf Poli-
tical Economy, LXXXVIII (March, 1$70), 193-235,0p. cit., "A
Theory of Nominal Income, Journal of Political Economy, LXXXIX
(March, 1971), 323-337, David Fand, "A Monetarist Model of the
Monetary Process", Journal of Finance, XXV (May, 1970), 275-290,
Leonall Anderson and Keith Carlscn, "A Monetarist Model for
Economic Stabilization", Review, Federal Reserve Bank of St.
Louis, LII {April, 1970), 7-25.

2For a detailed analysis of the role of the Fisher effect
in the determination of interest rates, see William Gibsocn,
"Interest Rates and Inflationary Expectations: New Evidence”,
American Economic Review, LXII (December, 1972), 854-866,

3The role of expectations in the work of Fisher is
discussed in the Appendix.

Milton Friedman, "A Theoretical Framework for Monetary
Analysis", Journal of Political Economy, LXXVIII (March, 1970),
193-235,

>

@ I
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constant as dictated by a system of Walrasian general equili- -
brium equations in the absence of unfulfilled expectations.

Y
The long-run rate of inflation is purely a'monetary phenomenon.
Expectations provide the linkage

the short-run and
" . ’ l'
the long-run facets of monetayism. F:::;;sﬁ\éygued that

"there is always a temporary, tradeoff between inflation and

unemployment; there is no fermanent tradeoff. The temporary

tradeoff comes not from flation per se, but from unantici-
pated inflation; which generally means from a fising rate of
inflation".l Thus, the key to the convergence to the long-
run neoclassical equilibrium is the specification of expec-
tations. If expectations .are "correctly"” formed.;n the sense
they are consistent with the underlying férces generaﬁing the
inflation, then real cutput vifiations corresponding to systematic
aggregate demand pressure can only occur during the transition
period. The central aspects of the transition period are
money~illusion, incorrect (but not necessarily incorrectly
formed) expeétations and fixed contract periods. Caﬁsality
runs from money to nominal incope in the short;run, and to
prices in the long-run, with the cencurrent belief that real
output responds to unanticipated variations in money (and
consequently prices).

A necessary condition for the neoc¢lassical macroeconomic

model is the .absence of money illusion in the long-run. The

109. cit., "The Role of Monetary Policy”, BAmerican
Economic Review, LVIII ‘(March, }968), p. 1l.

v
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empirical testing of this prpposition ig gener511¥ associated
with the‘accelerationist or natural rate controvegg}.

However, the approach to the long-run equilibrium/zs contingent
upon fhe adaptation of expectations to changes /in aggfegate
demana. Further, the policy relevance of the long-run
prgperties is dependent upon the time span over which this

+

adjustment of expectations occurs.

2.3 The Phillips Cur%e Approach to Pribe—Real Qutput Tradeoffs

The Keynesian theory:of the aggregate price level was a
variant of mark-up pricing augmented by a‘capacity utilization
response. Keynes advancéa the argument that;"the general
price level depends partly on thé rate of remuneration of the
factors of production which enter into marginal cost and
partly on thefécalg ofaoutput as a whole, i.e., on the volume
of employment... When we pass to output as a whole ... the

more significant change, of which we have to take account, is

the effect of changes in demand both on costs and volume".l

The Keynesilan view of inflation can be expressed as:
(1) 8p(t) = £(aw(t), y(t) - ¥(t))

where' w constitutes the logarithm of unit labour costs,. p is
the logarithm of the Price level, y denotes the logarithm of

w
the real output, and ; is the logarithm of equilibrium real

.lJohn Maynard Keynes, The General Theory of Emplo ent,
Interest and Money, (London: MacMillan and Co. Ltd., 1936;,
pP. 294, :
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cutput. Lower case letters denote logarithms, while A indicates

a first difference and f a function. The Varioqga"demand pull” -’

“cost push" theories of inflation can be. interpreted 3s different

assumptions regarding the nature of the f fun@tion. Since wages

~

and prices are gimﬁltaneously determined, a wége ch;nge
eguation is required to close the Keynesian-modei of inflafidn.
This is the essential cpﬁtribution of the Phillips curve.l
éhillips advanced the hypothesis thaﬁ a stable, .
negative relationship existed between the percéntage rate of
change of moﬁey wége rates in the United Kingdom and the
percentage of the labbr‘forée which was‘éﬁbmﬁlpyed. One can
interpret this reléfionship as the empirical maﬂiféétation
of a bafgaining theory of wages where the ﬁnemplbyment rate
constitutes a prdxy for the relative bargaining strengths
of employers and unions. Lipgeyg'interpretea_the observed
Phillips relationships as the result of Walrasian type wage
adjustments to excessllabOr‘market demandsf Lipssylﬁssumed
that the rate of wage changé is a disequiligziﬁm process where
the‘Fate of change of nohinai wages is positively.related £0~
the proposition of excess demand in the labor market:

4

lA.W. Phillips, "The Relationship Between Unemployment
and the Rate of Change of Money Wage Rates in the United
Kingdom, 1861-1957", Economica, XXV {November, 1958), 283-299,

2Richard Lipsey, "The Relationship Between Unemployment
and the Rate of Change of Momey Wage Rates in the United Kingdom,
1862-1957: A Further Analysis", Economica, XXVII (February,

1960), 1-31.- ] <g

N
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. !
(2.) Aw(t) = g (P(W)SEW)S(W) )

Furthermoreﬂ whére D and S denote iabor‘demand and sﬁpply\
functions respectively, the unemployment rate is assumed to
constitute a stable and negative'proxy for the-excess labor

demand. Thus, Lipsey derived the standard Phillips curve as:-:

(3.). 4&w(t) = h (UN(t))

where. UN represents the unemployment rate.

*;The Phillips curve has génerated a substantial
empirical and theoretical literature. Initially, the Phillips
curve appeared to ﬁgiafnt a stable, empirically definable
"menu" of choice for policy-makers. It was the failure of the
Phillips curve, at this-stage in it; development, to
explicitly inco&porate infl;Fion expectat%ons which pérmittgd

this tradeoff to persist. This implied perfament money
[ 3

illusion on the part of some segment of market participants.

2.4 The Accelerationist Controversy

e
. g ‘ ~
The stable Phillips curve is a short-run relationship

betiveen unemployment and the rate of change of wages which

implicitly.assumés that price expectations are not revised.

Friedmanl criticized the theory of the stable Phillips cqrvé

: fid
lMilton Friedman, "The Role of Monetary Policy”,
American Economic Review, LVIII (March, l968),~lfl7.

r e
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for its failure to distinguish between nominal-ﬁages and real
wages. In effect, such ecanomic pafticipants suffer from
money illusion in forﬁﬁlating their Jlabor supply decisions.
As an alternative view of the labor bargaining process, )
Friedmgn argues that both employers and émployees are
‘concerned about the real wage over the life of the éontract.
The labor bargaining process thus proceeds in terms of the ,
expected real wages of the two groups. " As the period unfolds,
the ﬁnemployment rate -- the ﬁeasure of labor market response
'—_ varies in relation to the difference between the actual real
wages and the anticipéted real wagesf‘ In addition, Friedman
hypothesizes a natural rate of unemployment (consistent

with equilibrium in th; structure of real wage rates) at a
level “?hat would be ground out by the Walrasian system of
general equilibrium equétions, provided there is embedded in
them the actual structufél.characteristics of the labor and
commodity markets, including market imgerfections, stochastic
variabilitf’in demands and supplies, the costs of gathering
information about job vacancies and labor availabilities,

the costs of mobility, and so on."l

In general, the expectations augmentéd Phillips curve,

incorporating the concept of the natur;l rate of unemployment,

can be written as: ‘ .

(4.) I(t) = g + oy (UN(E) - ON) + op (t-1) D*(t)

Op. cit., p. 8.
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where N[ (t) denotes<the current rate of inflation (in terms of
our notation, [(t) s Ap(t)), (t-1) I*(t) is the expectation
of inflation for time t formed in period t-1, UN(t) is the
natural rate of unemplpyment and oy, a;, and a2 are coefficients.
In order to derive the basic property .of the
accelerationist hypothesis that a long~-run tradeoff between
inflation and unemployment for inflation and real outéut) does
not exist, it is necéssary to close this model, eéuation (4),
with a specification of inflation expectations formation and
an assumptiqn regarding the absence of money illusion. ?o be
more precise, inflaticon eXpectations must be "correctly"
forméd in the sense‘of being consistent with he processes
generating the inflation: market participants caﬁnot be
continually fooled sy a stable aggregate demand policy but will
eventually process available‘information correctly. Furthermore,
for money illusion to be absent, the response coefficient of
market participants to their expectations of inflation must

be unity; in other words, a; equals one in equation (4) .
e To test the validity of the natural rate hypothesis
(thgz is,.az = 1), oﬂe must estimate equation £3) in conjunction
with a specification of the formation of inflation éxpecta-

tion.s.l Unfortunately, a joint hypothesis problem exists

@ but have inflation eXpectations formed in an irrational
manner and a long-run tradeoff between inflation and real
output is still possible. Co
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because a misspecification of inflation expectations will
‘affect the coefficients. Moreover, if the natural rate of
unemployment is itself time dependent and related to economic
factors, then the problem of testing the natural rate hypo-
thesis is even more complicated. for example, consider the
implications for the estimation of equation (4) if uly can be

specified as a function of expected inflation.
Ay
(5.) UN(t) = By + By (t-1) T*(t).

We can rewrite eguation (4) as:
(40" T(t) = ao + a1 (UN(t) - B¢) + (02 - a181) (t-1) DI*(t).

L4

Then the appropriate tesé of the natural rate hypothesis that
a long-run tradecff does nét exist is no longer a statistical
test of whether the estimated coefficient on eXpected infla-
£ipn equals one -- it can be greater or smaller depending on
the sign of B{ and still imply long-run neutrality exists.

In essence, this is the basic Luéasl argument that the
accelerationist hypothesis can only be tested from the point
of view of a macroeconomic model of inflation.

-~

lRobert Lucas, "Econometric Policy Eyaluation: A

Critique", in The Phillips Curve and Labo rkets, edited by
K. Brunner and A.H. Meltzler, (Amsterdam: North-Holland, 1976),
Op. cit., "Some International Evidence on Output ~ Inflation

Theories", American Economic Review, LXIII (June, 1973), 326~
334.

L
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Concurrent with Friedman's 'development of the
dccelerationist hypothesis, Phelps presented the hypothesis of
the natural rate'of ﬁnemployment based on rational learning
behaviour by workers and pfoducérs expocsed to unanticipated
inflation. In the Phelps approach, however, there is a more
rigorous microtheoretic approach to price-real output trade-
offs which stresses workers' and producers' expectations,
information gathering costs,‘dispersion of information,
optimal search behaviour by both workers and producers and
convergent learning behaviour. This microtheoretic approach,.
influenced by the Stigler papers on information networks,

has motivated various search theoryl and turnover theory

<

A lSearch theories of labor market behaviour argue that
unemployment is voluntary and optimal (indeed socially effi-
cient) given the current state of information dissemination

in the economy. This is an extension of the neoclassical concept
of frictional unemployment. Social efficiency requires that
marginal rates of substitution be equal across individuals ,
and markets. There is a market for information, and informa~
tion production has the usual properties of production functions.
The critical assumption for search theory is that of differen-
tial search costs - .specialization in information gathering

is efficient and thus information regarding wages, prices and
employment is gleaned more efficiently while the individual

is unemployed. Search theories develop optimality models for
both sides of the-labor market and donclﬁSe that the Phillips
curye is theoretically nonexistent. Unemployment<is evidence

-of ployee search and expectation readjustment, vacancies are
the result of employer search and expectation readjustment.

A representative literature on the search theory
approach to inflation and unemployment includes George Stigler,
"The Economics of Information", Journal of Political Economy,
LXIX (June, 1961), 213-225, Op. c¢it., "Information in the Labor
Market", Journal of Political Economy, LXX (October, 1962),
94-105, Armian Alchian, "Information Costs, Pricing and
Resource Uneplployment", Western Economic Journal, VII (June,
1969), 109-128, Charles Holt, "Job Search, Phillips' Wage

4z
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mcdelsl of both short- and long-run behaviour. These models -
all depend critically on expectations as a prime driving
variable. Their results give mixed theoretical support to
the accelerationist hypothesis (i.e., some versidns imply
Bi1 # 1).

The accelerationist hypothesis has been sﬁbjected
to various empirical and theoretical criticisms./ The
aggregation assumptions implicit in the Friedmén version of
the augmented Phillips curve subsume the questién of whether

meney illusion is simultaneously absent across all groups

Relation, and Union Influence: Theory and Evidence", in
Microeconomic Foundations of Employment and IYnflation Theory,

edited by Edmund Phelps (New York: Norton, 1970), 53-123,
Dale Mortensen, "A Theory of Wage and Employment Dynamics",
in Microeconomic Foundations -of Employment and Inflation
Theory, edited by Edmund Phelps, (New York: Norton, 1970},
167-211. .

l'I‘urnover models of unemployment stress the flows
in the economy: hires, quits, job changes, entrants, lay~offs
and retirements. These models emphasize the economic
endogeneity of the participation rate and the heterogeneity
of the labor force in explaining movements in the unemploy-
ment rate and effective wage rates. -

A representative literature includes William Shrank,
"Canadian Job Search - Labor Turnover Relations: An Empirical
Study into Their Use", Unpublished Ph'd dissertation,
University of Wisconsin, 1973, S. Ross and M. Wachter,

"Wage Determination, Inflatiocn and Industrial Structure”,
American Economic Review, LXITI (September, 1973), 675-693,
Robert Hall, "The Process of Inflation in the Labor Market",
Brockings Papers on Economic Activity, (2:1974), 343-410,

Op. cit., "Why is. the Unemployment Rate so High at Full Employ-
ment",” Brookings Papers on Economic Activity, (3, 1970),
369-410, Jacob Mincer, "Labor Force Participation and Unem-
ployment: A Review of Recent Evidence", in Property and
Unemployment, edited by R. Gordon and M. Gordon, (New York:
Wiley, 1966). ‘ :
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and sectors. Howeve?, Tobin suggests a relevant price-real
output jtradeoff will exist if there is sectoral shiftiﬂg of

the temporary money illusion. Further, Tobin disputes the
underlying search theory of the Phelps analysis.l The main
criticism of the accelerétionist hypothesis, however, has been
its relevancg; the criterion for relevancy being the empirical
verification of a unit coefficient on the expectations

variable in an expectations augmented Phillips curve equation
of the form of equation (4). Since the v;l;dity of this
regression is conditicnal on the appropriateness of the a priori
specification of’the price expectations formation ﬁodel, the
specification of price expectations is critical both to the

econometric estimation of the accelerationist hypothesis and

the time frame for a relevant price-real output.tradeoff.2

1

_ lTobin (J. Tobin, "Inflation and Unemployment”,
American Economic Review, LXII (March, 1972), 1-18) notes that
40 per cent of accessions in U.S. manufacturing are rehires

. rather than newhires and argues that most professional workers
line up jobs while employed. But seekers of information in
any market have both an extensive margin and an intensive
margin. 'Old boy networks' and other professional information
networks may remove the intensive margins and thus minimize
search for many workers. Other ‘classes of workers exist,
however, for which imperfect knowledge, heterogeneity and
geographical dispersion render unemployment search necessary.
The degree of search behavior carried on by the individual
depends on the market imperfections and the existence of
speciality information services.

2There are several surveys of the empirical tgsts of
the Phillips curve and the natural rate hypothesis, Antonic
Lemgruber, "A Study of the Accelerationist Theory-of Inflation",
Unpublished Ph'd dissertation, University of Virginia, 1974,
William Nordhaus, "The Worldwide Wage Explosion", Brookings
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2.5 Rational Price Expectations and Price-Real Output Tradeoffs

While the accelerationist controversy focused on the
economic implications of the absence of money illusion, the con-
cept of the natural rate was predlcated upon the assumptlon
that, in the long-run, expectatlons were correctly formed.

The absence of money illusion, as indicated by the coefficient
pod equal to one in equation (4), is in itself not a sufficient
Eondltlon to preclude an exploitable tradeoff between inflation
and real output. The model of price expectations formation

is critical in determining the path and speed of convergence
(if, indeggtJtHéy do cbnﬁerge) of price expectations to a
stable agéregate demand policy. The concept of rational
expectations has effected a substantial transformation in the
policy relevance of the natural réte hypothesis by modifying
the specification of expectations formation.

Price expectations are rational if they are 00n51stent
with the predictions of the relevant econcmic theory condltloned
on an economically feasible data set.l The basic assumptions
of rational price expectations are that economic participants
have an understanding of both the underlxing economic

structure and demand management policies, and that these (—\

—t
Papers on Economic Activity, (2:1973), 431- -464, Stephen Kaliski,

The Tradeoff Between Inflation and Unemplo ent Some Explora- !
tions of the Recent Evidence for Canada, Report (22) to the

Economic Council of Canada, {(Ottawa: Information Canada, 1972).

lJohn Muth, "Rational Expectations and the Theory of
Price Movement%", Econometrica, XXIX (July, 1961), 315-335.

!
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fundamental linkages have been formalized into small scale
macroeconomic models. The rational Price expectation
constitutes the mathematical expectationl of price; condi-

tional on these models:
(6.) (t-1) P*(t) = E(P(t)/¢(t-1))

wheretft—l) P*(t) indicates the expectation, formed in't-l,

of the pricevlevel P in time t. The asterisk iﬂdicates-an
expectation, E is the mathematical expectations operator, .
and ¢ (t-1) indicates the available information set at time t-1.
While the. properties of rational expectations are developed
~more fﬁlly in Chapter 3, it is worth noting here that the
'aséumption of rational expectation; implies some rather

extreme information assumptions.2 In the models of

.

lAn implicit assumption of the rational expectations
approach of Muth is that there is a symmetric loss function
with respect to forecast errors. Since one could assume that .
market participants have asymmetric loss functions, it is not
necessary to base rational behaviour on a mathematical
expectation. While such an assumption may closely approximate
market behaviour in an active auction market for financial
instruments, particularly when futures contracts exist (in
‘other words, participants can buy either a short or a long .
position in an asset . i1t seems less plausible for exXxpectations.
of an economy-wide price level. 1In order to support such an
assumption, a detailed specification and analysis of the
distribution of the effects of unanticipated inflation among
lenders—borrowers, firms-workers, and other groups holding
fixed price agreements is required. .

2An excellent discussion of the information require-
ments of a market participant who forms rational expectations
is contained in: Benjamin Friedman, "Optimal Expectations and _
.the Extreme Information Assumptions of 'Rational Expectations! 4[\
Macro Models", Journal of Monetary Economics, vol. 5§ (January,
1979),!23-41. —
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Sargent and‘Wallace,l rational expectaﬁions are predicted
on a stable,.known reduced form model of the economy with
exblicit, and unbiased,.forecasting mode;s for the exogenous
and policy-determined vériables. The question of learning -—
the manner by whiéh economic participants acquired their
explicit knowledge of the economic system -- is largely
ignored in these r}t}onal expectations models. In this'section,
we develop the implications of rational expectations for ’
macroeconomic models within the context, for expositional
purposes, of a simple demaﬁd and supply model..

Let us now consider the effects of rational érice
expectaticdns for the relationship between price and quantity

in the following stylized demand-supply model:
d
(7.) X7(t) = yo = v1 P(t) + v, H(t)

(8.) x5(v)

Bo + B1 (P(t).=- (t-1) P*(t)) + u(t)

(9.) x%(t) = x5(t) = x(t)

where Xd denotes the demand for bood X, x® denotes supply of
good X, P represents the price of X, (t-1) P*(t) is the
expectation, formed at time t-1, ‘of the price of X at time t

and H represents a predetermined influence on demand. For

L rhomas Sargent and Neil Wallace, "Rational Expecta-
tions and the Theory of Economic Policy", Journal of Monetary .
Economics, vol., 2 (April, 1976), 169-184.
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sil;licity, there is only a zero.mean, constant variance
ochastic influence, (U(t)), on the supply equation. Eguation
(9) indicates that the market for good X clears. In order to
close this model we must specify how price expectations are
formed. Expectations are assumed to be rational in the sense

of Muth; that is:
(10.}) (t-1) P*(t) = E(P(t)]|¢(t-1))

where, as earlier, E denotes the mathematical expectation and
¢ (t-1) represents all available information at time t-1.

Furthermore, we assume that H is specified as:
{11.) H(t) = ap + a; X(t=1) + e(t)

where e(t) is énother stochastic influence.

The reduced form equation for X, assuming rational
price expectations (equation (10)), can be written as:
(12.)  X{t) = By +_By, (H(t) - E(H(t) [¢(t-1))) +_y, u(t)
: - ‘ Bity: ) ' Bity)
If we think of H as a polie{ variable used to requlate demand‘
by some regulatory authority, then this model demonsttrates
that the regulatory authots y's ability tg control X emanates
from the presumption that the authority can systematically
fool the public -- in.other words, only if the term H(t) -
E(H(g)|¢(t—l)) is systemati%glly non-zero. However, since
rational expectations impliés that the systematic portions

of the exogenous or predetermined variables can also be S$orecast
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unbiasedly, then only the innovations, e, in the regulatory

L)

authority's intervention will affect real output:

(13.) H(t) - E(H(t) |¢(t-1)) = e(t).

Thus, with rational expectations the reduced form of X can be

'

expressed as:

(14.) X(t) = gy + By, e(t) Yy u(t)s
Bity: Bi+y:

Furthermore, from equation (14), it is evident that
thatﬁ}he variance of X is independent of the systematic portion
of the regulatory authority's intervention. The variance ‘of

'independent of the parameters of the intervention

/

rule glven by\ equation (11), since,

2 2 2 2 2
(15.7 o =(8
WD e TEE)

Thus, a non-feedback system ~-- in other words, with no

-

systematic intervention related to market gonditions on the

part of the regulatory.authority -- is not inferior, in the

sense of minimizing v%riance, to a system with feedback.
From these types of "impotency thereoms" of which we

have given an example, Sargent and Wallace conclude that

° "if one eliminates the assumption that
the authority can Systematically trick
the. public, it no longer follows that &
there is an exploitableée tradeoff between
_inflation and unemployment in any sense
that is pertinent for making policy. The
\ assumption that the public's expectations

} P
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are "rational" and so equal to the objective
mathematical expectation accomplishes this."

1
However, the policy prescriptions of this fully rational
approach to modelling must be evaluated in light of the
implicit information assumptions, particularly the absence of

. - - 7 '
learn%ng by market participants, and the presence of market

rigidities such as contracts. 2

2.6 Summary

In this chapter we reﬁiewed the role of inflation
expectations in the representative approaches to macroecEnomic

modelling. Essentially, the Keynesian model focused on real

output variations because of its assumption of price

rigidities, and the Phillips curve extension of this model,
while important, still imposed money illusion on economic
particip;nts. It was the implications of this money illusion,
in particular the existence of a long-run tradeoff between
inflation and real output, which motivated the accelerationist
response of Friedman and Phelps. This natural rate hypothesis
implied that a long-run tradeoff between inflation and real

output could not exist in the absence of money illusion and

incorrectly formed inflation expectations. At this point,

'y

, lThomas Sargeht anrd Neil Wallace, "Rational Expectations
and the Theory of Economic Policy", Journal of Monetary -
Economics, vol. 2 (April, 1976), p. 178.

2John Taylor, “"Aggregate Dynamics and Staggered
Contracts", Journal of Political Economy, 88 (February, .
1980), 1-23.
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the debate centred on empirical tests of a unit coefficient

on the inflation expectationsavariable in expectations augmented

[N

Phillips curves.

R

The rational expectations argument, however, foéused
on the formation of expectations themselves. The essential
insight of Mu;h was that market participants become
conditioned to the critical macro-linkages that exist in the
economie world, and.the Processing of this information must
be reflécted in the specification of how expectations are
forﬁed. In the model of Sargent and Wallace,_Muth‘s
concept of rationality has been formalized into a
model where market participants are ominiscient with respecf
to theﬂeconomic structure. As a consequence ;f this assumptlon,

rational expectatlons implies a short-run 1mportance for the

long-run policy prescriptions of the accelerationist bypothesis.

()



APPENDIX

The Role of Expectatioﬁg/;;\Fisher: An Addendum

Fisherl displa&ed a quite sophisticated{ﬁ%alysis
of the consequeﬁbes of rejecting, at least in the short run,
-;he assumption that prices rise instantaneously to clear
markets in the presence of a positive aggregate demand shock.
Fisher realized that the rejection of this postulate required
the rational economic agent to form expectations. The careful
dis%inction bétween reél and nominal magnitudes in ﬁhe Fisherian
o analysis beéame a central feature of the later Friedman }einter-
:j pretation of the Quantity Theory of Money'.2 Furthermore, Fisher
emphasized the disﬁinctioﬁ between the real and nominal rates
of interest. Investors, according to Fisher, were plagued
%ggwith mohey il;ufion and processed knowledge impeffg;tly, which~
' tended to distort, not the relationship between nominal interest
\ v

1
i

j

) ﬂlIrving Fisher, The Tﬁégiy of Interest. (New York:
MacMillan and Company, 1930).

2Milton Friedman, "The Quantity Theory of Money: A
Restatement”, Studies in the Quantity Theory of Money, edited
by M, Friedman, (Chicago: The University of Chicago Press,
1956}, 'and op. cit., "A Theoretical Framework for Monetary
Analysis", Journal of.Political Economy, LXXVIII (March, 1970},
193-235.

’

@
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and expected inflation, but between nominal interest and actual
inflation.t <

Acpording‘go Fisher, "changes in the purchasing
power of the doliar may very largely explain changes in
emploxgent"fz Fisher applied Pearson coefficient of
correlation tests relating the rate of price change to. the
employment level in Qarious'periods. fhe same tests over the
identical periods were applied between an expected rate of :
price changé variable and the employment level.

A comparison between Fisher's analysis and Qoth the
Phillips curve and accelerationist hypothesis is certainly
suggested. However, Fisher impiies that an aggregate‘demand
shock results initially in a price change and this unexpected

.price change (due either to the adaptive form of price expec-

i

l"when prices begin to rise, money interest is scarcely
affected. It requires the cumulative effect of a long rise, or
a marked rise in prices, to produce a definite advance in the
interest rate. If there were no money illusion, and if adjust-
ments of interest rates were perfect, unhindered by any failure
to foresee changes in the purchasing power of money, or by
customs or laws or any other impediment, we should have a very
different set of facts ... since the theory being investigated
is that interest rates move in the opposite direction to changes
in the value of money, that is, in the same direction as price
changes, the first analysis made is the same as that already
made by rougher methods, the comparions of price changes with
interest rates". Irving Fisher, The Theory of Interest, (New
York: MacMillan and Company, 19307, p. 416.

‘ 2Irving Fisher, "A Statistical Relation Between Unem-
ployment and Price Changes", International Labor Review,
(June, 1926), p. 332. ~
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tations formerPEn or the randomness of the shock)

-
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results in

real output variation:

Y

e

L

"the principle underlyfing this felationship is, of

- course, famgliar. It is that when the dollar is

losing valué) or in other words when the price
level is ri ing, a businessman finds his receipts
rising as fast, on the average, as this general
rise of prices, but not his expenses, because
his expenses consist to a large extent, of

things which are contractually fixed"l

This analysis contrasts with the Phillips curve for-

ﬁulation of aggregate supply in which an aggregate demand

shock initially-causes real output vaiiations and these,

stimulate wage and Price changes. The supply formulation of

Lucas and Sargent is very much in the spirit of Fisher.

N

o~

op. cit., p. 333.-



CHAPTER 3

THEORETICAL MODELS OF EXPECTATIONS FORMATION

3.1 Introduction

Since expectations of inflation are general%g unobserv-
able, an important problem in macroeconomic modelling is- the
selection of a model of expectations forma%ion with which to,
generate a proxy for the actual expectations of market partici-
pants. ‘There are various theoretical “models of inflation
expectations formation prevalent in the literature. In this
 chapter we analyze and compare‘these various models with
respect to their economic and statistical preoperties. As a
necessary condition for the selection of a particular model
of inflation expectations formation, it is argued that the
microtheoretic basis of the model must be consistent with
rational behaviour in the economic system being modelled.

Expectatlons formation woulgd not be a rational activity
in a perfect foresight world with recontracting because lt
. would impose a positive shadow pPrice on a commodity, information,
which is a free (albeit useless) good by assumption. Infor- |
mation becomes an econoﬁic problem, and hence obeys the usual
axioms of consumption and production, only if it is a scarce
good. If so, theée optimal acquisition of information obe}s the
same equality, at the margin, of costs and benefits as any

3

economic good -- it is one element in the solution of the

31
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optimal consumption set. Expectations may be considered as
one facet of an economic participant’s cptimal investment in
information and!information processing. The method of the
analysis and the extent of the data available are both cﬁéfée
variables with specified benefits and costs. The simultaneous
choice of these two elements determines the optimal economic
model of expectations formation. Thus, there is implicitly a
theoretical basis forithe optimal selection of an individual's
model of expectations formation and this choice mgfﬁvé over
time as economic'conditionéthénge. | .

There is little direct empirical evidence with respect
to the complexity of analysis used by market participants to
formulate their expectations.l Some survey data exist for
inflation and inte;est rate expectations2 and, in chapter 6, we

examine the implications of this survey data for the assumption

1Schmalensee presents the results of several psychalogical

experiments in which subjects had to form expectations about the
course of controlled variables and give a numerical range for
these forecasts. There were monetary incentives motivating a
'correct’' response. Schmalensee found that rather complex
expectations models were not inconsistent with the behaviour

of participants.. Richard Schmalensee, "An Experimental Study

of Expectation Formation", Econometrica, XLIV (January, 1976),
17~42,

: 23 basic reference is James Pesando, "A Note on the
Rationality of the Livingston Price Expectations Data", Journal
of Political Economy, LXXXIII (August, 1975), 849-858.
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that market participants are rational in the formation of

their expectations. In this chapter, we examine the theoretical
properties of the models of inflation expectations employed
most frequently in the literature to generate a proxy for
‘inflation expectag}ons. In this category there are four

basic empirical approaches to expectations formétidh: (1)
statistical forecasting models, (2} autoreéressive mcdels,

(3) variable response autoregressive mocdels and, (4) rational

expectations models.
~

3.2 Discrete Lineag-Stochastic Processes and Forecasting
Models a ‘

An essential element of statistical prediction theory
isithat a given time series can-ke represented as a particular
realization of a discrete iinea:bzkochastic process. This
provides a useful point of reference for comparing the proper-
ties of the various models of inflation expectations forpation
utiliﬁgg in the literat;re. In this section, we review the
b;sic prqper£ies of the statistical {time series) approach to
forecasting. )

The time series, Zt’ constitutes the real?zation_of a
general discrete linear stochastic process if it is produced
by a sequence of discrete white noise, e, passing through a
linear filter. In equation form the jlinear stochastic process
zt is expressed as:

. ,
(1) Zeg =V te+ Ve 1+ Yye o+ Yye g+ ...
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A white ncise process may‘be regarded, for our purposes, as a
seguence of normailivand identically distributed random
disturbances with mean zero and constant variance. The linear
filter is the set of weights for currejp—and past values of

the white noise variable eté represented in equation (1).

, by v,
The constant ¥ determines {pe level of the.process and, if
the z process is statloﬁ’f; also constitutes the mean.

A linear stochastlgkprocess may be represented sche-

matically by figure 1.

Figure 1

A Linear>Stochastic Process !

L
/“\\ Yl's P
et. b ",. ® L ‘Z
7 <t
[ ] . » ...
- . .
L ]
/l |

Linear Filter “

\ -

The importance of statieo Y emerges because the above

representation of the timé series, 2 comprises the data

e
of a single sampling fro£?EEE\€opulation. A process is defined,
. for our purposes, as covariance stationary if it has a constant
expected value and the covariance functicn is dependent on’

the length of the lag-but independent of time. It can be
shown that statistically consistent estimates of the process

parameters can be derived from a single time series, Zt' if

,l
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it is covariance stationary.l This representation (equation (1))

of the procéss Zt is defined as an infinite moving average (MA) form.
i . .
There is a simplified notation, using the backward shift

operator2 L, for this process:

— ’ : 2 3
Zt =Y + (1+ YlL + YZL + Y3L + ...) e,

The stationary‘process is usually presented as a deviation
from its mean3:

(2.) 2_ = (Zt-Y) = Y(L) e

t t

The linear stochastic process can also be represented

as an autogressive (AR) model4:

s _ o4 3 o 5 .
{3.) Zt 1 zt*l + 2 Zt—2 + G3 Zt-3 + ... + e
or: ! \

(4.) ol(L) Zt = ey

Stationarity can be interpreted as a convergence constraint

~on the roots of the“lidear_filter for both the MA and AR formss.

Infinite lag/}eggggentations of a series are of limited

s (
use in economic analysis. A mixed autoregressive-moving

Y

\j lG.S. Fishman, Spectral Methods in Econometrics, (Cambridge,
Massachusetts: Harvard University Press, 1969).

2The backward shift'operator is defined sych that: '
Liz, =z
t t-i 7
3y = (L, Ly L2y 124 )
Aaw) = (Qraga,rieegri-l )
5Stationarity implies that the roots of:
2, .3 ] .
(1271L+Y2L +Y3L +...} =0
an
2 3 _
(l—ulL—uzL —u3L -...) =0

lie on or within the unit circle.
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b}

average process (ARMA) of finite lag lengths is hypothesized

as a valid representation of many economic series:

T U - N T VLl 4 L. 4y 19
(5.) (l_o'.1 L a, L .- upL ) 2 (}+ylL +Y2L f svs ty L )et

t q

The stationarity assumption for an ARMA process is too restric-
tive for many economic time series. However, the ARIMA (auto-
regressive integrated moving average) processes, which are
statiohary in the dth difference of the Et series, have appli-

catiopn.to many economic time series. They are represented as:

2 _ —a 1Py (1oryd ¥ _ 2
cee T LP) (1-0) T (LY LY, L5 + ..+

(6.) (l-0,L-a1 .

2

\

“, .
‘,_,k_ g . N
R Ve,

\

N

' The optimal statistical approach to forecasting is

predicated upon the assumption that the time series to be

forecast 5%§§be viewed as the realization of a stationary linear

stochastic process.2 'The forﬁal statistical forecasting

problem is finding, for any given lead time, the forecast which

maximizes a given objective function.
The minimization of the expected mean square Earecast

error is selected as the optimality criterion.3 Let us denote

4

lAlternatively, in lag operator notation, this equation
can be expressed as: . :

A
aP(L)Zt = Yq(L) e,

2G.E.PL Box and G:M. Jenkins, Time Series Analysis
(Forecasting and Control), (San Francisco: Holden-Day, 1970).

_ 3For.a discussion of this choice of an optimality
criterion, see David Rose, "A General Error in Learning
Model of Expectations Formation", Working Paper, Department of

“‘\\
£

-

S
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the 'true' Tepresentation of some time series variable Pt’
with similar properties to Zt’ as:l

[

(7.) P Y(L) e

£ t
TC T Yp e vy, e, 4 Y3 3 ..o

e, + B(L) 1+ .

or, in autoregressive form, as in equation (7).

' = 7
(7.) Pt et+alpt_l+a2Pt_2+a3Pt_3+...

The one period forecast, (t—lp*ﬁ)' is represented as:

(8.) ( §

1 et-l + 62 et_2 + ...
= §(L) e

£-1F"¢)
t-1
. ’
where the presubscript, t-1, denotes the point in time at
which the forecast is formed, and the subscript, t} indicates
the point in time to which the forecast applies. An asterisk
denotés a forecast or an expectation.* This'model of statistical
. forecasting is optimal, in the aboye sense, if the Gi's‘ére
set SWFh that K is minimized, where:
(9.) £ - 550 = (,_,p*, )12
t =17 ¢
TE fepriky Cvy-o6) e P : .
= 0?4 E (v, - 502 0% = 42 (1+E) vy -5 |
-~ 2nd E is mathematical expectations.operator. This

expression is minimized when:

(10.) y; = ¢, i=1,2, 3, ...

P

Economics, University of Manchester (1972), . Douglas ?earce,
"The Formation and Economic Effects of Price Expectations”,
Unpublished Ph'Q dissertation, University of Wisconsin {1974,

‘Charles Nelson, Applied Time Series Analysis for Managerial
Forecasting , (San Francisco: Holden-Day, 19737.

lIn this case, B(L) is defined as:B(L) = (Yl+Y2L+...).
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‘ 1 * .
Thus, we can rewrite (L_1P*,) as:

This implies that the optimal one period forecast utilizes

38.

the constant filter weights which generate the Pt series:

* =
ML) Gea®fe) = Yy ey * vy ey v vge 3t -n-

This optimal forecast, unlike one based on adaptive fbrecasting,l

.is sensitive to the forecast Rorizon. For multispan forecasts

of length h+l, formed at the point in time t-1, the optimal
forecast is given by:

e
02:) 1P een ™ Yhel ©t-1 t Yheo Spop * oee-

A stationary time series has both a moving average and
an autoregressive representation if the invertability conditions
are met. That is, if there is a fixed relationship betwegn the

MA lag structure and the AR lag structure:2

Q3. e(L) (L) =1

It is worth noting, however, that these properties of statistfbal
forecasting are predicated on the assumption that the ‘a and '
weights are known without error, rather than estimated.

"Since the forecast, in MA form, is 'correct' up to

a random component whose expected value is zero, e,_; may be
ihterpreted as: ,,f’?

- - vk . -
W) ep; = Peoy = Loy P

A5.) (e qP*) = gF) v [P = (g 1P* )]

lJohn Muth, Opﬁimal Properties of Exponentially Weighted
Forecasts"”, Journal of American Statistical Association, LV
(June, 1960}, 299-306.

2

G.E.P. Box and G.M. Jenkins, Time Series Analysis,
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. . 1
and this -has the autoregressive representation:

(16.) (t—'lP*\t) = izl a; Pily

In this forﬁ, it can easily be interpreted as the
‘efficiency condition' for rationality of Pesando.? The
'consistency requirement' for rationality3 is also a property
of ééiimal forecaséing in AR form; iq other words, the two-

period-ahead forecast can be written as:

(Forecasting and Control), (San Francisco: Holden-day, 1970),
chapter 4.

r

lThe proof of this statement is as follows:

( )

P* = Y“ P s
R G TR

= V(L) (Pt = (£M1p%)) ~ ( By = (

. _1P* )
Inverting the distributed lag operator givés} t

1 B* )

YT (ee1Pr) = (e = (e Pr0) - v @l (pg - (ofP*,

Further,aﬂfting that «(L) = y(L)~1l we can write:
a (L) (t-]_'P*t) = (Py - (t—lP*t‘.) = afl) (Py - (t_]_P*t))
Now, subt;acting a(L)(t_lP*tl from both sides yields
(L) = (l-ay L - @2L2 - ...)

Thus, this can be rewritten in autoregressive form as:
(£-1P%) = § a5 Pej
L

2James Pesando, "A Note on the Rationality of the "
Livingston Price Expectatiocns Data™, Jaurnal of “Politigal Economy,
LXXXIII (August, 1975), 849-858.

3O . Cit. 'Consistency' refers to consistent use of
Previous forecasts when extending the forecast horizon.
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+ a, P + a, P

( 2 "t-1

6.0 eogPryg™) = oy (L gPe™)

and, in general, the AR multispan forecast can be represented

by:
ho
* =
Q7.0 CgP*ean) = 3d1 @ Peos
h 1 h-2 h-1-r
where o ¢ hei-1 t rEO a. a;

The AR and MA forecasts are both sensitive to the forecast
horizon. ‘/

t in terms
of a single driving process ey has been severely criticized

However, a forecasting representation of P

in the rational expectations literature:

"the models presented by MutH to illustrate the
hypothedis of rational expectations were market
equilibrium models with a single exogenous
(stochastic) process. The result of this feature
was that the rational expectation which would be
formed by traders in full knowledge of the struc-
ture of the market was reducible to autoregressive
form; the rational expectation of the future market
price in such a market is a weighted sum of past
realized prices. Since the only information needed
to produce optimal forecasts in this market is

past price behavior, it is difficult to see how
knowledge of the past structure pays off to the
forecaster"l

In equation (7) we assumed that the time series variable
Pt could be represented solely as a linear stochastic process.
argument assumes that this same

In effect, the Rutledge

L]

N

lJohn Rutledge,
Expectations, (Toronto:

A Monetarist Model of Inflationary
D.C. Heath and Company, 1974), p. 48.

<~
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variable Pt is an endogenous variable in the egpnomic system

and has some reduced form which can be represented, for our

NP
+ c X2 + v

purposes, as:

1
where Xt and xi are stochastic,- independent exogenous varia-
bles which are driven by the white noise processes U and

1t
U,, respectively, in the following manner:

1
. xp =8 a0

£-i
v g2 . 3
Q907 X = 310 55 U,

e N

and vt is a stochastic error term with mean zero and constant

variance. Thus, equation (18) can be rewritten as:l

(18.)' p_ = ¢, D(L) Ult + ¢, F(L) Uzt + v, R

It is correct to say that this formulation of Pt cannot be
reduced to a purely autoregressive form but it is incorrect

to imply that Pt does not have an autoregressive representatiqn.
The distinction is between an economic-structural interpreta-
tion of P (as above in equation (18Y ) and a

statistical interpretation of Pt (as implied by the AR

representation in equation (7)). Wold proves that there

' is always a MA (and hence AR) representation of a covariance

. : . 2
.stationary time series:

_lTheSe distributed lag functions are defined as:
[1 + diL + d2L2 + d3L3 + ...}, dy =1

(1 + £f1L + £5L2 + £3L3 + ...}, fo~ 1

D(L)
F (L)

2Hermén Wold, Econometric Model Building: Essays on
bhe Causal Chain Approach, edited by Herman Wold, ‘

(Amsterdam: North-Holland Publishing Company, 1964)Y
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It is useful to compare.the relative efficiency, in
an expected mean squared forecast error sense, of a statistical
forecasting approach, as described-by equation (fi), and
the structural forecasting scheme indicated by equation (18f.
For this example, we will use the Pt series which'is ggéumed
to have two rebresentations. The Pt series has‘Fhe‘Btatistical
interpretation cited previously in equation {7), in

othef words,
. '.q " ‘--

'Pt i et.+ Yy et-l + Yy et—é + cees

and thus the optimal forecast is given by:

N * . ‘ ’
(t_lPt ) Y1 €1 * Yo €rn + ...

The Pt-SEIies also has the reduced form (from an economic

- 1
structtre} described previously in equation (18) :
Pt = Cy b(L) Ul + c2_f(L) U2 + v
t .
Thus thg optimal forecas;, for this formulation, is v

1 . el

. ) - ~ 2
(19.) (t_lpt*t) = ql(dl+d2L+d3L2W...) Ult—l + ¢, (fl+f2L+f3LQ

-~

t

+..0) U, S |

t-1
L L
where the dbuble asterisk denotes the forecast with this

structural approa¢h. The expected squared forecast errors

are: )
2 : 2
and
2 2 2 2 2 _ " b owxyy 2
2.y (ey" o uy + 2 g u, + oyl = E AP = (L_P*N))

. 2 ' .
where ¢~ denotes variance.

)
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A comparison of the,ekpected squared forecast errors (equations
(20) " and (21)) is possible if we ;re willing to specify a lag
dist;ibutibn form for equations (7) and (18) .. This provides
a potential criterion for estimating the relative efficiency

of optimal forecastiﬁg\and structural forecasting models if the

'émpirically idegzlfied lag structures of the two models are

of a simple form.l For an example, consider the following

specific forms for‘the P£ process:

(2.) P = et + Y] ex)

(23.) P¢

ClU]_t + cldlUlt—l + CZUZt +_c2flU2t-l
Equation (22) can be rewritten as:
(24.) e = Py - Y1 Py - le Pt-p - Yl3 Pgoz = ...

é%bstituting (23) into i24) gives;.

Lo

i-1 ‘
* S -y E v Y2, "

The statistical forecasting and structural‘forecasting variances

are thus related by egquation (26): '

2 2 o2 2.02 2 2,2 2 2,2
%.) Y% = o4 SO - a - o
(26.) “e (c U ey e, ) 4oy {dy-v,) Uy +67 (£;-v1 79,
~ 2
X

1

1-y

Since the first term on the right hand side‘of_equation (26)

&

. \ ;
is the expected squared forecast error for the structural
. }

approach, and the second term is unambigously poéitivep then

= .
lAs Section 3.5 below demonstrates, the structurag\\7
forecasting approach is time e ag rational expectations. 1In
order to emphasize the relaglle properties of the statistical.
and structural approaches forecasting, it is useful, at
this point to make this dis¥@nction in terminology. For a

5\
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the étatistiéal forecasting approach is clearly less efficient
than the structural forecasting scheme.l Moreoveff this
efficiency gain persists as fQPg as the variance of one of the
exogenous processes (Ui,Uz) does not dominate in the limit and
the parameters d,, f; are diffegent from Y- ‘ s

In summary, this section has revieweg the basic
properties of linear stochastic processes and the statistical
approach to forecasting. 1In addition, an alternative structural
model of foreéasting was developed and the relative forecasting.
efficiency compared. Finally, as an empirical note,
a chanée in economic structure also implies a change in thq
filter for the torresponding process., Thus the estimation

of an ARMA process over a time period containing structural

change will be biased.

3.3 Autoregressive Models of Expectations Formation

Fisher, in order to test his hypothesis' that nominal
interest rates ful;y incorporate the rate of inflation expec-=
 ted by market participants, becaﬁe one of the first economists
to generate an empirical proxy for e#pectéd inflation.2 To

-test this theory of interest rates, Fisher assumed that

1

similar distinction in the literature see Alan Walters,
"Consistent Expectations, Distributed Lags, and the Quantity
Theory", The Economic Journal, LXXXI (June, 1971), 273-281.

lFor another example of this approach, see Charles
Nelson, "Rational Expectations and the Predictive-Efficiency
of Economic Models", Journal of Business, XLVIII {(July, 1975),
331-343. - : )

2Irving Fisher, The Theory of Interest, (New York:.,
MacMillan and Company, 1930).

©
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expectations of inflation can be modelled as a diétributed

laé on previous rates of inflation. This'autoregressive
approach-to modelling'expectations has been extensively
developed in the liggrature. In this section, we briefly
review the main autoregressive models of expectations
formatien, in particularradaptive models. Autoregressive
models of expéctations ﬁo;mation are developed more extensiﬁely

in section /7.5.

- Initially, consider the extrapolative expectations
models. Denoting forecast values with an asteris%, the date %
- \‘ . . . N

on which the forecast is formed by the Presubscrigt and the

date to which the foregast applies by the subscri

" can express the extrapolative hypothesis as:"

+ 0, P +qa

1 Fe-1 (P

(@7.) (eo1P*) = ay 2 Peoy -

where P indicates a price variable. Static expectations are
indicated by @y = a, = 0 and a, = 1. If a, > 0 then expectations
are éxtrapolative, while a, < 0 indicates that expectations
are regressive.

The most:comﬁonly utilized model of price expectations
formation in the literature is adaptive expectations, introdu-
ced by Cagan in his study of Eurcpean hyPerinflations.l ' The

inhergnt.appeal of adaptive expectations stems from i&? error

1Phillip Cagan, "The Monetary Dynamics of Hyperinflation™,
in Studies in the Quantity Thedry of Money, edited by Milton
Friedman, (Chicago: University of Chicago Press, 1956).

N . T -
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Iearning features and its econometric estimation properties.

Adaptive expectations, formed on the price level Pt’ may bhe

represented as:

(@8.) (,_P*() =~ (L_,P* 1) = (l-a) (P - (

%*
£-1 t=2F g-1))

where Pt,ihdicates the current price. This formulation is
equivalent to expressing adaptive expectations as a geome-

trically declining autoregressive distributed lag:l

@8.) (_ P*) = (l-a) .zo'ai Pp 1" (1-a) A(L) B, _

i t-i 1

It is the size of ® which ééterﬁines the rate of adapta£ion éf

expectations to new information. Thg sum of the'ﬁeights in

the adaptive expectatioﬁs at?orgaressive procéss is uniﬁy.f
Thg properties of the adaptive model of expectations

formation can be established more rigorously if we assume

the linear stochastic process representatioﬁ2 for the ;i@e

series Pt introduced in section 3.2. An adaptive-éxpectations

model for P

£ is defined by egquation (2#).  Furthermore, as is shown

in section 3.2, the_lihé%r stoqhaStfc process Pt can be repfe-

sented in MA form as; [
- i
i

1
A useful property of geometrically declining lags is
that they may be written as: R \,ivﬁﬂ
1+ oL+ a2L2 + 033 +,..= 1 =a(n)
I- "o

?John Muth, ,"Optimal Properties of Exponentially Weighted
Forecasts", Journal of American Statistical Association, LV (June,
1960), 299-306.
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(29.) Pt=et+Yl et-—l+Y2 et_2+ . e -
= e, + B(L) €1
where B(L) is defined as:

(30.)° B(L) = ¥, + v,L +v,22 4 .

3L + - 8 &
The optimgl forecast for Pt’ denoted by t-lpé {}_ig,dérived in

section 3.2 as:

(Bl.) PE**) = B(L) e

(-1 £-1
Thus, for adaptive expectations to be an optimal forecast, in
the sense of minimizing thelexpected mean square forecast error,

the following relationship must hold: . 14

32.) (1-a) A(L) (1+L.B(L))= B(L)

After suitable manipulation this can be expressed as:

(33.) B(L) = 1-
lfL
and since we can write:

(34.) l-a= (1-a (1+L+L3+...)

1-L —
'and recalling equation (30):

© @30.) B(L) = mi+Y2L+15L2+..J,

. Lt . 4
then the condition for\adaptive_e;pectations tZTBe an optimal

forecast requires that:

(35.) Yl- 72,_""' = (1-a)
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In other words, each of the filter weights. in the MA repres-
entatiofr must be equal. This implies nonstationarify for thek
infinite lag moving average form and hence an infinite
variance for the Pt series. Fu;thermore, this implies that
the value of the forecast is independent of the length of £he
forecast horizon. 1In other words, adaptive models of expec-—

tations formation imply that:

(36.) (_1B*) = (t—lp*t+j)’

1 In effect the

where j can have any positive integer value.
weighting scheme on past values of P is constant regardless of

the forecast horizon.

— - N
T o

Alternatively, a property of the statistical forecasting
models developed in section 3.2, and the structural models of
expectations formation, is that the shape of the lag coefficients

on past information is related to the horizoq j of the forecast.2

N

lJohn Muth, "Optimaerroperties of Exponentially Weighted
Forecasts", Journal of the American Statistical Assocgiation, LV
(June, 1960), 299-306. )

2Thomas Sargent and Neil Wallace, "Market Transaction
Costs, Asset Demand Functions and the Relative Potency of
Monetary and Fiscal Policy", Journal of Money, Credit and Banking,
III (May, 1971), 469=-505. e
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Another common feature of the autoregressive models is
the ‘assumption that the sum of' the lag weights equals unity.
However, Sargent'has shown that, if the inflation rate can
be -‘represented as a linear covariance—stationary stochastic
process in AR form with non-negative AR filter weighfs, then
the sum of the weights must be less than oni.l FurtheF, an
ovér—estimate of the sum of the lag weights in the expectations
model can result in‘an under-estimate of the reséonse coeffi-

cient on the expectations variable in an econometric equation.

3_' Variable Response Autoregressive Models of Expectations
' ormation '

There has been a predilection in theoretical models
‘of price-real output tradeoffs involving the concept of price
1

expectations to invoke, at least heuristically, the idea
of a variable.expectational response conditional on the }type'
of price behavior which was observed. Hicks argqued that:

"People who have been accustomed to steady prices,

or to very gradual price movements, are likely

to be insensitive in their expectations; people

who have been accustomed to violent change will

be sensitive. We hav ©Q be prepared to deal with

a2 range of possible ¢ases, varying from that of a
settled community, L/ ich s been accustomed to
steady conditions in e past (and which, for that
very reason, is not easily disturbed in the present),

1

lThomas Sargent, "A Note on the Accelerationist Contro-
versy", Journal of Money, Credit and Banking, III ‘(August, 1971)

721-725.

s
-

r
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to that of a community which has been exposed to

iolent disturbances of prices (and which may
ﬁqii to be regarded, in consequence, as being
ec '

omically neurotic)"l ™

T?is underlying behaviora} view haé generated two quite diffe-
rent empirical responses. First, Gordon,2 Lemgruber3 and

De Milner4 have estimated variable cocefficient (on the infla~
tion expectations variable) versions of'agg:egate'snppl§
equations.S The impetus to their approach was Gordon's finding
of an upward shift in the az'coefficiént in the United S;ates
(the coefficient on the e#pected inflation variable) as the
.data period was extended into the 19765.6 Lemgruber and

Gofdon‘found gualified support for two-variable coefficient

lJohn Hicks, Value and Capital (Oxford:0Oxford Univer-
sity Press, 1946), p.272.

; - 2Robert Gordon, "Inflation in Recession and Recovery",
Brookings Papers on Economic Activity, (1:1971), 105-158.

3antonio Lemgruber, "A Study of the Accelerationist
Theory of Inflation", Unpublished Ph,D. dissertation, University
of Virginia, (13974).

-

4Lawrence De Milner, "The Formation of Price Expecta-
tions and Their Behavior in Wage Change and Interest Rate
Equations", Unpublished Ph.D. dissertation, University of
California, (1974). '

5The basic price change equation tested was of the form:

- *
P = 9 + aX +oay (1 PY)
wl

where xt‘isra real excess demand wariable. N

6Others have developed the variable coefficient .
expectation model more in the Lucas perspective of the model v
\ -coefficients representing a reduced form of structural

. ceoeffivients. For this approach, see Michael Mussa, "Adaptive .

) d Regressive Expectations in a Rational Model of the Infla-
tionary Process", Journal of Moneta Economics, 1 (October, 1975),
423-442 and Jacob Frenkel, "inflation and the Formation of '

- Expectations”, Journal of Monetary Economics, 1 (October, 1975),
403-422, :

Ay
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versions. These results are predicated on an assumed model of

)
1 De Milner, dtilizing another specifi-

expectations formation.
cation of a variable coefficient term,2 also found qualified
support for this hypothesis. .

The secondkempirical response is that a, (the coeffi- X
cient on the expected inflation variéble ) remains constant but
the weights in the autoregressive model of ipflation expectations
formation are functionally related to some ‘economic variables,
Cagah also noted theltendency fdr the coefficient 6f adaptation

to vary_.3 More recently, both Cagan4

and Fukasawa5 have
argued that the weights in the autoregressive model should vary

according to an 'Intensity .Hypothesis' (the coefficient of

lgordon der;ved his weights from an interest rate regres-
sion on past inflation fassumes an Almon lag], while Lemgruber
specified arithmetically declining weights. Both impose =z unity

summation constraint on the weights.

2pe Milner posited that a3 was a funftion of the size
of the prediction. ’ '

The versions were:
(i) a, = Bl (t—lpft) + BO

(i1) ‘o, = B, (In (_ P*.)) + B

: 3Phillip Cagan, "The Monetary Dyn
inflation", in Studies in the Quantity Theor f. Money, edited
by Milton Friedman (Chicago: University o ChmFago Press, 1956).
) 4Phillip Cagan, "The Non-Neutrality of Money in the
Long-Run", Journal of Money, Credit and Banking, I (May, 1969),
207-227. '

. SShigayuki Fukasawa, "A Variable Lag Pattern in the
Formation of Expected Price Changes"”, Unpublished Ph.D. disser-
tation, Columbii University, (1970).

»



52,

-

~ . . . ~

adaptation is related to the severity of lnflatlon) and a
'Varlablllty Hypothe51s ‘{the weights on past price terms .
are conditioned by the degree\of randomness ascribed to those
observations ) . Fukasawa presented results lendlng Some

Y

support to the latter hypothesis.. .
These variable coefficient autecregressive models are
clearly suboptimal in the context of the linear stochastic
pfocess analysis of section 3.2. However, it is possible to
generate a variable coefficient expectations formation model

under certain interpretations of the underlying statistical

process. Consider a representation of the P. series as:

(37.) P = Ve fagv, 4o+ GVieap * O3V o+ L.,

where the v, has a constant,. nonzero expected value and non-

n

constant variance.l The optlmal predictor of Pt’ denoted by

(t—lpt* *), ‘1s written as: e

o ) \/ | |
B8.) (qPe*** = 61y, 1 + 5 Vi Foa.,

2Ve- -2 37t-3

Again, we minimize K, the expected squared forecast error, where

\
K equals:
’ xh & 2 }
K=E (Pt N t—lP t)
‘ “
=E v, - v) + (Y; = 8) (v__. -%) +7 (¥ +
t . izl i i t-1 ) «izl
2
vy 65111 .
= —2 Pl P - X 2 — »
Thus &K voo[=2 27i+2611-+[ Zyi f 26i]q ey = 0

\CH

lThe stochastic term v has the following properties:

. _ _ _ 2 2 4
E(v) = v, E-[—vt_i-V][vt_j—vI‘ = 0, Elvy 4-Elv ;)17 = o7 _.
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and the opggmal Gi’ given the adbove assumptions. is given by:
. .\l \_/

(39.) & =vy; + v

But the essenﬁial feature generating these results is the
nonzero expected value of the V. Process and its non—con;tant
;;riance, a point not developed by Cagan and Fukasawa,,

A second inferpretation of these variable coefficient
autdregresgive models is that they constitute learning
models for either a constant but unknown structure or a
changing structure. Both the Box-Jenkins and rational ‘/,“\\“~4

expectations models assume that the structure is constant and

known.

’

3.5 Rational Expectations Models

An individual's ratiénal expectation of the fiture-value
of a variable is equivalent to the mathematical expectation of
the variable at that point in time, conditional on his formal-

ized view of the economic system which determines this variable.

i Muth has defined rational expectations as: -

of future events, are essentially the samé as the.
predictions of the relevant economic ‘theory ...

we shall call such expectations 'rational’ ...

The hypothesis can be rephrased a little more
precisely as follows: that expectations of firms
(or, more generally, the subjective probability
distribution of outcomes) tend to be distributed,
for the same information set, about the prediction
of the theory".l

"expectations, since they are informed pregictions

i

lJohn Muth, "Rational Expectations and the Theory of
‘Price Movements", Econometrica, XXIX (July, 1961), 315-335.
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The assumption of rational expectations requires a mode approach

to the study of éxpectations augmented price-real output tradeoff
models. Rational expectations of endogenous variables are
predicated on a stable, known reducedt}orm and explicit fére—
casting models of the eXogenous processes, which thems es must
e

[
\igsd“

be unbiased predictors of these eXogenous and predet.
variables, . L

éitgéssential insight of Muth was that market participants
become conﬁ%foned to the critical macro-linkages £hat exist
in the ecéhomic world. However, Muth's conceptw&f rationality
has been formalized into a model where market parﬁicipéqts are
omniscient with respect to knowledge about the economic system
and its parameters.l In essence, rational expectations assumes
that market participants are very similar to the concept of

'neoclassical man' described By Herbert Simon.? Indeed the

“~

¢ : \

) lRobert Lucas, "Econometric Policy Evaluation: A
Critique"”, in The Phillips Curve and Labor Markets, edited by
K. Brunner and A.H. Meltzer, (Amsterdam: North-Holland, "~~~
Supplement 1976) . .

2Simon describes the 'neoclassical man' as one who
"is assumed to have knowledge of the relevant aspects of his
environment which, if not absolute, is at least impressively
clear and voluminous. He is assumed also to have a well
organized and- stable system of preferences, and a skill in
computaton that enables him to calculate, for the alternate
courses of action that are avaiable to him, which of these will.
permit him to reach the highest attainable point on his preference
scale". Herbert Simon, Models of Man: Social and Rational {Math-
ematical Essays on Rational Human Behavior in a Social Setting),
(New York:. John Wiley and Sons Inc., 1957) P. 241.
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cufrent‘criticismsl of the rational expectations models are
repated to Simon's view that it is wrong "to erect.a theory

of human choice on the unrealistic assumptions of virtual
: - A 3
omniscience and unlimited computational power",

Since the concept of rational expectations stresses con-

!

sistency between expectations formation and a structural view of
the economic system, Muth's approach to the formulation of
rational expectations tan be demonstrated within the context.

of a'gimple model  of demand and supply,3 déscribed below by

N .
L]
L

. T o .
lFor example, Benjamin Friedman, "Optimal Expectations

and the Extreme Information Assumptions of 'Rational Expectations'
Macro Models",” Journal of Monetary Economics 5 (January, 1979},
23-41, Edgar Feige and Douglas Pearce, "Economically Ratfonal
Expectations: Are Innovations in the Rate of Inflation Independent
of Innovations in Measures of Monetary and ¥iscal Policy", Journal
of Political Economy, LXXXIV (June,/ 1976), 4p9-522, William Poole,
Rational Expectations in the’ Macro Model", ‘Brookings Papers on
Economic Activity, (2, 1976), 463-514, Michael Kennedy and Kevin g
Lynch, "The Formulation of Statistically Rational Expectations with"
an Applicatica to a Permanent Income Model of the Demand for Money",
mimeo, Bank of Canada, (1979). & '

2Herbert Simon, Models of Man: Socia}\ind RationaI% .
(Mathematical Essays. ©n Rational Human Behavior in a Socidl JSettin ),
(New York: John Wilky and Sons’ Inc., 1957), p. 240.

s 3This model(is not‘fundamentally different than the
macroeconomic model with rational expectations developed by
Sargent. Thomas Sargent, "Rational Expectations, the Real Rate
of Interest, and the Natural Rate of Unemployment”, Brookings
Papers on Economic Activity, (2: 1973), 429-480 and Op. cit., "A ~—
Classical Macroeconomic Model for the United States™, Journal -

of Political Economy, LXXXIV {(April, 1976), 207-238. \

. ‘1I
o »
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equations (40) - (ASb). The demand for the good, denote& by

yg, is a function of the price level, Pt' and an exogenous ’

variable,‘zt. Supply, y:, deviates from equilibrium ‘supply,

?t’ if the actual market price differs from ths'expected market
& .

price, (._1P*.)- The market is assumed to clear. The exoge-

- nous influence on demand, Z, can be represented as a_linear e d

' .

" stochastic process as 1nd1cated by equatlon (43), where v is
a normalty dlstrlbuted stochastlc tq;m w1th a zero mean and ~
a .

" constant variance. The stochastlc 1nfluence on supply, denoted
by U, is defined in two ways, as 1nd1cated by\equatlons (45a)
and (45b). 1In both, et is a stochastic term with similar

properties to Vi Finally, expectatlons are rationally formed

a P NN
in the sense of equation (4%}, that is, the rational expecta— _Ag!

tion of the level of P in t, formed in t=1,(, |P*. ), is the :
mathematical expectation of Pt conditional on: all available
information at time t-l, ¢(t-l¢' The lagiaperatdrs a(L) and
2 2

P(L) are defined as (a 2L+a3L +...) and (pl+p2L+93L +...)
respectively. .
40.) y9 =y &y P+ y.2 B .

Y e T Y 1 e T 2% ] -
(41.)yt_yt+sl[p (tlt)]+U ya |

. T
d

42.) .y & Q

- ."— \ 4
43.) Zt =
@4 .) (t-l ..1)) - ) . * ' !
@s5a.) U, = ? .

Ve . 1 o I-
@sb.) U, = -
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From this system of eguations, we can solve for price

in the follow1ng form

— . . *
(46.) P = Yo=Yt + Y2 2, + _B] (4_1B*) - _U
t B1-Y1 Bi-7Y1 B1-v1 = 31“\(1
. | N
= Fy + F12¢ + Fp (,_;P.*) + F3 Ut
where FO’ Fl, F2, and F3 represent the combifiations of structural

coefficients)in the quasi reduced form indicited by equation

<t

(46) . Rational price expectations depend on the expe?tatlons of

the exogenous process zt and the error term. If equathion (45a)

:
Jo

t

represents the behavior of the error term and Z_ has tge meving
average representation indicated by equation (43), the

-the

rational expectation of price is given by: .
[y o
- L

B/ (e)) = (o) ¢ Fg ¥ By E(2,/8 1))+ E3 HU/D
- 02 2 2.
. . . J i

The reduced fo __fof price can theﬁ“ﬁed;kgressed explicity'as:l

V'
e

tl)

4

[y

(477) Pt'{(F05+ %g%i) + (Fp 2, + %&%in“E(Zt/Q(t_l)))

o+ (F3 UL+ %&%; E(Ut/g(t_l)))

~

[

lThe reduced form can also be expressed as a partial
functlpn of previous values of the price level.

| Rt = . (F0.+ L2 ) + F1Vt + (F1 + IlFZ L) a(L) Vt
¢ ' t . 2
. - ﬂr -
+ F3 et + (F3 + FaF3. Lie(L)e, 7
_F2 . Q .
" T Hg + Hy (L):! + H, (L)e :
N v £

Thus, the equatlon for price can be newrltten as:

. [Hy ()] -zgt = [Hz @17t Hp + 2 (017 H (@) v +oeq.
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,Thg difference between the'resultihg price and the rational
pPrice expectation is solely a function of the forecasting

S . .
accuracy with respect to the eéXogenous process and error term.

MB.)[?t - (t_lP*t)] = Fl [Zt—E(Zt/ﬁ(t-l»] + F3 tut-E(Utkg(t_l)n
Thé presence of ﬁore than one exogenous Process (which
can be éroxie& by letting equation (45b) hold) implies various
mathematicaliy consistent formulations of fationél price
expectations.l This approach is.quite different than Rutledge's2

methodology in that he imposed a reduced form for price independent

of a price expectations variable and then applied equation (44)
to derive the rational price expéctations == which is

clearly inconsistent with the rational expectations approach.

t v -

lThe quasi reduced form for price is: a3
Pp = Fg + F, [14L a(1)] Ve T Fy [ B0+ Fy [1+L p(1)] ey

= FO + El (L) v, + F2 (t-l

and this can be rewritten as:

t

Pt*) + F3 (L) e

- 4-1
'PF = [Fy (L)) (Fy + F, (L} vy + F, 1
or: _

_ -1 o
Py = [Fy(1)] (F0+I:“3 (L) e *Fy ({_;

yhere F4 (L) and Fg(L) are appropriately defined distributed
lag operators._ The rational price expectation is formeq by
applying equation (44) to these quasi-reduced forms.

2 .
Johp Rutiedge, A Monetarist Model of Inflationary
Expectations (Toronto: D.C. Heath and Company, 1974) .
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-Muth obtained an autoregressive répresentation of
rational expectations by assuging Y, = 0 and equation (45b).
However, this representation of rational expectations still
implies a specific distributed lag on past prices; this lag.
is dictated by the st;ﬁctura% parameters of the model. More-
over, the Muth result that the rational expectaticn had an
autoregressive representation has been misconstrued as-‘a
theoretical justif;cation for autoregressive expectaﬁions
rather than as a model-specific result.

The solut values for Ehe ghdogenous variables in
this model are de endent on the specification of price expec-
tations formatidn. Tns\iiggjtaneous exisStence of price expec-
tations with different forecast horizons in such a mg?el alters
the nature of the rational price expectations solution. ~——
Consider a modified demand function in which current expecta- “
tions of the price in the next period Effecthcuﬁsant;demand.

- i +
L4°'V.Ydt Yot Yy By Fovplp vz ((Peg®)
The reduced form for current priée includes both last periéd's'

expectation of the current price and the current expectation

of the price which will prevail in the next period. Thus,

3

(49.9% p_ = Go * G2y + Gy (L_1P.*) + G
Qr:

*
t-1" t

(49.)" Pt-YO-"'z + Y2 z, + Bl
: B17Y1 B 81-71




. ' 60.

-t

where the coefficients G Gl' G2, G3, and G4 are combinations

0’
of the structural parameters as indicated by equation (49).
The rational price expectation, (t-lPt*)' is Solﬁed by

forward shifting of, and infinite substitutions 1nto, the
above reduced form equation. 1 Thus, the rational price expec-
tation depends on last'period'e expectetion of the entire
future course of all exogeqous‘processes. The ratignal expec-
‘tafidns approach effectively shifts the forecasting problem
fromlendogehous t0'exogenoﬁs vafiables. The ratlonal price

.  [exXpectation, giveén the reduced form for price in equatlon (49) 1,

can be expressed as:

'S
. . i -~
0 e Phe) R i§0 [1§G ]
2 _ 2 ,
‘J I ) . %
*8& ¥ 16 1 E(z . /ge-1) |
‘- l"G2 :L=0 l_G2 1

The forecast of the exogenous variables, Zt in this

-example, requires the. specification of the Zt process. Multi-

spafi forecasts can then be obtained recrﬁsiyely, given the

lThe reduced form of the price equation at each pclnt
in' time is given by the series of equatlons.

Ptb Go + G1Zt + G2 (£-1Pt*) + G3 (tPr+l*) + G4Ut

-

Pt+) = Gg + GlZt+3 + Gz;(t+jt}Pt+j*) + G3 (t+jPt+3+1*) + G4Ut+5
We define the rational expectation as:

CersPesgar™) "E(Pyyg4n /@ (E4) 4 ,

and note that: . v : 5
E(E(P,)/B(£))/B(t-1)) = E(P,, /B (t-1))

(continued .. .)



specification of Zt in equation (43), by u51ng An ARMA fore-~
casting approach {as descrféed in section 3.2).
In order to discuss the problems of the rational expect-

oo : N
ations'theory, it is useful tqirefEr to this stylized develop-

ment of the rational expectatiziigfigel. First, there is the
problem of the terminal conditions. The existence of a sclction
for a rational expectaEions model is problematic if-there are:
multipie period expectations: if there are two (or more)
periods at which exp:ctations are formed-'in the mcdei, then

the solution will depend on forecasts of all the exogenous

< kS N
Thus, assuming (45a) is the relevant error term, then the
rational expectations are:

E(R/P(t-1)) = 60 + G1_ E(2,./@(¢-1)) + G3 E(D /B(t=1))
t I-c, . 1-G, t I:%; thl

2

Y ¢ N

* 84 E(U/F(t-1))
P, o/B(t-1)) = G G ke 1 APt
+5/%(£=1) I:%; + I:é; B2, /8 (t-1))+ leéz E(Py, 441/9(t-1))
+ 1G4_ E(U 44 (£-1))

anLyb continuous substitution into the intial equation we

have:

BlPy/Ble-1l)= G0 % (G3)'+ o  § (g3t BlZp /9 (£-1))
. . 1-G, i=0 1I-G, 1-6, i=0 I-G,

and )

Pt""/g(t-l) ) = -Gqg ¥ (_G3) 1-3 +_Gl_. (-.._3_) 13
J 1-G, i=j I-G 1-G 1=3 1-G
) 72 . 2 G,
"E(Z +i/ el
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variables %for an infinite number of periods into the-__

A

Ly With a different e

gquation in#expectations,-the

possibility arises of multiple- solutions.” Thus, the "solution

is not determined by initial

actual values of variables,

-

conditions determ}ned by past

but by terminal’gaéditionshln

pegples' minds relating to what people will expect in the
2 ] P

2 L S
future",

Secondly, there is th
cipants arrive at their sta£
generally no learning mechan
expectations.models.3 Indee

learning behavior, there is

cipants may not converge to

A}

_ lrrom the model in th
convergence condition is tha
Y3 . 63
in other wards, the demand r
is greater than the supply r

Price.

2Robert Shiller, "Rat
Structure of Macroeconomic M
Journal of Monetary Edbnomic

e questién of how market parti-
e of knowledge -~ there is .

ism built into the ratidnal

d, with models incorpérating .
é'?ossibility that market parti—‘

the 'true' reduced form model.%

o

e text, it is clear that the
t:

esponse to the current price level
esponse to an anticipated future

ional Expecfatioqg/;Ld the. Dynamic '

ddels: A Critfical Review", »
s, vol. (January, 1978), P- 26.

3Bepjamin Friedman,

-Extreme Information Asspmpti

Macro Models", Journal of Mo

"Optimal Expectations and the
ons of 'Rational Expectations’
netary Eccnomics, vol. 5 (January,

1979), 23-41.

P -

4Robert Shiller, "Ra
Dynamic Structure of Macroec
Journal of Monetary Economic

s T _

tional Expectations and the
onomic Models: A Critical Review",

§, vol. 4 (January, 1978), 1-44.
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Moreover, there is the general question of data avail-
aeiiity to market participants. Inherent in both the rational
and ARMA models of expectations formation is the assumption
that market barticipants possess a considerable degree of
foresight in choosing the spe;EEIé;tion and parameter values
for these models. 1In other words, when we estimate these
models’ee}ng the entire data set (inciuding the period about"

which expectations are to be formed} in the first stage of the \

. analysis, and then in the second stage use these "known" models

to proxy expectations at any point during the period, we are -
implicitly giving market participants mere information than
they actually had at the. time they formed ' their expectations.
In chapter 7, an alternative approach to expectations formation
is developed which more adequately ‘reflects the avallablllty

. of 1nformat10n to market part1c1pants.

Fair criticizes rational expectations models for.
1

- . r

tﬁeit,lack of rationality. In effect, he argues that the.
market participants ere rational in the formulation of_their
‘expectations but are assumed to be irrational (or at afst do
not oétimize the usual, objective functions) in their labor
supply decisions. While this is a criticism of the specific *
macroeconomic models in the rational expectatiohs debate, itl

does point out that, once invoked, raticnality must be

pervasive in the model.

lRay Fair, "A Criticism of One Class of Macroeconomic
Models Under Rational Expectations", Journal of Money, Credit
and Banking, vol. 10 (November, 1978), 411-417.

!
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Moreover, tﬁo*other critiéisms qf rational eXpectations
are wgrth noting.. The strong property of rational expectaticns
that prices already feflect all systematic behavior in the
systeﬁ since expectations are rationally formed assumes the
absence of price rigidities.l Secondly, the question arises - -
whether it is economically raticnal to use large information
sets, in addition to the past Galugs of the variable in guestion,.
for forecasting. ' Feige and Pearce presenf evidence which
suggests that autoregresiiye specifications aie economically
rational and that—whiLﬁ;;;tional expectations models "offer
the theoretical appeal of greater consistency with the

-economist's paradigm of rational behavior",2 they unrealis-

tically assume a world of negligible information costs.

3.6 Summary

The purpose of this chap;er Qas thanaiyze and conpare
the various theoretical models of expectations formation. "~ These
models were conveniently grou;ed as: (1) statistical forecasting
' models, (2) autoregreggive models, (3) ﬁéxiablg response auto-

regressive models and, (4) rational expectations models. as

a framework for this  comparison, we review the basic prop-

'IStanley Fischer, "Long-term Contracts, Rational Expect-
ations and the Optimal Money Supply Rule", Journal of Political
Economy, vol. 85 (February, 1977), 191-206.

2Edgar Feige and Douglas Pearce, "Economically Rational
Expectationsi{ Are Innovations in the Rate of Inflation Independent
of Innovations in Measures of Monetary and Fiscal Policy", Journal
of Political Economy, LXXXIV (June, 1976), p. 519.
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erties of a linear stochastic process, which is assumed to be

a valid representation of the variable to be forecasﬁ.

In general, one can distinguish between statistical

forecasting and structual forecasting. For the former approach,

. : 4
the basic assumption is that the variable to be for%fgstfcan\

be represented as a linear stochastic process in AR, MA or
ARIMA form. With structural forecasting, the relevant
variable is viewed in the context of a reduced form of a

structu@ii model. If the rational expectation of a variable

-is represented by the sum of two or more stationary stochastic

processes, it is not possible to reduce the rational ‘expecta-

tion to an AR model. For an autoregressive forecasting model

O . ‘
Q\j to be rational in the sense of Muth, a sufficient condition

/

~
is tggt\tﬁe processing of information is a costly endeavor.

Furthermore, a method is developed to compare the relative
efficiency of the statistical forecasting and structural
forecasting approaches,

The.basic properties of the adaptive expectations
and variaﬁle response autoregressive models ‘are summarized.
In particular, the required const:aints on the linear stochastic
pfoc;ss for each to be an optimal forecasting method are
devéloped. '

Finally, a review of the rational expectations approach
is presented within the'context of a stylized demand-supply .
model. In addition, the basic cfiticisms of this model of

expectationdwformation are developed within the context of

the model.



CHAPTER 4

R INFLATION EXPECTATIONS AND SMALL SCALE
\ ‘ MACROECONOMIC MODELS

4.1 Introduction

The theory of rational expectations -- with its
premise that consistent expectatians cannot be formulated
without an explicit structural view of the economy
- has motivated a shift towards a {small) macroeconomic
model approach to studying inflation, beond prices, exchange
rates, etc.. For example, an expectations augmented Phillips
curve is considered theoretically inconsistent, from the point
of view of rational expectations, if the‘inflation expecta-
tions are modelled in an ad hoc fashion rather than reflecting
the simultaneous interaction of prices and real output
explicit in the equation itself. Indebd, the view that
inflation should be analyzed and explained in terms of a
-complete macroeconomic model has'given riée to a group of
sm}ll‘scéle models which, "altﬁough these models differ
bonsiderably amdng themselves in their degree of aggregation
and even in égpects of their basic’specification, their
essential structure can nevertheless be understood in terms

of three sets of relationships which interact to determine
']

66

N



) ‘ 67.

3

the inflation rate, the expected inflation rate and the state

of demand (;r excess demand)".l

In these macroeconomic modef;{ as élsewhere, the un-
obserﬁab;e nature of expectations causes a joint hypothesié
-problem in analyzing empirically the effects of expected
inflgtion because the results are sensitive to the a priori
speciéication of the manner in which inflation expectations
are formed. One approach to this problem is to use Monte
Carlo analysis to study'the sensttivity of sing;e equation
and reduced form estimation to misspecification of the "true"

model of expectations formation. The purpose of this chapter

elop’ a representative macroeconomic model for such

o analysis.2 In subsequent sections we discuss

the general properties of the small macroeconﬁmic inflation

models and the problems of estimation for these models with

the various approaches to inflation agpectationslformation.

Finally;%Fo provide the parameter valﬁes for the Monte Carlo
“model, we estimate a "representative" model using annual

Canadian data. .

lDavid Laidler and Michael Parkin, "Inflation: A
~‘Survey", The Economic Journal, LXXXV (December, 1975), p. 775.
— .

2Since‘Monte Carlo techniques are inductive, and the

results of Monte Carlo studies are influenced by pardmeter

- values and the specification of the model, it seems best to
conduct the Monte Carlo experiments using'a representative
macroeconomic model with some empirical relevance to the
Canadian economy. For example, see Vernon Smith, Monte Carlo
Methods: Their Role in Econometrics, (Toronto: D.C. Heath
and Company, 1973). :
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4.2 The General Properties.of Small Macroeccnomic Models
of Inflation -

The basic properties of the various small macroeconc- ﬂﬁ§7
mic model approaches to studylng inflation can be established
by a review of representatlve models by Laldler,l McCallum2
and Sargent.3 In general they can be classified according to
the spec1flcatlon of the formatlon of lnflatlon expectations,
the causation or direction of responssftimong changes 1n‘pr1ces,
real output and money, and the nature of long-run equilibrium.
The three models essentlally can be reduced to equations
for aggregate demand aggregate supply and the formation of -

inflation expectatlons. For the Laidler model the equations

*
N

are respectively:

, ¢
(- P8 = p(t-1) = a1 ((t-1) p*(t) > (£-2) p*(t-1)) & »

+ a2 (y(t-1) - ¥(t-1)3
(2.) y(t) - y(t=1) = B;(m(t) -~ m(t-1)) + Ba(p(t) - p(t-1))

(30 (&=1) p*(t) - (t-2) p*(£-14 = ¥, (p(£-1) - p(e-2))
+ (1-v1) ((t-2) p*(t-1)
- (£=3) p*(t-2)).

)
o

el

1Dav1d Laidler, "The Influemce of Mopey on_Real Income
and Inflation: A Simple Model with SEEE“Emplr;éE?\\ESts for

the United States, 1953- -1972", The Manchester Schogl LXI
(December, 1973), 367-395,

L%
2Bennett McCallum, "Wage Rate Changes and Excess Demand
for Labour: An Alternative Formulation", Economlca, XLI
(August 1974), 269-277.

3Thomas Sargent, "Ratlonal Expectatlons, the Real Rate
of Interest, and the Natural Rate of Unemployment", Brookings
Papers on Economic Activity, (2: 1973), 429-480, .
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In this chapter the lower case letter P represents the
loga;ithm of the price level, thes logarithm of real output is
denoted by y, the logarithm of. equilibrium real outpﬁt is‘y,
the Ebgarlthm of the mozfngggply is indicated by m, and the
expectation, formed in tlme(t—l, for a vagiable P in time t
is denotedgby_(t—l) p*(t). . '1L

In the Laidler model changes in aggreqate demand,’ -4m~

"this case represented-only by the -mo Y supply, feed initially

into real output while prices resthd with'e lag to-@hese

variations in real output. 1In contrast to the Sargent #adel,
®

it is the short-run 1nflex1b111ty of rices that allows real

ouﬁgut to vary. The short-run dynamJ%s imply that portfolio

.

readjustments, glveneverlatlons in real balances, will generate
. B

deviatiozs of réal ocutput from the equilibrium level. This

model ha the monetarist long-run property that correctly

ant1c133§ed inflation will not ?ffect real output ’

L

However, the important question remalns whether thesge
1nf1at1022expectatlons wml; be ;correct"'glven the structure
of the model. It is worth noting that inflation expectatlons
are not formed adaptlvely in the Laldler model, at least in
the tradltlonal sense of adaptive exﬁectatlons. E{Fected

1nflatlon 1né§1me t, formed 1n t-1, is gengfally defined as

((t-1) p*(t) - p{t-1)) -- remembering that ibwer caéh!letters
4
represent logarithms, Market participdnts might rgplace .

'(t~2) p*(t-1) for the known p(t-1) if, for'instance,gthey had:

in mind a “catch up" term for previouS'unanticipated

.
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inflation.l In other words, we can rewrite ((t-lf\p*(t)

- (t~2) p*(t%1)) as:

(4.)  (£-1) p*(t) ~ (t-2) p*(t-1)

({t-1) p*(t) -~ p(t-1))

+ {(p(t-1) - p(t-2))

((£-2) p*(t-1) - p(t-2))}, - '
-whefe the first term on the fight hand Eide of eguation (4), ~
is anticipated infl#tion while the sécond term indicates a
"catch up" effect with a unit Eoefficign; for unanticipated
inflation in ;he previous period. Moreover, if inflation
exPectatibns are formed adaptively in the traditionalwsense
that: T A

©

(5.0 (e=1) pX(t) - p(t-1) = vi I (1-yn)i(p(t-i-1) - p(e-i-2)),
i=0 . .

this impiies that the correct form for estimation of (t-1}) p*(t)

- (t-2) p*(t-1l) is given bychgation (7) :
(7.)  (e=1) p*(t) ~ (t-2) p*(t-1) = (l+yi) (p(t-1) - p(t-2)) -

(1-v1) 2 v1 (p(t-i-1) = p(t-i-2)).
, i=1

. lThe presence of a "catch up"” term and the lag struc-
ture of the price equation are important for the stability
properties ‘of the model. From a model, very similar to Laidler's,
Scarth Ras shown that "the results are quite sensitive to slight
changes in the model's structure”. William Scarth, "The
Accelerationist Controversy", in "Inflation in Open Economies",

-editsd by William Scarth and Byron Spencer, Working Paper,

Department of Economics, McMaster University {1976) , p. 8. p
== : o . 9.
‘ 3 ~ .
! s '
- 3 3 s
L | ( L e o d
A - =:. "‘ /_\ ; . ‘ ' i —
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However, Laidler estimated his inflat%pn exéectations using

‘equation (3) and this is'inconsistent with adaptive expectations

and the "catch up" term.

The basic McCallum model can also be intéréreted as a
three equation model of aggregate demané, éggregate suppl&ﬂ
and inflation expectations. The sttucture of the Laidler and
McCallum models differé in two'main respects McCallum does
not lmpoqe a recur51ve structure on real output and prices
but rather. allows for the 51multaneous interaction of prices
and real output. Seccndly, McCallum initially introduces
adaptive inflatiop g?ﬁéétations -- in the sense of equation
(5) -- but later revises his model to inqorporate rational
expectations. In other words, rational inflation expettations
equal the mattematical expectation (indicated by the operator
E) of inflation conditioned on all av%flable information at

time t-1, ¢(t-1).
(8.) (t-1) p*(t) = p(t) = E((p(t) =~ p(t~1)) | ¢(t-1)). .

Furthermore, if equation (8) describes how market participants
form their expectations, then the expected value of the unanti-

cipated-iﬁflation‘must be a random variable since:
v ‘ _ )
(9.) E(({p(t) - p(t=1)) = E({p(t) - p(t=1))|¢(t=1))|¢(t-1)) = 0.

C o o
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I ) .
Thus McCallum uses the actual inflation rate as a proxy for

the expected inflation rate.l

With the rational expectations macroeconomic model
of Sargent, prices respond initially to demand shocks and
real output variations occur as a result of the unanticipated
‘price variations.z' The Sargent‘modelBAcan be represented by
the following equations for aggregate supply, the IS curve,

the LM curve, and rational price expectations‘fespectively:

(10.). ¥y(&) = ¥(£) =_ai (p(t) - (t-1) p*(t))
(11.) m(t} - p(t) = By + By y{t) + B, R(t) .
(12.)  y(t) = 0o +01 ¥(£) + 02 (R(Y) - ((t) p*(t+l) - p(£)))
W1 ) w2 .
(13.)  (t-1) p*(t) = I yii plt-i) + I ygi m(t-i)
iml i=1
L
+ L ya; y(t-i)
iml1

where R represents the nominal rate,of interest and Wi, W2

and w3 indicate the lag lengths.

lBennett McCallum, ."Rational Expectations gnd the -
Natural Rate Hypothesis: Some Consistent Estimates”, Econométrica,
44 (Janua;g,'l976), 43=-52, . .o .
s

-~ - A . ’ .

;In effect this assumes an auction market economy
which resembles #he operations of the Walrasian auctioneer
without recontracting. .

3riis modélsis described at some length in  Thomas
Sargent, "Rational Expectations, the Real Rate of Interest and
the Natural Rate of Unemployment", Brookings Papers on Economic
Activity, (2:1973), 429-480. - ' ’

. “’ =

. - . ' ‘“ ) '
. l‘l_ » - L ﬁ .

~
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The functioning of this model can be demonstrated gra-
phicélly in price~real output space as in Figurgﬁé.l below.
The aggregate demand shock (yd(t—l) to fd(t)) initially shifts
up prices and increases real output. The distribution between
prices.and real output is determined by the expectations scheme
and the elasticity of response of employers and workers to
unexpected price increaseé (i.e., 01}. As expectations adjuét
to the higher price level, the shorﬁ—rﬁn aggrggate suppiy curvé
pivots about A. This increases the price level and lowers the
level of real output. This second round impact on péice is a
consequence 6f-the aggregate demand shock operating through the
.eXpectationa_mechanism {in the absence of further aggregate
démand variations). The speed of convergence depends on the
expectations formation model; the amplitude of the convergent

path depends on the elasticity of response parameter (a,). .
/

Figure 4.1
Dyﬁamics of the Sargent Aggregate Supply Function
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If there is a positive error in forecastiné prices,
then the aggfegate supply equation'(iO) implies that feal
output increases. While Sargent contends that this is "the
kind of aggreéaﬁej%upply*séﬁégale that Lucas and Rapping have

N\ ’ l\ 8]
used to explain the inverse correlation between observed

inflation and unemployment dgpicted by the Phillips curve",l
Lucas and ;Rapping2 arqgue that actual labor supply deviates -
from the'equilibgium supply according to the deyiation of

actual real wages from expected real wages -- ‘which implies

,fhat, ceteris paribus, a higher price level will decrease the

labor supply. In effect Sargent has imposed ‘money illusion on
his implicit labor supply. Friedman has more explicitly jus-
tified a labor supply formulation of thiﬁ type on the grounds

that: ™~ 'y
N ! |

"selling prices of products typically respond
to an unanticipated rise in nominal demand faster
than the prices of factors of production, real
wages received have gone down -- though real
wages anticipated by employees went up, since
employees implicitly evaluated the wages at the
earlier price level. Indeed, the simultaneous
fall ‘ex post in real wages to employers and rise
ex ante in real wageés to employees is what enabled
employment to increase".3 :

\__—

lThomas Sargent, "Rational Expectations, the Real Rate

©of Interest, and the Natural Rate of Unemployment", Brookings
Papers on Economic Activity, (2:1973), p. 435. \

2Robert Lucas and Leonard Rapping, "Real Wages,
Employment and Inflation”, Journal of Political Economy,
LXXXVII (September, 1869), 72I-754) . - }

NS
3Milton Friedman, "The Role of Mofletary Policy",
American Economic Review, LVIII (March, 1968), p. 14, K

 ——
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4.3 Estimation of Econometric Models with Inflation
Expectations

Inflation expectations constitute -an important, but

unfortunately unobservable, variable in simultaneous equation

macroeconomic models of inflation. The inflation expectations
used in eccnometric research are in fact proxy variables for
the "true" inflation eﬁpectations of ‘market participants.
The general effect of misspecification of these inflation
expectations on ordinary least squares estimates can be easily
demonstrated. | '

Consider a 'general linear ﬁodelf in matrix notation,
relating the bbservatians on éome Ga{iable Y to a matrix of
obsegvations on k predetermined variables tepresented by X and

a normally distributed error term, U, with zero mean and

constant variance:

(l4.) Y = Xg/4+ U
where g ig"a k x 1 column vector of coefficients. The other
matrices are dimehsioned as mx 1l, mxk and m x 1 for Y, X

and U resbectively. In addition, we can think of X as a
partitioned matrix, X = {X,, X, }, where X, represents the
S . - v ¢ :

observations on the #ariable for which only. a proxy Vériable,

M

kz, exists for extimation. Thu%? X, is dimensioned as
m x (k-1) and X, and kz are both m x ¥ column vectors. While

equation (14) is the "true" representation of Y, the estimated
- . . i

equafion_ is based on a modified X matrix, k, to reflect the

_ Proxy variable. for X,. _That is, .
(15.) ¥ =Xg +V

~



where X = {X:, %z} and V is a stochastic term. Thus, the
erdinary least squares estimates of equation (15) are given
by:

(16.) B = (¥H°L ¥y, .

and this estimator has an expected value\bf;

(17.) E(B) = ¥%"1 ¥-xs.

From equation (17), it is clear that the matrix of bias
inherent in'the_OLS estimator using the proxy variable is,
.given by (%fks-; X¥-%. All the parameter estimates are unbiased
if this matrix of bias, (%’k)-l-}’x, is an identity matrix.
This requires that X, = Xz; If this matrix of bias represents
a dlagonal but non—ldentlty matrix, however, then the flrst
(k-1) parameter estimates are unbiased but the kth estimate
-- the coefficient on the proxy variable -- is baised. For
this result, X, must be orthoganal to X, but &z £ Xa. Other-‘
wise, there can be effects‘of‘bias on any coefficient estimate
depending on the correlations among X,, X, and }z

while this is a general stat®ment of.the problem of
using proxy variablee, in the remainder of this section we
reviee certain specific econometric problems with various

—
models of inflation expectations, in particular as'they apply
to: the three representatlve macroeconomlc models summarlzed g
in the previous sectlon. '

In the estimation of eqeations with autoregressive
models of expectations formation,'there is a problem of
identificatién. We can denote a general autoregre551ve model
'of 1nflatlon expectatlons as: ‘

. ‘, . e ,
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Wi
(18.) (t-1) QI*(t) = L Yi M{t~-i-1),
*i=0

whére [[(t)-denotes the current inflation rate, (t-1) T*(t) is
the expectation of inflation for time't, formed in period

t-1, and w; is the lag length. Since‘expected inflation.enters
some eguations, a Phillips curve like equation (1) for instance,
then the idéntifggation problem arises because there are w; + 2
unknown parameters but only w; + 1 eétimated coefficients.

In order to solve this problem, some: extraneous information
must be imposed on the parametéers of‘equation (18) . bne

solution is to assume that the distributed lag weights sum to

Wi .
unity, in other words, I Y; = 1. Adaptifg\éxpgctations not
: i=0 a
t

- only imposes this constraint but also a geometric declining
» . N

lag shape on the coefficients of the autoregressive expecta-

tions model.

The justification for this unity restriction on the lag
weights is basically the view that, if inflation increases
from one per cent to two per cent and stays at this level
indefinitely;, the rational market participants will eventually
catch on and expect a rate of inflation of two ratherhthan
one per cent. .Therefare, the weights (yi) should sum to unity.
However, as Sargent notes, this mental -

"experiment leads us to deduce a restriction

on the weights in (18) by assuming a time path

for the inflation rate that bears little -

resemblance to the path that inflation has

actually followed in the past. This is
an important shortcoming because what form
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of expectations gen
on the actual behavi
which expectations ar

ator is reasonable depends

r of the variable about

being formed."l

Sargent argues that the most plausyble weighting pattern for
the autoregressive model of inflation expectations is the auto-
regregsive model of the actual inflation rate. -fhis is

- essentially the efficiency criterion for rational inflation
expectations employed by Pesahdo.zl If the sum of the weights on

i is, iﬁ féct, less than unity, then imposing the restriction that
W -

Z Y, = 1 will cause‘'an overestimation of the coefficient «
i=Q

Y.

l'
.(as in equation (10}}. As the autoregressive models of' inflation

expectations developed in Chapter 7 indicate, the sum of the lag

. \\
weights Yi for Canada is, in fact, less than unity. N
Alternatively, McCallum® utilizes the ,property of
‘rational expectation odied in equation (9) -- that is, the

rational expectation/of inflation must equal the actual rate of
infiation'up to'a random error term -- to substitute the instru-
ment of the‘actuéi‘rate of inflation as the PIoxy fqr inflation .
expectations, fThat is, McCallum suggestt using an instrumental .
variables technique as the appropriate method to prbxy

rational expectations. ." . ‘

A

lThomas Sargent, "A Note on the Accelerationist »
-Controversy", Journal of Money, Credit and Banking,; 'III
(August, 1971)7 p. 722.

2James Pesando, "A Note on the Rationalit% of the
Livingston Price Expectations Data", Journal of Political
Economy, 86 (December, 1978), 1057-1076.

3Bennett McCallum, "Rational Expectations and the
National Rate Hypothesis: Some Consistent Estimates",
Econemetrica, 44 (January, 1376}, 43'52"m'
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McCallum treats expectations formation in macroeconomic
modelling solely as an econometric problem. Recalling that

the rational expectation, (t-1)p*(t), is defifed as

(19.)  (e-L)p*(t) = E(p(t) | £ (t-1)),

we can consider the estimation of following reduced form equation,
- -

(20.) p{t) = By + B Z(t) + B,(t-1l)p*(t) + e(t).

Since rational expectations are unbiased forecasts of

the realization of the series in questiorn, that is,

(21.)  p(t) = (€=1)p*(t) + u(t)

where u is a zero ﬁean stochastic error, McCallum uses the
instrument .of p(t) in pléce of (t-i)p*(t) in equation’ (20).
There are three basic problems with this approach. First,
in order to choose the appropriate”set cf instruments, one

must have a complete model in mind. With the McCallum approach,

" there is no ex post test of equation (21). Secondly;lif e(t)

is autocorrelated, then hig instrumental va;iablé‘estimates
will not be consistent. Thirdly;'a fundamental problem with
McCallum's method remains that one can not "shock this model .
and have the 'instrumental variable rationality’ respond
fétioqally. That is, McCallum's solutiop®for rational expect-_.
ations is still open to the basic Lucas criticism. .

Finally, consider the rational expectations sclution

when equation (20) is the true reduced form and R, = 1. This
. /

implies that either eguation (9) does not hold or
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By + By E(Z(t) | # (t-1)} = o. -

Sérgent's approach to the-eﬂ?f}ical implementation of
rational inflation expectations is qﬁ}te different than d
McCallum's. Sargent} postulates that the exogenous variables
are generated by general moving average processes. Thus, the
information for multispan forecasts of the exogenous variables
Is the past history of the variable and ARIMA forecasting
schemes® are utilized. Inherent in this approach is the
assumption that market participants possess a considerable
degree of foresight in choosing the spECification_and”parameter-
values for these models. In other words, when‘wé estimate
these models uging the enfire data set in the first stage of.r
the éhalysis,\and then in the second stage use these "known"
models to proxy expectations.at any point during the period;
we are implicitly giving market.participants'moré information
than they actually had at the time they foimed their expecta-
tions. Besides this .problem of data availabiliﬁy;‘if the

- .
period incdrporates stiucfural change such as variations in’

the money sﬁpply'fule, then the rational inflation expecta-

_ tions will lose tq;irAunbiasedness proPerty.Q

) 1Thomas Sargent, "Rational Expectations, the Real
Rate of Interest, and the Natural Rate of- Interest", Brookings

Papers on Economic Activity, (2:1973), 429-480; Op. cit,,
"A Classica)l’ Macroeconomic Model for the United g%afaqgls
Journal Political Economy, LXXXIV (April, 1976), 207=238.:

2G.E.P. Box and G.M. Jenkins, Time Series Analysis
Forecasting and Control, (fan Francisco: Holden Day, 1970).

J

-l
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4.4 A Representative Macroeconomic Model of Inflation for
a Monte Carlo Analysis: Some Coefficient Estimates

In this section we derive "ball park" coefficient
estimates for a representative Monte Carle macroeconomic N

model of inflation. While this model should be considered
~

.

oply as representative of these Laidler—McC;llum-Sargent

models of inflation in general rather than a specific aéplic -

tion to Canada -- in particular thése models dc not empﬂE:

size aspécts of an open economy -- some of the single equation

results are quite interesting in themselves, "
For all the regressions reported in thisssection the -

period of estimation was 1959 to 1977, with annual Canadian

data. The price levél: P, is the grbss national product

deflator, while the rate cof inflation, i, is defined as the

first difference in the logarithm of this price level. Real

output, Y, is real gross national product and M repregéhts : i{i“

the narroﬁly-definéd money supply (currency plus privately’ ‘

held deposits). The rate of interest, R, is the rate on

90-day finance company paper (average-of—ﬁonths). Finally,

real exports. are denoted by X. As before, lower case letters

.
~

indicate 18garithms.

In these modelsaé%-inflation a critical variable is the
. ~

equilibrium level of real output, Q. This is generally defihed

as the level of output consistent with a non-accelerating (or

-r

non-decelerating) rate of inflation. To create this variable
_~+ .for Canada, we estimated a log linear regression of‘ipal

] £ . . . .
output, on a time trend over the period '1958 to 1972 to derive
- ' ) o
L ' . ‘ <
} “ -

K
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an equilibrium real rate of growth.. The years 1958 and 1972
. were chosen as the epﬁ points for this regression.l The
;implicit equilig;ium real rate of growth from this regression
_is 5.1 per cent. In Figure 4.2, we present a comparison of

éctual real output and the constructed equilibrium real output

as well as, in the bottom panel, the difference of the

in

logarithmic form.y —\;, which we take as a measure of
e real output gap in the economy.

As indicated in section 4.2, a basic representative

~

mogpl is composed of an aggregate supply function, an aggre-
gate demand function (which can be disaggregated into. IS énd
LM curves) and a sgecification of the formation of inflation

expectations. -

o1 : L,

The conventional form of the aggregate supply function

-

B

can be represented as: . _ -

. W1 . Ty '
(22.) 1ft) ='do + T aj(y(t-i+l) - $(t-i+1)) + By (t-1) I*(t)
2L Q:\-l . »

where (tﬂl) I*(t) indicates the expectation of $nflation for
e B .
time t, formed at time t-1, and w; is the length of the lag

on the feal output gap term, y(t) =- m(t). In order to

1
¢

. _ w o
. lPierre Duguay, Une analyse du mod@le 3 forme r&duite

et son application au Canada, Rapport. technique #15, (Ottawa: - .
: - . Y 5 ‘ .

~ «
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Figure 4.2
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estimate eqﬁation~(22) we must chose 4 lag length w, ama
specify a model of inflation expectations formafion.

Thrée models of inflation expeétaﬁions are used in
estimating equation (22). If inflation expectations are
forméd adaptivel-y1 as indicated by eqﬁation (5), then the.
aggregate supply equation can be estimated by a nonlinear
least squéres estimation procedure2 aftef using a Koyck trans-—
formation3 to eliminate the expected inflation variable. The
results of this estimation approach are given in equations
(23) and (24)‘§hich_differ in the specification of the length

of the lag on the gap term. ) ﬁ\

']

(23.) I(t) =1.204 + 0.668 (y(t) - ¥(£)) &_0.913 (£-1) T*(t)

(1.55) (2.63) (6.94)
R? ~ 0.789D.W. = 2.04 SEE = 1.7
‘Y1 = 0.870

; (2.23)

o

lAdaptive expectations can be written either as: - —
(t-1) I*(#) = (£=2) I*(t-1) = y; (X (t-1) - (£=2) I*(t-1))

or in the form: .
L~

(t-1) I*(t) =y, 2 (l-y)t 1(t-i-1),
i=0 .

2 S

The estimation procedure is described in TROLL
REFERENCE MANUAL, National Bureau of Economic Research
(Cambridge, Massachusetts: . NBER, -1974) .

?For an excellent exposition of this approach, see
Edgar Feige, "Expectations and Adjustments in the Monetary
Sector", American Economic Review, Papers and Proceedings, 57
(May, 1967), 462-473.

~



(24.) I(t) = 2.866 + 0.567 (y(&) - $(t)):
~ (1.38) (2.26)

+ 0.570 (y(t-1) - ¥(t-1)) + 0.822 (t-1) I*(t)

(2.17) (2.63) Q
R° = 0.80 D.W. = 1.99 SEE = 1.79
Y1 = 0.372 ' g

(1.88)

Inﬁphese equations, t-statistics are reported in'bracketéf
D.W. indicates the Durbin-Watson statistic, RZ is the P
corrected R squared,-gnd SEE denotes the standard error of
estimate. 7The Durbin~-Watson statistic is biased in this esti-
mation because of the presence of the lagged dep;ndént variable
in the kt-l) I*(t) variable.l The coefficient of adaptaticn
Y1, which is estimated as part of the nonlinear estimation
procedure, is also reported. - ) ‘ S
In both estimated equations, the coefficient on the
expected inflation variable is not .signifieantly different
from unity at the 1 per cent level. This finding is
interesting'in that it supporté the accelerationist view of
Fried_man2 and otherg. However, the version with the' current
and lagged gap terms implies a much slower adaptation of
expected inflation to ?ctual inflation (0.37 versus 0.87) and
a higher total response of inflation to real ouéput variations

about equilibrium (1.l4 versus 0.67).

lA Durbiﬁ—h\statistic indicates that autocorrelation
is not present at the 95 per cent level of significance.

2Milton Friedman, "The Role of Mconetary Policy™,
American Economic Review, LVIII (March, 1968) 1-17,.
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~

Alternatively, we can model expec?ations as a
generalized autoregressive model with nd prior constraints on
the sum of the weights and fewer (or no) restrictions on the
-lag shape. Using a fourth order autoregressive model with a

- second degree Almon lag, we obtained the follpwing resutls:

{25.) . I(t) = 1.338 + 0.748 I(t-1) + 0.206 T(t-2) N
(1.58) (3.95) £3.54)
- 0.099 I(t-3) - 0.168 I(t-4)
(0.76) (1.43)
.op -2 -

R = 0,61 D.W. = 1.48 SEE = 2.2].
. h . :

The sum of the lag weights equals 0.687 which is significantly
different from unity at the 5 per cent level.
As a model for the formation of rationaf inflation

expectations, we sﬁécify inflation as a function of past
money supply growth and past inflatioﬁ fates. This model
yielded the following results in estimatién:.
(26.} I(t) = -1.944 + 0.381 Am(t~1) + 0.349 Am(t-2)

(2.25) (5.05) (3.28)

} + 0.270 Am(t-3) + 0.014 I(t-1)
(2.91) ( .07)

B2 =0.79 D.W. = 1.70 SEE - 1.97

-

where A denotes a fifst difference. -

NS
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These three models, albeit somewhat ad hoc, constitute
our three versions of inflation expectations formation.® 1In
order to examine the coefficients of the aggregate supply

equhation, we use each of these expected inflation models in

the estimation of the following set of_eqﬁations: i ’
(27.) I(8) = g, + oy (y(v) - ¥(t)) + };2 (t-1) I*(t)
(28.)  I(t) = 05 + Ou (y(£) = ¥(£)) + {t-1) I*(t)
(29.) y(t) - ?(trl) = 05 + 0s (I(t) - (t-1) I*(t))
- Y(t-1) = gy + gg T(t) + 05 (t-1) I*(t).

(30.) y(t)

Equations (29) and (30) are presented for comparison becausae
they represent the direction of causality implicit in the
macroeconomic models of‘Sargent.2 The estimation results

are presented in table 4.1.

lIn the Appendix to this chapter, a fully rational
inflation expectation for a small macroeconomic model is deve-
loped. As is shown in the Appendix, the stability reguirements
for fully rational inflation expectations are an important )
consideration if more than one period rational inflation
expectations are employed.

- T~

2Robert Gordon has argued that differing implicit
assumptions regarding the response of prices to aggregate
demand shocks critically underlies many - important theoretical
and policy disputes in macroecongmics. For a discussion, see

Milton Friedman, "A Theoretical giamework for Monetary Analysis",

. Journal of Political Economy, L IT (March, 1970), 193-235,
- Robert Gordon, "The Impact of Aggregate Demand on Prices",

+ Brookings Papers on Economic Activity, (3, 1975), 613-670, and
James Tobin, "Keynesian Models of Recession and Depression”,
American Economic Review (Papers and Proceedings), LXV *

(May, 1975), 195-202.
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The coefficient estimates for equations (27) and (28)
are consistent with the accelerationist view that inflation
expectations should enter the aggregatd supply function with
a coefficient of unity, thus‘ruling out a longer-run inflation
~— real output tradeoff. The main difference among the coéf—
ficients is the muc¢h lower response coefficient on the gaé term
when the rational'model of inflation expectations is used.

For equations (29) and (30) the results are somewhat different.
The implied inflation response to ghanges‘in the real output
gap is much higher -for these equations. While this result

is not éurprising, it does emphasize that the single equation
estimation results are sensitive to the specification when
prices and real output are simultaneously determined.l

However, the restriction that g, = =0y, Wwhich is eéuivalent to
the restriction that ¢, = 1, is satisfied for all three models
of expectations formation. While tﬁe results are not repoéééd,
equations (27) - (30) were re-estimated with a lagged real
output gap term. The results with the autoregressivé and
rational expectations‘modelg were not appreciably different

for equations (27) and (28) although the total effect of real
output vériatiéns was higher for adaptive expectations;

The null hypothesis that vz = 1 again was not rejected at

lFor example, Goldfeld discusses this problem in terms
of estimating a money demand function with interest rates as
the dependent variable or the independent variable. . The
interest rate responses can differ very substantially.
Stephen Goldfeld, "The Demand for Money Revisited®, Brookings
Papers on Ecconomic Activity, (3:1973), 577-646.

-
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the 5 per cent level. For the other equations, the hypothesis
that ¢s = -0s is no longer strongly‘sﬁpportea by the results
when the lagged real output gap term is included. The results
suggest that the chocice of inflation expectatiéns mgdel affects
the estimated coéfficients on both the expected inflatigﬁ term
and the gap term. The effect 6f the inflation expectations model
on the coefficient estimate of this latter variable has not
been emphasized in the literature but, for short—té;m
stabilization policy, it is a verf important consideration.
For the money demand fuitction, a conventiénal
specification is used.l Money balances are specified'as a
function of real output, interest rates and the price level.
Ihe*standard assumption of homogeneity of degree one in the
price level is employed. A log linear specificaticon, with the
interest rate entered in level forﬁ, yields the following empir-

4 ™~ )
ical results for a generalized least squares (GLS) estimation:

(31.) m{t) - p(t) = -2.39 + 0.619 y(t) - 0.011 R(t)
- (5.68) (15.99) (2.29)

ﬁ% = 0.95 D.W. = 1.60 SEE = 0.024

p = 0.43.

where p is the estimated autocorrelation coefficient.

As discussed in Chapter 3, the Sargent type.of IS

) N -
curve has forward looking inflation expectations. The basic

form-of the aggregate demMind function is: : B
(32.)  y(t) = 8y + 8; Y(t) + 8, (R(t) - (&) I*(t+l)) + 8, x(t)
1

Op. cit,
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where X(t) refers to the logarithm of real exports. While
other exogenous variables could conceivably be added to the
right hand sidg of equation (32), the most obvious candidate
-- real government expenditure on goods and services -- con-
sistently entered with a significant, but negative, coefficient.
As well, exports can be included in level form (which was the
form Sargent used) or as a deviation from trend, X. The latter
specification makes more intuitive sense in that trend move-
ments in exports -- reflecﬁing terms of trade changes, more
efficient capital stock, etc. -- should already'be incorporated
into the equilibrium real output series. Using the same
three inflétion expectations series as employed in table 4.1,
the results for GLS estimation. are: .
Adaptive,
(33.) Y(t) = 0.578 +.0.949 ?(t) - 0:005 (R(t) - (t} I*(t+l})

(2.49) (45.90) (1.73) - :

+ 0.012 X (t)
(3.63)

R° = 0.99 D.W. = 1.76 SEE - 0.014

p = 0.43

Autoregressive,

(33.)' y(t) = 0.488 + 0.957 y(t) = 0.009.(R(t-1) - (t-1) I*{t))
: (1.98) (44.49) (2.18)_
“+ 0.015 x(t) ' L
(4.06) .
2

R = 0.99 D.W. = 1.43 SEE = 0.014

5 = 0.40



Rational,
(33.0" y(£) = 0.315 + 0.972 ¥(t) - 0.002.(R(t) - (£) I*(t+1))
(1.31) {45.95) (0.94) S
= 0.003 (R(t-1) - (t-1) I*(t)) + 0.009 5(t) ,
(1.52) (2.79)
=2 '

R” = 0.99 D.W. - 1.87 SEE = 0.0135

]
<o
.
W
~]

P

These results relate to adaptivg, autoregressive and rationél
inflation models, respectivel&.

There is some difficulty, with both autorégressiVe
and rational inflation expectaﬁions, in obtgining a significant

negative coefficient of the expected real\rate of interest.

Some experimentation was necessary and the

eader will gote
that the timing of the real intérest rate i different in each
of these equations. However, given the diffficulty, in genefal,
of estimating investment functions in Cagada and the highly

simplified nature of this equation, the results are adeguate

to obtain coefficient values for the Monte Carlo model.

\

4.5 Summary

The purpose of this chapter was to arrive at a
reprﬁggntatlve small macroeconomic model of 1nflat10n, with
parameter values that generally reflect the nature of responses -
in the Canadian économy for this type of model, for use in a
Monte Carlo analysis. The'properties of representative (small)

" macroeconomic mqggls of inflation of Laidler, McCallum and

Sargent were reviewed and seme problems with their estimation,
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from the point of view of incorporating inflation expectations,
were discussed. Finally, scme empirical estimates of aggregate
supply, aggregate demand and. inflation expectationé models wefe
‘presented. While thé purpose of this chapter was not to

builé an inflatiép model for the Canadian economy, one inte-
resting implication of these estimation results for.the :
aggregate supply function is that a long-run tradeoff appears

not to exist between inflation and real output for Canada.

B



APPENDIX

STABILITY REQUIREMENTS FCGR SARGENT'S
MACROECONOMIC MODEL OF INFLATION -

A normalized version of the Sargent macroeconomic

model™ of inflation and_real’output can be expressed as follows:

(1) p(t) = I(t) + p(t-1)

(2) T(8) = 1 Ft) - y(t)) - a2 (Y(t-1) - y(t-1))
ai al
+ (e=1)I*(t) ~ a3 VL(t)
' a
1
(3) R(t) = ~bg +,1 (m(t)-p(t)) - by y(t) ~ b3 . v2(t)
b, b, b, by
T o
(4) y(£) = e ¥(t) + oy (R(£)-100(t) T#(t+1)) - |
+ cqx(t) + c, V3(t) . !

(5a) (t)I*(t) do I(t) + (l-do)'(t-l)I*(t)

(5B)  (£)T*(¢) ﬁo Wt) +h) mt-1) + hy X(t) + hy x(t-1)

'
= + hy ¥(t) + hy Y(t-1) + haV1(t) + hgv2(t)

* hgV3(E) + hyo (¥ (£)=F (0 - (y (£-1) =¥ (£-1)))

-

» J
O A

lThomas Sargent, "Rational Expéc ations, the Real Rate

of Interest and the Natural Rate of Unem loyment”, Brookings
Papers on Economic. Activity, (2:1973), ' 429-480.

o
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"
+ hll({iF)-Y(t))

+ hg (I(t)-(t—liI*(t))

where all lower case letter indicate logarithms; in particular,
p(t) denotes the price 1evel,‘y(t) ;Epresentg real output,.?(t)
indicates equilibrium real output, x(t) denotes real exports,
and m(t) represents the meney supply. The rate of inflation

is denoted by I(t), the rate of interest by R(t), and the
expected rate 6f inflation for time t, formed in time t-1,

is indicated by (t-1)I*(t). Finally, V1(t), V2(t) and Vv3(t)
indicate stochastic error terﬁs and the coefficients of the
structural model are indicated by al,az,..:bl,bz,...cl,c;,...
do,dl,ho,hl,... . Market participanfs‘are a;sumed to form
expectations about the rate of inflation rather thangthe“price .
 level. Fu;thermore, two models of inflation expectations
formation are presented: adaptive ggﬁeétations is indicated
by equation (5a), while équation (55) represents the form of
the rational expectations of inflation for this model.l A
detailed explanation of the other equations is presented by

Sargent.2

lThe derivation is.somewhat tedious but follows the
general approach presented in the Appendix to Sargent's paper
Thomas Sargent, "Rational Expectations, the Real Rate of Interest
and the Natural Rate of Unemployment", Brookings Papers on
Economic Activity, (2:1973), 429-480.

202. cit., "A Classical Macroeconomic Model for the United

States", Journa of Political [Economy, LXXIV (April, 1976), 207-
238. i -f

~
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Initially, consider the stability of this model if
expectations are formed rationally (equation (5b)). Thus,"
we can reduce the system to simultanecus difference equations

in real output {y(t)) and inflation expectations ((t-1)I*(t-1)):
o | y
(6) (£)I*(t) = . Cplhg+a; (hyo+hy 1)) (£-1)T* (£)

3] (B,+b; C,) +C, (100b,h ¥1) #100a,b,¢, (hy (+h )

_ .+ h10(02+a1 (132+b1c2))+;=12h6 (b2+blc2)—a2c2(h10+hll) ‘:Y(t—l)=k1(‘t)

al(b2+blc2)+c2(100b2h6+l)+100alb2c2(hlofhil)
(7)  y(t) + : . #1% ' (£=1)I* (&)
—al(b2+blcz)+c£T100b2h6+1)+100a1b2c2(hl +

. o*hy11)
* .
100a1b2c2h18¢a2b2100c2h6+a2c2 v (£=1)
al(b2+blc2)+c2(100b2h6+l)+10031b2c2(hlo+hll)

i

Kz(t)

where Kl(t) and Kz(t) indicate exogenous factors. Dqgending
on %he structural parameters, this sys?em céﬁ be shown *to be
either stable or.unstable. First, assume that 52-0: in other
words there is no laggéd real output gap in the aggregate supply
equation. If h6=0 (the rational inflation expectation'is not
sehsitive to the previous forecast error), then the system is
unambiguously stable. This same result is obtained if either
c2=0 (the IS curve does mot respond to the forﬁard looking
expected real.fate of interest), or bz?o and h

6
words the LM curve is vertical and the response of rational

<1l (in other

inflation expectations to the previous forecast error is less
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then unity)i- Secondly, when a2¥0, the stability analysis is

mbré_complex and the system again is not unambiguously stable.

In general, this finding that fully rational inflation expecta-

tions; in combination with certain structural specifications,

qaﬁ generg&e instability ié consistent with the findings of Scaéth_l'
ééwaver, instability with this Sargent model is also )

possible if_expectations aré_formed adaptively, as in eguation

(5a). Again, we can reduce this model to a system of simul-

taneous difference -equations:

(8) (t)I*(t+l) - _ 2aPp¥@yPyegre, (1=dg) - (y 1y 1a(yy
alblz'-}-alblc 2+C, (10 Obsz+TT
+ __Gg25(Pytbycy) y(t-1) = K (t)
, alb2+alblc2+c2(100b2d0+l)

and
(9) y(t) + 2,¢,(100b,+1) (E=1)T* (&)
: .alb2+alblc2+c2(100b2d0+l) ]

- 356, (100b,d,+1) y(t-1) = K, (t)

alb2+aiblc2+c2(100b2d0+l) .

where K3(t) and K4(t) are similar to Kl(t).

-~

_ 1William Scarth, "The Accelerationist Controversy", in
"Inflation ip Open Economies™, edited by William Scarth and
Byron Spencer, Working Paper, Department of Economics, McMaster
University, (1976). .

J , ‘ : | . | )
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Assume initiallylthat a2=0; Fhat is, there is no lagged real
output\gap response in the aggregate supply equation. For -
plausible values of b2 and dO’ non-oscillating stability is

not possible and stability itself depends on appfopriately.low
values of a,- In otﬁer words, stability requires a relatively
low real output response to unanticipated inflation. As before,
the analysis is even more complex when aZ#O.

In the Sargent model, there are’ several aspects which
affect the stability of the model., First, the model of expecta-
tions formation (and, particularly with ratiopdl expectations,
whether this contains a 'catch-up' term) will affect stability.
Secondly, the forward locking expected real rate of interest

’

in the IS curve. And thirdly, the lag structure of the aggregate

[y

supply equation. It is interesting to note that a vertical LM
curve minimizes the possibilities for instability, given the

other features of . the model.

R d
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CHAPTER 5
MONTE CARLC EXPERIMENTS WITH EXPECTATIONS FORMATION

5.1 Introduction

The uncobservable nature of expectations generates a
Joint hypothesis problem in the course of theoretical and
empirical studies of the role of expectations in economic
models because the results derived are sensitive to the a
Eriori_speci%ication of the manner in which expectations are
formed.l In this chapter, we use Monte Carlo experiments to
study the sensitivity of single equation and reduced form esti-
mation to misspecification of the 'true' form of expectation
formation. As well, these results provide some insiéht into
the econcmetric imﬁortance of the debate regarding the optimality
of rational versus autoregressive models of expectations formation.
The essence of a Monte Carlo study is the construction
of hypothetical worlds which are under the control of the
experimenter. This allows one ;o ;Bétify the parameter
values, the sparseness of the_gpdel, thé\properties of the
stochastic terms and the paths of'the exogenous variables,
Furthermore, gxperiments‘can be replicated (given the stochas-
tic nature of the model) and hence sample statistics can be
constructed with known probagility distributions. For‘example,

this permits a comparison of the small sample properties of

99
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various estimators in the presence of specification errors
in the model. Thus, Monte Carlo techniques appear propitious
for the study of the implications of misspecification of the

model of expectations formation.

5.2 Monte Carlo Methodology

The MOnfe Carlo approachl has several advantages over
the use of real world data: (1) thege ls no uncertainty as to
the 'true' model and hence specification error does not conta-
minate ©one's results, (2) when utilizing actual data, the
error terms have unknown autocorrelation and contemporané;us
correlation propertieslwhich may be incorrectly specified,

(3) the knowledge of 'true' parameter values allows one to
calculéte bias statistics, and (4) one can create replicated

samples in which expgenoﬁs variables are held constant. Thus,

the sampling distributions of the estimates of the 'true'

1An extensive bibliography of Monte Carlo applications
to economics is provided in E. Sowrey, "A Classified Biblio-
graphy of Monte Carlo Studies in Econometrics", Journal of
Econometrics, I (December, 1973), 377-396. An introduction to
* this approach is provided in both Phoebus Dhrymes, Econo-~
metrics: Statistical Foundations and A lications, (New York:
Harper and Row 1970) and Vernon Smith, Monte Carloc Methods:
Their Role in Econometrics, (Toronto: D.C. Heath and Company,
1973). Relevant articles pertaining to the approach utilized
in this chapter include John Cragg, "On the Relative Small &
Sample Properties of Several Structual Equation Estimators"®,
Econometrica, XXXV (January, 1967), 85-110; Op. cit., "Some
Effects of Incorrect Specification on the Small Sample Proper-
ties of Several Simultaneous Equation Estimators™, International
Economic Review, IX (February, 1968), 63-86; Op. cit., "On the
Sensitivity of Simultaneous Assumptions of the Models", Journal

of the American Statistical Association, LXI (March, 19667,
136~151.
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model (under variocus specifications) can be studied in
relation to the true parameter values.

M&hte Carlo techniques are inductive while the
analytical approach is typically deductive. The uncbservable
natufe of inflation expecfations in aétuai economigﬁﬁata
éupports an inductive approach. As it has been sﬁgwn that
Monte Carlo studies are 1nfluenced by the parameter values
chosen and both the size and sparseness of the model,l this .
suggests conducting Monte Carlo specification experiments
of the formation of inflation expections within the context
of a small macro model structure with some empirical relevance

L}
to the, Canadian economy.

’ The stages in the design of a Monte Carlo experiment
are relatively straightforward. Consider a representative
economic model:

(1) Y=12.B+ U

where there are sufficient specified restrictions on the B

matrix for econometric identification.2 This generalized

lFor example, Vernon Smith, Monte Carlo Methods: Their
Role in Eccnometrics, (Toronto: D.C. Heath and Company, 1973)
argues that economically anonymous models may influence the
Monte Carlec results. In other words, the outcome of the

Monte Carlo experiments themseIVes may be affected by the
specification of the model. '

2
Rank and order conditions for identification are

derived in: J. Johnston. Econometric Methods, 2nd Edition,
(New York: MCGraW“Hlll 1972).




.variables with N observations
variables with N observations
stochastic error terms with N

Z matrix is a diagonal matrix

' excluding the Y; vector.

E(UU') = E| UjU3'...U1Ug"

system can be represented as follows:

102.

there are § endogenoﬁs

on each variabkle, Q exogenous

on each variable, and s

observations on each term.

of the

‘which consists of S.stochastic error

Ug U;

correlations amongst the stochastic error terms.

The

form:

and the Zj submatrix, -which is of size N x (Q + 5-1), includes
the Q exogenous variables and S-1 endogenous variables,

In this notation, the U matrix

terms of length N has

a specified variance-covariance matrix denoted by W:

‘Wll W12 L) .- wlS -
W21 .
= . ’ .
l—Wsl - - L] WSS

The ith diagonal element of the W matrix is the variance-
covariance submatrix of the ith stochastic error term while

the off-diagonal elements of the W matrix indicate the lagged

The W matrix

is obtained by generating S series of random numbers Vi which

-
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are independent, normally distributed, random variates with
2ero mean and unit variance and then transforming them by a
P matrix such that :

(2) U=1pP.v

where the P transformation is chosen such that it SatlsflES:
“

{(3) PP'" =y

and hence the expectation of the variance-covariance matrix

cf U, (UU'), is W. Thus, for each V matrix, a data set of N
Observations on the § endogencus variables can be generated
from the reduced form of this model. Through the specification
of the B, 'z and'P matri&es, the experimenter can generate an

“endogenous varlable set with desired, and known,'properties.

5.3 The Formulation of the Monte Carlo ExXperiments

A joint hypothesis problem arises, at both the theo-
retical and empirical levels, whenever an expectations
variable is included in any economic analysis. 1In
conventional macroeconomic anaiysis, for example, this problem
typically arises in conjunction with inflation expectations
in both the IS and aggregate supply curves. In this section
we descrlbe a series of Monte Carlo experiments which were
designed to study this joint hypothesis problem by testing
the sensitivity of single equation estimation of a linear
function to a misspecification of the formation of the
'expectations variable included in that equation.

. Ccnceptually,athe Monte Carlo experiments consist

of generating a set of data from a small macroeconocmic
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model which includes inflation expectations as an endogenous
Qariable and then presenting these artificial data to a
fictitious researcher who, in drder to estimate an equation,

must make an assumption regarding the formation of‘inflation *
‘exXpectations. We generate two sets ofndata;k.one set of data
represents twenty-five simulations of.the model with inflation
expectations formed adabtively; the other set consists of
twenty-five simulétions of the model with inflation éXpecté-
tions formed (quasi) rationally.l Thus, since the fictitious
researcher knows that the correct inflation expectations

model is either adaptive.or rational, four outcomes are possiblg:
(a) ad;ptive—adaptive.(in other words, the true model of inflaﬁion
expectations is adaptive'and the researcher chooses the adaptive
fform for inflation expectations), (L) adaptive ~ rational,
'(c).rational - adaptive, and (d) rational - rational. In
practice, the possibilities are actually more numerous than

this because, once the researcher decides on the basic model

of inflation expectations, he must estimate the rate of
adaptation in the case of adaptive expectations, or the actual

quasi-rational form to employ in the absence of a definitive

empirical rational inflation expectations formulation. .In order

lA fully rational expectation of inflation for the
Sargent type of macroeconomic model is developed in the
Appendix of Chapter 4. This 'fully rational' formulation is
considerably more complicated than the models of rational
inflation expectations commonly employed in the literature.
See, for example, Thomas Sargent, "A Classical Macroeconomic
Model for the United States", Journal of Political Economy,
LXXXTV (April, 1976), 207-238. .
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i

£
to make the Monte Carlo approach manageable, we assume that

the fictitious reseather estimates only the agéiggate supplf '
equation which includes an inflatién expectations va;iaBiE and,
in alculatipg.i§%lation expectations, he is allowed to

estimatwe; the rate of adaptation simultaneously with the other
‘coefficie;ts or impose the rate a priori when ﬁe assumes
adaptive expectations.. Three versions of quasi-rational expec-
tations are allowed if the latter form of?expectations is chosen.

The following version of the Sargent type of

macroeconomic model, developed in the previous gq@pter, is

-
used to generaﬁé the data for the Monte Carlc experiments:

(4) y(t) = 1.73840.663 ¥(£)=-0.006(Rt)-(t)I*(t+1))
0.214 z(t) + 0.01 V1(t) ‘ '
kS) m(tj = —-2.390+0.619 y(t) -0.011 R(tHp(t)+0.01 V2(t)
(6) I(t) = 100 (p(t) - plt-1)) o
(N 100(y(t)-§(t)) = =-1.178+1..473 (I(t)-(t—l)i*it))+0.710 v3(t)
(8a) (t)I*(t+1) = 0.870 I(t)+0.130 (t-1}I*(t)
(8b) (£)I*(t+l) = -1.944+0.381 (100Am(t)}

+  0.349(1004m{t-1)+0.271 (100Am(t-2))
where y(t) denotes the logarithm of real output, ;(t) is the
logarithm of eguilibrium real output, the interest rate is
indicated by R(t), m(t) represents the logarithm of the
money supply (narrowly defined‘Ml), z denotes the logarithm
of real exports and (t—l)i*(t) indicates the expectation‘of

inflation for time t, formed at time t-1. Inflation, I(t), is

\
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defined as the first difference in the lcgarithm of ;he price
level, denoted by p(t). |

In this simulation model the coefficients are consistent
with empirical estimates from similar structural specifications
estimated using annual Canadian data.l The Vi (i=1, 2, 3) are
noermally aqd independently distributed random error terms with

zero mean and unit variance and their scale coefficients °

merely adjust the variance to the standard errors of estimate

of the respective estimated equations'. The adaptive data set

consists of twenty-five simulations of the model using equations
{4), (5), (&), (7), and (8a) while the rational data set repre-
sents twenty-five simulations of the same model except that (8b)

replaces (8a). This means that the error terms generating the

1™ simulation under adaptive expectations are the same as the
error terms for the corresponding ith_simulation under rational

expectations.

The complete model thus consists of three stochastic
equations, two non-stochastic equapiohs, five endogenous
variables, three stochastic terms agé*tyree exogenous variables.
In the case of the exogenous variables, artificial data for
ﬁ(t), z(t) and ;(t) were génerated to correspond approximately
to the actual time series behavior of Canadian M1 (narrowly-
défined money supply), real exports and equilibrium real gross
national product, respectively. For each simulation forty-five

" )
observations on each variable were generated, \

H

-lThe estimation results underlying this choice of

parameters are reported in Section 4.4 of Chapter 4.

o
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F

In the Monte Carlo experiments with these two data sets
we focus on the estimation of the aggregate supply equation by!
the flCtlthUS researcher. This equation can either be

expressed as:

(9.) I(t) = Ay + A;.100(y(t) - ¥(t)) + A, (t-1) I*(t).

As mentioned above, the decision to use either adaptive or
~rational inflation expectations is not sufficient to estimate
equation {9). With adaptive expectations, a rate of adaptaticn
must either be chosen a priori outside the regression or
estimated simultaneously with the other. coefficients in equation

(9) after employing -a Koyck transformation,. Adaptive inflation

expectations can be defined as:
(10.) (t=-1)I*(t) - (£-2}I*(t-1) = B (I(t-1) - (t=-2)I*(t-1))

or, equivalently, in the form:

-] : -1 .
(10.}" (t=1)I*(t) =B 1 (1-B)3"L 1(¢-q)

i=l
where B is the coefficient indicating the rate of adaptation
of inflation expectations to new information. Substituting
equation (10)' into equation (9) and applying the Royck
transformation, we can estimate equation {(9) in the following

. . . . 1
form, using a nonlinear estimation approach:
7~

lThis estimation procedure was described in Chapter 4.

&,
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(9.)" I(t) = AOB + AllOO (y(t) - Q(t))

A1 (1-B)100 (y(t-1) - v(t-1})

+

(8,8 + (1-D)) ITe-1).

Thus, assuming adaptive eéxpectations, equation (9) can be
estimated directly if expectations are defined ocutside the
regression by a choice for B in equation (10)' or the coeffi-

cients in equation (9) and B can be estimated simultanequsly,

if the estimated equativh has the form

When it comes to empiriedl implementation, the notion
'of‘rational expectations is sufficiently vague such that
several quasi-rational approaches have been’suggested.l Again,
the fictitious researcher is afforded three versions of

rational expectations:

3
(11.) (t=1)I*(t) = C0 + izl CliAm(t-i): (version a)
(12.) (t-1)I1I*(t) = D0 + igl Dli I(t-1) : (version B)
2 .

@3.) (t-1)I*(t) = E, + iglEliAnﬂt—i) + E5.I(t-1){version C)

q

1T. Sargent, "Rational Expectations, the Real Rate
of Interest, and the Natural Rate of Unemployment", Brookings
Papers on Economic Activity, (2:1973), 429-480; o . cit,, "a
Classical Macroeconomic Model for the United StaEé%Thiaﬁrnal of
Political Economy, LXXXIV (April, 1976), 207-238; . B. McCallum,’
Rational Expectations and the Natural Rate Hypothesis: Some
Consistent Estimates", Econometrica, 44 (January, 1976) 43-52.
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With these thrée versions, we effectively encompass the various .
approaches in £he literature. ‘ |

In addition the fictitious researcher is assumed to
emp%oy thCSEthOdS of estimation: ordinary least squares (OLS)
ahdfgeneral'zed least squares (GLS). Thus, the fictitious
.Monte Carlo researcher must run fiftyﬂregressions on equation
(9) for each method of estimation arisigg from the fifty data
sets (twenty-five each of adaptive and fégionél)'and the
various models to be applied (adaptive and rational) .

Furthérmore the aggregate supply can be estimated
either in the form of eguation (9) with the rate of inflation
as thé dependent variable or, as in the Sargent model, with
the real output gap as the dependent variable.l That is, the

' fictitious researchey could also estimate !

{(14.) lo00(y(t) - ;(t)) = By + B; I(t) + B;?EEiS\I*(t).

The sequence of regressions discussed above can be repeated
by the fictitious researcher? for equation (14).

5.4 Results of the Monte Carlo Experiments
"

In this section we summarize the salient results of

the Monte Carlo experiments and draw parallels, where possible.

lThe distinction between these two versions of the
aggregate supply function was discussed in Chapter 4.

. 2Except that a Koyck transformation of the equation is
not possible and hence the coefficient of adaptation can not be
determined simultaneously with the other caefficients.

wr
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between these Monte Carlo resulﬁs aﬂd'the use of various medels
of inflation expectations formatloﬂﬁin macroecenomic modelling.

Since the results of the Monte Carlo experlments are
rather veluminous, it is useful, from the point of view of
interpretation:’to summarize them in several wags.. Let us .
consider the basic problem of the fictitious researcher.
In ordeg to estimate the'aggregate supply eguation (represented
by either equation (9) or (14)), the researcher must specify
a moéel of %nflation expectations formation. There are two
main possibilitiég: adaptlve expectatlons and ratlonal expec-—
tations. However, within each cf these general categorles,
there are various alternatives. With adaptive expectations,
the reeearcher can choose a coefficient of edaetation, B,
for equation (ld)' and thenlestimate equation {9) or, he can
estimate B simultaneously with the other coefficients by
estimating eqhation_(B)'. If the'bhoiee is rationel expecta-
tions, there are three 'versions' of rational expectations,
Vversions A, B and C, which are represented by equations (11),
(12) and (13) respectively. Initially, asenme that the \W
fictitious researcher dec1des that expectdélons are. forméd\-
rationally. He then estimates the aggregate supply equatlon
(equation (9)) with each of the three versions of rational
expectations. The true model of‘inflation expectations is
either rational expectations (Versipn A) or adaptive expecta-

\
tions (B = .B87).  Since there are twenty-flve repllcatlons of

the model with adaptive inflation expectations ég; twenty-£five

!

y
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replications of the model with rational inflation expectations,

the fictitious résearche¥ follows this procedure on both sets
of data.

Once the fictitious researcher decides that the approp-
riate form of inflation exéectations formation: is rational and
estimétes the aggregate supply equation using the three
versioné of rationai expectations; he stil; must‘decide on his
choice 6f the optimal specification of rational expectations:,
We assﬁme he uses the following aecision rule in making his
choic%i‘~tﬁe version of rational inflation expectations which
yields the,highest corrected R® in the estimation of the aggre-
gaie supply:functihqnis chosen, as long as the Durbin-Watson

statistic indicates no autocorrelation, or is in the inconclu-

sive range, at the one per cent level of significance. Otherwise,

the version of rational expectations with\;:z;:?xt highest.cor-

rected R? is chosen, subject to the Durbin on constraint, etc.

e .
While this decision rule is arbitrary, it does constitute a
consistent method of summarizing the results of the Monte
Carlo experiments with the fictitious researcher.

First, we consider the estimation of the aggre

supply function, equation (9), with inflation expectatjons
modelled by equation (10)' when adaptive expectations
assumed modell and by equations (11) - (13) when the fictitious

.4

Loy’

lWhen adaptive ex ectatigns are constructed using equation
(10} ', the fictitious refearcher can choose,-as The coefficient
of adaptation (B), among\the values .50, .70 and .87. As .

(\ : N
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researcher decides that the true model of expectations
formation is rational. The\Monte Caflo results are reported
in Table 5.1. Since tﬂe "true' values of the coefficients of
the Monte Carlo model are known, we can calculate the bias,
root mean square error (hMSE) and standara deviation (SDEV)
statistics for the empirical estimates of the A2 coefficient,
obtained by the fictitious researcher.l In general, the

A

discussion in the literature regarding ah incorrect specification

. of the model of inflation expectations has focused solely on
its implications for the coefficient, A5, on the expected
inflétion variable.2 That is, the em;hasis has been placed on
the relationship between the model of inflation expectations
formation and the empiflcal support, or lack of support, for

the proposition that money illusion is absent in the aggregate

supply equation (in othef words, A2 = 1).

\

.

equation (8a) indicates, the true value of B is .87. Since
there are three variants of adaptive inflation expectations
using (10)' (B = .50, .70 and .87), the fictitious researcher
.Chooses his preferred version of (9) and hence B, rin exactly
the same manner as the selection process for the rational
expectations model described above in the ‘text.

lThe correct,.values of the Al and a2 coefficients are .679
and 1.000 respectively. Bias is defined as the average‘ calculated
coefficient value minus the true value; the other statistics have
the conventional definitions. For example consult Jacob Mincer
and Victor Zarnowitz, "The Evalutation of Economic Forecasts",
in Economic Forecasts and Expectations, edited by J. Mincer,
National Bureau of Economic Research, (New York: Columbia Uni-
versity Press, 1969).

2Thomas Sargent, "A Note on the Accelerationist Contro-
versy", Journal of Money, Credit and Banking, III (August, 1971),
"721-725. Bennett McCallum, "Rational Expectations and the
Natural Rate Hypothesis: Some Consistent Estimates", Econome-
trica, 44 (January, 1976), 43-52.
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With ordina}¥ least squares estimation, choosing the
correct general method of expectations formation unambiguously
improves the summary statistics for A2. As described above,
this does not necessarily imply that the fictitious researcher
has chosen the correct version of rational expectations (or
correct coefficient of adaptation for adaptive expectations),
only that he has decided on the correct general approach.

The bias, root mean Square error and standard deviation statis-
tics are all smaller when the assumed model is the correct
model. Furehermore, this finding is aﬁab true when the method
of estimation is generalized least squares.

This table indicates several interesting findings.

If the true model is raeional, and we assume adaptive expecea—
tions, - then we underestimate A2 with both OLS and GLS estima-
tion (in other words, the bias statistic is negative). fhis
result is consistent with Sargent's1 criticism of adaptive
eXxpectations. Sargent has argued that there is no reason to
constraint the weights in an autoregressive model of inflation
'éxpectatiens to uﬁ%ty. The most reasonaple pattern for the
weights to follow is the actual autoregressiveQiepresentation
of the inflation series itself, Furthermore, if the inflation

rate is covariance stationary, then the weights will sum to

lSargent's criticism of adaptive models of inflation
expectations is developed in Section' 3.5 of Chapter 3 and section
7.5 of Chapter 7. Thomas Sargent, "A Note on the Accelerationist
Controversy", Journal of Money, Credit and Banking, IIT {(August,
1971), 721-725. :

-~
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TABLE 5.1
MONTE CARLC SUMMARY STATISTICS: ESTIMATION OF
AGGREGATE SUPPLY EQUATION (DEPENDENT
VARIABLE IS INFLATION)
Assumed . ‘
odel ) OLS Estimation GLS Estimation
Correc Adaptive Rational Adaptive Rational
Model A2 A2 A2 A2
Adaptive :
BIAS .024 .108 .007 .045
RMSE .046 .120 .026 .110
SDEV .052 .161 .027 .119
Ratjonal
BIAS -.196 -.063 -.21le -.027
RMSE .198 .066 .226 .035
SDEV . 279 _.091 .313 .044

less than unity and adapt'@e inflation expectations will
result in an under—estimagion of a2,

In addition, if the true model of expectations forma-
tion is adaptive and #ve assume rational expectaéions, then we
over-estimate A2 with both ordinary least squares and general-~
ized least squares estimation. Furthermore, we demonst;.rated1
in Chapter 4 that, using this same model of raticnal expecta-
tions, OLS will give estimates biased towards uni%y for a2.
Thus, while the theoretical results of Chapter 4 and the
Monte Carlo findings are not uniquely related, they are

consistent in their indication of this upward bias.

lWith certain forms of rational expectations, McCallum
has proven that instrumental variables estimation is required ,
for consistent estimates. Bennett McCallum, "Rational Expecta-
tions and the Natural Rate Hypothesis: Some Consistent Estima-
tes", Econometrica, 44 (January, 1976), 43-52.

-
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Y

Alternatively, the fictitious researcher can estimate
the rate of adaptation, B, simultaneously with the other
coefficients in equation (9). For this second approach to
formulating adaptive expectations, the fictitious researcher
estimates equation (9)' when he assumes that the true model of
expectations formation is adaptive. The summary statistics
for these Monte Carlo experiments are presented in tables 5.2a
and 5.2b. The summary statistics are included for both the
coefficient on the expected inflation variable, A2, and the
coefficient on the'real output gap, Al. When the assumed
model of inflation expectations is rational, the summary
statistics will be the same as those reported in-tabie_s.l.

With respect to the coefficient A2, the results reported
-in tables 5.2a and 5.2b are consistent with those of table 5.1.
If the assumed and true models of inflation eXpectations are
the same, the summary statistics are unambiguously improved.

As table 5.2a indicates, for example, an assumption of rational
expectations when the true model is adaptive will generate bias
and RMSE statistics of .108 and .120 respectively, while the
comparable stétistics‘for an assumed model of adaptive exXpecta-
: t%@ns are only -.001 and .031. Simiiarfg, if th%%true model
" is rational, a correct assumptiqn with respect to the éxpecta-
tions model results in bias and RMSE‘statistics of -.063 and
.066 re;pectively while assuming adaptive expectat%gfs in this

case increases these statistics to -.205 and .208 respectively.

A
v
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TABLE 5.2a

MONTE CARLO SUMMARY STATISTICS: OLS
ESTIMATION OF AGGREGATE SUPPLY EQUATION
(DEPENDENT VARIABLE IS INFLATION)

Assumed
Model Adaptive
Correct (Koyck transformation) Rational
Model Al A2 B Al A2
Adaptive
BIAS .003 -.001 .020 -.108 .108
RMSE .066 .031 .141 117 120
SDEV .066 .031 .142 .159 .161
¥
Rational !
BIAS -.017 -.205 -.239 -.063
RMSE .078 - .208 .241 .066
SDEV .080 .292 .339 .091
TABLE 5. 2b
MONTE CARLO SUMMARY STATISTICS: GLS
ESTIMATION OF AGGREGATE SUPPLY EQUATION
(DEPENDENT VARIABLE IS INFLATION)
Assumed )
del Adaptive
Correct (Koyck transformation) Raticnal
Model Al "+ A2 B Al A2
Adaptive
BIAS -.004 .003 .027 -.110 .045
RMSE .066 _.032 .084 137 .110
SDEV .066 .032 .088 .176 119
Rational !
BIAS -.002 -.269 . -.259 . -.027
RMSE 141 .308 .263 .035
SDEV 141 .409 : .369 .044
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For the estimates of the Al coefficient on the real
output gap term, (y(t) - y(t)), the results of the Monte
Carlo gkperiments indicate the importance of the model of
inflation eXpectétions fermation for all the coefficients of
the aggregate supply equation. 1In particular, the summary
statistics for the éstimates of the Al coefficient indicate
that.chcosiné the correct model of inflation expectations
will not unambiguously improve the regression results. The
results presented in tables 5.2a aﬁd 5.2b demonstrate that
the assumption of adaptive inflation expect;tiqns is superior,
in the sense of minimizing tﬁe bias, RMSE and SDEV of the
__ggtimates of the Al coefficient, regardless of the true model
of inflation expectations formation. As table 5.2a indicdtes,
for example, the incorrect assumption of édaptive exéectations
when the true model of expectaticns fofmation is rational
generates bias and RMSE statistics of -.017 and .078 respecti-
vely, while the comparable statistics for an assumption of
'rational expectations are -.239 and .241. The same results
are cobtained, as the summary statistics presenteq)in table 5.2b
demonstrate, if GLS estimationlis eﬁployed in thé\estimation
of equation (9).

k These findings suggest, father strongly, that £he
choice of the inflation expectations model will affect the
estimates of all the coefficients in the aggregate supply
equation, not solely the estimated coefficient of the expected

inflation variable. This is particularly important because, -
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in the short run, it is the slope cof the aggregate supply
functioﬁ {Al) which determines the choice -- between inflation
and real output -- available to pdlicy makers.

While the Monte Carlo results for the coefficients Al
and A2 reported in tables 5.2a aﬁd 5.2b aﬁg model specific,
they are indicative of the problems which may arise in
gstimating small macrceconomic models. The macroeconomic model
used for the Monte Carlo experiments includes inflation
expeEtations formed at two different.points in time (ﬁhat is,
(t-1)I*(t} and (t)I*(t+l)) and thus we must be concerned with
a dynamic modé%,f In the Appendix to Chapter 4, we develop
the stabiligffproperties of this dynamic macroeconomic model
under the assumptions of adaptive, quasi-rational, and fully
rational models of inflation expectations formation. The
reduced form for inflation in this model (equation (5b),
Appendix, Chapﬁer 4), and hence the fully rational inflation
expectation, incorporate information on the past stochastic
shocks io the model as well as unanticipated inflation. An
inflation expectations model which includes only exogenous
variables will miss this effect. Furthermore, the reduced
form for the real output gap variable in the model closely ' (,\
resembles, in terms of the included variables, Fhe fully .
rational inflation exgectation (Appendix, Chapter 4). Thus,
when employing a rational scheme of inflation expectations
formation, it is important to identify this inflation model
carefuilf; ingparticular if a 'quasi-rational' model of

inflation expectations is imposed.
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Finally, as a third approach to the Monte Carlo
experiments, we permit the fictitious researcher to estimate
equation (14) in which the real output gap variable appears
as the dependent variable in the regressicn. This alternative
set of Monte Carlo regressions is interesting for two reasons.
First, it does emphasize that the single equation estimation
resulfs are sensitive to the choice of the left hand side
‘variable when prices and real output are simultaneously
determined.l Secondly, this specification of the aggregate
supply equq;ion is related to the issue of the direction Qf
causality implicit in the macroeconocmic models of Sargent.2

The summary statistics are presented in tables_5.3a
;and 5.3b., For the.BZ coefficient, which is the coefficient on
the inflation expectations variable;and equivalent to (-A2/Al)
in equation (9), these tables indicate that choosing the
correct model of inflation expectations will unambigquously
- improve the summary statistics. In contrast to the results
for equation (9), however, we find that the summary statistics
for Bl aré superior when the rational model is chosen, regard-

less of the correct model of expectations formaticn.

lGoldfeld discusses this problem in terms of estimating
a money demand function with interest rates as the dependent
variable or an independent variable. The interest rate
responses can differ very substantially. Stephen Goldfeld, "The
Demand for Money Revisited", Brookings Papers on Economic
Activity, (3:1973), 577-646.

implicit assumptions regarding the response of prices and real
output to aggregate demand shocks underlies many important
theoretical and policy disputes in macroeconomics., For a

2For instance, Robert Gordon has argued that differingﬂr
»
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MONTE CARLO SUMMARY STATISTICS: OLS ESTIMATION
OF AGGREGATE SUPPLY EQUATION (DEPENDENT VARIABLE

IS QUTPUT GAP)

" Assumed
Model
Correc + Adaptive Rational
Model Bl B2 BL B2
Adaptive ‘
BIAS -.157 .105 .008 -.195
RMSE .197 .139" .095 .239
SDEV ) .252 A74 .095 .308
-
9 .
Rational
BIAS -.547 475 .241 -.097
RMSE .549 478 .282 173
SDEV .775 674 .371 .198
" TABLE 5.3b
MONTE CARLO SUMMARY STATISTICS: GLS ESTIMATION
OF AGGREGATE SUPPLY EQUATION (DEPENDENT VARIABLE
IS OUTPUT GAP) :
Assumed
Model
Correc Adaptive Rational
Model Bl ' B2 Bl B2
Adaptive
BTAS -.149 .100 -.089 -.061
RMSE .190 A3 .182 .226
SDEV 242 .165 .203 .234
Rational
BIAS -.773 T .67 -.102 .324
RMSE JT77 .621 416 571
SDEV 1.096 .875 G428 .656
’\f
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To give some empirical support to these Monte Carlo

.z sults, consider the coefficient estimates for an aggregate
supply equation -- estimated both.in the form of equation (9)
and eqﬁation (14) —- presented in table 4.1 of Chapter 4.
There are three models of’inflafion expectations formation:
adaptive, autoregressive and rational. When the aggregate
supply equation was estimated in the form of equation (9),
the coefficient estimates for the real output gap variable
(which corresponds to the coefficient Al in the Monte Carlo
experiments} were more sensitive tc the choice of the model
of expectations formation than the estimates of the coefficient
on the expected inflation term. The aggregate supply equation was
also estimated in the form of equation (14). In this case,
the corrected R2 decreased substantially, as did the t-statistics
on-the coefficients. Moreover, the implicit response to the
real output gap term (y(t)—?(t)) increased signiﬁ;cantly -
in other words, 1/Bl was considerably larger than the estimated
Al. This increase was most pronounced whgn the adaptive and
autoregressive models of inflation expectations formation E>

. : _;
were used in the regressivch.

L

discussion, see Milton Friedman, "A Theéoretical Framework

for Monetary Analysis", Journal of Political Economy, LXXXVIII
(March, 1970), 193-235; Robert Gordon, "The Impact of Aggregate
Demand on Prices", Brookings Papers on Economic Activity,

(3, “1975), 613-670; James bin, "Keynesian Models of Recessiocn
and Depression", American Efsnomic Review (Papers and Proceedings),
LXV (May, 1975), I95~202.
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5.5 Summary

The purpose of this chaptér was to conduct a number
of Monte Carlo experiments to study the sensitivity of
single equation and reduced form estimation to a misspecification
of the correct form of expectations formation. These Monte
Carlo experiments focus on the gsti;ation of an aggregate supply
equation, and the implications for the estimates of the coéffi~
cients of the expected inflation and real output gap variables
in this equation of various%mpdels of inflation expectations
formagtion. |

For the Monte Carlo model, we used a variant of Sargent's
macroeconomic model. Two versions were simulated; one with
an ada%tive model of inflation expectations and the second
with a\model of rational inflation expectations. In order to
estimate the aggregate supply equation with the Monte Carlo
data, a fictitious researcher was forced to choose a model of
inflation expectations formation. Thus, since the fictitious
researcher was aware that the correct inflation expectations
model was either adaptive ar rational, there were four possible
outcomes: adaptive—ghaptive (in other words, the true model of
inflation expectations is adaptive and the researcher qhose
the adaptive model), adaptive-rational; rational-adaptive,
and %ational-ration;l. |

The empirical results, summarized in tables 5%}-5.3
in the Chapter, indicate the genera; effects of a misspecifi-

cation of the model of inflation expectations on the estimation

bf>the aggregate supply function.?} While it is difficult to
;
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generalize from Monte Carlo experiments, the results emphasized
the importance of ‘the model of inflation expectations for the
estimates of all the coefficients in the aggregate supply
equation. The results suggested the importance of the model
of inflation expectations for “the estimites of both the gap
term aﬁd the expected inflation term in the aggregate supply
function. This is particularly importan£ because, in the
short run, it is the slope of the aggregate supply function
(Al) which determines the choice -- between inflation and real
output -- available to policy makers. Moreover, the redults
indicated that an incorrect choice of expectations model

can produce very asymmetrical effects on the direction and
magnitude of bias on the estimated coefficient for the
expectations variable, depending on the 'true' underlying
model. Finally, the Monte Carlo experiments indicate that the
effects of a misspecification of the model of inflation expec-
tations formation differ depending on the choice of the

dependent variable in the aggregate supply equation.



CHAPTER 6
DIRECT MARKET TESTS OF RATIONALITY

6.1 Introduction I~

An important question in macroeconcmic modelling is.
the degree of rationality exhibited by market participants in
the formation of their expectations. If expectations ate
rational in tﬁe sense of Muth,l that is, i1f expectations are
consistent with the pre@ictions of the relevant economic theory
conditioned on available information, then this imposes certain
sPecification constraints on the formaﬁion of! expectations.

In par%icular, this implies that foredast errors, regardless

of the forécast horizon, shoﬁld be orthogonal to all preyiouély
available information. Moreofer, this assumption of rétidnal
‘;xpectations requires market participants to have knowledge

-of both the true underlyiné‘economic model and unbiased
estimates of the coefficients of this underlying model.

Since/expectations are generally unobservable, most
tests of rationality are in fact joint tests of the role
and specification of expectationg-in the particular

application. A variant of this approach is to use the

lJohn Muth, "Rational Expectations and the Theory of
Price Movements", Econometrica, XXIX (July, 1961), 315-335.

124
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efficient markets model of bond markets to provide indirect
evidence on rationality in an auction'market. Alternatively,
survey aata on expectations exist for certain markets and
this provides another mégggg of testing rationality,

Directly observed data on expectations provide an _
bpportunity to empirically test the basic properties of
ragionality. In this Chapter, McLegd, Young, Weir data on
Canadian interest rate expectations are used for this purpose.
Interest rate expectations provide an interesting test of
rationality because, as Poolel has noted, activé auétion

markgts for financial assets should most closely approximate
. - LA

" a market structure in which prices can fully reflect all -

available information.

Secondly, several tests of the market efficiency of the

Canadian bond market are presented. Given the similarity bet-

ween rational expectations and the theory of efficient markets

as developed, forféxample, by Fama,2 this provides some addition-
al empirical gvidence on the queg}ion of rag}onality, at least

as it peftains to seiected marketé\ indeed, Hamburger and

Platt argue that "the existence oﬁj'rational expectations'

. ’ ‘o . 3
would seem to be a' precondition for market efficiency”.

lWilliam Poole, "Rational Expectations in the Macro
Model", Brookings Papers on Economic Activity, (2:1976),
463-514, h

2-Eugene Fama, Foundations of Finance: Portfolio
Decisions andeecuritégg Prices, (New York: Basic Books, 197s6).

. 3rflichael Hamburger and Elliott Platt, "The Exﬁectations
Hypothesis and the Efficiency of the Treasury Bill Market",

" Review of Economics and Statistics, LVII (May, 1975), p. 194.
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6.2 Some Tests of Rationality Using Survey Data

There are seVeral conceptual problems encountered
in using survey d;?a to test for rationality in the formation
of expectations.' Firstly, since the response to the survey
question is devoid of economic consequences, it is possible

that the behaviour implied by the response may differ from .

the actual behaviour 6f the respondent in the market. Secondly,
it must be assumed that the expectations of the respondents >
reflect the ﬁieWS of market participants in general. Thus,
the adequacy of sampling surveys and panel surveys (gf experts)
may diffe} depending on the type of market.

‘ In this section we restrict our summary of tests of
rationality torthose employing the Livingston pPrice expecta-
tions survey data, the inflation expectations survey data of

the Survey Research Center of the University of Michigan, and

the survey of interest rate expectations for the Goldsmith-

Nagan.Bond and Money Market Letter. In each of these surveys,.
the expectati§n~(whether of a level or a rate) is a response
to an explicitﬁquéstign regardiné the respondent's forecast
of future values of the variable.

Pesandol tests for rationality in the sense that the
Livingston inflation eXpectations fully incorporate all of the
information conéained in past rates of inflation. As Pesaﬁdo

notes, this constitutes "a weak form of the rational

-

1sames Pesando, "A Note on the Rationality of the
Livingston Price Expectations”, Journal of Political Economy,
LXXXIII (August, 1975), 849~858. i
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L el . . . .

o €Xpectations hypothesis, Since autoregressive forecasts-will
be fully rational in the sense of Muth only under very
reg;rictive circumsi;nces".l ’fesando.uses two bas;c tests
ﬁdé ra%ionality. I¥ the féte of inflation has an autoregressive

representation, then an "effiqieﬁt" expectation should utilize

the information set of past inflation rates in a similar manner.

Moreover, expectations are "consistent" if multispan forecasts

can be obtained recursively. '

When the Futoregféssive repres%ntation of the rate of
inflation is not adequate, in other words when the redu;ed

form for infiation contains other information, Modigliani and

St;ilier2 claim that the weak form of rationality and the consis-

tency propexties of rational expectations should still hol@.

This argqument is related "to the fact that all "othef" infor-

mat}on that is collinear with the realizations of the series

will be incorporated into the est{mated'distributed lag

‘coefficients, while the uncorrelatgd remainder will represent

== in the context of autofegressiVe forecasting -- a purely

stochastic error terﬁ".3 The preseﬁce of omitted inforﬁatioﬁ,

however, can generate autocorrelation and/or heteroscedasti-

city in this error term. If these econometric problems are

%DE. cit., p. 850.

2pranco Modigliani and Robert Shiller, "Inflation,
Rational Expectations, and the Term Structure of Interest Ratesg",
Econcmica, XL (February, 1973), 12-43. )

3James Peéando, "A Note on the Rationality of the
Livingston Price Expectations", Journal of Political Economy,
LXXXIII (August, 1975), p. 851,
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y
pxesent, they would invalidate the use of the F—stéList&c
(which is employed by Pesando} as a test for efficiency and
conéistency. In addition, the possibility exists that
breaks in structure occurred in the reduced form model for
‘inflation over this period because EE policy changes and
external shocks. These weak form teéts are fixed coefficient

’

autoregressive models and the results are not valid if

\j}ructural changes have occurred.

Pesando found that the Livingston expectations were

no; rational. Although the data suéported the hypothesis

of efficiency, it rejected both consistency and the joint

test of efficiency and consistency. However, Carlsonl has

pointed out that there were dating problems with the Livingston

survey and that Livingston sometimes adjusted the mean of the

raw responses to reflect new data. For example, Livingston
would send out a questionnaire in mid-November and expect the

response by mid-December, for publication at the end of the
-month. With the guestionnaire, he cou%d give the most recent
\ﬁata on the consumer price index (September) but the October

vaiues would become available thle the respondent had the ques-

tionnaire and the November figures would be known before
Livingston tabulated the results.r If significant changes

.occurred in the consumer price index in October and November,

lJohn Carlson, "A Study of Pr;pe Forecasts", Annals
of Economic and Social .Measurement, 6 (Winter, 1977), 27<52.

A
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Livingston would adjust the mean of the responses to soﬁehow
reflect this new data and then publish this adjusted figure.
Carlson argues th\t, rather than use this data as Pesando has
dene, it is more appropriate to use the unadjusted mean of ~ -
the responses and calculate forecasts of increaséd length --
in effect two extra months -- to reflect this dating problem.
With this modified Livingsten data (employing
the same tests}, Carlson's results are similar to Peéand6's
with respect to consistency and the joint test of efficiency
and censistency, but the Carlson data a}so.r%ject the null
hypothesis of efficiency. N I RN
If heteroscedasticity is pfesent in the weak form
representation, then, as mentioned earlier, these tests which
rely on aw/gjgtatistic will be biased. Mullin_eauxl suggests
an alternative procedure to test for efficienéy and consistency,
which does not require homogeneity of variance. His results;
using the same data, are guite different from those of Pesando
and Carlson. In particular, while the Cérlson data rejects
efficiency’and the.besando data does not, Mullineaux's results
do not reject efficiency. Moreover, the null hypothesis of
consistency fﬁnnot be rejected with either data set while both
Carlson and fesando rejected this property. In other words,
using this alternative methodology; Mullineaux fipds empirical

support for weak form rationality.

. lDonald Mullineaux, "On Testing for Rationality:
Another Look at the Livingston Price Expectations Data”,
Journal of Political Economy, LXXXVI (April, 1978), 329-336.'
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‘Fackler and Stanhousel dbtainea results similar to
Pesando using the Survey Research Center inflation expectations
data. Although multispan forecasts are not available, thus
rﬁling out consistency tests, the authors were not able to reject

the null hypothesis‘of efficiency. Their tests of efficiency
@

‘included modified reduced form models which incorpof‘ted infor-

1

mation sets other than past values of the variable itself,

Using multispan interest rate expectations data
collected by the.Goldsmith-Nagan Bond and Money Market Letter,
Friedman2 presents fésults unfavourabie t0‘£he hypothesis of
rational expectatioms in the context of an active auction
market. The data sample included expectations on six interest
rates of different term. The null hypotheses of efficiency
and consistency were rejected for all six interest rates.
Moreover, Friedman found evidence that survey participants
systematically ignored rglevant, and available, informatiop
in making their forecastsl In addition, Friedman's tests

largely rejectéd the hypothesis of unbiasedness3 for both the

one-period~ahead and multispan forecasts.

H ’ .
‘ lJames Fackler and Bryan Stanhouse, "Rationality of
the Michigan Price Expectations Data", Journal of Money,
Credit and Banking, IX (November, 1977), 662-666,

2Benjamin Friedman, "Suryey Evigdence on the "Rationality"
of Interest Rate Expectations", Working Paper, Department of
Economics, Harvard University, (1978).

. 3These tests for unbiasedness are described in Jacob
Mincer and Victor Zarnowitz, "The Evaluation of Economic .
Forecasts", in Economic Forecasts and Expectations, edited by

J. Mincer, National Bureau of Economic Research, (New York:
Columbia University Press, 1969).
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6.3 A Test of the Rationality of Interest Rate Expectations
Using Survey Data

In this section a variety of tests for the rationality

of expectations in the Canddian bond market are presented,

ushkpng McLeod, Yoqu,,wei;Jdatal on interest rate expectations.
Beginning in December 1974, McLeod, Youqu\Weir has under-
taken a gquarterly survey of interest rate eXpectations. At

e end of each quarter reﬁégndents are asked to give one-
quarter-ahead and two—qﬁarter—ahead forecasts for nine

Canadian and three U.S. interest rates. The response rate 1is
generally about 75 per cent from a sample of 50, which is

drawn fairly equally from three categories ~- officers of
chartered banks and trust companies, managers of various
financial funds, and corporate investment qfficeés. While

the conceptual problem that the responsezké the survey questiocn
is devoik of economic consequences remains, these interest rate
expectations provide an interesting test of rationality because
of the nature of the market and characteristics.of the‘: |
respondents.

In the following analysis we use the mean response for
eight interest rates: 60-day bank certificates of deposit
B60CD, 90-day finance company paper, R90, 5-year trust company
guaranteed investment certificates, GICS5Y, McLeod, Youné, Weir
10 provinciéls,'RPROV,,McLeod, Young, Weir 10 industrials, RlOI;B:

chartered bank prime lending, RPRIME, conventional residential

_ lFpr this data, consult the Bond and Money Market
Letter, McLecd, Young and Weir Company Ltd., Toronto, variocus
issues. . :

(
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mortgage, RMC, and the U.S. prime'lending, RPRIMEUS. Since four
of the rates are administered (GIC5Y, RMC, RPRIME, and RPRIMEUS),
albeit in fheamarket, and a fifth, the rate on 90-day

finance cohpany paper (R90), reflects Bank of Canada attempts

}

to control the money sﬁpply,l the results should be interpreted
| cautiously.

Muth® stated that expectations are rational if they
are consistent with tpe predictions of the relevant economic
theory conditioned on ;n economically feasible data set.

Thus, the rational expectatioh of R in period t, formed in
pericd t-j, (t-j)R*(E), can be written as:

(1) (t=3) R*(8)= E (R(E) | ¢ (t=3))

where ¢ (t-j) is the information set available in period t-j.
This) expectation, if it is fully rational, should eqgual R(t)

p to a random error term‘ﬁhich has an expected value of zero
and, ex post, is uncorrelated with any information available
at t-j. In other words,

(2.)  R(t) = (t-3) R*(t) + e(t)

5 e(t) ~ N(0, o)
From this general statement, it is possible to test

several of the implicit properties of rational expectations

1A description of the process used by the Bank of»
Canada to control the money supply is given in Kevin Clinton
and Kevin Lynch, Monetary Base and the Money Stock in Canada,
Technical Report #16, (Ottawa, Bank of Canada, 197/9).

2John Muth, "Rational Expectations and the Theory of
Price Movements", Econometrica, 29 (July, 1961), 315-335.
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with the survey data. Equation (2) implies that (t-3j) R*(t)

is an unbiased forecast of R{t) regardless of the forecast
’horizon j. Furthermore, the variance of R(tj must be greater
than the variance of the expectatlon of R(t), again regardless
of the forecast horizon. 1In table 6.1 we present the wvariances
for both the one- and two-period-ahead expectations and those
for the ensuing market rates, as well as summary statistics

for the forecasting performance'of the interest rate expecta-
tions. For the one-period-ahead éxpectat'ons, the results are
._}nconclu51ve as the varlances are approximdtfely the same whlle

the theoretlcal relationship holds more rongly for the
. \ .
variances of two—perlod-ahead expectations.
'A more rigorous test of the unbiasedness proberty of

4

rational expectations consists of estimating the following
‘ S
regression: ]

(3.) R(t) = By + B, (t-3) R¥(t) + e(t)
If the survey data expectations aré unbiased then we expect
Bo = 0, B, = 1, and the errors. (e{(t)) to be uncorrelasgh. We
can test By '= 0 and B; = 1 either indi idually with a t~test
or jointly with an F-test. The DurﬁizﬁWatson statistic
can be used to tesﬁ for first order autocorrelation. The regres-
‘510n results for both the one- and two- ~period-ahead expectatiocns
are tabulated in tables 6. 2 and 6.3.

Firstly, consider the tests on the one-period-ahead
expectations. With the exception of GIC5Y and RPROV, the
maintaiﬁed hypothesis of unbiasedness is supported by the data

~= although this is not to deny that 15 degrees of freedom
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TABLE 6.2
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e

TEST FOR UNBIASEDNESS OF THE ONE-
PERIOD-AHEAD SURVEY EXPECTATIONSI

Variable JA\&EEEEtantigol Slope (B7) K> D.W. F(2,14)
' +

B60CD 1.652 ©.829 .687 1.58 1.517
(1.197) (.142) . |
RI0 1.520 . .847 ..686  1.45 1.276
~ (1.250) (.146)
GICSY 3.403 651 .542  1.21 .3.533
(1.418) * (.151) ,
RPROV 4.052 .602 .341 1.38 3.099
. {2.006)* (.204)% :
RLOIND 1,948 .819 .547 1.21 1.211
(1.903) (.187) +
RPRIME 1.204 .897 .786  1.40 2.087
(1.128) (/h?\1 0) 6/)7
_RMC 2.080 .82 .630 1.1 2.137
(1.748) (.160) +
RPRIMEUS .110 .988 .746 2.12 .006
(1.190) (.147)

1. The period of estimation ‘is 1975:2-1979:1; standaid errors
are reported in brackets.

* t,F-statistics\are significant at the 5 per cent level.

X B1 coefficient 1

signifieantly different than 1 at the
5 per cent level. ’f;e? _ ‘

r

+ D.W. statistic above upper bounds at 5§ per cent level.

LX)
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TABLE 6.3 ,
TEST OF THE UNBIASEDNESS OF THE TWO-
PERIOD-AHEAD SURVEY EXPECTATIONSL
Variable Constant(8g)  Slope(81) % D.W.  F(2,14)
B60CD 4.280, .529 .10 .s9% 2.325
(2.601) (.321) s
RYD . 4.443 516 .09 .58 2.102
(2.723) (.328) ’ ‘“’+
GIC5Y 5.453 .440 .12 .89 4.522%
(2.314)* (.249)% "”;
RPROV 7.895 w223 . -.02 .82 5.991*
(2.754) ** (.282) N
RLOIND 4.731 .549 .16 .75 2.480
(2.857) (2.84) . :
RPRIME 1.628 .878 .29 577 2.474
. (3.023) (.332) ‘ +
RMC 5.020 .562 .19 .83 3.147
(2.883) (.267) - .
RPRIMEUS -2.969 1.422 .50 1.42 1.128
. (2.730) (.353)

l. The period of estimation is 1975:2-1979:1;
are reported in brackets..

standard errors

* t,F-statistics are significant at the § per cent level.

t,F-statistics are significant at the 1 per cent level.

rd

X B1 coefficient is significantly different than 1 at the
5 per cent level.

xx By coefficient is significantly different thén 1 at 'the
1l per cent level,.

+ D.W. statistic above upper bounds at 5 per cent level.

|+

D.W. statistic below lower bounds at 1 per cent level.

++ D.W. statistic above upper bounds at % per cent level. (://

L
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is hardly an enviable regression. Single coefficient t-tests
reject the null hypotheses thap Bag = 0 and 8; = 1 only for -
GICS5Y and RPROV; both at the 5 per cent level of significance,
In neither case, however, is the joint hyponhesis (By = 0,
B1 = 1) rejected. Moreover, for RPROV the'Durbin—Watson
statistic is above‘the,upper bounds at the 5 per cent level.
For the two-period-ahead expectatiﬁns data, the resulEE
are generally similar for the single coe%ficient &-tests,
although the null hypotheses that g, -.0 and B; = 1 are both
rejected at the 1 per cent level for RPROV and the joint
hypothesesrare rejectgd for both RPROV and GIC5Y at the 5 per .
cent level. Although kthe Durbin—Watson statistic indicates
first order autocorrelation (at the 5 ber cent level of signi-
ficance) for all rates except RPRIMEUS, this does not neces-
sarily imply that an exploitable information structure exists
in the forecast errp;s.l Since there is considerable confusion
in the literature regarding the interpretation of autocorre-
lation in two-period-ahead forecast errors (for example Friedman
interprets this autocorrelation as a "prima facie contradiction
of rationality"z) a diéression to clnrify the point is useful.
In order to demonstrate that autocorrelation in the
two-period-ahead errors is not inconsistent with rationality,

consider the following general representation of R(t):
AN
lThe presence of autocorrelation does, however, invalidate
the F-statistics for the joint hypothesis test.

2Benjamin Friedman, "Survey Evidence on the "Rationality"

of Interest Rate Expectations", Working Paper, Department of
Eccnomics, Harvard University (1978), p. 7.
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» ] )
(4.) R{t) = ag + o; R(t-1) + a2 R(E-2) + . + . + ap R(t-p)
+ Yl X(t) + . . . + Yq X(t-q) + W\t)

where x(t) is a vector of other relevadt in rmation and W(t)
is the error term, distributed as N(o, o%y,) . Assuming

consistency, the one~ and two-period-ahead expectations are:
(5.) (£} R*{t+l) = ay + a; R(t) + a, R{t-1) + . . -+ ap
R{t-p+1) + v, (t) X*(t+l) + . . . + Yq X(t-g+l) -

and

(5.)" () R*(t+2) = ag + a, (t) R*{t+l}) + o; R(t) + . . .
+ ap R(t-p+2) + v, (ty"x:iEjZ) + vz (t) x*(t+l)‘+r ‘

W+t Yg X(t-q+2) . S
The two-period-ahead. forecast error, E(t+2), can be written as-
(6.) e(t+2) = ay (R(t+1) - (&) R*(t+l)) + v, (X(t+2) - S

(£) X*(£+2)) + v (X(t+l) - (&) X*(t+1)) + W(t+2).

Autocorrelation will be present if the term E(E(tLZ)E (t-1)) does
not equal zero. On the basis of rationaiity, we can rule out
au%ocorrelation in the one-period-ahead forecast errors for °
both R and X, in.the error term W (since this would imply a
misspecification), and possibly iﬂ the two-period-ahead

foregast error for X; but it is not possible "a priori to

rule out the other correlations in the components of e (t+2) e(t+1).

In particular, the correlation between (R(t+l) - (t) R*(t+l))
and W(t+l) will not be zero because W(t+l) is one of the
compohents of the rational one-period—ahead forecast error;
yet this correlatlon yields no information, at time t, to

"improve" the ratlonal forecast Hence, our f£inding of

a ‘ . )
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autocorrelation tells us nothing about the rationality of the
two period expectations.

As indicated by equations (lf and (2), thé forecast
error must be orthogonal to all information sets availaﬁlg
at the time of the forecast if expectations are to Ee rgéional
. In otheg words, v
(7.) E({R(t) = (t=3) R*(t)) | ¢ (t-j)) = 0.
To test this propositioﬁ: we regﬁess the one- and two-period-
ahead forecast errors against four alternative data'sets:
the unemplofﬁent rate seasonally adjusted, the rate of
inflation as measured by the rate of change of the seasonally
adjusted consumer price index, the rate of growth of seasonally

adjusted M1 (currenc& plus privately held demand deposits) and

a U.S. long bond rate (the Aaa corporate new issues rate) .

&,

The regression equation® is: -
. . 3 . .
(8.) R(t) = (t-]) R¥(t) = ap '+ I ~a, X(t-i-j+l1) r

where X = prior information (unemhloyment raté,'inflation rate}
growth rate of M1, and ULS. long interest rate)
j =1, 2 indicates the one-~ and thfperiod-ahggé forecasts.
The F-statiktiﬁgﬁgg; the sigﬁificénce'of this prior informa-
tion are presented in tables 6.4 and 6.5.
fo; the onevpeiiod—ahead forecast errors GICSY,

%
RPRIME and RMC are not orthogonal to prior information

P

1. Lag lengths greater than 3 do not change these results.
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TABLE 6.4
: '

., TEST FOR ORTHOGONALITY OF THE ONE~PERIOD-
AHEAD FORECAST ERROR TO PRIOR INFORMATIONL

Dependent

variable is &\

the one- Prior Information _
period-ahead B Growth U.5. long
forecast - Unemployment Inflation rate interest
' error rate rate of M1 rate
-B60CD .413 . , 3.331 3.102 .848

¥ .
R90 ' .447 2.863 3.012 .909
GICSY 3.563% 2.162 2.292 1.003
RPROV 2.080 ‘ .643 2.042 1.092
R1OIND ) 3.296 .B65 1.795 1.469
RPRIME .244 4.187*% 1.912 .453
RMC 1{722 2.672 4.102* .856
-RPRIMEUS - - - .049
3
A
The estimation period is 1975:2~1979:1; F-statistics

significant at the 5 per cent level are denoted by *,
while ** indicates significance at the 1 per cent level.
The prior information is end of quarter data with the
exception of the CPI which is mid-quarter to reflect a
public accessibility. The regressions are estimated

with a constant term and three lags, beginning with prior
information available in t-1. :




. TABLE 6.5

TEST FOR ORTHOGONALITY OF THE TWO-PERIOD-

AHEAD FORECAST ERRCR TO PRIOR INFORMATIONIL

141.

Depenaent
variable is
the two- N Prior Information
period-ahead : - L Growth U.S. long
forecast Unemployment Inflation rate interest
. error : rate rate of Ml rate
B60CD l.240 1.363 3.152 1.714
R90 1.476 1.165 2%356 1.905
GICSY 1.364 2.977 2.324 1.232
RPROV 2.283 .681 3.100 .580.
R1OIND 3.012 1.118 1.928 612
RPRIME .982 2.343 1.765 1.745
RMC 1.171 3.072 1.649 1.230
RPRIMEUS - - - .7086

1. The estimation period is 1975:2-1979:1. F-statistics
significant at the 5 per cent level are denoted by *,

" while ** indicates significance at the 1 per cent level.
The prior information is end of gquarter data with the
exception of the CPI which is mid-quarter to reflect

public accessibility.
a constant term and three la

information in t-2.

The regressions are estimated with
gs, beginning with prior
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while all the two period forécasts are orthogonal. Given
the Sutcome of the test for unbiasedness; it is somewhat
surprising that the RPROﬁ forecast grror'is uncorrelated
with the four iﬁformafépn sets. Furthermofe, in light of
the autocorrelations evident in table 6.3, the orthogonality of
all the two-period-ahead errors to the fpur prior information
sets is-an interesting result. T ' ©
Anothér test of the rationality of the survey
expectations.is to check for weak form efficiency.l This
simply means that, if the acthg% time series evolution of an
interest rate is autorégressive; then éﬁ,ﬂiﬁiiisytfiat;onal
expectation would be generated by an auﬁoregressive structureﬂ
with the same coefficients, Needleés to say, ﬁhia test is
only valid if the autoregressive representation of the interest’
rate is an accurate description of reality. For the empirical
fest,2 we estimate the paired equations (9)‘and (10} and
compare the total-of the sums of squared residﬁals to a stacked
regression in which they are constrained to have the same
coefficients. —This amounts to an_E-test on the equality of the

coefficients.

lThe tests of weak form efficiency and consisténcy
are described in  James Pesando, "A Note on the Rationality
of the Livingston Price Expectations", Journal of Political
Economy, LXXXIIQQ(August, 1975), B849-85%.

2With the limited number of observations, the Durbin-~
Watson statistic may not be partiZularly efficiemt. Thus,
given the sensitivity of the F-statistic to autocorrelation,
all the stacked regressiong are estimated by GLS to correct
for autocorrelation. '

Bt ]

=
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3
{9.) R(t) = vyo + I Y; R(t-i)

i=1
3
(10.) (t-1) R*(t) = ¢4 + ¢ ¢, R{t-3i)
i=1
As the results in table 6.6 indicate, the null hypothesis of
weak form efficiency is only rejected, at the 5 per cent level

of significance, for R10IND. These results are not sensitive

to the 3 period truncation,

Since the data contéin overlapping expectations we
can also test for weak form conéistency. If equation (9) is
an accurate represeqtation of tbﬁ evolution of thé variaple
R(t), and expectations are efficient as defined by equation'
(10), then the two-period-ahead expectations must be cénsistent
in the Woldl sense of forward substitutions. In other words,

we can write:

2
(11.) (t-1) R*(t+l) = 0o + 01 (t-1) R*fk) + I o, R(t-i) .
: ' i=1

~_

- and consistency impriég/gﬁat oi = ¢i' (i =10, 1, 2, 3). 1In
order to test empirically for condistency, we estimate the
paired equations (10) and (11) and compare the total of the
sums of squared residuwals to a stacked regreifiggfin which

- they are constrained tc have the same coefficients. Table 6.6

contains the relevant test statistics (F-test) for consistency

lHerma Wold, Econometric Model Building: Essays

Chain Approach, edited by Herman Wold,
(Amsterdam: North-Holland Publishing Company. 1964)._
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TABLE 6.6

. £
TEST FCR WEAK~FORM EFFICIENCY AND
CONSISTENCY WITH THE SURVEY EXPECTATIONSL

o Test
¢ statistic (F)
Test Test for joint
statistic (F) statistic (F) efficiency-
Variable for efficiency for consistency consistency
B60CD | .993 O 6.176%+ " 1.356
R90 .912 3.789* 1.070
GICSY 2.614 ) 1.437 2.394%*
RPROV ' 2.110 3.343* 1.730
RLOIND 3.540* 3.25%% 2,924%
RPRIME 1.064 © 5.658%* 1.441
RMC 1.993 ) 1.376 1.518
RPRIMEUS .839 ) 6.051*=* 2.461%*
+
W

l. The estimation period is 1975:2-1979:1. .An F statisticA

. which is significant at the 5 per cent level is denoted
by *, while ** indicates significance at the 1 per cent

level. N

D

[ k“\
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in the second cclumn. The null hypothesis of consistency is
rejected for most of the rates; the F-statistics for B60CD,
RPRIME and RPRIMEUS indicate rejecticon at the 1 per cent level
of significance. Only GICS5Y and RMC support the null hypothesis.
Finally, we can test for joint efficiency and
conéistency. This test consists of estimating the -set of
equations (9), (10), and (ll) and then comparing the total
of the sums of squared residuals to a stacked regression in
coefficients. Once again the results are presented in table 6.6._
The joint test is more favourable tc rationality than the
test for consistency; only RLOIND, RPRIMEUS, ahd GICSY reject
the null hypothesis of joint efficiency and consistency.
In discussing the overall results of these rationality
tests, it is useful to distinguish betﬁeen the two basic tests
(unbiasedness and efficiency-consistency) and the two types

of market rates (flexible and administered). For both types

3

of tests, we can reject the null hypothesis that expectations

for RPROV and GIC5Y are formed rationally. As well, the

unbiasedness tests indicate that the administered rates
~—

. . . N,
- RPRIME and RMC are not orthogonal to prior information. For

the other rates, however, these tests fai; to reject the null
hypothesis of rationality with the ambiguous exception that
.autocorre}ation‘exists for the two—pe%}od-ahead foreqasts.
With respect to the efficiency and consistency tests, the

results are quite different. We reject t@ignull hypothesis
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of efficiency for R10IND. Moreover, on the consistency test,
we can reject rationality for B60CD, R90, RPROV, R1OIND,
RPRIME and RPRIMEJE. Since the efficiency-consistency. tests
are predicated on sFronger assumptions regarding the distribu-
tion of the errors, the results of the unbiasedness tests are
more robust tﬁan those of the efficiency-consistency tests.

However, there)are problems with the Choﬁ (F-statistic)
tests for rationality if the error terms in the stacked regres-
sions are not identically distributed. To highlight this
problem, table 6.7 presenfs the Bartlett statisticl as a test
of the hypothesis of equal érror.variances across eguations
(9) and (10), and (9) and (11). At the 5 per cent level of
;ignificénce, the‘nuii-hypothesis (of equal variances) is
rejected for 'all rates except RPRIMEUS between eguations -
(9) and (10), while the null hiothesis is rejected only for
GIC5Y between the other set of e ations:

Mullineaux® suggests an alternative procedure to test

ﬁ&or weak form efficiency and consistency which does not
require homogeneity of variange. \In order to test for
efficiency, subtract equation Kip)'froh equation (9), thus:
{12.}) (R(t) - (t~1) R*kfﬂ ={Yo = ¢0) + (y1 - ¢1) R(t-1) +
(Y2 = ¢2) R(t=2) + (y3 - ¢3) R(t-3).

Efficiency implies that, if equation (12) is estimated, all

L

lDOnald Mullineaux, "On Testing for Rationality:
Anothetr Look at the Livingston Price Expectations Data",
Journal of Political Economy, LXXXVI (April, 1978), 329-336.

2 L
Op. cit.
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TABLE 6.7 ~
’ - ”~

BARTLETT STATISTIC FOR TESTING THEE
HYPOTHESIS OF EQUAL ERRGCR VARIANCESIL

Variable Efficiency test Consistency. test
B60CD 18.442*%* 1.043

RI0 20.7744*. .270

GIC5Y 33963 4.765*
RPROV 15.410%} .423
R10IND 9.739 ** .025
RPRIME 14.987** .615 X
RMC 6.860* 1.442
RPRIMEUS 2.330 2.258

1. The Bartlett statistic is distributed as Chi-square with
critical values of 3.841 and 6.635 for the 5 per cent and
1 per cent levels of significance respectively.

/\\3
J
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the coefficients should equal éero._ An F—statistic'cén be
used for the joint test that ail the coefficients of equation
(12) are zero. In table 6.8 we present the relevant test
statistics for both ordinary least squares (OLS) and generalized
least squares (GLS) estimation of equation (12). The latter
approach is suggested because the Dﬁrbin—Watson statistics
are generally in the inconclusive range. Wpile the null
hypothesis éf efficiency is accepted with 'OLS estimation,
it is rejected for GICSY, RPROV, RLOIND, and RMC with the
GLS estimation. This contrasts with the stacked regression
_efficiency test which rejected the null hypothesis only for
RIOIND. As well, it may indicate that the differing results
between the tests_1 is mo?e a reflection of sensitivity to
autocorrelation than Homogeneity of variances.
The alternative test for consistency i$§ essentiaily
of the same form. Shifting gquation (11) o:;Bperiod backward
in tiﬁe and then subtracting from equation (10) 'yields:
(13.), ((e=1) R*(£) = (£-2) R*(£)) = (o = o) + ¢1 R(t-1)
= 01 (£-2) R*(t-1) + (¢2 - 0;) R(t=2) + (¢3 - 03)
CR(E-3) |
and, if by = o5 for all i (i = 0, 1, 2, 3| -eﬁ equatioh (13)
reduCeQ to:

(13.Y  ((t=1) R*(£) - (£-2) R*(£)) = ¢, (R(t-1) - (t=2) R*(t-1))

lAs mentioned in Section 6.2, Mullineaux's results
completely reversed the findings of Pesando and Carlson.
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ALTERNATIVE TEST FOR WEAK-FORM EFFICIENCY

WITH THE SURVEY EXPECTATIONSI

Dependent variable
is the one-period-
ahead forecast
error

B60CD
R90
GICSY
RPROV
RLOIND
RPRIME
RMC

RPRIMEUS

1. Estimation period is 1975:2-1979:1.

* F-statistic is significant at 5 per cent level. “*

2

1

D.W. R F(3,12) F(3,12)
(OLS) (OLS) (OLS) {GLS)
1.68 -.074 .656 .776
1.54 -.123 .454 817
1.30 .283 2.970 5.228%
1.64 .064 1.339 5.262%

.32 .119° 1.675 4.457%
1.51 © -.163 .300 .715.
1.06 .013 1.064 3.758%
2.40%  —.092 .580 3.038

N

S

\ \}

f

+ D.W. statistic above upper bounds at 5 per cent level,.

)
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~~tests are somewhat
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Thus, the test for consistency is a joint test that ¢, = ¢,

anﬁ the other coefficients of equation (13) egual zero. Again,
’ .

an F-test is appropriate to -test theanull hypothesis. In tables

6.9a and 6.9b, the CLS results of estimating the unconstrai-
ned (equation (13)) and constrained (equation (13) v forms are
presented, as well as the relevant test statistic (F) for the

consistency test. In addition, although the ‘coefficient

estimates are not reported, equations (13) and (13)' were

re-estimated u51ng GLS and the F-statistics for these cons;stency

tests are also given in table 6. 9b
: <

Wlth this alternatlve test for con51stency, the results
are again dlfferent than those obtalned using the stacke?
regre551on approach. While the latter test rejected consis-
tency for the short market rates (EGOCD, Rég), the alternative

test does not reject the';hll hypothesis of consistency for

. SN o )
these intereSt rate expectations. S

In conclusion, glthough the resfilts og\Ehe various

b

¥xed, ther% is substantial suppogh,fdigzhe
hypoth351s that expectatlons of the short market rates (Be0OCD,

RBO) are formed ratlonallty Moreover,; the tests generally

reject the null. hypothe51s of ratlonallty for RPROV and GItSY.

The results for RlOIND are dlfflcult to interpret because the

implicgtions of the unbiasedness tests and the weak form

s

. . { v
raticnality tests are at variance. o
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A}
-

6.4 Market Eff1c1ency and Expected Inflation in the 30- Day
Canadian Financial Paper Market .

In a recent paper Famal has preseﬁtEd empirical results °’
for the period 1953-1971 consistent with the jOlntahypotheses
that the U. 5. 30 180~ day bill market is eff1c1ent and that

the equlllbrlum expected real returns are constant. While such

-results are perhaps troubling for policy-makers who be&ieve -

‘they can affect the real side of the economy by.operating

‘preted with caution. Aan efficient market uses all avaiihble.

Fy

information in setting.prices thus, correctiyed}stilled in

the current prices, are rational expectatiénslabout the future
values of the ;elevant variables.,-As in rational expectations,
however, a test of market eff/clency must be based on a model
of equilibrium market behaviour and hence any test of e®{i-

cient markets is 301ntly both a test of eff1c13ncy and/;f the

assumed equilibrium market model. »\ij - =

In the Fama model of eff;czent markets2 the maintained‘
hypotheses are that: (1} the bill market is eff1c1ent (2) the .

Fisher relatlonshlp holds and (3), the equlllbrlum expected

real return is constant. For his interpretation of the resui/s

to be valid these condltlons must be jointly satisfied. If so,

Ll

lEugene Fama, "Short-term Interest Rates J;\ﬁiedictors
of Inflation", American Ecanomlc Review, 65 (June, 1975),
269-282, : .

- N
. ¥

)

. on the expected real rate offiﬁteresg, they must be inter- ™

.

Ty
i
!

h'_
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then at least over this period, policy—makens were unable to
change the short-run equilibrium expected real returns.

In this section we repllcate, using Canadian data,
the Fama tests over the 1964-1971 pengod and extend the
analysis to lnclude data from 1972-1978. 1In contrast to Fama,
we only co sider.the 30-day bill market, iu ing finance company
paper’and,;Lnkers acceptances, but employ three aluernatlve
measures of purchasing power (the consumef price index, the
consumer price index excluding food, and the industr selling
price index) rather‘than just the CPI.

Consider a 30-day market bill with Pb(t) the known
price of the bill at its maturity date t and Pb(t—l) the

market prlce one month before maturity, t-1. The real rate

of return from t-l to t on this bill,. denoting tie general

. price level‘gsz is Re(t): /f/dh\\, >

(14.) - —S(t) - Pb(t-1)
Re(t) = P(E) TP(Ee-D)
Pb(t-1)
T P(E=1)

which can be written as:

«
(14.)" Re(t) = Rb(t) - N(t) - I(t) Rb(t), : '

‘where ‘Rb is the one period nominal rate of return and I is the

onexggrlod rate ofﬁ;nflatij;. At the end of t-1 the nominal.
return is knOWn but investors are uncd®tain about the real
return because’ue rate of. inflation is a random variable.

Aesuming that inVvestors are concerned abelit their oﬁé period
' ' ° ___/I : -
/\’ . ‘

—~

‘.
o ——— "
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real rates of return, the 30-day bill market provides an

-obpartunity to test the rationality of price foreéasts given

the availgpiiity of ménthly data on the consumer price index.l
Formally, an efficient market uses all available

' inforﬁation correctly in Setting market prices. .Thﬁs; thé

expectation of inflation formed in t-1 for t by the market is

equivalent to thg/oqsrgsfipd—ahead forecast of inflation

from the reduced form of the true underlying model of this

market. We can write:

M
(15.) E () |9 (t-1)) = E (H(t)'w(t-l)’

N

where (f-l) inidcates knowleéée of both variables and structure
at time t-1 andt#?t_l) is the supfet of knowledge (of variables
and structure) used by the markeft A
If the bill market is efficient in the above sense
(and if it is valid to assume that investors are concerned
about one period real returns)‘then "in setting the
nominal price of a one-month bill at t;l, it correctly uses
all available information to assess the distribution of I (t).

In this sense Pb(t-1) fully reflects all available‘information

¥

about H(t)“.2 In order to interpre€ this information,

lThere are still data problems to consider. Implicit in
this approach is the assumption that a month is the relevant
holding period. As well, the dating of the collection of the
‘CPI surveys may put it out of phase with the interest rate.

2Eugene'Fama, "Short-term Interest Rates as Predictors
of Inflation", American Economic Review, 65 (June, 1975),
p- 271.
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however, we must make an assumption about the distribution

of the equilibrium expected real rate of return. Fama assumes

this to be constant, i.e.,

(16.)

B (Re (&) |0 {1y, RB(t)) = E(Re).

Combining equation (14), which is a very short-run view

of the Fisher hypothesis, with the efficient

embodied in equation (15), and the const equilibrium .

expected real rate of return implied by equation (16) enables

us to empirically test this version 1

f @fficient markets.
From the Fisher relationship (equation (14)) we can
calculate thé‘ex post real rat ' of return, If the equilibrium
expected real rate of return is constant, thén past kngy}edge
-- of which past values of the real rate are an obvious subset
- shouid not provide the basis to explain the current value
of the real rate. 1In other;words the sagple autoqgare;étions
for alleslags should beﬂzero. d | |
“ Furthermore, approximating equaiion (14) by . |
(14.)' 1. (t) = -Re (t) + Rb (t) . ~
and assuming market efficiency and a constant equilibrium

expected real rate of return we arrive at our basic equation:

(17.) E (T(t) [6(t-1)) = -E(Re) + Rb(t). -

lFor inflation expectations to have an effigé on the
30-day paper rate an alternative asset must exist ch, in
the view of investors, offers a better return and hence there
is a reduction in demand for, or increase in supply of, 30-
day paper resulting in an increase in the rate of return.

arkets assumption
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If an OLS regression of equationl(lS) yielé;'éoefficient estimates
consistent with -the hypbthesis that ao = -E (Re) and a; = 1,
theﬁ‘the maintéined hypotheses cannot be rejected.

(18.) I (t) = og +"; . Rb (t) + e (t).

As well, thé.maintained hypotheses require the absence of
iﬁformat%od in the residuals from this regreséioh -- the sample -

autocorrelations should all be zero.
. o - : S Al

As a further test we cah include H(t-1) as a regressor
undef the null hypothesis Ehat,'if,the market is efficient,
'suqh added information should alreadf be incorporaﬁéd.in‘Rb(t)
and hence this term should not increase the explanatory

po®er of the regression; i.e., a2 = 0 in é%uation (19).

(19.) In(t) = aq + o, . Rb(tf + az, . I(t-1) + e (t).

For the one-monthk’bill rate we use monthly observatidhs

on‘theA30—day finance compa;y paper rate-and the raté‘on 30-day
bankers' acceptances. Three measures of purchasing power are
l‘employed: the consumer price index (CPI),‘the ébnsumer price -
index excluding food (CPIexF), and the industry'seliing price
iﬁaex (ISPI). -‘All regressions and aﬁtocorrélation calculations
are reported for three periods: 1964:1-1978:12, 1964:1-1971:6

and 1971:7—1978:12.l Thus we have six possible calculatibﬁs

lThe period from the first month of 1964 to the sixth
month of 1971 (1964:1-1971:6) was chosen to correspond with the
analysis of Fama. The later period, 1971:7-1978:12, was
added because of the different inflation experience in the .
1970s and the possibility that, if markets were not efficient
in processing information about inflation in the 1960s, _
prolonged exposure (td relatively high, and variable, inflation
rates in the 1970s would make it profitable to do so. '

-
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<« T — N
for the real rate of return and six variants of equations (18)

~.

and (19).% o S

To the extent that we are testing market efficiency
in' the sense of.incorpoiating expected inflatiqb’in the\Pominal
bond rate, the market efficiency tests>areﬁoﬁi; meaningful if
inf&ation i£self is predjctable from past information.? iIn
table 6.10 we'present the sample autocorrelgtions for the three.
price indices.® Over the full period, 1964:1-1978:12, there
are significant autocorrelation patterns for the three series.
In addition, this will influence the other full peripd results
as well, theéé series do not ‘exhibit covariance stationarity:.

although stationarity was evident in the subperiods. The most

interesting finding is the absence of a significant autocor- .

‘relation pattern for the CPI in the 1964:1-1971:6 period. In

additibh,;the other two indices had extremely sparse sample
autocorrelograms over this period. Ovér the 1971:7-1978:12
period, although-the CPI is again sparse, ali indices indicate
'that there is statistically relevant information contained .

in past values of the variable. T, S
v

5

'lFapa used the 30-day treasury bill rate and the CPI.

-On a questiomr of this sprt, given the nature of the empirical

tests, it seems wiser to have a variety of results. Futher-
more, we use seasonally adjusteg prices while Fama used -
unadjusted. If short-term papef markets are efficient, the
season8@l influences on the inflation rate should not influence
market rates -- thus the seasonally adjusted CPI is appropriate.

2This infeormation set obviously need not be restricted
to past information on inflation but, to test the Fama version
of the Fisher effect for Canada, this is the relevant data set.

3'I’he price indices-are converted to a first difference ‘:
in the logarithm times 100.
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In tables 6.lia and 6.1lb we report the same autocorre-
lation cdefficients for the six measures of the real rate of
reﬁurn. If the eqguilibrium expected real rate of return is
constant; then past’ information regarding the reai rate sheould
 not provide useful infqrmation to assess the curreht real rate.
‘The sigﬁificant autbcorrelation coefficients over the full
period aée not unexpected éiven'the finding about the lack of
covarlanc; -stationarity of inflation above. Over the first sub-
period the sample autocorrelation coeff1c1entsﬂ§ke not 51gnif1-
cant for the CPIexF and both paper rateg while the first lag is
marginally significant for the ISPI and both paper rates.

With the CPI, the“first lag is.marginally significant with
B30BK but not with RBQFIN.’ The situation is quite different
for thé-SECOnd éubperiod. For the CPIexF and ISPI, with both
paper rates, there*are faifly complex and significant_paiterns
'in the autocorrelation coefficients. Again, the Qghaviogr of
the C?I index deviates from the other indices ingthat'there are

4

no significantAautocbrrelation coefficients. It is worth noting
phat,.while zero sample autocorrelations aré essqptial for the
efficient markets test‘we have developed (due to the jgint
hypotheges), the exisﬁenceroffnén zero sémple autocorrelatiéns
for the real rate does not rule out the possiﬁility of
efficieht markets-

In tables 6.l2a, 6.12b, and 6.12c we present the regression

results for the test using equation (18). For the full period

the coefficient estimates .are consistent with the efficient
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mdrket hypothesis; i.e., ey = -E({Re) and o, = 1. However,
the assumption that the equilibrium expected real rate of
—.return is constant is ciearly violated. As a further

;arroboration, the autocorrelatioﬁ coefficients of the OLS
re;iaﬁals are significant. For the subperiod 1964:1-1971:6
the only significant coefficients on o, occur using the CPIexF.
Although the sample aﬁtocorrelogfamffor C?IekF has significant
spikes, and the sample autocorrelo&ram for the real rate using
CPIexF does not, we have to reject the maintgined hypotheses
bécause, statisticaliy, g + 1. As well, the impliéd signi-
ficant negative equilibrium expected real rate of return
does not accord with our priors for this period. - The results
for this subperiod using equation (19), asipresented in tablés
6.i3a, 6.13b, and 6.13c further corroborate this assessment.
Clearly the lagged inflation term has addedlto the explanatory
power of the equation. | -

Finally, we come to the subperiod 1971:7-1978:12.
The regression results employing the CPIexF and ISPI appear
quite promising. However, we caﬁ eliminate thé ISPI given the
significaht autoceorrelation coefficients sn the residuals and
the added explangtory power of the lagged inflation term.
With the CPIexF, the constant term is zerc, a; is not statis-
tically different frém unity, the residuals are uncorrelated
and the lagged inflatiom term does not affect the explanatory

power of the regression. But, on the basis of the significant

sample autocorrelation coefficients for the real rate of returﬂfﬁN\QQl 
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we have evidgnce fejecting the assumption that the real rate is
constant. This suggests that we reject the maintained

hypotheses in all cases.

- As an addendum, it is.important to emphasize that we have
not rejected efficient markets for the 30-day Canadian bill
marget. We have rejected the jointly maintained hypotheses

of Fama that: (1) fhe bill market is efficient,|(2) the Fisher
relationship holds, and:(3) the equilibrium expected real

return ls>constaét. Table 6.14 presents the samg&sy/;
autocorrelations qf the first difference in the two paper rates.
Again, suitégle'assumptions about market efficiency yield thé

prediction that the level of rates follows a martingale
A ! . ;

sequence -- which implies. zero sample autocorrelations for the
firdt difference of the 30-day rate. For the 1964:1-1976:6
. period, thg empiricallfindfsgs are cohsisteht with this hypoth-
esié.v However, thgihypothesis also rules out martingales over
the éntire period and during the second subperiod (in other
words, the period from the 7th month of 1971 to the end of
1978), yet theée are clearly indicated in the data. All in

all, we can reject the Fama findings using Canadian .data. e

—

6.5 The‘ﬁfficiency of the - Short-term Money Market in Canada

An alternative source.,of expectations data on interest

y - : *
rat&§ is the term structure. The expectations theory of the

. - to. . ’
- term structure states.that the forward rates df interest

-~ = _ , : : ‘o
implicit in the yield cuyve shouldhgg the market's gétional

, oL s . .. . h
expectations of future spot rates. Combining this theory of .
. I ~ » R .
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the term structure with the efficient markets models, these
implicit forward rates should fully reflect all available

. information relevant to the future course of market inﬁerest
rates. | )

In this section, we examine the properties of three
implicit forward rates with a view to determining wheﬁher
these expectations are rational. The rates chosen are-the
90;day General Motors Acceptance Corporation finance paper,
GMAC90, the 90-day treasury bill, T§90, and the 90-day
cha¥tered bank certificate of deposit, BCD90.

- If the implicit forward rate is the ket's expectaticn
of thé future spot rate, and the market is(;Z::cient--— in
other words expectations are rationally formed -- then .the
forecast err&r using ;his implicit expectation should be
random. In particul;r, this' forecast error should be
/gggorfélated with all previoug}y available information.

Dénoting the expectation, in time t-1, of the market rate in

time t as (t-1) R*(t), and assuming this is equal to the

. implicit forward rate,l‘then | ) B

(200) ELR(E) - (£ R*(E) | o(t-1)) =0, .

where ¢(t-1) indicates all.aﬁaiﬁ?ble informatioﬁ.
T~

lFrom the expectations theory of the term structure
the spot rate in .period t of an m-period, non-coupcon, bond
can be written as the geometric average of the one-period.
spot rate R(1l, t) and the corresponding expected@ one-period ..

forward rates (t) R*(l, t+3j):" _ ; J(

R(m, &) = {(1 + R(1, ™). (1 + (t) R*(1, t+l)) . . .}l/n,l-l

Thus, the implied forward rates can pe eadfily calculatel.
from this formula and observations on R(m,t), R(m+1l,t)’, etc.:



5,
N 173,

Initially, we should consider whether these expecta-
tions are unbiased predictors of future spot rates. ' As
discussed in Section 6.3, a rigorous test of the unbiasedness
property of rational expectations consists of estimating the
following regressipn:
(21.) R(t) = ao + o1 (t=1) R*(t) + e(t).
If the implicit forward rates are unbiased egpectations of the
future spot rate, then we expect op = 0, o; = 1, and the errors
(e{t)) to be uncorrelated. We can test oy = 0 and a; =1
either individually with a t-test or jointly with an F-test,
while the Durbin-Watson statistic tests for first order
autocorrelation. ‘

The data on imp;icit forward rates were calcuiatgd
over the per&od 1969 first quarter to 1979 first quarter.
All rates are.end of guarter data as quarter averages of data
may iﬁduce an error structure and thus affect the tests.

\

buring this period the Bank of Canada and the chartered banks
twice reached agreement on'céilings for certain deposit rates,
and thus the regressions both include and exclude the period
of tﬁe Winnipeg Agreemenfl as these rigidiéies maybaffecﬁ the

—_—

results.,

v

In table 6.15, we present the estimation results for

;;udy

For the three rates the constant term is not

-

equatlon (21).

lThe Winnipeg Agreement was in effect from the 2nd
quarter of 1972 to the 1lst guarter of 1973. A similar, but
. informal, agreement with the chartered banks was in effect
between 1969 Q3 to.1970 Q2 and thls perlod is also omitted
from the regre551ons. . ;
n by . “
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significantly aifferent from zero and the a, estimates are

not significantly different than unity. These results hold
for both estlmatlon perlods. As well there is no significant
evidence of autocorrelation for either TB90 or BCD90 while
GMACY90 indicates the presence of autocorrelation when
estimated over the entire sample. Hoﬁever, Hamburger and
Platt advance the argument that "the predictive power of

Y

the forward rate is simoly a reflection of the serial

1 This suggests including

correlation in the spot rate”".
the legged spot rate in equation (21} as an additional variable.
and'allowing the regression to distinguish between their ,. i
relatlve explanatory powers. In other wordsf we estimate -- '
the equatlon° \
(22)  R(£) = ao + ay (t-1) R*(t) + as R(t-1) + eft).

For GMACQO and BCD90 our reeults.are’similar to Hamburger

and Platt's, namely that the inclusion of the lagged soot rate
{51gn1f1cantly reduces the explanatory power of the forward

rate. In both cases, the a; estimate is significantly different
from zero and the a, estimate is significantly different than
unity. Howéver, the results for the TB9Q are not 51gn1f1cantly
- affected by the’ lagged Spot rate,’ partlcularly when' the

Winnipeg Agreement period is omltted.

These results certainly suggest a. strong relationship

between the one-period-ahead expectation (implicit forward

1Michael Hamburger and Elllott Platt, "The Expectatlons
Hypothesis and the Efficiency. of the Treasury Bill Market",
- Review of Economics and Statistics, LVII (May, '1975), p. 192.
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oy

ate. This suggests the

féte) and the prevéiling spot
possibility that éxpectations a formed in a static sense;
that is, the exgectation at time t-1\of the rate at time t,
(t=1)R*{t), is equal to the prevailing market rate at time
t~l, R(£-1). We can test that market expectations are formed
from this static model in two ways . First, we can estimate

the following equation:
(23.) R(t) - (t-1) R*(t) = yo - v; (R(t) - R(t-1)) + u(t).

If y; is unity, this suggests that expectations are static.
Mofeover, this implieé that market participants, in forming
their expectatlﬁns, will miss all changes in the spot rate.\Q\

W

As table 6.16 indicates, the results generally support this

view,
Secbndly, as more direct .test of the hypothesis
that’ expectations are static, we present in table 6.17 the

estimates_for:

(24.)  (t-1) R*(t) = By + B; R(t-1) + v(t).

This siﬁpie static model of expectations formaéibn i; cléarly
rgjected for both GMAC90 and BCDY90 over the.entire estimationl
period -- the 8; estimate is significantly different than
unity and autocorrelation is present. Exclud;pgjiﬁe‘WIhnipeg
Agreement period, however, chan es the results fo; BCDI90O.

Both BCD90 and TB90 expectations then appear to be consistent

with the-hypothesis that they are formed in a static manner.
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Finally, as a further test of the rationality of the
implicit term structure expectations, we test for the ortho-
gonality of the one-period-ahead forecast errors to previously
available information as suggested by equation (20). Usiné a
variety of information sets, tables 6.18a, 6.18b, 6.18c and
6.18d present the F-statistic which tests for the significgnce
of this prior information. A variety of lag structures_aré
used. Again, the regre551ons both include and exclude the
Winﬁipeg Agreement'period.‘ In general, the results support .
the view that ﬁhe expectations implicg in the term structure \
are rationally:formed=for BCDS0. There is some,evidence thst
not all information_qes processed efficiently in the formatio
of expectations of the other two rates. However, these results
are still inconclusive for the TB90 rate.

In cohclus;on, the flndlngs in thlS section a;e
generally con51stent W1th\the malntalned hypotheses of the .‘{k
expectations theory of the term structureland efficient
markets. The orthogqnality of forecast errors to a variety
of previously available information supports the.view that

the expectations are rationally formed. However, the evidence

to suggest that this rational formulation of expectations is

static is much less coﬁ%ipsive. o ™

6.6 Market Efficiency and Martingales in the Canadian Long
Bond Market .

As a general statement a market in which prices
" always gplly reflect available information is callé!'efficient.
but, in order to .test market efficiency, one invariably o \
. ' L -3
L3 . .
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encounters a joint hypothesis Problem because a model of
equilibrium market behaviour is required to delinéaté the
term "fully reflect®. If markét prices foll®w a martingale
seqguence, howevgr, then this variant offthe efficient markets
model has several strong, eﬂbirically testable, properties.
In a recent paper, Pésandol‘contends that the Canadian bond

-

market is efficient in thé\sense that long bond rates follow

a martingale sequence, the policy implication; of which are-

closely akin to those of rational expectations -- only

" innovations in poiicy variables will affect the current

market interest rate.zt In this section we show that there is
a problem in the specification and hence interpretation -of
Pesandé's test and that other, less ambiguous, tsts indicate
ﬁhat wglcan statistically reject the martingale hypothesis for
the Canadian long bond markét.

Although current prices may fully reflect available
information this does not imply that the curreﬁ% price is the.

optimal forward prediction. A market can be efficient without

prices in that market following a martingale sequence. The
.

. N

e

C

lJameS'Pesando, "On the Efficiency of the Bond Market:
Some Canadian Evidence",- Journal of Political Economy, 86
(December, 1978), 1057-107%.

: _ 2See, for example, Robert Lucas, "Econometric Testing
of the Natural Rate Hypothesis", in Econometrics of Price
Determination, edited by Otto Ecksteln, (Washington, D.C.:

- Government Printing Office 1972) and Thomas Sargent and Neil

Wallace, "Rational Expectations and the Theory of Economic
Policy"”, Journal of Monetary Economics, 2 (Aﬁril,'1976), 169-
184. i
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meaning of the term "fully reflect" is determined by the
model of marketléquilibrium. If a ma?ket rate at time t,
R(t), follows a martingale seguence defined as:

(25.) R(t+l) = R(t) + F4t+l), .

then successive one—pefiod returns are independent and
identically distributed with a constant mean, heteroscedastic

variance and independent of all previously available information.l

A sufficient condition for an efficient market to imply a
martingale sequence is that the expected equilibrium retq@n
be a constant. If rates do follow a martingale sequence then
the optimal j-period-ahead forecast is easily calculatedA;—
it is the current market rate. Furthérmore; the resulting

forecast error, e(t+j):
(26.) e(t+j) = R(t+]) - R(t)
. must be uncorrelated with all information available at time t,

¢(t), and this includes past values of R(t), other rates,

pelicy announcements, etc. 1In other words,

lIf bond rates follow a martingale sequence and the Fisher

relationship is a valid description of the bond rate -- that
1?7‘t@9 nominal bond rate can.be (approximately) -written as
the sum of a real rate, R&(t) and the expected rate of inflation
{t) I*(t+1) -- then past.information contains no statistically
significant clues regarding current -changes in the real rate

of interest or inflation exXpectations, .

i

E((ARe(t) + ((f) I*(t+l) - (t-1) I*(£)))/ ¢(t-1)) = o0,

In consequence, a martingale imposes constraints on the
appropriate form of rational inflation expectations. and the
evolution of the real rate. -

-

.
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(27.)  E(e(t+d) | 4(t)) = o.

Pesando argues that the efficient marketé hypothesis
combined with the expectations theory of the term structure
implies that long-term bond ratés mﬁst.follow a martingale
Sequence. From the expéétatiops theory of the term structure
the spot rate in period t of An m-period, non—coupoh, bond
can be written as the geohetric average of the ohe—period
spot rate Rkl, tj and th corresponding expécted one-period
forward rates (t) R*'(1, t+3) -

(28.) R(m, t) = {(1+R (1, £)) (14 (t) R*(l.'t+l)). .

(14 (8) RM(1, £+2)) . . .. (L + () R*(1, t+me1))) /™y
If R(1, t) follows a martingale Sequence, in other words, (t)
R* (1 t+ﬁ) ='R{1, t), then not only does the Iong rate follow
a mafting;le but the tgrm.struqture.of interest rates is
horizontal. Other than this particular case, however, Pesando
must introduce an arithmetic approximafion to the geometric’

mean and after suitable substitutions, we are‘left with

N

the expression: : *
(29.) E(R {m, ¢} [¢(t;i) = R(m, t-1) + v(t-1)

- As these current short rates approach a normal expected value,

this remainder term disappc—,\ars.l BT ¢

5

. o

1The remainder term is equal-~to v(t-1) = 1l ((E
. m
(t) H*(1, t+m-1) /¢ (E-1)) -R(1, t-1)). For example, if the term
structure was inverted and the current short rate equals 10.0Q
but the normal expected rate equals 5.0 then, for a ten-year
bond, this remainder term implies a 50 basis points decline
in the optimal forecast; i.e., (t-1) R*(m, t) = R(m, t-1)-~.50.

L3 -
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In contrast to various American studies which have
* [\,

found only mixed empirical ‘support for the martingale
hypothesis, Pesando's results are strongly supportive of this
hypothesis. As is indicated above, the ﬁartingale hypothesis
has the strong, empirically testable, property that the

: A ; . .
j-period-ahead forecast errors are not correlated with any

’ - . 4 . | - at »
currently available inférmation and a variety of empirical

specifications of this martingale property are possible.

Initiall%,consider the Pesando test of martingales,

~Combining the Modigliani and Shillerl specification of the

term structure and the martingale hypothesis, Pesando argues
that changes in the long rate should only be correlated with
changes in the current short rate, all previous information

is already reflectgd in the long rate and thus should not

significantly increase the explanatory power of the equation.

L g

Using the quarteér-end ratée on ten years "and over government
bonds as the long rate, 'RL, and quarter-end 90-day
treasury bill raté as the short rate, RTB, Pesando estimated

the following equation: .
14

(30.)-.ARL = Yy + vy, ARTB + T[T A2 ARTB(-1i)
i=1

—

lE‘ranco Modigliani and Robert Shiller, "Inflation,
Rational Expectations, ‘and the Term Structure of Interest Rates",
Economica, XL (Februg;yj 1973), 12-43;
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oﬁer the period 1961:1-1976:4 with a 3rd degree Almon on

A2j. The statistical results Support the maintained joint
hypotheses sincé only the current change in the treasury bill
rate is significant. With thé same theoreticél arg nt

as Pesando, we could sﬁbstitute the quarter-end rate for short
Canadas, RS, in fhis equation and we should get the éame,

- results, Empirically as equation (31) indicates, this is not

so as lagged changes in the short rate are significant and add

to the explanatory power of the equaticm.l , [\
(31.) ARL = 0.004 + 0.458 ARS + . L A2i ARS (-i)
(0.14) (14:17) i=1

A2l = 0.076 (2.52) “A29 = 0.029 (1.47)
A22 = 0.059 (2.70) A210.= 0.024 (1.16)
A23 = 0.047 (2.29) A2l11 = 0.015 (0,73)
A24 = 0.040 (1.87) A212 = 0.001 (0.06)
A25 = 0.036 (1.69) A213 =-0.019 (0.88)
A26 = 0.034 (1.68) A214 =-.0.046 (1.55)
A27 = 0,033 (1.71) : - :
A28 = 0.032 (1.66) .

SEE = 0.179 RB2 =~ 0,77 D.W. = 2.18 F = 42,48 IA; = 0.36.

But neither set of results is particularly informative

on the guestion of martingales because Pesando has misinter-

Y

preted the Modigliani-Shiller expectations model. 1In the

)

The t-statistics are given in brackets. This equation
was estimated over the same pPeriod as Pesando and the same
Almon polynomials“were used. SEE indicates the standard error
of the regression, RB2 indicates the corrected R squared, F is
the F-statistic for the significance of the regressors and
D.W. indicates the Durbin-Watson "statistic,
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context of their model, a maftindéle would imply that only
~ the currgnt unanticipated change in the short rate be
significant. Thig would only be equivalent to .equation (30)"
if the anticipated change in the short rate was a constant,
otherwise a specification of short rate expectatlons must be
‘included in the test for the martingale.

However, one can statistically reject the
martlngale hypothesis for the long bond rate with other
lnformatlon sets and models of market equilibrium. Consider--
the simplest weak form test of the martingale: . the current
forecast error, ARL} should be>statistically indébendént of
past forecast errors, ARL (=1), ARL (-2) ... ."Thus, if we
estimate equation (32), .
(32.) ARL = ®o + ¢1 . ARL (-1) + ¢, . ARL (-2)
the coefficients on the lagged errors should be insignificant,
Over the same period as Pesando, we find ¢, is significant,
the F statlstlc is 6.45 and 15 per cent of the variation_in
ARL cap be explained by past values of ARL.

(32.)' - ARL = 0.066 + 0. 162 ARL (-1) - 0. 409 ARL (- 2)
: (1.49) (1.36) . (3.43)

SEE = 0.343 RB2 = 0 147 D.w. = 1. 81 F =686, 45
"If we break the sample into two periods however, we get

quite d;fferent results. Over the period 1961:1-1969:4 we

can not reject the martingale hypothesis (equation (32) ™)

1
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A

while over the period 1970:1- ~1976:4 (equat1q9k¢32)m ) lagged
information is statistically szgnlflcant.

(32.)" ARL = 0.088 + 0.029 ARL(-1) - 0.101. ARL(-2)
(2. Ol) (0.17) (0.59)

SEE = G.236 RB2 = -0.05 D.W. =1.70 F = 0.197

(32.)™ ARL = 0.028 + d.215 . ARL(~1) = 0 509 ARL(-2)
(0.33) (1.22) (2.88)

r

SEE = 0.445 RB2 = 0.205 D.W. = 1.69 F = 4.490

Alternatively we can éonsider semi-strong form tests
of the martlngale hypothesis w1t§$respect to the long rate.
For a small oébn economy we can modify the Modlgllani—Shiller
term structure equation to allow for the influence of h.s.

-interesE rates, differential inflation expectéﬂibns and supply
effects. As well there is no need to impose en Almon lag
st-ructﬁref we can estimaee the Structure freely using rational

distributed 'lags. If the martingale hypothesis is correct

then the change in the long rate should be correlated only with °

other information should not add 51gn1 icantly to the

"explanatory power of the equafr%

martlngale hypothe31s is rejecteci~ Pr10r~1nformat10n for

ARL ARTB and ARLUS is statistically significant in explalnlng

ARL, 2 :

7
<

lTo be correct the Yoint hypoihesis is rejected., The
varlable RLUS is the rate on U.S. corporate Aaa new isgues
taken at quarter-end '

Thls Prior information, taken together, is significant
with an F-statistic of 6.72. Alternatively, equation (33)
estimated without the current information has an RB2 of 0,16
and an F value of 4.10.
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(33.) ARL = 0.0002 - 0.138 . ARL(Tl)%— 0.293 ARL (-2)
(0.01) (1.92) (2.96)

f-ﬂ-t'O.Z_BI . ARTB - 0.081 , ARTB(-2)
) (7.66) (1.83)

+ 0.647 . ARLUS + 0.203 . ARLUB(-3)
‘ p (6.61) (2.15)

SEE = 0.181 RB2 = 0.763 D.W. = 2.16 F = 34.72

The question remains whether RLUS, RTBUSK and RTB

have forecasting structures which use past information.
Initially consider RLUS. Combining the Modigliani-Shiller
specification of the term structure and the martingale

hypothesis, Pesando argues that changes in the long rate should
- [

~ 4

only be correlated with current changes in the short rgte.
.!'a . -
Using the Pesando test of the martingale hypothesis o the
0 ‘ .
U.S. long rate, we find that prior %nfo ation is significant

and increa%es the explanatory power of the equation.l

. 1
{34.) ARLUS = 0.012 + 0,177 . ARTBUS + gn A21ARTBUS (-i)

(0.39) (4.23) i=1
A2l = 0,092 (2.15) A27 = 0.065 (3.35)
A22 = 0.083 (3.42) : A28 = 0.061 (2.82)
A23 = 0.077 (4.21) A29 = 0.056 (2.28)
A24 = 0,073 (3.93) A210 = 0.047 (1.85)
A25 = 0.070 (3.71) A211 = 0.036 (1.55)
f.,pl-k}.‘G = 0.068 (3.62) A212 = 0.0?0 (1.34)
)3

SEE = 0.220 ?BZ = 0.31 D.W. = 2.30,F = 7.97 Lypi = 0.748

lrhe shorffrate RTBUS is the U.S. 90~day Treasury bill

rate at quarter-end, Again the equation is estimated with a
3rd degree Almon lag over the same period as Pesando: 1961:1-
1976:4. Omitting the current change in RTBUS from this equation,
the lagged changes have an RB2 of 0.12 and an F value of 3.63.
It is also interesting to note that the sum of the coefficients
on the RTBUS equals 0.925 while the sum of the coefficients on

+ the RTB in¢(3)+is only 0.359. This suggests that the simple
Modigliani-Shiller specification is not adequate for\Fanada.

Y e
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Oﬁ the basis of weak form tests, we can reject as well the
hypothesis that the Caﬁadian treasury bill. rate RTB follows ~
a marti¥ngale. The estimation period for equaéion (35) ig\\\;
196l 1lst qua;;;r to 1976 4th quarter.

(35.) ARTB = 0.069 + 0,266 . ARTB(-1l) - 0.257 . ARTB(-2)
(0.77) (2.22) (2.21)

SEE = 0.712 RB2 = 0.09 D.W. = 1.83 7? = 4,23
}n summary our regression tests of the martiﬁgale.
property that E(e(t) / ¢(t-1)) = 0 are quite differen£ than
Pesando - weak form and semi-strong form tests both reject »
the martingale-hypothesis. The qﬁestion remains, however, ‘ _f

whether this statistically significant lagged information

L

- is economically significant ex ante as a_guide to

-/
forecasting. This really depends on information costs and

risk. If the correlations with past information are not
stable this will éffecﬁ the choice of forecasting model,
although this does not necessarily imply that one would move
to a martingale forecasting model. - '

| An important additional test of the martingale is to
compare its forecasting performance with an alternatile
forecasting esquation outs%ge the sample pericd of the regression.
Following Pesando we consider three sample and forecast
periods: 1961:1-1969:3 and 1969:4-1971:2 (period a), 1961:1-
1972:4 and 1973:1-1975:3 (period B), and 1961:1—1373{4 aﬁd

1974ﬁli}976:4 (period C). For the alternative model we use

&
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egquations {33) and (34) together with equations for the
Canadlan and U.S. short rates.l

-

The results, summarized -in table .6.19, are again very

'S rf

different than those of Pesando. Pesando found that the:
partlngale "bettered" his alteﬁnat1Ve structural forecasting
.models by a factor .of ten, comparing root mean square (RMS)
errors. Using a different structural forecasting model Qe
'ﬁlnd that, for periods: B and C, this model is superlor to the
k&rtlngale bx about 8 basis p01nts on the RMS. In period A,
the martingale was marginally better but this is not unexpected
as there was a significant éhange in the structure of equation
(33) between periods A and B. After period B the coefficients
are statisticallyAstable for both the B and C periods. For
the dynamic forecast results the structural model does
substant:n.ally better for perlods B and C. When- lnterpretz&ng
these results however, one should note that the structural
model has lagged values. of the exogenous varlables and thue

. in a dynamic simu;ation would have ﬁere recent informatiop

thah a martingale, T

lrhese equations are: L,
ARTB = Ag + Ay . ARTB(-1)+ A2 . ARTB(-2) szl ..0log (Ml(i-1))
A i= ,

ARTBUS = By + B1A log (MIUS(-1)}.+ B, . ARTBUS (~1)

N + Bz . AFFRUS (-1)
where M1US denotes narrowly-defined American money supply, FFRUS
is the U.S. federal funds rate, and RTBUS is the U.S. 90-day
Treasury bill rate. ' . |

1S

-
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In conclusion the martingale hypothesis is statistically

rejected fér long Canadian bonds.

6.7 Summary

In this chaéter we have émpirically examined whether
the theory of rational eXpectations is an adequate represen-
tation of the process by which market parficipants formulate
their expectations in the Canadian bond market. The choice
of the bond market was motivated by reasons which Mishkin has

summarized succinctly:
"several major objections have been raised
against rational expectations theory. The
.cost of obtaining and analyzing information
be quite high for many agents in the ‘
econQmy, and then use of rules of thumb to
form ‘expectations in decision-making might
- well Be appropriate, even though these

expectations would not be quite "rational”....

Although the existence of rational expectations

in all markets in the econcmy can be questioned,

it seems sensible that behavior in speculative-

auction markets, such as those in which bonds

and common stocks are traded, would reflect
. available information."l

A baéic property of rational expectatiéns is that market prices
should fully reflect all available information and tests of
this property, for bonds of various maturities, form the. basis
of this chapter,

| In order to evaluate the empirical results, it is

useful to note .that any "test of (market) efficiency must.be

< : ,
~ ) lFredei:ic Mishkin, "Efficient-Markets Theory:
lications for Monetary Policy"”, Brookings Papers on
Ec mic Policy, (3:1978), p. 708..
\ : .

-
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based on a model of equilibrium, and any test is simultaneocusly
a test of efficiency and of the assumed model of equilibirum“.l
Thus, several types of tests are used with the-four distinet
groups of data examined in this chépter.2 In general, whileb
market rates have tended to reflect available information,

this tendency has not always been fully realized. The fact
that certain rates are more efficient, in the éense of incor-
porating relevant information, than others suggests some

market segmentation. |

More specifically, we able to reject the assumption

that long bond rates follow

marti le sequence. In

addition, short rates do not fully incorporate inf’émation
with respect to inflation in the manner suggest by the Fama
interpretation of the Fisher relationship. With the survey
data on interest rate expectations, certain rates -- particu-
larly short rates -- ihdicate that expectations are rationally
formed but the tests on longer rates reject this hypothesis‘out
of hand. Finally, the empirical tests with the forward rates
implicit ln the short end of the term structure are generally

favourable to the null hypothesis of rationality.

-

lEugene Fama, "Short-term Interest Rates as Predictors
of Inflation", American Economic Review, 65 (June, 1975), P. 271.

21n summary, the four groups of data used in this
chapter consisted of: (1) McLeod, Young, Weir survey data on
interest rate eXpectations, (2) 30~day money market rates,
(3} 90- and 180-day money market rates and the implicit 90-
day forward rates and (4), long government bond rates (10 years
and over Government of Canada) .




’ CHAPTER 7

e THE FORMULATION OF STATISTICALLY
RATIONAL EXPECTATIONS

7.1 Introduction

Inhereﬁ%\in both rational and ARIMA models of
expectations formation is the assumption that market partici-
pants possess a considerable degree of foresight in choosing
the specification and parameter vadues for‘ these models.

When these models are -estimated using the entire data

set in the first stage of the analysis, and then in the second
stage these "known" models are used to Proxy expectations

at any point during the‘period, we are implicitly giving
market participants more information than they actually had

at the time they formed their expectaﬁions. As an alternative,
we can derive a "time deéendent expectations model" which

more adequately reflects the availability of information to
the market by combining a view of rational expectations with

a least sguares learning proceﬁure.

In this chapter we develop a time dependent expecta~
tions model as an alternative to the fi(?d coefficient rational

and ARIMA models of expectations formation.l This permits us

. The properties of fixed coefficient;rational and
ARIMA models were. developed and discussed in Chapter 3.

197 by
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to relax the extreme information assumption of rational and
ARIMA models of expectations formation that the parameters of
the expectations model be known with certainty. In addition,
whereas the traditional approach to modelling expectations

L4

is incapable of handling Structural change'unl§S$ the break
points are known and discrete, the model of eﬁ%é&tations
formationxdeveloped in this chapter responds to transition
periods with a least sguares léarning pProcedure. Given the
extent of parameter drift in eéconometric models -- which
indicates that Structural breaks are seldom discrete but
'evolve cver fime -- this feature of the model is quite.appealing.
The chapter consists of a section deriving the proper-
ti;s of this statistically.rational expectations model, while
subsequent sections deal with applications to the concept of
permanent income, to a buffer stock model of the demand for
money,. and to autoregressive, but statistically rational,.models
of inflation expectations.

7.2 A Time Dependent Expectations Model: Statistically
Rational Expectations

Muth presented his hypothesis of rational expectations
as follows:

"expectations, since they are informed predictions
of future events, are essentially the same as -
the predictions of the relevant economic theory ...
the hypothesis can be rephrased a little more
pPrecisely as follows: that expectations of

firms (or, more generally, the subjective
probability distribution of outcomes) tend

to be distributed, for the same information

-
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set about the predictions of the theory."l

While the essential insight of Muth wés that market participants

become conditioned to the critical macro-liﬁkages that exist

in the economic world, Muth's concept of rationality h;g’%een

formalized into a model where market pParticipants are omniscient

with respect to structure. In the modelé of Sargent and Wallace,2

rational expectations are predicated on a stable, known redu-

ced form model of the.economy with explicit, and unbiased,

forecasting models for the exogenous and policy determined .

variables. "What is typically missing in 'rational_expecta—r

tions“Qmacromodels, hoﬁever, is a clear outline of the ﬁay in

which economic agents derive the knowledge which they then

use to formulate expectations meeting this requirement".3

The guestion of learning, while implicit in Muth, is ignéred

in these rational expectations models. ¥
Several authors have examined the implications for

rational expectations of an explicit learning process for

4

economic agents. Blanchard” assumes that economic agents

lJohn Muth, "Rational Expectations and the Theory of
Price'Movements", Econometrica, XXIX (July, 1961), p. 316.

2Thomas Sargent and Neil Wallace, "Rational Expectations
"and the Theory of Economic Policy", Journal of Monetary Economics,
2 (April, 1976), 169-184.

3Benjamin Friedman, "Optimal Expectations and the
Extreme Information Assumptions of 'Rational Expectations’
Macro Models", Journal of Monetary Economics, 5 (January, 1979},
p. 24. :

: )
4Jean—olivier Blanchard, "The Behavior of the Ecconomy
Under Expectations Formed Using Macroeconometric Models",



200,

begin with a misspecified structural model to form their
expectations which they then revise through time by re-esti-
mation. In his model, even without time constraints on the
learning process, the economic agents may not converge to the
true specification. Alternatively, Taylorl develcoped a
continuous time model where the only unknown to economic ’
* ~a

agents was the model 6f the central bank's reaction function.
With' this formulation, Taylor was able to demonstrate that the
economic agents will eventually converge to the correct
_specification. Friedman2 argues that any rational expectations
model without a learning process for economic agents is
essentially a long-run equilibrium model and the classical
neutrality prOperties of such models are not surprising. 1In
order to realistically incorporate expectations into macro-
economic models, he suggests that:

"the best that economic agents can do is to

form their expectations optimally {i.e., in

accordance with the same information exploi-

tation assumption as in the rational expecta-

tions hypothesis) in conjunction(with some

kind of learning procedure. Expectations

generated in the short run by such an optimal

learning procedure do not in general yield

prediction errors which have the crucial
error -- orthogonality property that is

‘Working Paper 583, Harvard Institute of Economic Research,
Harvalrd University_(October, 1977).

lJohn Taylor, "Monetary Policy During a Transition
to Rational Expectations™, Journal of Political Economy,
LXXXTIII (October, 1375), 1009-1022.

2Benjamin Friedman, "Optimal Expectations and the
Extreme Information Assumptions of 'Rational Expectations'
Macro Models", Journal of Monetary Economics, 5 (Jan., 1979,
23-41.
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necessary for.the clgssical_macroeconomic. 1

results associated with rational exXpectations."
In this section we develop a time dependent expectations
model very mqph in this sﬁi;it\of optimal forecasting with
a minimum of inﬁgrmation priors regarding structure and
coefficients,

| Initially, consiaer a general linear model relating

some variable Y to a vector of X exogenous variables, X,.at
a point in time t;:
(1.) ¥(t) = X(t) B + e(t),
where B is the coefficient matrix and e, thé error term, is
normally distributed with a zero mean aﬁ& constant variance.
Thus, Y is dimensioned as a t x I matrix, X is t x k, B8 is
k x lnand e is t x l. TIf observations are available from 1 to ’
t, and economic agents believe that equation (1} is the correct
representation of ¥, then the optimal expectation of Y in
period t+l -- in the sense of a minimum variance linear unbiased
predictor -- is given by:? ‘ }
(2.)  (£)Y*(t+1) = E(Y(t+1)/p(t)) = X(t+1) B(t),
where (t)Y*(t+l) indicates the expectation, formed at time t,

of ¥ in time t+l, ¢(t) is the information set available at

time t, and B(t) is the ordinary least squares estimate of B

lop. cit., p. 39.

2 - . :

. For ease of exposition the eXpectations model is
derived for expectations conditioned on X(t+l) -- for example,
an autoregressive representation. If forecasting schemes for

X are required, this complicates but does not}fundamentally_

alter the following analysis.

Fl

7
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at time t,'i.e.,
»

(3.0 B(E) = [x(8)” x(&)}% x(e)* wee) .
In each succegsive period economic participants-ﬁould
ré-estimate equation (1) in order?zo optimally exploit all
available information. In effect this is equivalent to upda-
ting thé coefficient vectoﬁ by a portion of the one-periocd-
ahead forecast error. Using the recursive regressign algorithm,
the evolution of this vector i;§§
(4.) E(t+l) =-a(t) + Y(t+%b(§(t+l) -'§(t+1) a(t)).
This representation is in égaptive form in which the adaptation
of the coefficient ié éroportional to the forecast error, with
the proportionalitﬁ factor, Y(t+l); given by:

(5.)  y(t+l) = {x(t)" x(6)}™L ¥(es1) -
1+ ¥ee+l) {x(£)- X(E)}—l ¥(t+1) ”

e

where tilde (v) indicates the new data, hence @(t+l) is 1 x l;

-
“. o

X(t+1) 18 1.x k, etc. Dh fact, this can be thought e

of as a generalized adaptive eéxpectations approach in which

both coefficients and expectations adapt. It is useful to

note that the one period forecast error with the exXpectations
. Faor] .

1R.L. Brown, J. Durbin and J.M. Evans, "Techniques
for Testing the Constancy of Regression Relationships Over
Time", Journal of the Royal Statistical Societ , Series B,
(1975), 149-192, william Craig Riddell, "Recursive Estimation
Algorithms for Economic Research”, Annals of Economic and .
Social Measurement, 4 (1975), 397-406, Op. cit. , "The Use
of Recursive Residuals in Econcmetric Hypogﬁesis Testing",

Working Paper, Department of Economics, University of
Alberta, (1977). :

- -

\ ¢
\

1
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from equation (2) ‘will be orthogonal to available information
at time t (¢(t)) only if B(t) = B. This highlights the 5
- importance of the learning assumpticn in expectations mode{;;/

Finally, let us consider more carefully the properties

of the prediction errors from a rolling sample period,
ordinary least séuares approach to ‘expectations formation.,
Denoting the recursive residual, w(t+l), as the normalized
prediction errors, i.e.,

~\, ~
(6.) w(t+l) = ¥(t+1) - X(t+l) p(t)
{1+ X(t+1) {X(t)- x(0) 1L X(esl) - 1172

then it has been shown" that the recursive residuals are

unbiased, E(w(t+l) | ¢(t)) =~ 0.1

'Fu;thermore, Riddéll demons-~
trates that thed;qursive residuals are uncorrelated, linear
in the dependent variable, and have a constant variance,

In the following sections, this time dependent
approach to modelling expéctations is applied to pé}ﬁaeént'

ichme and in;f.lation.2

_ lR.L. Brown, J. Durbin and J.M. Evans, "Technigues
for Testing the Constancy of Regression Relationships Over
Time", Journal of the Roval Statistical Society, Series B,
(1975), 149-192, William Craig Riddell, "Recursive
Estimation Algorithms for Economic Research", Annals of
Economic and Social Measurement, 4 (1975), 397-406 ., Op. cit.,
"The Use of Recursive Residuals in Econometric Hypothesis
Testing™, Working Paper, Department of Economics, University of -
Alberta, (1877) . /

2An alternative approach to modelling this process of
learning about structural coefficients is _presented by DeCanio.
While DeCanio imposes more restrictions on the evolution of
learning, his model is similar to the above model with an
appropriately specified X matrix. Stephen DeCanio, "Rational
“Expectations and Learning from Experience", Quarterly Journal
cf Economics, XCIII (February, 1979), 47-58. ‘
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7.3 The Formulation of Permanent Income with Statistically
Rational Expec¥ationsl

A definition of permanent income is the average of
that incoﬁé which an individual expects to earn over his life
cycle, appropriately discounted back to the present. Once
the concept is defined the problem becomes one of finding an
empirical counterpart such that a meaningful proxy of the concept
can be obtained. Friedman does this by assuming a Cagah type
of partial adjustment mechanism where the addition to .
permanent income this period is proportional to the difference
between this period's measured and permanent income, this

difference being defined as transitory income.2 Assuming the

function is muitiplicative then:
P P B

/¥y = (/Y)

Yi = permanent income in period t

Yt = measured income in period t

t- = time, .

lThis section and the subsequent one are drawn from
the paper Michael Kennedy and Kevin Lynch, "The Formulation
of Statistically Rational Expectations with an Application to
a Permanent Income Model of the Demand for Money", mimeo,
Bank of Canada, (1979).

2This approach is developed in Milton Friedman, "The
Quantity Theory of Money: A Restatement", in Studies in the
Quantity Theo of Money, edited by M. Friedman, (Chicago, :
University of Chicago Press, 1956), 3-21, Op. cit., A
Theory of the Consumption Function, (Princétom, Princeton Uni-
niversity Press, 1957}, Op. Ccit., "The Demand for Money
Some Theoretical and EmpiTical Results", Journal of Political
Economy, 87 (Augus¥, 1959), 327-351, B ;
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If there is a positive trend in measured income then this cal-~
culation is biased (continually. underpredicting) and the
4 - .
permanent income series is not rational. Allowing for grewth
. ;

g then (7) can be reformulated as:t

(8.) Y- = ((l+g)¥

1-8 8
£ Y

T
t-1 t
In either specification we can calculate permanent iﬁcome as
an infinite geometric lag on pPast measured income by continuous
sdbstitutiOns for XP. Notice thaé in (7) and (8) it seéms
that the market participant in period_t only knows information
from t-1 and before. However, in choosing the parameters B
and g,lgarket participants are often allowed considerable
foresI;ht by the researcher -- the values of these parameters
ére geneially calculéted using the entire data set.

Our approach is quite different. At the beginning
of any period t we assume that our hypothetical market
participant employs a simple time series model to form his
exXxpectation or forecast gf a‘variable; If, as we assume, he
re-estimates his model ?ach period the technique can be
thought of as least squares learning. The advantage of. such

S

models to the market participant is their parsimonious

Structure and the fact that no future information is required

to make an n-period forecast; the advantage to the economist

|

-

lIn effect (l+g) Yi-l is the expected income for

period t.

3
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{
is that an expectations series can be generatedl that, at any

point t, does not give the hypothefical market participant any

- more information than he would have available at that point

in time.A In effect this is an effort to recreate the ex ante

world of the market participant. This particular ﬁse of

both structure and information is termed statistically rational
;

(expectations.

At the beginning of each periecd t our hypothetical
market participant assumes that income has two components:
perﬁanent and non—peri;nent. As the first step in calculating
permanent income, he dégrends his income by estimating the
efollowing regression, where variables denoted by lower case
ietters @ndicate logarithmic form:
(9 ¥eop = apq t Ao TH Y,
where e /

Yy = real income
a = the intercept
A = the growth rate

T = an index for ti\f

ygh'the residual froﬁ\the OLS regression to be employed
- in equation (10). :

' The coefficients are subscripted by time since a new set of

coefficients will be calculated in each succeeding period.

3

lThis involves making the usual "as if" assumption.
In particular, we assume people beha as if they use time
series analysis to forWast their incope.
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Now yt -1+ eXcept under unusual c1rcumstances, will be

-,

—
autocorrelated Assume-for 51mplicity that this cyélical
pattern can be captured by 2 second order autor gressive
process, AR(2). Then, we can express thisﬂjiylical income,

c - -
yt'I ‘aS: - ' . r

C c ;
(10.) ye g = v +. “t 1 Yt 2V Bely Yoy tu

.ot

where

Y,a,B = time uarying coefficients’

ut_1 = exqpost tran51tory income.

The ex post transrtory income, u, is only known ‘after the
fae\%» its expected value is always zero if the model
representlng cyclical 1ncome has been correctly 5pe01f1ed

'Once agaln the coeff1c1ents are dated to indicate that
2

equation (20) is’ éstlmated at the beglnnlng of each and every
. [e]

period. Substltutlng (lq/:lnto (9) and taklng antl-logs we -
have measured income at the beginning of perlod t, decompecsed

-into its three components. Thus: ' o
j” » | ~ J\V ’ . .
Ag-r T %oy Beo1

' C
(11.) ¥y =3, e (¥go) o

(Y5 _5) Uiy

For simplicitY we assume vy, , is subsumed in Ap_g-
stng equatlcn (11) our hypothetlcag*agent has all
the 1nformat10n he needs in order' to make an nh-period forecast

of his future income. RiG?lllng our definition of permanent
. . O L
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income as the average of all expected future income streams
appropriately discounted back to the present, we have,
T gy (E+1)) ¥C L/n
élz.) Yt ={ T D A _ e R t4i
i=0

where

D = discount factor and

¥ - expected;cyclicai income,
We start the discounting in period ta.not t-1, beécause the
past flow of income is relevant only for the information it
yields about the futtire. The variable @c expecéed cyclical
1ncome, is generated in level form by equation (lO)

‘The right pand 5149 of (12) within the square brackets

i \f‘Q}s the gebmetric sum of expected income for each of the n-

\.

L

erlods in the future from 0 to n-1. appr0pr1ately dlscounted

by D. 1In other words it is equation (11} with E(U) = 0. solved

for each'périod in ¥ Edture. Using'(ll) in logarithmic

L
form we can solve (12) for a deflnltlon of permanent lncome

in terms of what is known at the beginning of the period. The

values for (ll)ﬂf;om 0 to n-1 discounted are,

Y- =a’ +ay® 4
Y a¥ila

d + Qtél = a’ + (d+A) . (a2+8)y§ql‘+ aByi_z

(13.) 2d + ¥y, = a” + 2(d4h) + (a™4208)yS_ | + (a?B+87)y7

- .

. n . ’ _ c ’
\\9n—1)d+yt+n_l = a” + (n-1) (d+A) + 213¥¢; t 2

/\ :

C
12¥¢-2
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where »”
' v
; = the forecast of Y using equation (ll)
a” = log (Ae t)
o d = log (D) and is approximately equal to the negative
o ‘ of whatever number we use to dlscount future
income

zij = ijth element from 2 raised to the power n

where <.

a Ry v
- Z = - .
1 o '
For simplicity the time subscripts of the coefficients have
. . ' .

been dropped,

In log, form our definition of permanent income is

then
n-1
P . A
(14.) vyl =1 £ (id + ¥, . .)
& v R i-0 t+i’

™ A

-We can solve for tﬁe right hand side of (14) by'summing up
the columns of the right hand side of each of the n equatlons

in (13). When we do this and multiply by 1/n we get,

(15.) yp = a” + (@A) (n-1)/2 + (a+8)/(n@)yL_; + B/(n@)y$_,
where Q0 = 1-q-g. ' ' d
Equation (15) is the logarithmic‘equivalent to equatibﬁ (12),
the general definition of permangnt income. It should be
noted that in summing. up the coefficients associated with

yt l and yt 5 We have assumed that n is large enough to rule

out any remainder and that the autoregre551ve equation for

1

expected cyclical income, equation (10), is stable.

T
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At this point it is useful to stop and explain gtraphi-
cally what equation (15) represents. Using Figure 7.1 as a

reference, at the beginning of period t pecple are assumed to

only have information about their incomes for period t-1 and

prior. With this information, they first detrend the data

and then model the resultihg residuals as an autoregressive

process. The ex pbst cycle and trend are represented as the

solid linesklo the left of the vertical t-1 line. Future

time is indicated to the right of the vertical t-1 line. The
trend is easily forecast and is represented as‘the large
dashed line running out to t+n-1. The cycli‘cal component can
be forecast with only a little more difficulty by employing
the chain rule.l As long as the roots of the autoregressive
scheme lie inside the unit circle then the forecast of
Eyclical income wili approach zero.2 Equation (15) then is
the discounted average of all the poiﬁts to the right of t-1
excluding, of course, t-1 itself.
=-A

We can think of D the discount factor as equal to e 1

where Al is not necessarily equal to A the real rate of growth

of the economy, 1In a sfgady state neoclassical world with no

-

lHerman Wold, Econometric Model Building: Essays on
the Causal Chain Approach, edited by Herman Wold,
(Amsterdam: North-Holland Publishing Company, 1964} .

2We exXamined all of the coefficients in our empirical
work and found that all the autoregressive processes were
stable. ’
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risk, Al will be equal to A. If there is some risk attached
to the attainment of A, then Al may be somewhat larger than
A. What this means is that for a large enough n, e(9*t}) (n-1)/2
will become very small; even if A <A @s long as n is finite,
which of course it is, the expression will not yield
unreasonable values for permanent income. This latter case,
however, is unlikely.

The number of periocds we move into the future,
n, is the planning horizon for an individual and as such it
will be related to the demographic characteristics of the
population. For instanCé, if the population as a whole is
agqﬁnd then n will héve'a small negative trend as the planning
horizon of consumers shorﬁens in the aggfegate. We could also
think of n as being affected by other variables$ related to
general 4emographic characteristics such as c¢hanging attitu-
des to education, early retirement and structural rigidities
related to entering the labour force etc.

Our definition of éermanent income exhibits in theory
cyclical influences which are related to the position we are
at in the business cycle., With a short planning horizon and
a slow cycle then permanent income can have a strong cyclical
component. The size of the component also depen upen the
position of the cycle vis-3-vis the trend in incgge. Obvious-
ly, if we wefe at a point like A in fiéure 7.1 then there would
?e ;o cyclical influence. If, howeve;, the cyclg were at
either B or C then there would be positivé‘or negative cy91ical

influences respectively on permanent income.
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Figure 7.1
THE DECOMPOSITION OF INCOME
‘/
/’/
—")"“/
Expost Cyclicol [ s .
~ . A
= __
Expost Permanent
t-1 ten-i
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Equation (15) then is quite general and can inéorporate-
a wide variety of assumptions concerning the life cycle hypothesis
and the nature of discounting. To operationalize our definji-
tion of permanent income, we set the rate of discount equal
to the underlying rate of growth of the economy, i = -4,
and assume that n is sufficiently large such that the cyclical

features can be safely igﬁored.l Thus, equation (15) becomes

in level form:

(16.) Yi - A

That is, permanent income is the forecast of trend income in
the next period where trend income is constantly updaﬁed as
both A and ) are revised as new information beéomes available.

Our model of expected income permits the formulation
of two more separate and distinct non-permanent income terms,
expected cyclical income and transitory income. At the
beginning of each period our hypothetical economic agents
¥orm forecasts of both their cyclical and permanent income.
Since all income must be allocated, in other words business
cycle influences affect the behavior of both individuals and
firms, it is possible to distinguish between péermanent

¢

lWe set n = 120, which implies a 30-year planning
horizon since we are using quantity data.
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and expected cyclical income.l -Forecasts of cyclical income
can be generated by using equation (10) above.

The combination of permanent and expected cyclical
income really forms a forecast of the actual level of income.
As the period unfolds economic decision makers will realize
an error in their forecasts of income and this errocr must
have a role to play in the portfolio decisions of economic
agents.2 These errors we call transitory income and such

income is defined by

tr P nc
(17.) Y, Y, Yi Yo

tr . .
where Yo = transitory income.

By assumption equétion (17) should yield a white noise process
since, if it did not, it would imply that market participants
were ignoring sttematic errors in their forecasting schemes.
In the Friedman model by comparison, a form of ekpected

cyclical income enters the calculation of permanent income

lDarby notes that transitory income is "not true -
income but merely a shift/lof expected income Jetween then and
now". (Michael Darby, "The Allocation of Transitory Income
Among Consumers' Assets”, American Economic Review, LXII
(December, 1972), p. 929). In effect he is actually referring
to cyclical income and since agents know that savings and income
follow the same general cycle, they will attempt to forecast
this cyclical component and react to it im.a different .manner
than permanent income. :

2Friedman argued that such income would affect savings,
either financial or real, but would nave no effect on the
demand for money. Milton Friedman, "The Demand for Money:
Some Theoretical and Empirical Results”, Journal of Political,
Economy, 67 (August, 1959), 327-351. .
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equally withltrend income; in our approach rational market
participants see through these cycles in their calculation of
permanent income and recognize the separate, and distinet,
ndn-permanent income flows.

Both expeéted cyclical income and transitbry income -
can be viewed as components of non-permanent income.
,what distinguishes one from £he other is‘the time horizon
involved. For the next number of periods into the future.
the forecast of cyclical income is non-zero while the f;recast
of what we call transitory income is always zero. Needless
té Say over a long enough time horizon what we call non-
permanent income will correspond in theory at least to

Friedman's transitory income.

We applied the above procedures to real,séasonally
adjusted GNP to creaté an ex ante time series of permanent,
expected cyclical and transitory income respectively. 1In

"brief we started all our detrending in 1949:2, which was

roughly a mid-point in the business cycle, and‘ranptpgjfirst
regression to 1960:4., We then applied an AR(2) to thé resulting
residuals. For the next ohservation we Yepeated the process
with the enlarged data set. In effect ﬁg;\each period we

. have a moving vector of ‘residuals createﬁ by the newly re-esti-
mated trend to which we constantly apply a new AR(2).l The

detrending regression for any periéd t was of the following form,

(18.) roGc(eNe__.) = UREC V.

lThe choice of the order of the autoregressive process
was based on an F-statistic test for the optimal lag length -

at 1960:4 and checked periodically from then on.
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Therefore, at the beginning of period t we do not give our
hypothetical market participant any more'information than
he would normélly have. Transitory income is then defined
as the difference between expected income for t (the sum of
permanent and expected cyclical income) and actual income.
The two panels in Figure 7.2 show the rela¥ionship
between actual and permanent income. At annual rates, the
rate of growth of permanent income, the top panel, has varied
around the 5 per cent mark with a sﬁandard deviation of 0.47.
Over the same period actual real income had an average
growth rate of 5.0 per cent but a standard deviation of 4.qQ.
As one would suspect the variation in actual income is much
larger than that of permanent income. By cénstruction,
rational market participants are able £o see through these
large variations in their income. Permanent income growth,
however, is not completely invariant to cyclical factors.,
For instance duriné the long upswing in GNP in the
mid-1960s the growth rate of permanent income té;ded to drift
upwards, while duriné the 1974 recession and onwards the
growth of permanent income has tended to drift downward. If
we were to assume smaller values for n, our plénning horizon
variable, these cyclical influences would be more pronounced.
Figure 7.3 shows the plot of the log of expected-
cyclical income. This series should appreoximately follow the
business cycle except when ex ante and e‘ﬁ’.st rerceptions of

the reference cycle differ.



217.

Figure 7.2
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. Figure 7.3 . .
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Our definition of transitory income should yield an
unautocorrelated time series; otherwise, it weuld imply that
market participants were 5ystemat1cally overlooklng infor-
mation in the data. In order to test this, we ran the follow-

wing autoregressions over the period Lﬁ;Z:l to 1978:4,

k
4 tr tr
(392) vy =4y + o Yeoyg

ere k=1,2,3,4,8.

-In all cases the corrected R2‘s were. either negative or very

-

small, the F-statisties were not 51gn1f1cant for the coeffi-
cien taken together and the constant terms were not
sigrnificantly different than zero. This indicates that there

are no systematic errors in transitory income.
L n,

.o
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The approach to viewing income presented above departs
from the usual interpretation in the literature. By way .
of summing up, it is worth noting some differences between
our aﬁproach and previous researchers, Eirst of all, we
define permanent income outside of the model to which it
is being‘applied.l Second, we do not give our hypothetical
market participants any more information thén they would
nermally have at the beginning of théir planning period.2
Third, we introduce a different income concept, expected
cyclical income, which over a short period of time would
not have an expected value of zero. Fourth, we have defined
transitory income such that it is @ truly random variable,

This completes our discussion of income. We turn now to

an application of these concepts to the demand for money .

lFor examples where permanent income is defined
within the regression, see Edgar Feige, "Expectations and
Adjustments in the Monetary Sector", American Economic
Review, Papers and Proceedin s, 57 (May, 1967), 462-473 and
Carolyn Clark, "The Demand for Money and the Choice of a
Permanent Income Estimate: Some Canadian Evidence, 1826-65",
Journal of Mone Credit and Banking, 5 (November, 1973),
773-793. Darby EMchaeI Darby, "The Allocation of
Transitory Income Among Consumers' Assets", American
Economic Review, LXII (December, 1972), 928<3541) defines it

outside the regression, thus allowing for macro model consistency
without using systems estimation.

2Referring to egquation (8) at the beginning of +this
section, most previous researchegs estimate their model§'g and B
on the basis of maximizing thegx . This causes. a joint '
hypothesis problem in the inte pretation of the results.
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7.4 A Model of the Demand for Money

In its most general form the Friedman capital theoretic
approach to the demand for money is more than a long-run
concept; it is capable as well of explaining short—run
adjustmént behaviour in the money market.l The demand for
money 1is viéwed aé a function of total wealth, the normal
rates of ;eturn on the assets that constitute wealth and the
preference fpnctions of wealth-owning units. Defihing
permanent income at a point in time as the flow'generated by
the product of the stock of wealth at this point in time and
its average expected rate of return, wealth can be replaced
by-permanent income in the money demand function. However,
in order to operationalize this théory of the demand for
money, two conceptual issues remain: (1) the appropriate
definition of premanent income and °(2), the specification of
the allocation of incom; which is viewed as non-permanent, |
among consumers' assets. The former issue was addressed above
in Section 7.3, 1In this section, we develop a permanent income
model of the demand for money in which non-permanent income
affects short-run money balances through the buffer stock

role accorded to money.

L4

) lIn particular, the Friedman capital theoretic approach
is developed in Milton Friedman, "The Quantity Theory of
Money: A Restatement", in Studies in the Quantity Theory
of Money, edited by M. Friedman, (Chicago: Unlversltylor‘thicago
Press, 1956), 3-21 and Qp. Cit., e Theory of the Consumption
Function, (Princeton: princeton University Press, 1957)
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Darbyl presents a model of the permanent income ap-
proach éo the deﬁand f&r money in which transitory inZome has
an important.rplé to play. . Unlike Friedman who assumed that
"the shock-absorber functicen is performed by other items in the
balance sheet, such as the stock of‘durable goods, consumer
Erédit outstanding, personal debt and perhaps securities
held“,2 the Darby model alloys wealth holders to aiiggéke their
transitory or non-permanent income over time among all assets ;
in the balance sheet. In the Darby formulation, howeveé, <:j\\
permanent income has a éyclical component because of its
construction (a geometric average o?ér past measured incomes)
and thus, since it is églculated residually, transitory in;ome
may also have-a complex autoregressive;séructgre. As we have
noted, our derivation of statistically rational income expecta-
tions allows market part;cipants to see through the business
cycie3 in their calculation pf‘pe:manent income but reqognize
two séparateAcomponehts of their nNon-permanent income: expec-
ted cyclical income which is the portion of cyclical income
they are able to forecast and a truly transitory income

component which has a zero expected value. Since the

lMichael Darby, “The'gllocation of‘Transitory Income
Among Consumers! Assets", American Economic Review, LXII
(December, 1972), 928-941.

2Milton Friedman, "The Demand for Monéy: Some
Theoretical and Empirical Results”, Journal of Political
Economy, 67 (August, 1959), p. 33?. '

3As discussed previously, this depends on the
assumptions regarding n and A.

\

N
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expected cyclical and transitory incomes each represent a
different type of non-permanent income, our model of the
demand for money alloﬁs them to be treated separately. Thus
%n/EES short run money serves as a buffer stotk to partially
absorb both types of disaéuilibria in otHer markets,

Real money balances are assumed to consist of th¥fee
‘components, pérmanent, cyclical and transitory; each of which

. -

is repreSent%F by a stable demand function. Thus, using mt

m® and mt* to represent the logag%thms of pegmanent, cyclical
- ' 4 .

and transitory real money balances respectively, we can writegg
' P c i.tr :
(20..) m = m + m_ + mt ] ' =Y

~

The pefmanent demand for money is really akin to a poftfolio
demand for mOney.in which money is held for the services it -/
. yields as a medium of éxchange and a store of value. The

permanent demand for real money balances is assumed to be a
function of permanent real iﬁgome and a distributed lag on

interest ratesl which reflect the normal opportunity’ cost of

holding such balances. de\the m® componeht we write:

]

\
q .

P P
21 =
(el mp = a; + ajy, + .Z/AZiRt—i
i=0
Ny - ! ‘
whegt R is the interest rate in levels, and q is- the length of

the distributed lag on the interest rate.

lThe distributed lag on interest rates may reflect
an approximation to the "normal” rate of interest or, simply
djustment processes in the financial market. Conceptually,
it is possible that interest rates can be decomposed in a
fashion similar to income.

—

&
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" The cyclical demand for money is somewhat different.

_Since we assume that wealth holders see through the business

" cycle in their calculation of permanent income, to the extent

indicated by eguation (15), they are assumed'té form plans
concerning the disposition of the expected cyclicél income
inflows. In particular, we assume that all expected cyclical
income is saved but that it takes éiﬁe fgr it Eo be allocated
to the desired assets. The cyclical coqgonenﬁ‘of real money
balances is thus written as a function of expected cyclical
income and the légged stock of cyclical balances:

(22.) mg = byl ) + 9é§§

A ériori we expect that the run-down of. cyclical money
balances, as indicated by (1 - bl), will be quite rapid. As
well, if the distinction between’permanent income and expected
cyclical income is an economically valid specification, this
will be reflected in the difference between the permanent
income elasticity (al) and the expected cyclicai elasticity
}bz/(l-bl)). In this model,‘we assume that.rétional'economic_
agents woulé be concerned with smoothing out their income

flows in order to maintain expenditures at desired levels.
They do this by savihg in upswingé'and dissaving in downswings.
Our model thus captures the disequilibriumrbehaviour of

wealth holders over the business cycle.

Transitory real money balances are specified in a

manner analogoqg to cyclical money balances.

D
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tr _ tr tr
(23.) moT o= c;om + c, Yy

Any trangitory income is initiali} reflécted in money balances

to an extent indicated by the impact elasticity C, and is then

allocated to other assets at the rate (l—cl). Again if transitory.‘

igcome has a distinct effect on money holdings we expect

cz/(l-cl) to be different than either the permanent or cyclical

responses. Both the transitory and cyclical components of

money demand generate buffer stock responses on total money \//

balances. b . B
- To arrive at the general form of‘this model for

estimation, substitute equations (21), (22), and (23) into

equation (20), set the lag length of the interest rate term

in the permanent money demand equation equal to 3,l

and the resulting equation is:

(24.) 'mg = &, + (by+cim, ) - (blcl)mtfz

P ‘ P P -
*aylyy = (bytepyp ; + (byerdyi o)

+ azo(Rt_— (bl-i-cl)Rt_l + (blcl)Rt_zl

| : \.
T 221 (Rey = (by#eIR_, 4+ (bye)R ) -

Tt 22(Rep = dyreIR 5+ (bye)R ) -

e ac ' tr_ tr
+ bylye-ey¥e ) + cz(ytlrblyt-l)

L

T e

lThe results are invariant empirically to changes in
the interest rate lag length. This length is in keeping with
most other empirical work on Canadian demand for money functions.
For example, see William White, The Demand for Money in '
Canada and the Control of Monetary Aggregates: Evidence from
the Monthly Data, Starf Research Study 12,
Canada, 1976).
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For the interest rate variable we use the rate on 90-day
finance company Paper while real meoney b%lanceq e defined
as currency plus privately-held demand deposits dgg}ated by
the implicit GNP deflator. In choosing an estimation period
for a money demand function,xone has ro take into account the
pbssibility of a shift downward in the demand for money
after 1975.l Thus, w% use two esrimation periq?s: 1962

1st quarter to 1975 3rd quarter and 1962 1st quarter to 1978
3rd quarter. To account for the post?l strikes of 1974 2ng

" quarter and l;75 4th quarter we have omitted these data from
the regression. Furthermore, the 4th gquarter of 1978 was
excluded because of the effects of the Canada Savings Bond
Campaign on the money supply.

As a result of the parameter constraints, equation (24)
was estimated with a nonlinear estimation program incorporating
a correction f autocorrelatién (Hildreth-rLu) . The regression
results for the neral model (equatioa (24)) indicated, over
both regressioﬂ‘ﬁ riods, that the coefficient of adjustment ;
on the transitory money demand, Gy, Was not significantly
different than zero. This implies that tran51tory balances

are reallocated from money balances within the quarter

Imposing thls restriction (cl= 0), equation (24) was re-

lIn the United States, the possibility of a shift in
the demand for money is well documented. For example, .Stephen
Goldfeld, "The Case of Missing Money", Brookings Papers on
Economic Activity, (3: 1976), 577-638. For Canada, the Bank

of Canada, Annual Report of the Governor, (Ottawa: Bank of Canada,

1278), suggests that a shift in the demand for money may kave -
begun occurring in Canada in 1976.
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estimated and the results for the two estimation periocds are

presented in table 7.1. Our preferred model of the demand for

money is thus:

2 T
- P "
(25.) m, = a. + a Y. + I a,. R, . + b ¥
tr
+ - CIZ 'yt
l—ClL

Several conclusiOns'éan immediately be drawn from'
these results. The permanent income mddel of the demand for
money, in which non-permanent income can affect sho:tf;;;f\\\
money baPancesﬂéia thé_bﬁfggr stock fu?ction of mpneyr'fits
the data very8well. Thé’standard error of estimate is roughly
1 per cent and the corrected RZ is over 0.90. All the coeffi-
cients have the expected signs, magnitudes, and are statistigally
significant. Furthermore, this demand fgr money function is
stable over the period 1976 1st quarter to 1978 3rd quarter.
The relevant F-statistic (testing stability) is 1.326 with
critical values of 2,00 and 2.60 at the 5 per cent and 1 per
cent levels of significance respectively.l

The question remains, however, as to whether our
results are predicated on the restrictién for C,. Essentially,

there are two possibilities: ¢,=0, which implies that the

adjustment to transitory income occurs within the quarter or
. L]

b, =0, which implies that the run-off of cyclical money balances
1 Y

“~

lThe general model (equation (24)) is also stable;
the value of the relevant F-statistic 'is 1.409.
N L]

\
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is instantaneous. To test the validity of the restriction,.

we calculated the log likelihood ratios under each assumption.
Over the’period 1962 1st gquarter to 1975 3r°a quarter, the log
likelihood ratio forvthe restriction that c1=0 was 11712 while
the ratio for the striction that bl=0 was‘6.707. The
comparable values for the longer estimation period were 1.090

and %%542 respectively. Since the critical value of the x2
distribution is 6.635 at the 1 per cent level, the restriction

on c; is clearly accepted while we can reject the restriction /’\
on bl' .,
In our model, while the impact coefficient on‘expected
cyclical income, 0.704, is roughly thekéame as the coefficient
on permanent income, the long-run effect of expected cyclical
income is unity. To statistically test whether the permanent ‘
and expected cyclical -effects are significantly different,

we can again use the log likelihood ratio test. Setting

b2=al and ¢,=0, the log Iikelihooa ratio with respect to
equation (24) is 7.324 (2 restrictiops) and vis-3-vis equation
(25) it is 5.612 (1 restriction). The ratios for the longer
estimation period are 9.255 and 8.165 respectively. These
restrictions are rejected at the 5 per cent lével of signi-
fiéance. Alternatively, one can compute the ratios for the
restrictions b2=al, bl=0’ ¢;=0. 1In this case the ratio is
8.034'with respgct to equation (24) (3 restrictions) and 6.322
vis-3-vis equation (25) (2 restrictions). The ratios for the

longer estimation period are 11.152 and 10.062 respectively.



‘results yield empirical evidence supporting the view that:

”
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As before, these restrictions- are rejected at the 5 per cent

level. Perménent, expected cyciical and transitory incomes

all have separate, and significant, roles to play in

explaining the behaviour of money balances. -
Tﬁe permanent income model of the demand for money

developed above departs from the literature in the role

accorded non-permanent income. : '
Drawing on a- simple time series analysis approach ‘to

forecasting income and. simultaneously paying particuiar

attention to recreate the ex ante world of the market particF— .

pant, we have shown that total income can be decomposed into

permanent and tﬁo_non—permanent components. These three

definitions of income were then employed in a general portfolio qu

buffer stock model of the demand for money in Canada. %he hal

1
ot

(1) a portfolio buffer stock model is as adequate representa-
tion of the Canadian experience and (2) the permanent and two -
non-permanent income components enter significantly and

distinctly in such a model.
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7.5_ Inflation Expectations

There are four_general approaches to the formation of

\}nflation expectations in macroeconomic modelling.l~ The most
\ : .

durable model of inflation expectations is the partial adjust-

ment or adaptive expectations model. It can be written as:

(Al
ir

(26.)  (t-1) nI*(t) = (£=2) m*(t-1) + Y (M{t-1) - (t-2) I*(t-1))

where (t-1) n*(t) is the expectation of inflation for period t
r formed in t;l, I(t) is the actual rate of inflation in period

t, and vy is the coefficient of adaptation. With the gdaptive

expectations models, market participants adjust their

expectation in period ‘t by a portion, y, of the error in

forecasting the previous period's inflation. Alternatively,

this model can be represented as an infinite ggametricélly

declining/lag on past inflation:

> i
. - -IL% = - -

(27.) (t\ii/ﬂ—(t) Y ifo(l ) “H(t i-1). |

If vy is less than one, the sum of  the weights in equation (27)

equals unity.

i

lPhilip Cagan, "The Monetary Dynamics of Hyperinflation",
in Studies in the Quantit Theory of Money, edited by Milton
Friedman, icﬁlcago: University of Chicago Press, 19 6),
Stephen Turnosky, "Empirical Evidence on the Formation of Price
Expectations", Journal of the American Statistical Association,
LXV (December, 70), 144I-1454 Franco Mo lgliani and Robert
Shiller, "Inflation, Rational Expectations, and the Term
Structure of Interest Rates", Economica, XI (February, 1973},
12-43;" Robert Barro, "Unanticipated Money, Output, and the Price
Level in the United States", Journal of Political Economy, 86
(August, 1978), 549-580, Jacob Frenkel, "Inflation and the

Formation of Expectations", Journal of Monetary Economics, 1
(October, 1975), 403-422.
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A second approach draws on the Keynesiaﬁ notion that
the market expects rates to regress towards a normal level
based on past experience. As before, this is an autoregreisive
model but.the weights sum to less than unity and the constant

term°is indicative of the steady state.. In other words, the

~ . normal expected rate of inflation (t-1) i(t)‘ is given by:
. - ',l
(28)  (t-1) X(t)* = ¢, + = ¢ Tlt=i)
i=l

where 3 $5 is less than one, and the expected inflation rate
i=l

regresses towards the normal in the following manner:
(29.) a(t-1) m*(t) = & ((t-1) H*(8) - m(w)),
wifere §, is greater than zero.
) The extrapolativé e;pectations model is generally
.8imilar to the'abovp in form but, in\revising theié expecta-
\i:;} tions, market participants are assumed to extrapolate from

the difference between the current rate of inflation and

again some weighted average of past inflation:

(30.)  A(t-1) T*(t)= &, (M(t) -

i=] -

0

Rational expectations is the fourth general approach
to expectations formation. If the reduced form for the rate

>
of inflation, can%e expressed as:

Py Py
(31.) 1@(t) = g4 + % o1i X3 (t-1) 4+ . . . 4+ IopiXk(t-i) + e(t)
i=(Q . i=Q .

whére xj indicates the jth exogenous or predetermined variable

in the reduced form for inflation. §£ﬁs, the rational
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expectatlon of inflation for perloa t+l is the mathematlcal
exXpectation of equation (31) COndltaned on all 1nformatlon
at period t.

. As discussed in Sections 7.2 and 7.3 theré are problems
with the emplrlcal application of these fixed coefficient models
of 1nflat10n expectatlons. In partlcular the assumption that
the coefficients of the reduced form model aré”gg;gzgﬁg\though—
out the period/of analysis -- although the evolution of the
economy itself should be influenced by the expectations formed
from tg}S\:quced form -- is not a desirable property of tHese
models. 1In ghis section we prodee a modelling approach for
inflation expectations which circumvents these criticisms by

using the time dependent expectations method, described in

Section 7.2, in conjuncti ith a generalized autoregresskve

represeniation inflation. k
C0n31der the following representation of the inflation (

rate as a Pth order autoregressive process:

, P .
n(t) =20y + I Bi M(t-i-1) + w(t).
,,»’7 i=0

Furthermore, we can write the coefficients in time varying

(32.)

"form to allow economic participants to learn the current
Egrameter values or to permit some parameter drift in the
economic system.

P .
(32.)' 1m(t) = ap(t) + iEéBi(t) MI({t-i=-1) + u(t).

To form our expectation of inf&ation for t+%L?(t) I*(t+1),
/
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equation (32)' is estimated by ordinary least squares, the
equation is s%ifted ahead one period, and the mathematical

expectation*é% the resulting equation yields:
‘ P
(33.) {t) n*(t+l) - 8o (t) + & Bi(t) nit-i)
ia0

where ~ indicates an estimated coefficient. As Modigliani
and Shillerl note, the weigﬁfs on the autoregressive terms
can sum to less than unity if the constant term is viewed“ds
a steady state value.

If expectations are rational and equation (32)' is the
correct represeﬁtation of the inflation process, then multi-
Span'forecasts can be obtained recursiveiy from equation (33).2

The j-period-ahead expectation of inflation can be written as:

~ 3-2.
(34.) (€] I*(t43) = 8y (8) + "2 B.%E).(£) m¥(t+j-1-1) +
im0

1l

P
I B;(£). M(t-i).
\ imj-1 t '

By consecutive substitutions, this/multispan forecast can be

expressed entirely as a function of past inflation rates and the

time dependent coefficients'.3

“

. lFranco Modigliani and Robert Shiller, "Inflation,
.Rational Expectations, and the Term Structure of Interest
Rates", Economica, XL (February, 1973), 12-43.

N 2Herman’Wold, Econometric Model Building: Essa S
on the Causal Chain AEErSach", edited by Herman Wolg,

" (Amsterdam: North-Holland Publishin?:::jpany, 1964) .

3 .
\\\ - .There 1S no reason to restrj this method of
X
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P . .
(35.) (&) I*(t+3) = @o(t) + £ B.(t)J M{t-i)
i=g T
where
5 ~ )\ J=2.1 ' j- l k
(36.) B (t)d = BJ 1+1(t + zosk(t) B (t) ‘
. \_.

In the remainder of this section, we use this methodology to
generate expected inflation series using Canadian data.

In Figures 7.4-7.6, several representations of the rate
of 1nflat10n in Canada from- the lst quarter of 1954 to the
4th quarter of 1978 are presented. Although we are accustomed
to treating the rate of inflation as a clearly defined variable

in macroeconomic modelling, in effect the appropriate choice

" of a price index and the conversion of this index to a rate of

inflation is problematic. For example, we have the price
deflator for gross national product, PGNE, which is a Paache
1ndex available quarterly and the consumer price 1ndex, CPI:
which is a Laspeyres index Produced monthly. With the former,
exports and government services are included but imports are
excluded while with the latter tﬁe opposite is the case. At
the quarterly level, the CPI can be defined as an average-~ )
cf-months, CPIAQ, or end of quarter, CPIEQ. As Figures 7.5 and
7.6 ingicate, the differences hetween_the implied quarterly
inflation rates for the CPIAQ and CPIga'can be'substantial.
Finally, the problem of converting the index to a rate remains

-~ the rate of inflation can be defined as the flrst dlfference'

in the the logarithms of the price index,’ .the fo&rth dlfference,_
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etc. TRe appropriate choice depends on the relevant holding
periodsqgf market participants, ‘contract lengths, and the
extent of noise in the inflation series.l In this section
two definitions of inflation, the fir%F and fourth differences
in the logarithms at annualized rates, are used with threé
quarterly price indices -~ the PGNE, CPIAQ and CPIEQ. Thus,
.for example, I4CPIAQ denctes the rate of inflation, defined
as-a fourth .difference in the logs, using the CP}AQ indezx '\\\\
In Figures 7.7-7.9, we present a comparison of actual
. . .
and expected inflation, using these six representations of
inflation, over the periéd lst quarter 1963 to 4th quarter
1978, The'£0p panel compares actual and exXpected inflation,
defined as a first difference in tﬁe logs, while the bottom
.panel presents the actual and expected inflation.rates for quarter
over correspondipg.quarter changes in the price indices.
In order to formulateAtHe inflation expectations,

equations (32) and (33) were used to generate time dependent

Ay

1In the short run, moreover, it is not clear that the
same expected inflation series is appropriate throughout the
macro model. Producers could conceivably use the PGNE deflator
while workers would use the CPI. However, this is not to deny the
point of Rowley and Wilton that overlapping changes in the rate
of inflation may induce higher order autocorrelation when the
inflation rate is the dependent variable. But, for the
expected rate of inflation as an explanatory variable, this
criticism does not apply. See, J.C.R. Rowley and D.a, Wilton,
"Quarterly Models of Wage Determination: Some New Efficient
Estimates", American Economic Review, LXII (June, 1973), 380-
389, ) ’ &
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Figure 7.7 '

A COMPARISON OF ACTUAL AND
EXPECTED INFLATION.IN CANADA

(Price Index =GNP, implicit deflator} ’ %
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Figur‘e 7.8

A COMPARISON OF ACTUAL AND
EXPECTED INFLATION IN CANADA
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Figure 7.9 ©
A COMPARISON OF ACTUAL AND
EXPECTED INFLATION IN CANADA
¢ (Price Index = CPI, end-of-quarter) T4
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expectations models. The initial regression period for each
was 1955 Q3 - 1962 Q4. The optimal choice of the order of the
autoregressive process was 4 for I1PGNE, P = 3 for I1CPIEQ
and P = 4 for ILCPIAQ. Similarly, for I4PGNE, I4CPIEQ and
I4CPIAQ, P equalled 5,5 and 6 respectively.l

As is clear from the figures, this approach to expecta-
tions modelling is quite successful in tracking inflation and
catches a numbgr of the turning po{pts. In table 7.2 the summary
Statistics for the forecasting performance of. the expectations

models of the entire pericd (1963 Q1 - 1978 Q4) are presented.

o

-
TABLE 7.2 /'
SUMMARY STATISTICS FOR THE FORECASTING PERFORMANCE
OF THE TIME DEPENDENT EXPECTATIONS MODELS:
1963 Q1 - 1978.04
Mean Forecast ‘Root Mean Square
Variable ) Error Forecast Error
.~ I1PGNE | 0.52 ‘ 3.15
3 I1CPIEQ : ‘ 0.66 2.34
I1CPIAQ . 0.53 l1.81
. I4PGNE “ 0.22 - 0.91
: I4CPIEQ . 0.18 0.75
.\l\mcpmo : . 0.09 0.59
N

. lThe choice of the optimal autoregressive order is
determined from the initial regression period by an F-test
for successively inerésing the number of lagged variables.
The adequacy of this specification over time is tested by a
rolling test for autocorrelation in the residuals.’ In
econometric terms, one rule of thumb is that it is better
to err on the side of including insignificant lags than

‘omitting relevant information, as long as multicollineaxity
is not a problem.

s » - e
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As an extension of this time varying parameter approach
to the modelling of inflation expectations, we can consider
discarding old information, as new information becomes availa-
ble, when revising the parameters of equation (32)'{ In
paréicular, consider the case where the number of observations
on each variable in the data set used for estimating equation
}32)' remains constant. This simfig,mééns that as data for
time t+1 becomes available, we\gtggﬂthe data for time t-n+l
in the revising of equation (32)'. In table 7.3 the summary
staﬁistics for the forecasting performance'of the expecgations

models of this type, using the same lag lengths as described -

above for the results in table 7.2, are presented. Again, the

TABLE 7.3

F THE TIME DEPENDENT EXPECTATIONS MODELS
WHEN OLD DATA IS DISCARDED:
1963 Q1 ~ 1978 Q4

SUTY STATISTICS FOR THE FORECASTING PERFORMANCE

Mean Forecast '~ Root Mean Square

Variab ) Error Foreca Error
IlPGQ \\ 0.20 : 3.21
IICPIEQ 0.56 2.46
I1CPIAQ _ . 0.48 - . 1.93
I4PGNE- S 0.11 : 0.50
I4CPIEQ 0.05 0.49
I4CPIAQ _ 0.07 : 0.39 .

period is 1963 Q1 to 1978 Q4. A comparison of these two ables

r
indicates that.the time varying expectations models which

- discard old data perform better, on the basis of the meay error
statistic, for All six measures of inflation. On the badis

*
.
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of the RMSE statistic, however, the results in table 7.3 show
that the éwo approaches are roughl§ equivalent for the inflation
rates defined as a first difference in the logarithms while

the approach which augments the datarset fares less well when
the inflation rate is defined as a fourth difference in the
logarithms.

A comparison with fixed coefficient autoregressive
expectations models estiﬁated over the entire period of analysis
is not really relevant because the information set necessary
to calculate these coefficients was not available to market
participénts throughout the-period.l .What is relevant, however,
is a comparison of th§ autoregressive cﬁefficients from the
fixed coefficient models with the evolution of the autdre§:e5r.

sive coefficients of the time dependent models. If there

lAs a point of comparison, however, comparable mean
forecast error and root mean square forecast error statistics
for autoregressive forecasting models estimated over the
entire period of analysis can be calculated. .First, the
-choice of the optimal lag léngth for these models indicated
that fairly sophisticated models were required. In particular,
for inflation defined as a first difference in the logarithm
of price, the optimal lag length was four while, when inflation
. is defined as the fourth difference in the logarithm of price,
the optimal lag length was five. Secondly, simple first order
auteregressive mogzls produced summary statistics decidedly
inferior to those reported in tables 7.2 and 7.3. Thirdly,
with the optimal lag configuratiohs, the forecasts were some-
what better than the results presented in table 7.2 but
inferior, especially on the basis of the root mean sguare
forecast errors, to those results presented in table 7.3.
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is substantial variability in the time dependent coefficients,
and/or a significant difference between the time dependent
coefficients and the coefficients from the fixed coefficient
autoregressive moéel, then the rational expectations assump-
tion of known, fixed coefficients becomes less plausible and
an explicit specification of learning behaviar by market
participants is requiréd.

In Figure 7.10, ége iﬂtertemporal evolution of the sum
of the autoregressive coefficients for the various expectations
models which have obéervation sets of increasing length are
presented. For comparison, the sums of the autoregressive
coefficients for the fixed coefficient éu£oregre$sive models
(of the same autoregressive order) are 0.86, 0.88, 0.93{ 0.96,
0.97 and 0.98 for IlPGN%, IlCPIEQ, I1CPIAQ, I4PGNE, I4CPIEQ
and I4CPIAQ respectivei?; It is evident that the coefficiénts
0f the statistically rationél expectations models evolve
quite differently over time. o

The intertemporal behavior of ‘the sum of the autoreg-

- ressive coefficients indicated in Figure 7.10 has seferél impor~
tant implications forgfﬁa\wsdelling of inflation'expectationg.

First, a stable autoregressive model of inflation did not exist

over the entire period 1976 Ql to 1978 Q4. 1In fact, the Step-
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wise Chowl statistics, calculated in conjunction with the

recursive regression,2 suggest break points in-the Years 1966 and
\

1973. Moreover, these break points were not discrete but

indicated a gradual transition to a new autoregressive model

of inflation. This implies that alterrative forecasting approac-

hes, such as ARIMA models and rational expectations models,

must incorporate fhese changes in structure -- estimating E;ese

models over the entire data period, with the assumption of a

stable structure, is not justified. The gradual nature

of the transition periods, moreover, implies that estimating

separate models for each 'regime' is not a sufficient solution,

Secondly, the assumptioh that the sum 6f the autoregressive

weights should equal one is not justified, although the

S ‘ N
sum of the weights does increase over the period. Furthlermore,

Sargent3 has shown that over-estimation of the sum of the

autoregressive weights will likely lead to an under-estimation

P -

lWilliam Craig Riddell, "The Use of Recdursive Residuals
in Econometric Hypothesis Testing", Working Paper, Department
of Economics, University of Alberta, (1977). This finding of
instabil*ty was corroborated by the 'CUSUM of Squared Residuals";
for a reference see R.L. Brown, J. Durbin and J.M. Evans,
"Techniques ®or Testing the Constancy of Regression Relationships
Over Time", Journal of the Royal Statistical Society, Series B
(1975), 149-192, o

2This recursive regression algorithm was described in
Section 7.2. For an excellent explanation of the theoretical
basis of this approach, see  William Craig Riddell, "Recursxvg
Estimation Algorithms for Fconomic Research", Annals of Economic

-and Social Measurement, vol. 4 (1975)5 397-406.

3 Thomas Sargent, "A Note on the Accelerationist Con-
troversy", Journal of Money, Credit and Banking, III (August,
1971), 721-725. - ~.

' ' N
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of the coefficient on the inflation expectations variable.

Thus, estimating the weights of the autoregressive model

over the entire period would imply an over-estimation for

much of the 1963 Q1 to 1978 Q4 period and hence a possible under-
estimation of the coefficient on inflation expectations.

In eummary, this time—dependent.approach to modelling
inflation expectatiene has three appealing features: (1) it
requires a minimum of information p:iors regarding structure
and coefficients,. (2) it incorporates a learning process ¥or
market participants and, (3) 'this autoregressive least squares
forecastlng model is both computatlonally simple and economic-
‘ally rational in the use of information, in the spirit of the
criticisms of rational expecta;ions by Herbert Simon,l Benjamin

Friedman,® and Feige and Pearce.> ' 0

A

7.6~ Summary S Y

The purpose of this chapter was to develop a time
dependent expectatlons model as an alternatlve to the rational .
and ARIMA models of expectations formation. Unlike these

latter models, the time dependent expectetipns approach agsumes

0
I3

1Herbert Simon, Models of Man. Sccial and Rational
(Mathematical Essays on Rational Human Behavior in a Social Settlng)
(New York: John Wiley and Sons Inc., 1957).

2Ben]amln Friedman, "Optimal Expectations and the Extreme
Information Assumptions of 'Rational Expectations' Macro Models"
Journal of Monetary Economics, v 5 (January, - 1979), 23-41.

3Edgar Feige and Douglas Pearge, “Economlcally Rational
Expectatlons. Are Innovations in the te of Inflation Independent
of Innovations in Measures of Monetary and Fiscal POllCY » dJournal
of Political Economy, LXXXIV (June, 1976), 499-522. .
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.
o

a minimum of informatio ors on structure and 1nformat10n
)—

in two importannfrespects: (1) it‘incorporates a least'sqﬁeres

- i 1

for market partlﬁi ts. Moreover, it is statistically risﬁfffi‘-'

leerning procednre for market participants and (2) the approach
. o

is computationally simple and econepmically efficient in its use

of inforrnati'on./-L

\\\_, Lnffhls chapter, three applications of this statlstlcally o

rational model of expectatlons formation &re presented. First,

a model of permanent income is developed which allows the
O : .
decomposition of actual income into permanent and two non- .

-

_permanent components: - expected cyclical income and transitory

"
income. Secondly, a4 permanent income model of the demand for

money was specified in ;hlch non-permanent income affects
short-run balances through the buffer stock role accorded to

money. Our empirical results with this model indicated that:

—

oo

(1} a portfolio buffer stifk model is an adequate repre entation

//’—_SE the Canadian experience' and, (2)/zna permanent and two

3 - -
non-permanent income components enter significantly and dist-

-

rnctlg in such a model

Flnally, we devaloped a modelllng approach for infla-
tion expectatlons which circumvents many of the cr1t1c1sms
of the rational and ARIMA models (described in qggpterséB
and 4) by u51ng the statlshnceily ratlondi expectations meth=-
odology in conjunctlon with a generallzed autoregressive -

representatlon of inflation. The emplrlcal results} using

g w - ' = . 4?
| - 7

° Vs ’
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]
Canadian data on inflation rates, indicate support for this
approach and strongly suggest that the alternative models™™

of inflation expectations, which are predicated on a stable

autoregressive structural, are not adequate.
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CHAPTER 8

SUMMARY AND CONCLUSIONS
A
8.1 Summary and Conclusions 1"

This study anaflyzed -- both theoretically and

empirically '-- the effects of various models of inflation
expectations formation on aggregate éupply rdlationships,

and the small scale -microeconomi models of which they form

‘an integral component, from the foint of view of information

a

availability, modelling, and estimation.

The role of inflation expegtations in macroeconomic
. \

- models of the tradeoff between infiation and real output has

changed';onsiderably overtime. Friedman criticized the

J\
Phillips curve“ﬁgaégf of wage and prlce inflation for their
lmp11c1t money illusion.and suggested an alternatlve theoretlcal

framework, referred to as the accelerationist hypothesis or

the nafural rate hypothesis, which explicitly included infl¥tion

expectations. In the absence of money illusion, this natural
rate hypothesis implies.that a long=-run tradeoff between.
inftation and real output cannot exist. -After the 1ntro—
ductlon of the natural rate hypothesis, the debate in the

literature centred on empirical tests for a unit coefficient’

e on‘thejlnflation expectations variable in expectations

augmented ?hillip‘icurves; a unit cdefficient is a necessary

¥

~condition for money illusion to be absent.

LS e, B
VA
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The theory of rational expectations, however, has
focussed the debate towards the process of expectations
formation itself. If market part1c1pants form their expeé-
tations of inflation rationally in the sense of Muth then, while
a short-run tradeoff between inflation and real output is still
possible when rational expecrations are combined with the natural
rate hypothesis, it requires further assumptions_about market
rigidities. Since the process by which market participents
formulate their expectations is evidently an important-feature of
macroeconomic modelling, the question arises whether the choice
of a particular mddel of expectations formation would constirute
optimal or 'rational' behavior by market p§\\1c1 ants.,

There are various theoretical models of exXpectations
formation Whlch can be conveniently grouped as: (1) statistical
forecasting models, (2) autoregressive models, (3) variable .

. s
response autoregressive models, and (4) rational expectations
models. ‘In general, one can distinguish between statietica;
expectations and structural expectations. For the former
approach the ba81c assumption is that the varlable to- be
forecaet can’ be represented as a linear stochastic process. -
_ With structurab expectatlons, the relevant variable is viewed
in the context of a reduced form of a structural model In
chapter 3, the properties of the various mcdels of expectations
formation are summarized and, in particular, the requirements
for each model to be‘an optimal forecasting method are discus~

sed.
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Expectations by their very nature are unobservable
and thus cne confronts a joint hypothesis problem in the
interpretation of any results obtained qsing a proxy specifi-
cation. To circumvent this difficulty, Monte Carlo expe;iments
within the context of a representative small scale macro-
ecoﬁomic model allow for comparisons among the various.monis
of expectations formation ﬁnder vdrying -— but known -~ model
conditions. Towards this end, é representative small macro-
economic model of inflation was specifiéd and, to obtain
parameter values that generally reflect the qature of responses N
in theRC nadian econcmy for this type of model, estimated with
,annua’,fanadian data. ) |
The resﬁlts_of a numberagﬁ Monte Carlo experiments
designed'to study ‘the sensitivity of single equation and
reduced form estimation to a misspecificétion of the correct
- form of expectations foxﬁatﬁpnigfe presented ih'chaéter 5.
. While ong must exercise caution‘in‘genera;izing from Monte
Carlo réaults wﬁich are model.qucific, fhe results do
indicate that the effects of a misspecification of the model
of inflation expectations formation inflﬁénde'éll the estimated
coeffiéients of the aggregatékghpply equation and thé“difection
and magnitude of the bias depend on several identifiable factors.
An important question -in macroeconoﬁic'modelling is
the dégree of rationality exhibited by market participants

in the formation of their expectations, Rational expectations,

for example, assumes that market participants have knowledge
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of both the true underlyiné ecoromic model and unbiased
estimates of the coefficients of this. underlying model.

There are two approaches to studying this question. First;

the efficient markets model of bond markets can be ueed to
provide indirect evidence on rationality in an auction market.

- Secondly, survey data on expectations exist for certain markets
" and this prov1des another method of testing rationality.

L A basmc property of ratloggl expectations is that
market prlces Should fully reflect all available information.
and tests of this property, for bonds cf varlous maturities,
form the basis of cquter 6. 1In general, while market\ rates
have tended to reflect available information, this tendency
ha%'not always been fully realized. _Moreover, the relative
‘efficiency of rates;” in the sense of inoorporating relevant
information, is somewhat rerﬁtéq.to the maturitysof the bond.

Inherent in most Toaels of expectations'formation -
particularly rational and ARIMA models -- is the assumption
that market pafticipants possess a COnsiderab£? degree of
fore51ght in choosing the spec1flcatlon and parameter values
for these models. Alternatlvely, one could specify a "time
dependent expectations model" which more adequately reflects‘
the aﬁailabiiity of information to the market by combining
a view of rational expectations with a 1earnin§ procedure.
fhis mcdel relaxes the extreme information assumption of
rational expectations that ther structural parameters of the

4 h .
economic system be known with certeinty. Moreover, it is
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statistically ratiopal in two important respects: (1) it
incorpeorates a‘least sguares learning procedure for market
participants and {2) the approach is bompﬁtationally simple

and economically efficient in its use of information. Empiri-
cal applications to a model of permanent>incomg, a model of

the demand for money and a model of ihflation expectations
indicate support for this approach to the formulation of expec-

-

tations by market participants.

-

.

-
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